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vi PREFACE,

The Tunicates, mors than any other group, seem of recent
yoars to have occupied the attention of embryologists, and the
Iarge amount of work which has been done on this group,
onpecially in France, with regard to both the sexual and the
asoxual methods of reproduction, will be gathered from the
additional literature appended to Chapter xxxv., only a small
proportion of which could be referred to in the footnotes.

In the Mollusca also a great deal of work has been done,
vspecially in connection with cell-lineage, and the formation of
the mesoderm and of the larval kidney, in spite of which the
last two points still remain obscure. Since I am more familiar
with the Mollusea than with any other group of Invertebrata,
l have revised the chapters dealing with this phylum some-
what more thorvughly than the rest of the volume: I have
appended numervus notes, inserted some fresh paragraphs, and
wande certain alterations in the text which appeared justified
by recent investigations,

I must again express regret that so long a time has inter-
vened betweon the publication of the German edition of this
work and the appearance of the last volume of the English
translation.  Volumes ii.. iii. and iv. came into the hands of
the translator only in 1397, and the task of bringing them out
being necessarily somewhat lengthy. it has been impossible
sooner to offer the completed work to the English-speaking
stident. o whom it should be of great service.

MARTIN F. WOODWARD.

Rovw CoLrsug or Scresck. Loxpos.
Jane, 1N,
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vi PREFACE,

" The Tunicates, more than any other group, seem of recent
years to have occupied the attention of embryologists, and the
large amount of work which has been done on this group,
especially in France, with regard to both the sexual and the
asexual methods of reproductioxi, will be gathered from the
additional literature appended to Chapter xxxv., only a small
proportion of which could be referred to in the footnotes.

In the Mollusca also a great deal of work has been done,
especially in connection with cell-lineage, and the formation of
the mesoderm and of the larval kidney, in spite of which the
last two points still remain obscure. Since I am more familiar
with the Mollusca than with any other group of Invertebrata,
I have revised the chapters dealing with this phylum some-
what more thoroughly than the rest of the volume; I have
appended numerous notes, inserted some fresh paragraphs, and
made certain alterations in the text which appeared justified
by recent investigations,

I must again express regret that so long a time has inter-
vened between the publication of the German edition of this
work and the appearance of the last volume of the English
translation. Volumes ii., iii. and iv. came into the hands of
the translator only in 1897, and the task of bringing them out
being necessarily somewhat lengthy, it has been impossible
sooner to offer the completed work to the English-speaking
student, to whom it should be of great service.

MARTIN F. WOODWARD.

Rovan SJOLLEGE OF SCIENCE, LONDON,
June, 1900.
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4 AMPHINEURA.

are specially large (C, m). These cells which, as well as others
situated ncar them, at first lie in continuity with the entoderm,
represent the rudiment of the mesoderm. They soon shift out of the
series of entoderm-cells into the cleavage-cavity (D, m). The meso-
derm-rudiment which thus arises seems at first to have a regular
bilateral arrangement in keeping with its origin, t.e., two groups of
large cells lying near the blastopore can be seen, but this regularity
is soon lost, the cells, which subdivide further, becoming scattered.
In this respect, and perhaps also in the manner of its origin, the
mesoderm of Chiton may be compared with that of other Molluscs
(Lamellibranchia, p. 29, Gastropoda, p. 117).

2. The Development of the Larval Form.

Even before the development of the germ-layers has progressed
thus far, alterations take place in the external shape of the embryo.
Two adjacent rows of cells in the ectoderm of the gastrula become
distinguished from the rest as bearing cilia (Fig. 1 C, w), and these
divide the larva into an anterior and a posterior section. Similarly,
a group of cells lying at the pole furthest away from the blastopore
becomes covered with cilia. These two groups of ciliated cells are
the rudiments respectively of the ciliated ring [velum] and of the
frontal or apical ciliated tuft (Figs 2 aud 3, w and ws). Very similar
embryonic stages are met with in the ontogeny of other Mollusca, eg.,
Patella (Fig. 50, p. 124). The pre-oral ciliated ring in the Lamelli-
branch larvae is also formed of two rows of cells. Indeed, the
ciliated ring seems usually to be biserial ; though, in Patella, there
are three rows of cells (Figs. 52 and 53, pp. 126, 127).

As the body extends in the direction of its principal axis, the blas-
topore, which has hitherto lain at the posterior pole, assumes another
position and form. It shifts to that side of the larva which later
becomes the ventral surface, and, owing to the growth of the dorsal
surface, gradually approaches the ciliated ring (Fig. 1 B-D). The
blastopore, as it shifts its position, loses its circular form, and, as far
as we can make out from the figures, assumes the form of a trans-
verse slit (Fig. 3 B). Meantime, the continuous growth of the dorsal
surface causes the aperture to shift more and more towards the
ciliated ring, and it is finally found immediately behind it (Fig. 2 4)-
This slit-like aperture, however, no longer corresponds fully to the
blastopore, since the ectoderm surrounding the latter has sunk below
the surface, and the actual primitive mouth thus comes to lie at the
inner end of a laterally compressed ectodermal tube which for some






6 AMPHINECRA.

prociodaenm (Fig. 9). An organ which is of grea: imporsance in interpreting
the larva, the apical piate, is not present in the early stages of Chifon, but
the cerebral ganglia arise later in the position which this organ occupies in
the Annelida; in the free-swimming larva of Chiion Polii these ganglia are
found beneath the ciliated tuft on the fronial pole (Fig. 5.), and may therefore
be regarded as representing the apical plate. Thus, to make the comparison
complete, only the primitive kidneys are wanting. So far these have not
been found, although they occur in other Molluses (pp. 39 and 1361

0oty at, —’\-_
sttty oy -
aasbess a3t A
cine RV

FiG. 3.—A, Isrva of Chitun marginatus (after LOvEN) ; B, embryo: and C, larva of
C. Pulii (after KOWALEVSKY); a, eye; k, rudiments of shell-plates; m, mouth ;
o, spines; 1w, ciliated ring (velum); ws, apical ciliated tuft.

3 The Purther Development of the Larva and Metamorphosis.

The changes that now take place in the larva are introduced by
considerable growth of the posterior region of the body (Figs. 2 and 5),
a process which recalls the development of this same section in the
Annelidan 7'rockophore into the trunk region of the worm (Vol. i.,
Fig. 120, p. 269; cf. also Chapter xxxiii.). In the case of Chiton,
it is especially the dorsal surface which increases in size (Fig. 5).
In some cases, these changes take place even in the embryo, and as






8 AMPHINEURA.

the chief material for the formation of various organs (circulatory,
excretory and genital organs).

a.

F7s

wer s emeve T Larvse N s Pew
= Pulertr it ot ihe Dady of & vozng embewva
e sivamaad ambera D sw, eve;
: i el +anTa xervecvoi; wd,
MU L e IR L L0 Teli CmIosins Lowilar swe o spioes oo,
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14 AMPHINEURA.

The development of the shell commences even during larval life.
But, since some Chitons leave the egg-membrane only at a very late
stage, the free-swimming stage is in their case of comparatively short
duration. The commencement of metamorphosis is indicated by the
compression and final degeneration of the cells of the ciliated ring
which from the first were distinguished from the surrounding ecto-
derm by their size and structure (Figs. 5 and 9 «). It must be
further mentioned that in the older larvae, two eves are said to be

’.

Fic. 9.—Median longitudinal section through a young Chif.m, just emerging from
the larval «ge (slh-r l\muuv\sﬂ a, proctodseum ; ¢, cnhcle of the shell, the
formation ft.h h ll nhng ﬁce iy l::l — m}fi,“ 'mm

of es e s s ng p! ag, cere] n
k. calcitied eshdl m, mouth : md, enteron ; an:b;emdu-mpd:l radular
mac : sr, sub-radular dspmes urcllumdmsg.

present, which curiously enough lie, not in the actual pre-oral section,
ie.. in front of the ciliated ring, but behind it (Fig. 3 C). These
eves are still to be found in the young Chifon, but, whereas they
were at first superficial in position, they are now found beneath the

epidermis (Fig. 4 C) and are consequently still nearer than before
to the lateral nerve-trunk.®

¢ [PELSENXEER (App. Lit. on Lamellibranchia. No. IV.) regards these
eves of the larval Chiron as homologous with the cephalic eves which have
recently been discovered in the adult Mytilidae under the branchial filaments.
In the larva, they are situated outside the velar area as is the case also in

Chstor:. whereas the eyes of the typical Gastropods arise within the velar ares.—
Ep.}






16 AMPHINEURA.

The dorsal and lateral parts of the body bear spicules ; on the back,
theee are inclined towards one another and form a projecting ridge
in the dorsal -median line, elsewhere (especially at the sides) the
spines become flattened and imbricated.® A groove is found on
the veutral surface as in many other Solenogastres (Fig. 147 B,
Chap. xxxmt)

Dondersia layx its egqes singly.  They are opaque and surrounded
by a delivate envelope which iz only developed after the egg has
passed from the pericandium into the nephridia which serve as genital
duets  Aceunding to PRUvorT. the envelope is formed by the latter,
which no lomgrer possess the function of excretory organs.

The clomvagre is from the first, slightly unegual : the egz breaks up
nte twe nnegual blastomeres which, through division, yield three
sl cleavage spheres and one lanre one (2. Lamellibranchia. Fig.
11 € The next stage. one of eigrht cells. is reached by the biparti-
o of the mivnawres and the unejual division of the macromere.
No fumher nivromrens are cut off from the macromere. which now
hreaks op inie 1w and then inte four macromeres, while the seven
prrmary aomvomes Divdde in fourteen and then inte twenty-eight.
In thos squge. ke samasvmaree bewins and the eotaderm-cells dis-
WA WiRTT 1 s Sremved By the more rapddly dividing ectoderm-
aolln T ontew: 20w s s ooakal cap-like shage. the spertare of
e weagmalve wvesrvsy the whale of ins lower sale. At this
T Ui i aTwmr & ctiaated arew arsime st the froatal pole. e,
ST The ok EnoRRe 0 e Sastoovre PROVOT. as well as round
The I & omimled T adae hoem which emcivcies she whole body
ST DRl WAT LGOI MLl 2N0Y Termic STIALY SSme. VDS seage
WAr he MTnaeel Wk 1 cee deertted atvee = 2 lsxow @ which the
OhRTAL TING TTAC AT b RSGTUI $GRDE.

™he aandres of Dimvierwn AL :as0ns 38 stace, 132 iy bevomimyg
AN13AL T AITRLIAT LTRNUS IR LTS SUGNEN . A snterwr
ROV MNTSHGRE o 1w sy oF alnmoed el wai s few specinlly
WINRE DS NG Al ol The ater 2 s TadZe st ey the
adarel vme and P s e laspr st ruten wine Sormoad of
Tev ewt Al MUl AT T ARG OF VL ies Tl apecTiloy A TV
T TRTVOT So@m™h LhR BIRE s Tl NisSonued. shi VNG ook

P ThNe ERSATRARS VIACD R NASAWMT R tnali 08 U umibmseani ame
fnerr o 1V wrime, KT IREAT ST b e Sveaase v prere N DD om
wore Nalnyma e o e Neadiemaneal, Me wistee menis x quiiisa
A vy S W R Al T SGERenry el eTRUmmAIs T e Urms
Wovwanme Na % s AURINhA & SsARCN M Tl pRDSWSUR I sauiue

e & B R R Y XS T






18 AMPHINEURA.

This section of the body is called by PRuvOT the mantle-section in the
older larvae (B), and this name seems to be justified by its relation
to the adult body which is in process of formation. Between the
process of invagination just described and the formation of the adult
body, various other formative processes take place, but these apparently
occur within the larval body, and have so far not yet been investi-
guted. Essential differences are to be found between the development
of Dondersia and that of Chiton ; although, in the latter also, it is
chiefly the part of the larval body lving behind the ciliated ring that,
by its elongation, becomes changed into the body of the adult. The
pre-oral part of the larva (i.e.. the part lying in front of the ciliated
ring) is here retained, as in Chiton, and yields the corresponding part
of the adult body. It appears that, in Dondersia banyulensix, there
are two lobe-like projections at the anterior end of the body, and that
these are already distinct in the voung animal (Fig. 10 C). The
mouth is said to be wanting until metamorphosis commences; the
entoderm is present in the form of a solid mass, at the sides of which
two mesoderm-bands lie. This latter condition would agree with
that described for Chiton (p. 7), and is interesting inasmuch as
the mesoderm-bands in other Molluscs are not usually so distinct.
Unfortunately, no further details are known either of the internal or
of the external development of Donder<ia. It should, however, be
stated that seven calcareous plates are found on the back of the young
animal which has only just undergone metamorphosis (Fig. 10 C),
these being formed of rectangular spicules arranged one behind another.
The resemblance of this stage to a youny recently metamorphosed
Chiton is striking, the latter also possessing seven such plates. In
what way this condition can be reconciled with that of the adult
Dondersia we do not know: this cau only be made clear by the
investigation of transition-stages. The voung animal has lateral
spicules which are plate-like and imbricated, and which. in the adult,
seetu to be less developed. as far at least as can be judged from the
statements as vet made on the subject.

The form of the larva of Jundersia, like that of the Chiton, may be
traced back to that of the Troch.phore. We have already pointed
out various specially striking poiuts of resemblance between the
development of [uwizrsia and that of Chiten.  The elongation of
the pusterior section of the body recalls here almost more than in
Chit.n the growing of the post-oral section of the Annelidan Trocho-
phea into the truuk of the worm (Vol. i Fig. 120, p. 269, This is
specially striking if we examine the Witra-it larva (Vol. i.. Fig. 124,
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CHAPTER XXX.

LAMELLIBRANCHIA . *

Systematic :—

1. PROTOBRANCHIA, gills bipectinate, branchial processes plate-like
and not reflected, foot with creeping sole.
Nucula, Yoldia, Solenomya. .

II. FILIBRANCHIA, gillfilaments distinct and reflected; solid
interlamellar junctions, cilia forming interfilamentar junctions.
_ Arca, Mytilus, Modiolaria, etc.

III. PSEUDOLAMELLIBRANCHIA, the gill-filaments reflected and
loosely connected by ciliated discs or vascular junctions, interlamellar
junctions vascular; gills folded and filaments at base of grooves
modified.

Pecten, Ostrea, etec.

IV. EULAMELLIBRANCHIA, gill-filaments of plate-like gill con-

nected by vascular interfilamentar and interlamellar junctions, re-
flected.
Cardium, Teredo, Cyclas, Unio, Venus and most Lamellibranchs.

1. Oviposition and Care of the Brood.

The eggs of the Lamellibranchia may be discharged into the
water and there fertilised (Modiolaria and Mytilus edulis, LOVEN,
Barro1s, WILSON ; Osfrea rviryiniana, Brooks, No. 16 ; and pro-

* We have, chiefly for practical reasons, placed the Lamellibranchia be-
fore the Gastropoda, because their larval forms appear to be more primitive,
and their further development is usually more simple. The relation of the
Lamellibranchia to the other divisions of the Mollusca will be discussed
later (Chap. xxx.). In the classification of the Lamellibranchs, we have
followed PELSENEER'S recent works, but it should be mentioned that GROBBEN
has quite recently adopted a new stand-point in classifying the Lamelli-
branchia, and has expressed himself as opposed to the use of the gills as the
determining feature in their classification (Beitrige zur Kenntniss des Baues
von Cuspidaria (Neaera) cuspidata, etc. Arb. Zool. Inst. Wien. Bd. x. 1892).
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2 Cleavage and Formation of the Germ-layers.

In those forms in which the cleavayge of the egg has been carefully
investigated (CUnio, Anwlontn, Cardinm. Cyclax, Teredo), its course
is so uniform that we may conclude that it is the same in thoee eggs
of which ouly a few but similar stages have been observed (Ofre
edulix, Pectrn, Mytilus eduliz, MoBIUS, HomsT, FrLLARTON. BARROIS
and WiLsoX). Cleavage is always unequal ; the first cleavage-plane

divides the egg

C into two cells, a
p very large macro-
mere and a much

smaller micromere

(Fig. 11 4). In

Tervdv, a corres-

F poading  differen-
tiation is indicated

eveu before cleav-

age by the different

constitution of the

protoplasm at the

Pro. 11— 4-F, discrams illustratiog the cleavage of the VORvtative and at
exx in the Lamellibranchia The lines woaoectiog the  the animal pola
nuckei of two cells indivate that the pair has ariwen from
the divisiva of one cell. of the eg. The

plane dividing the
two blastowmeres passes through the point where the polar bodies
lie. The micromere next divides into two (Fig. 11 B). and almost
at the same time, or else a little Iater. the macromere gives origin
t a new micromere (CL The new cell then divides. and the process
of the abstriction of a micromere from the lange cleavage-sphere is
repeated (D) again and agin, the large cell yieMing micromeres
which then divide (£).  Finally, the micromeres. seen from the
surface. resemble a cap placed upon the remains of the macromere,
which at last also divides inte two similar cells (macromeres)
(Fig. 11 A.*

* Iiiscommoaly held tha: the en.\\:e-u: arses oy frox the macromerss

after the lazier 2ave ceased o CIVIDg oTEER o micrvoienes and sz, a3 the foar-
celled sage (Fix 11 OV i2e redimens of ‘he erinderm: les emiireiy n.hm the
sogle macrmmen This appears o be he case m o Uwas axwrding to
StaTrracEER N2 VIOl det iz ol ocnothe somimwey, Izt (Noo I
AsSeris 1TAL &1 1IN sSAge. edh Dlastomiene cuniaints the madixmeris of both
ecidzrm ard epioderm.  The cleavage iz (i appeans oo saperticial
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Oxtrea virginiuna, it is altogether wanting (Figs. 12 and 14 4). The:
micromeres then lie immediately upon the macromeres, the con-
sequence being that, as thev multiply, they surround the latter.
An epibolic gastrula is.
thus produced (Figs.
12 and 14 A4), such as,
according to LoOVEN,
is found in Modiolaria
and Cardium. In the

¢ last stages of cleav-

Pre B0, iy of To, g e £ age the txo primasy
tntodam«llsmlighﬂydom'hﬂetbemaodem_:- germ - ll_\‘ers are
:l“l:i :em mm darkly marked ; the unshaded partis almd.‘_ differentiated,
the micromeres corre-

sponding to the ectoderm and the wmacromeres to the entoderm.
This also applies to those cases in which a cleavage-cavity forms and
the gastrula arises through inmagination (fresh-water Lamellibranchs,
Ray LANERSTER. ZIBGLER, LiLLIE). In Cu-lax. for instance,
a shallow depres-
sion forms in the
blastula (Fig. 13
A). the vegeta-
tive pole of which
is no longer to be
Jistinguished by
the larger size of
its cells, and. by a
further invagina-
tion of the cells at
this point, A small
archenteron is
formad (Fig. 13
B\ This is also
the case in Pis-

PR 1347 g rag e Loyl e e, The blac-
:bwsare of e tiastopore after ZIBGLEE). M. blassopore . topore  takes the
msm: o, Letnierm 1 ex. radiezect of the sSomo- form of a slit Iving
‘n the median line,

and in this way the embryo early assumes a biiateral symmetry.
The blastopore son clwes, so that the archentervn kwes its
conbectin with the exterior and lies as a closad s in contact
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onrly finds expression in the rudiment of the mesoderm and in the
position of the blastopore.

8. Development and Structure of .the Trochophore Larva.

There is, in the development of the Lamellibranchia, a stage
which more or less closely resembles the 7'rochophore larva of the
Anunolids, and which hus therefore received the same name (Ray
L.ANKESTER, HATSCHEK). This stage is most marked, as we should
naturally expect, when it is represented by a free-swimming larva,
such ax is found among the marine Lamellibranchs {Teredo, Car-
divm, Mytilux, Ostrea, ete.), but can be clearly recoguised also in
othor forms (Cyelas, Pisidinm).  In the Unionidae, the Trochophore
atago han undergone much greater modification. Thus among the
warine Lamellibranchs we tind, as a rule, that the primitive larval
form has been retained in a less specialised condition than among the
frosh-water forms, and this affords a further confirmation of a pheno-
wenon which ia very wide-spread in the animal kingdom. One fresh-
water Lawellibranch, however, Drvissensin polymorpha (evidently in
consequence of its late transference to fresh water) exhibits a larva
agrroving exactly with those of the marine Lamellibranchia (Kor-
NORRLT, N 27, BuocuNaxy, Noo 3, WELTNER, No 38).

The structure and development of the Trochophore larva have been
boat investigted by HATSCHEK in Teredo : in addition. BRooks and
Houst have published observations upon the larva of the Oyster,
and LovEN upan those of various other Lamellibranchs (Modiolaria,
Candium, Montucwta).  The Trchephore stage of the fresh-water
Lawmellibranchs has been carefully investigated in Cyeluz by ZIEGLER.
We thall here fur the mest part follow HATscREK's account of the
larva of Terwde, sinve this form, of all these as yet known, most
clearly exhibits the Trochophoran comddition.  The larva of Odrea
ainsis which, with rynd to the firmation of the alimentary canal,
shows @aconding to Hokst) a still smpler condition. agress very
cloeely with T

A. The Trochophore stage as a freeswimming larva.

We have atveady v 230 dearntbad o few stages iz the development
o Fesd (onowhich an epibolin sastraia o fvemad (Pl 12 4-0)
Pirther charnvs bt by the overgrewsh o the mesndermcells tring

2 the wdge of the bastopore by the atoderm . ke Sorzwer thus
bevvee envivead within the embenn the hiasnopore civeimz m ooo-
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later stage than that of Owfrea. The proctodaeum also seems to
develop earlier in the latter. In Trredo, according to HaTsCHEK,
the terminal portion of the intestine arises as an ectodermal invagina-
tion ut the posterior end of the body (proctodaeum), which afterwards
becomes connected with the enteron (Fig. 15 C, o).

Even before the processes just described are completed. other im-
portant changes, especially affecting the external shape of the embryo,
have taken place. At the time of the formation of the stomodaeum,
the ectoderm beyan to separate from the entoderm, thus giving rise
to the primary budy-cavity and at the same time causing a striking
alteration in the shape of the embryo (Figs. 14 and 15). The latter,
which hitherto was almost egg-shaped. now broadens anteriorly, the
pre-oral part assuming the shape of a somewhat flattened cupola,
while post-orally the body tapers slightly : in fact. the larva assumes
the shape with which we became familiar in the Annelidan Trochophore
Vol L., [ 263, ete.

During this altersticn in the shape of the embryv. the ciliation
characteristic of the Trwdopdory also appears. two rows of cells lying
m froat of the mouth and encircling the cephalic area becoming
coverad with cilia (Fig. 15 AL The pre-oral ciliated ring consisting
of » Juable row of cells thus arises. but. in the following ontogenetic
stages of Tawio, this is the kess distinet. as the whole body becomes
covered with cilia. onet of which sre hwt amain later.  Then. only
the brerial preonal cilated nny persists, while bebind the mouth
are seen the first imdications of a postoral cibisted ring.  These are
grajually cvatinuad towands the dorsal shie until the doaed post-oral
mniveral dimtal rnye & prduvad (Fie IS €,.  Between the two
s, 2 moe o oore dellate ol 3 recained : chis i called by
HarscHEX the aivral ciifazad swe.  Rehimd the anos, also. a small
cifated arem i found. A uft of Sreg S o a single thick dlium,
jouni m many Lanwidbramch Jarvee i the centre of the cephalic ares,
ke he ZXeoess 0 the Anaelidan Frviogd o~ already produced
x zhe Sorm of iy and dagrbetve of the oS sl maore striking

Far 1.

Wale e e ctAtad re and e adora noe oo doubt
Mo W 2le Aacceny o Rad e preoekd mng ® speeisly adaptad for
comrora. (T osowvedanv etk iin fometae it 3 alwavs found
sgpermlT el levwitel n e fveswtmming v, = which the
JewC-FL TINr AT T3 CC2eT CLIRRIAT. maY degveweste.  This mportant
P MeR T ELAT ATTAITR T TASY BRIV R STVt 3 Sevehopeent that
e e et o The Tady arevny T opevaacss hevued the rest of
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larvae of the last-named form are met with swimming freeiy on the surface of
the water before attaining the Trcacoawy stage as well as at thas stage.

Before indicating further points of resemblance between the
Lamellibranch larvae and the Annelidan TrocAophnre connected speci-
ally with the internal organisation. we must first draw attention to
a character, pot hitherte cousidered. which distinguishes these larvae
at once from all other {non-Molluscan! larvae.  This is the so-called
whell-pawi. At a somewhat carly pericd in (Mfra. as early as the
wastrula-stage (Fig. 14 B). in Terwi/. rather later, a part of the
ectoderm. which s somewhat thickened by the lengtheming of its
cells. forms a trough-like depression oa the dorsal surface near the
posterior pole (Fig. 13 B).  This Jepressin. which represents the
ndiment of the shell-gland. swa deepens considerably. so that it
appears like a blind tube (First 14 ¢ and 22, p. 50). It has a
clandular charscter. inasmuch as its cells show the longitudinal
striation charseteristic of many glandular cells: it son also begins
to secrete a substance which can be aeen as a thin integument over
the external aperture ami the mmrygin of the shell-gland (Figs. 14 C,
aml 153 B). This is the first indicatiovn of the shell, and it is thus
«wen that the latter in its eariiest rudiment is unpaired.

In the further course of development the invagination of the
shell-gland dattens out again. first bevoming redaced to a shallow
‘tepression wwerad by the rudiment of the shell (Figs. 14 D, and 23),
aned later (isuppearing altowether.  The shell at the same time in-
creases n sire. aid vow, ke a saddle. oovers a part of the dorsal
amei latemd surfaces 'Fun 13 07 14 £ and 23 1. By the extension
of the stiell over the sidex of the larvae, the way is prepared for the
dAugiiccion of the former. ami very swn 3 median Jorsal dividing line
van te sen setaniing the shell into two laterally situated valves.
Ths line correseeads 2o the hinge-wandn of the adult shell : it is indi-
wuted in Figs. 13 7 aed 14 £ by the straicht line oo the back of the
rva o alse the ticthad of formatioe of the Jdetinitive shell in
fariie e 43 The lunge size subeeguently attained by the shell in
the free~ainruing larva is to be seen in Firs 16 and 17 B and C.
The <h=ii is sevn o project teyowmd the body. & condition only ren-
demai rewnitl: *iv the formation of the right and left mantle-folds
shick Gas sipsody tagen place. These f9lds anv Srmed as lateral out-
P wThs - fthe wetoederin the outer laver of wotidermal cells being in
clreme 0Ll Witk the shell, while the inuer surface of the outgrowth
tr scgansted fraw the Kexl-shapai ventral namoa of the larva by a
d-et. nware—the mantlecavity \Hatscusx'.  The reader should
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CHAPTER XXXI

SOLENOCONCHA (ScApHOPODA).

(DENTALIUM.)

Tue ontogeny of Dentalimm was investigated many years ago
(1857) by Lacaze-DuTHIERS, and more recently (1883) by Kowa-
LEVSKY with the aid of sections; the researches of KowALEVSKY,
however, do not extend so far into the life of the animal as do those
of Lacaze-DuTHIERS, the former having been able to observe the
larva only up to the sixth or seventh day, while the latter was able
to kéep the larvae alive until they were thirty-five days old. We
therefore still have to refer, for many points, to the oldér accounts of
Lacaze-DUuTHIERS.

The genital products are discharged into the water through the
right renal aperture, fertilisation taking place outside of the body.
The eggs, which arc not very rich in yolk, are surrounded by a thin
envelope.

1. Cleavage and Formation of the Germ-Layers.

The cleavage is total, the egg dividing into two cleavage-spheres,
one of which is somewhat larger than the other. The larger sphere
then, by division, gives rise to a new sphere, and the smaller sphere
also divides into two, so that we have now one macromere and three
micromeres. It is possible that additional micromeres are segmented
off from the larger sphere. The former divide repeatedly, so that
there is soon a great number of the micromeres lying upon a single
macromcere which still remains rather large.  This latter also finally
divides into two and then into four macromeres. This method of
cleavage shows considerable resemblance to that most common among
the Lamellibranchia.  Further division and the formation of a
central eavity give rise finally to a blastula, one half of which con-
sists of small and the other of large cells (Fig. 34 4). The animal
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of a certain character typical of the Molluscan larva. Thus, a dorsal
invagination of the ectoderm (Fig. 36, «/) becomes differentiated at a
very early stage (4), then deepens and flattens out again later ; this
organ, from its development and subsequent modification, as well as
in its position, is seen to be the shell-gland, a structure peculiar to
the Mollusca. A comparison of the figures of the Dentalium larva
with those of the Lamellibranch and Gastropodan larvae (Figs. 14,
p- 28, 15, p. 31, and Fig. 50, p. 124) will enable the reader without
further assistance to recognise the great resemblance in the position
of the organs in these different larval forms. As the shell of
Dentalium is secreted on the dorsal surface of the posterior section of
the body. just where the shell-gland appears, it shows the same
manner of origin and shape as the young shells of other Molluscs.
It shows special resemblance with that of the Lamellibranchs, since
it extends like a saddle from the back on to the two sides of the body,
but, whereas the young Lamellibranch shell soon becomes bivalve,
the shell of Dentaliwin remains single, /.~ it remains to a. certain
extent at a stage which, in the Lamellibranchs, was found to precede
the bivalve shell (p. 60).

Before the shell develops, further important changes take place in
the free-swimming larva of Ientulinm, the post-oral region being the
first affected by them. During the early stages, this section is very
inconspicuous (Fig. 34 C), but it soon increases in size. This region
by its growth gives rise to the greater part of the adult body, the pre-
oral section degenerating almost completely. We find in this respect
a sinilarity between IJentalinm and the Amphineura (pp. 5 and 6),
and when treating of these processes in the latter, they were compared
with the corresponding processes of metaunorphosis in the Annelida.

At an early stage, the pre-orul portion of the body becomes
somewhat swollen and distinetly marked oft from the post-oral part
(Figs. 35 and 36 B). The definitive mouth is derived from an
invagination lying immediately behind the ciliated ring (Fig. 36, m).
The depression on the dorsal side which is to be regarded as the shell-
gland (x/) has already been mentioned. When the post-oral section
has increased still further in size, two folds laterally placed arise on
it : these grow out towards the ventral middle line and at a some-
what later stage meet, at first near the posterior end (Fig. 35 C, w).
These folds, the free edges of which fuse later. represent the rudi-
ment of the mantle which thus rises here very much in the same way
as in the Lamellibranchia. The folds enclose a ventral swelling,
the foot (Fig. 38 B, 1), at the base of which the otocysts are to be
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While the nervous system is forming through the processes just
described, both the ciliated tuft and the ciliated ring undergo reduc-
' tion (Fig. 37). This is especially

a. LS. the case with the latter which, in
accordance with the nomencla-
ture used for other Molluscs,*
is here also called the velum.
The velum is the chief swim-
ming organ and, when it degene-
rates, the larva has to adopt
B T another method of locomotion.

-7 At the stage depicted in Fig.
38, the velum appears still
greatly developed, but, as the
conical apical pole has degene-
rated, the anterior section of
% the larva nowi seems flattened
m.  and plate-like. When the
velum is more reduced and
the other parts of the body
(the shell, the foot, etc.) better
C. developed, the larva sinks to
s. the bottom, where it still swims
to some extent by means of the
velum, but also creeps with
the assistance of its foot, just
9 as do other Molluscan larvae
when passing over to the adult
form (¢f. p. 42 and Figs. 53,
54, 67, etc.). The free-swim-
- i ) ming life of the larva lasts

Frs. 37, --.1-(", froutal sections through X . .
older larval stages of Deatalivm, showing — quite four (lays, durmg which
the formation of the bt (T KOS e it does not, like the
ganglion ; m, mantle ; ves, stomodaeum :  larvae of the Lamellibranchia

s, cephalic pole ; w, pre-oral ciliated ring.

and the Gastropoda, move at
the surface of the water, hut appears to muintain itself at various
depths (Lacaze-DUTHIERS).

[

* ('r. on this point pp. 33 aud 125.
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and ventral fusion of the shell-plate (Fig. 39 4 .and B), are retained
throughout life.

The shape of the shell, which is at first cylindrical and then tusk-
like, is due to the mantle first assuming this form. The latter has
already been mentioned as growing out, like the shell, from the back
in the form of two folds, which fuse ventrally. Like the shell also
it remains open anteriorly and posteriorly. Anteriorly it grows to-
gether with the shell in the form of a tube for some distance over
the body which lies entirely hidden within it. The foot which, as

Fic. 39.—.4, a larva of Dentalinm undergoing metamorphosis ; B, anterior portion of
a young Dentalivm (after LACAZE-DUTHIERS). «, intestinal canal ; 7, foot; mew,
posterior aperture of the mantle ; ~, shell ; /7, tentacle-rudiment ; v, velum.

we saw, originated as a large ventral swelling behind the oral aper-
ture, can be extended for some distance beyond the anterior aperture
of the mantle. It soon assumes the triangular form characteristic of
Dentalinm (Fig. 39 A and B, ). In spite of the early development
of this exceedingly characteristic shape, it is not to be considered
a primitive feature, but must be regarded rather as a later acquisi-
tion, as it is wanting in a few genera PraTe (No. 3). In Siphono-
dentalivm and Cadulus the two lateral lobes are wanting, these genera
apparently exhibiting a more primitive form of foot.
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Further ontogenetic prc pecially connected with the development of
the inner organs, are described by Lacaze-DuTHIERS, but these processes, which
are evidently very difficult to make out, could, at the time when he wrote,
only be studied in the complete animal, and could not thus be clearly under-
stood. The above account, in which the most essential ontogenetic phenomena
are described, must here suffice, and for further information we must refer the
reader to the original treatise on the subject (No. 2).
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CHAPTER XXXII.

GASTROPODA.

Systematic Order :—

L PRroSOBRANCHIA (Streptoneura).
The gill or gills lie in front of the heart. The pleurovisceral
connectives are crossed. The sexes are distinct (save in
dvata, Marsenina and a few parasitic forms).

Sub-order 1.—Diotocardia. The heart has usually two
auricles. The ctenidia are bipectinate and free distally.
The pedal centres form long ganglionic cords connected
by transverse commissures and closely associated with
the pleural centres. Gonad opens into right nephridium
(save in Neritidae). The nephridium is generally paired.

(«) Zygobranchia. Ctenidium paired, veutricle tra-
versed by rectum, two uephridia ; shell with apical or
marginal slit or row of" perforations.

Haliotix, Fissurella, Plewrotomaria.

(h) Azygobranchia.  One ctenidium (left of Zygo-
branchs) ; two auricles (right ending blindly); heart
traversed by rectum (except in Helicinidue); nephridium
generally paired, operculate.

Turbo, Trochux, Neriting (one kidney, distinet genital
aperture).  Helicina  (pulmonate, no ctenidium, one
wuricle).

(¢) Docoglossa.  Gill single or absent; heart with
single auricle, ventricle not traversed by rectum; two
osphradia : two kidneys.

Patella (ctenidia absent), Acmaen,

Sub-order 2.—Monotocardin.  Heart with one auricle;
kiduey and gill unpaired, the latter monopectinate and
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attached for its whole length (save in Valvata). The
nerve-ganglia distinct and concentrated round oesophagus;
pedal commissures rare. Genital aperture distinct,
dioecious with rare exceptions.

To this order belong by far the greater number of
Prosobranchia, all, indeed, of those the development of
which is dealt with here except the forms named above.
Junthina, Murex, DBurecinum, Purpura, Nessa, Fulqur,
Fusus, Farciolaria, Strombws, Rostelluria, Crepidala,
Culyptraca, Vermetus, Bythinia, Palwdina, Thyea, Stili-
Jer, Entoconcha, ete.

Sub-order 3.—Heteropoda (Nucleobranchia). The char-
acter of the nervous system, the position of the gill,
ventricle and auricle the same as in the Monotocardia.
Foot developed into a fin.

Oxygyrus, Atlanta, Pterotrachea, Carinarion, Firoloida,

1I. OPISTHOBRANCHIA.

The gill and auricle generally behind the ventricle (except in
Actaeon).  Pleurovisceral commissures rarely crossed
(Artaeonidae). Hermaphrodite, marine.

Sub-order 1.—Tectibranchia. Shell generally present, often
much reduced and internal, wanting in Runcina and
Pleurobranchea ; with mantle-cavity containing a cteni-
dium.

Aetacon, Bullu, Avera, Gasteropteron, Philine, Aplysia,
Plevwrobranchus, Plewrobranchea, Umbrella.

Sub-order 2.—Nudibranchia.  Without shell in adult stage :
mantle, ctenidium and osphradium wanting.
Tritoniay Doris, Chromadoris, Polyeera, Tergipes, Blysia,
Aeolis, Doto, Fiona,

111. PTEROPODA.

Pelagic Gastropods in which the head is much reduced, and
the foot is developed like a fin; now generally classed
with the Opisthobranchia.

Sub-order 1.—Thecosomata. With caleareous or carti-
laginous shell, with mantle and mantle-cavity.
Spivinlis, Limacina, Tiedemannia, Cymbulia, Cawlinia,
Hydalorylie, Styliola, Clewdora, Creseis,
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surrounded by a transparent membrane. In certain marine Gustro-
poda, e.y., in various Opisthobranchia, this gelatinous spawn attains
a great size, forming long, ribbon-like coils (A«olis) or round cords
repeatedly bent back on themselves (Aplysia). In these cords, the
eggs either lie irregularly or else are arranged in one or more rows.
The mass of spawn often takes the form of a ribbon which is spirally
coiled (Doris, Doto, Plewrobranchux, ete.). These gelatinous masses
frequently contain a very large number of eggs, the spawn of a single
Dorix having been estimated to contain 600,000 eggs. The spawn
sometimes has the form of a gelatinous sac attached to the substratum
by a stalk and containing thirty to forty eggs (Teryipes, according to
SALENKA, No. 114).

The eggs of the Heteropoda are also laid in gelatinous masses
which take the form of long ropes (Carinaria, Pterotrachea, Firo-
loida) according to ForL (No. 31); only the Atlantidar (Atlanta,
Orygyrus) seem to lay their eggs singly, each surronnded by a
gelatinous envelope. The eggs of the Pteropoda also are found in
gelatinous masses which are usually tubular in shape. These tubes
contain a great number of eggs placed either one behind the other
or else close together. The spawn less frequently appears in the
form of a thin membranous plate (Creseisx neiculata), or as round
balls containing a large number of eggs (Clione).*®

In Fisxwrelle also the spawn forms a gelatinous mass containing a
large number of eggs and deposited on stones.  The Prosobranchia for
the most part differ greatly from the above in their method of
oviposition. .\ variable number of eggs ure usually enclosed in an
egy-capsule, the shape of which varies in different forms. Besides
the eggs, thiz capsule contains a fluid or viscid substance which
serves as nourishment to the embryo.  We are hereby reminded of
the Oligochaeta and Hirudinea (¢ wotholnlellidar) in the cocoons of
which several emibryos are found floating in a nutritive flnid (Vol. i.,
pp- 281 and 391).  The comparison becomes all the more striking
when we find that in a few Prosobranchs, as in the Oligochaeta (p.
2R1), not all the eggs iu a capsule develop, but a few, or it may be
a large number disintegrate, and serve as fool for those that survive.
In many Prosobrmuehia, however, all the eggs in a capsule develop,
in Fulyur, from 12 to 14, in Nassa, from 5 to 15, ete.  In Purprra
HAoridana, the capsules contain many egys, all of which undergo

* Detailed statements as to the oviposition in the Pteropoda and also in the
Heteropoda are found in the works of FoL (Nos. 31 and 32).
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The actual egg of the Gastropods, if not specially large, is ‘fairly
rich in yolk which is often vellow, but occasionally of some other
colour (blue-green in Patell.) ; this frequently renders the egy quite
opaque. A clear protoplasmic region can frequently be distinguished
from a more opaque region laden with yolk, the difference between
the animal and the vegetative pole being thus indicated (Fig. 40 A
and B).

In some Gastropod eggs there is less yolk than in others. /’aln-
dina may be cited as an extreme case on the one hand, and Naxx
and Fusus on the other. The cgy itself is usually surrounded by a
clear viscid mass which, in its turn, is again enclosed in a transparent
envelope. It has already been mentioned that other envelopes may
be added, and that several eggs may be enclosed in a common
capsule.

2. Cleavage and Formation of the Germ-Layers.

In spite of the great number of forms among the Gastropoda and
the different development of the several divisions, we can, in every
case which has been investigated, recognise a common plan in the
cleavage of the egy, although at times this is more or less obscured
by moditications introduced by the variations in the amount of the
yolk present.

In this respect we have resemblance to the Lamellibranchs, but
the course of cleavage itself is different in the Gastropoda. The
phenomeuna of cleavage have been studied in a large number of
Gastropods and may therefore be considered as pretty accurately
understood.  As early as 1850, the cleavage of the Gastropod egg
was described by WarNeck (No. 130), very completely, considering
the time at which he wrote. And since then it has been investigated
by a number of zoologists, among whom we may mention For,
BoBRETZKY, RABL, MARK, BLOCHMANN and others (see the litemature
appended to this chapter).

In all Gastropods, as far as is known, cleavage is total ; at first it
may be equal, but it very soon becomes unequal.  The egg, in many
cases, iy divided up into two large blastomeres of almost equal size
by a median groove which cuts it below the polar bodies (Fig. 40 A4).
A second furrow, which is also meridional, divides the egg into four
almost equal blastomeres (B, 1-117).  These four cells, owing to the
nature of the second cleavage, often lie in such a way that two are
in contact with one another in the centre of the egg and thus
























114 GASTROPODA.

macromeres and consequently appears much thickened. After the
mesoderm has become differentiated, the entomeres begin to increase
in number (Fig. 40 H,«nt), and the whole entoderm becomes in-
vaginated into the cleavage-cavity, and thus a typical invagination-
gastrula forms (Planorlis, RaBL). In Pafella, on the contrary, an
extremely large solid ingrowth of macromeres takes place from the
vegetative pole of the blastula (Figs. 49 and 50, p. 124). From this
ingrowth, the mesoderm and entoderm become differentiated and,
at a later period, an archenteric cavity forms within the till now solid
entoderm (PATTEN, No. 83).

In a few Gastropods, such as Bythinia and Limnaea, a cleavage-
cavity is present at an early stage, but this soon disappears; the

a. 5.

" .
eel.

Fi6. 44 —.1-C', embryos of Firoloida Desmaresti in the stage of gastrula-formation
(after FoL). #/. blastopore ; ecf, ectoderm ; rk, polar bodies.

blastula now becomes flattened, the macromeres prepare to invaginate,
and the micromeres, advancing towards the vegetative pole, grow over
the mesoderm which, has already formed, and a part of the entoderm
(Ray LANKESTER, No. 63: WorLrsoN, No. 131; ERLANGER, No.
28).  Gastrulation follows the same course in Paludina, with the
distinction that, in this form, the cleavage-cavity is from the first
very small, and the mesoderm only later becomes recognisable
(¢f. p. 134, BiirscHi1, No. 1R). In the Heteropoda also (Firolvida
and Carinaria) a more or less flattened blastula with a slit-like
blastocoele, the animal end of which is composed of small and the
vegetative of large cells (Fig. 44 A), gives rise by a similar process
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meres has proceeded so far (Fig. 40 G, ent). According to BLOCHMANN
(No. 7), the smaller entoderm-cells shift beneath the layer of ectoderm
towards the animal pole and here form, above the macromeres, a kind
of cap (Fig. 46). In this way an archenteron arises, which is bounded
partly by smaller

ent entoderm-cells and
s partly by the mac-
romeres. Neritina

in this point more

nearly resembles the

forms considered

above, in which there

was a transition from

an epibolic to an in-

Fio. 46.—Embryo of Neritinu furiatilis in optical Vgination - gustrula.
o, (afler Brociuux). 1, batope 1, 't A cap of micromeresat

first lies on the large
macromeres, somewhat as in Fig. 40 F and ¢, but a cleavage-cavity
soon appears between the micromeres and the macromeres. As the
circumcrescence of the macromeres advances, the archenteron de-
velops, although in a way which deviates from that commonly met
with.

In Urozalpine, Fulyur, Purpura and Nassa also, gastrulation takes
place through epibole (Brooxs, No. 17; McMurricH, No. 70;
BosreTzKY, No. 11), and in these forms, on account of the great
abundance of volk, other variations in the formation of the germ-
layers are caused. It has already been shown that in Nassa mutabilis
the one of these forms which has received most attention, as well as
in Urosalpinr and Purpura, one of the macromeres which is specially
rich in yolk is far larger than the others (Fig. 42 D). The micro-
mere-layer lies on the macromeres in the form of a disc or cap (Fig.
42 E). When the micromeres grow out towards the vegetative pole,
the three smaller macromeres also take part in the process of shifting
and in so doing increase in number (Fig. 47 B, hy). Finally, these
cell-complexes, which represent the rudiment of the entoderm, become
more and more shifted towards the vegetative pole (Fig. 47 C and
D). They line a cavity which corresponds to the future lumen of
the enteron. It is the protoplasmic parts of the macromeres that
are at first used for the formation of the epithelium of the eunteron;
the rest forms a kind of food-yolk upon which the cells of the germ-
layers lie like a germ-disc (Fig. 47 B). As far as can be seen from
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insignificant vesicular vestiges surrounded by irregularly distributed meso-
derm-cells on the ventral side of the archenteron. These will be referred to
again later.*

Other descriptions in which .the middle germ-layer is derived direct from
the ectoderm are difficult to reconcile with the accounts we have given of . the
formation of the mesoderm. Such an ectodermal origin is attributed to the
mesoderm in Fusus (BOBRETzKY, No. 11) in Vermetus (SALENsSKY, No. 99) and
in various other Gastropods (FoL). The eggs of Vernmetus are very rich in yolk.
The ectoderm lies as a thin layer upon the macromeres, almost entirely en-
closing them. Near the blastopore, the increase in number of the cells of the
ectoderm is said to give rise to a thickening which is the rudiment of the
mesoderm. In Fusus, BOBRETzKY regards the latter as arising by a prolifera-
tion of cells from the lips of the blastopore. According to SALENSKY, this
mesoderm-rudiment is bilaterally symmetrical like the mesoderm-bands, but
another independent formation of mesoderm is said to take place in the
neighbourhood of the shell-gland. SALENskY is inclined to regard this part
of the mesoderm as having arisen through delamination from the ectoderm
near which it lies, i.c., from the dorsal part of the body. There is some
similarity between this last view and the account given previously by P.
SARAsIN (No. 101) of the origin of the mesoderm. According to SARasIN,
growths of the ectoderm occur at certain points of the body from which
mesodermal elements become detached. This takes place partly at an early
stage of embryonic development and partly later. Since this material becomes
abstricted at various times and at different parts for the formation of those
organs which are usually regarded as mesodermal, SARASIN is unable to assume
the existence of one uniform mesoderm-layer and therefore takes somewhat
the same stand-point as that adopted later by KLEINENBERG in so decided &
manner for the Annelida (Vol. i., pp. 292 and 293). Primitive mesoderm-
cells and mesoderm-bands in Bythinia have been more recently described by
ERLANGER (No. 28) and, according to the very definite account of SARAsIN, we
should have to show whether, besides this distinct mesoderm-rudiment, a
further formation of mesodermal elements takes place from the ectoderm, as

* [In spite of the more recent investigations on this point, the true origin of
the mesoderm in Paludina must still be regarded as undecided. In his
most recent publication, ERLANGER (No. X.) gives figures which are difficult to
interpret in any other way than he has done. Consequently, he still regards
Paludina as enterocoelic, but he finds, besides the coelomic sac, paired
primitive mesoderm-cells near the blastopore which may be the forerunners
of the cells which form the enterocoeles. He suggests that the sparsity of
volk has made Paludina more primitive in this respect than other Gastropoda.
Toxx16ES (No. XXV.), who has specially investigated this point in Paludina,
concludes, but without reference to ERLANGER's latest work, that the meso-
derm arises shortly after the formation of the gastrula by a wandering in of
ectoderm-cells from that portion of the ventral surface which is formed by the
closing of the blastopore: the mesoderm then spreads out to form a ventral
sheet which extends by growth on either side of the archenteron. Soon, how-
ever, its cells become scattered in the cleavage-cavity without forming a second-
ary coelom. ScHMIDT (Nos. XX. and XXI.}, who has confined his attention to
Pulmonates, finds no support for ERLANGER’s views in the origin of the meso-
derm of these forins.  An investigation on this point in some of the primitive
Prosobranchia is very desirable.—EDb.]
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going on. Since cilia appear as early as the blastula-stage (Fig. 49),
the embryo is very soon able to move about freely and thus becomes
a larva. In this way, Patella resembles a Lamellibranch, but such
early locomotion i8 not common among the Gastropods, most of the
larvae hatching at a much later stage. The ingrowth of entoderm

(¢]
o o =
10) <)
o)

) ®
® @ @ ». (O] @ ®
® @ 5

sd..- - ]
g ol @
e me. - (0]
o 0]

23

FiGs. 49 and 50.—Embryos of Putella at the blastula-stage and at the commencement
and (-mngletiou of gastrulation (after PATTEN). &/, blastopore ; em, mesentomere ;
ent, entoderm ; mes, mesoderm ; sd, shell-gland ; i, ciliated ring.

and the differentintion of the meroderm take place, as already de-
scribed (pp. 114 and 121), from the thickened vegetative pole of the
blastula (Figs. 49 and 50). The blastopore lies at the vegetative
pole which at the same time corresponds to the posterior end of the
larva. The principal axis of the larva, at this stage, passes through
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Lamellibranchs (¢/. Figs. 15 and 18, pp. 31 and 36). This re-
semblance is not only an external one, but extends to the inner
structure also. There is thus a Trochophore stage in the Gastropods
also (RAy LANKESTER, No. 63); it is not, indeed, usually developed
in so typical a way as in Pafella, but shows certain modifications.
These modifications are either definite characteristics of the Gastropod
larva or are transformations undergone by the primitive larval form
as a consequence of altered conditions of life, especially by the
presence of a greater abundance of yolk causing an abbreviation or
the suppression of the larval stage and many modifications of the
processes of development.

Besides the outward resemblance to other Molluscan larvae
(Lamellibranchia, Scaphopoda, Amphineura) which is at once evident,
we have the inner organisation correspondingly developed. We have
already mentioned the apical plate and the pre-oral ciliated ring (Figs.
52 and 53), but we have to add to these the post-oral ciliated ring
which hasbeen demonstrated in the Gastropod larvae, e.g., in Crepidila,
Fulyur, Fusciolaria and other Prosobranchia, as well as in Heteropoda,
Opisthobranchia and Pteropoda (GEGENBAUR, KrORN, FoL, BROOKS,
McMUuRRICH, etc.). It consists of a row of cilia which lie immedi-
ately behind the mouth and run parallel with the pre-oral ciliated
ring (Fig. 54, p,,, p. 130). Between this and the pre-oral ring there
are also delicate cilia which correspond to the so-called ad-oral ciliated
zone of the Lamellibranch larva. The whole apparatus, in any case,
serves, as in the Lamellibranchs, for forwarding particles of food to
the mouth, while the pre-oral ring, as the velum proper, is chiefly
of locomotory significance. The oiliated tuft at the cephalic pole
completes the resemblance to the Trochophore of other Molluscs (Fig.
3, p- 6, and Fig. 36, p. 91) and the Annelida (Vol. i., Fig. 118, p.
265). In the pre-oral section, in the region of the apical plate, eye-
spots may occur. The post-oral otocysts lying at the sides of the
mouth have already been mentioned.

The alimentary canal, like the other organs, shows the same
structure as in other Trochophore larvae. It is composed of the
entodermal mid-gut, the enteron, and of an ectodermal fore-gut, the
stomodaeum, and perhaps also of an ectodermal hind-gut, the procto-
daeum (1) : at a later stage, the radular sac, that special character of
the Gastropods which distinguishes them from the Lamellibranchs,
appears in the stomodaeum (Fig. 53, r).

Among the organs found in the Gastropod larva, one is of special
significance when comparison is made with the Annelidan Trocho-
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unknown). Each of the velar lobes is drawn out longitudinally so
that the whole velum appears to consist of four lobes. In Atlanta,
the velum is very large and here each of the lateral parts splits up
into three, the velum thus consisting of six lobes (Fig. 67, p. 155).

In other respects the development of the body has advanced consider-
ably at the Veliger stage. The shell, which at first is cup- or cap-shaped,
increases in size through the addition of new layers, this fact being
indicated, a8 in Dentalium and the Lamellibranchs, by the appearance
of lines of growth. But as the addition of new material takes place
in an irregular manner, i.e., a8 the new layers of shell are not all of
equal width and, further, follow the curvature of the visceral sac, the
shell soon loses its symmetrical shape and begins to coil (Fig. 53).
The visceral sac is separated by the projecting lip-like edge of the
mantle from the rest of the body, especially from the head and trunk.
A slit-like depression usually appears on the right side in front of the
edge of the mantle; this depression extends posteriorly so that the
mantle now covers a cavity, the mantle- (or pallial) cavity, in which
the gills arise later as outgrowths of the body-wall. The intestine
opens into this cavity, the anus having arisen as an ectodermal
depression primarily situated somewhat ventrally at the posterior end
of the body. At first this lies in the median plane, but is usually
displaced to the right side later, shifting at the same time forward,
and somewhat dorsally. This displacement i8 a result of the fixed
and rigid nature of the shell covering a large part of the body (¢s.
p. 146).

The rudiment of the foot appears early and may attain large pro-
portions in the Veliyer larva. In Vermetus, it is paired at least
anteriorly (Fig. 55 B and C). In this larva the foot, however, is
more complicated than Fig. 556 would lead us to believe. The double
character of its rudiment is noteworthy as a peculiarity which recurs
in other Gastropods (Patella, Fig. 51 A ; Limnaea, RAY LANKESTER,
No. 63 ; Succinea, F. ScaRMIDT, No. 109) in very early stages. In
Succinea, the foot arises in the form of two distinct prominences
separated by a broad furrow ; these outgrowths afterwards approach
each other and fuse to form the median foot, a process similar to that
described for Pafella (p. 126).

On the postero-dorsal surface of the foot, a plate composed of the
same substance as the shell is secreted (Fig. 55 €, op). This is the
operculum.  The otocysts lie in close contact with the foot (B, of).

In the young stages of the Veliyer larva two prominences appear
on the velar area ; these soon extend and lengthen and can be recognised
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the left side that grows more actively, and this is the reason why the
posterior parts (especially the anus and the organs surrounding it)

C.

_F16. 60.— .4- £, Diagrams illustrating the displacement of the pallial complex and the
manner in which the asymmetry of the Gastropod body was developed (constructed
after BUOTsCHLI and LANG). 'The pallial complex shifts first to the right and then for-
ward. In E, it has passed the median line, and here the mantle-cavity has sunk in
more deeply. The gills grow back and thus sink deeper into the uvit{. The heart,
auricles and anterior aorta are outlined in red, the intestinal canal in blue, the nerve-
ganglia and visceral loop in black. a, anus; ao, anterior aorta; cg, cerel
ganglion ; f, foot : &, gills; m, mouth ; «, renal aperture ; peg, pedal ganglion ; plg,
pleural ganglion; r. edge of the mantle and shell ; v¢, visceral commissure.
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stomodacum and the radular sac and form the rudiments of the
bucecal gunglia.

The formation of these ganglia recalls to some extent that of the frontal
ganglion in the Insecta, which also arises from the stomodaeum (vol. iii.,
p. 328).

The pleural ganglia form, in Paludina and Bythiniu, as two lateral
ectodermal thickenings lying somewhat ventrally behind the velum

Cs-

t.....

-
[ 14 7 Y
by. - by-
- 7
v

P mes.

F16. 88.—Transverse sections through the anterior region of two embryos of Palvdina
at the stage represented in Fig. 59, .1 and B, p. 139 (after v. ERLANGER). bg, buccal
ganglia ; ¢y, cerebral ganglia ; mes, mesodermal tissue ; nes, oesophagus ; of, otocyst ;
p. pedal ganglia; p/, plenral ganglion; r, radular sac; ¢, rudiment of tentacle;
us, primitive sinus ;e velum,

(Fig. 88 4, pl), and the two visceral ganglia also arise ventrally

and laterally, though farther back than the pleural ganglia (v.
ERrLaNceR). They lic near the edge of the mantle, and near the
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C. The Sensory Organs.

The appearance of the tentacles as prominences on the velar area
has already been several times alluded to in connection with the
external form of the body (Figs. 54, 55, 59, 78, 79, etc.). They lie
immediately above the rudiment of the brain and, when this becomes
detached from the ectoderm, remain as large thickenings of the latter
(Fig. 88 B, t). In position, they correspoud to the cephalic tentacles
of the Annelida, a correspondence which would be all the more strik-
ing if we could definitely homologise the rudiment of the cerebral
ganglion with the apical plate. The anterior and lower tentacles in
the terrestrial Pulmonates arise somewhat later in the closest prox-
imity to the bases of the posterior tentacles (ophthalmophores). In
the terrestrial Pulmonates, the cephalic region in which these orgauns
originate, and where also the cephalic invagination occurs. has been
called the sensory plate. P.and F. SarasiN found here in Helir
(Acavus) a number of small bulb-like specialisations of the ectoderm
(Fig. 39 4, s, and B) which, by the similarity of their structure to
the lateral line organs of the Vertebrata, were shown to be seusory
organs. On each side of the section of the embryo given in Fig. 39
A, two of these organs can be seen in a depression, and it is possible
that the cerebral tubes which arise at these points originate from
them. These lateral organs are found in other parts of the body as
well, and have also been met with in a somewhat similar form in
adult Gastropods. It is, however, probable that the organs now
under consideration do not persist and we must therefore regard
them as temporary larval organs.

A similar significance is ascribed by P. and F. Sarasix to the cerebral
tubes described above (p. 191) as taking part in the formation of the brain,
these being also considered as vanishing sensory organs. They may have
actually functioned in the ancestors of the Gastropoda, as is assumed to be
the case with the conjectural olfactory organ of the Annelida. They now

give rise to part of the brain, just as in the Annelida, where the origin of the
brain is traced to the pre-oral senfory organs (KLEINENBERG, Vol. i., p. 288).

The eyes develop in a very simple way.  They first appear almost
simultaneously with the rudiments of the tentacles, at the ventral
edge of which a depression takes place. This deepens to form a
vesicle which finally becomes detached from the ectoderm and is then
found below the integument. Each optic vesicle frequently, as in
Paludina, lies on a prominence at the base of the tentacle. Where
the eyes are found on the tentacles themselves, as in the posterior
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D. The Pedal Glands.

In the larvae of various Gastropods, e.g., Nassa (Figs. 61 D and E, 63),
Vermetus, Murex, Firoloida (Fig. 65), etc., a deep tubular or sac-like ectodermal
depression has been described in the foot; this shows great agreement in
position with the pedal gland found by KowALEVsSKY in the embryos of Chiton.
Such a rudiment is perhaps also present in Dentalium. In Nassa, this gland
forms a rather long tube, and in Murer it has a similar form (BoBRETZKY,
No. 11); in Firoloida, it is said to be much shorter and bilobed (FoL, No. 31,
Fig. 65, fd.). SALENsKY describes, in Termetus, the formation of two ectodermal
invaginations in the foot, the one lying at the anterior and the other at the
posterior end. The canals lengthen inwards and fork, so a8 to yield the
glandular portion. Various glands are known in adult Gastropods also lying
one behind the other in the sole of the foot (CARRIERE, No. 21). The connec-
tion of the rudiments we have just described with these glands does not as
yvet appear to be clearly demonstrated. It is well known that various
glands also occur at the anterior end and in the sole of the foot in Lamelli-
branchs which have been homologised with the anterior and posterior pedal
glands of the Prosobranchia (Barrots, No. 8), but whether such a homology is
correct still seems doubtful.*

E. The Alimentary Canal.

The Stomodaeum first appears as an ectodermal depression in
which can soon be recognised a ventral outgrowth, the radulur rar
(Figs. 53, p. 127, 78, p. 177 and other tigures). This sac sometimes
appears even before the stomodaeum is completely invaginated and
consequently  lies unear the aperture of invagination, as in Helis
(Figs. 81 and 82, p. 184).  When the radular sac lengthens, it
undengoes dorso-ventral flattening.  Its lateral marging then bend
upwand so that it assumes the form of a channel. the dorsally directed
cavity of which is filled with a mass of eonnective tissue. The wall
of the channel is formed of the upper and the lower epithelium. the
latter taking the prineipal part in the formation of the radula.
The first indication of this vrgan is found early in the form of a thin
cuticle in the radular sae.  The formation of the radula, an onzn
which has been studied in the adult by RSssLER (No. 95), and RCckER
(No. 961 and others. takes place in the following way : The teeth
thenmselves are secreted by the cells which lie ventrally at the blind
end. while the hasal membrane upon which the teeth are borne is

* e pada. 2iands may atzan enan
toticeabie tn N

nous development in the Pulmoraia:
. where the piand :akes the form of a
& > ieg aiong the greater part of the {aot.
‘and either opens tead and foot, as in Heisr, or >n the
postersodoral surface o e Tatten asin Heldiares.—Eb.
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formation of the next tooth of the same longitudinal row. The
number of teeth in a transverse row corresponds to the number of
groups of odontoblasts. The formation of the radula is, however,
not altogether completed by the processes just described, for the
upper cpithelium yields a viscid fluid secretion which forms an
enamel-covering to the teeth. The gradual shifting forward of the
newly-formed teeth to replace those which are continually being
worn away in front, is brought about to a great extent by the
growth of the surrounding tissues, and is no doubt also caused by
the action of the muscles at the anterior part of the odontophore
(ROSSLER).

The radula appears to form in other Molluscs that are provided
with it (Cephalopoda, Fig. 91 4, and Amphineura) in just the
same way as in Gastropods; it will not, therefore, be necessary to
describe it in detail again.

The salivary glands arise somewhat late as diverticula of that
part of the stomodaeum which lies in front of the radular sac.

The enteron, in various Gastropods, arises to a certain extent in
a different way, as the accumulation of yolk or of a secondary
nutritive mass at various points of the gut frequently retards its
development and may even, where the mass is very voluminous,
strongly influence the manner of formation of the intestinal canal.
In many cases, however, the formation of the enteron takes a very
simple course, the invaginated entoderm-vesicle increasing in size by
the continuous division of its cells, fusing anteriorly with the stomo-
daeum and growing out posteriorly into a conical terminal section
which becomes connected with the cctoderm to form the anus. It
has already been explained that the posterior section of the enteron
may at first run straight back, but may later bend forward to the
right, and that this is connected with the acquisition of asymmetry.
The coils made by this secticn of the gut as it lengthens are not of
essential importance and need not therefore be specially described.
There are, however, other important alterations brought about by the
deposition of nntritive masses in the enteron. This process of deposi-
tion takes place in a very simple wmanner in Palwline (BETscHLI).
The ventral part of the entoderm here becomes even at early stages
especially large through the increase in size of the cells and the
deposit in them of drops .of secondary yolk (Figs. 57, 58 and 59, p.
137, ete.). This thickening of the wall of the enteron is evidently
due to the absorption of the surrounding albumen ; this albumen being
received especially into the ventral entoderm and deposited there. At
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the different forms, but generally appear to open into the stomach at
its postero-ventral end, so that a relation between the nutritive sacs
and the liver seems probable. As the liver continues to develop, the
sacs decrease in size.

The two entodermal stomach-diverticula of different sizes are, as
already mentioned, also found in the larvae of the Opisthobranchia
(Fig. 72, 4i, p. 162). They are here said to belong rather to the
dorsal and anterior part of the stomach (REo, No. 93: FiscHEk,
No. 30). According to FiscHER, they become transformed direct
into the liver, forming the outgrowths which enter the dorsal

papillae (cerata). The

2 left diverticulum yields
the principal lobe of
the liver, while the
right, in the Nudi-
branchia, is of small
size.

In the Pulmonata, the
position of the nutritive
masses is somewhat
different. It has been
asserted that, in them,

R the principal mass of
large cells filled with
albumen lies at the
d dorsal side. The large

dimensions attained by
this part of the ento-
derm is evident from
& Figa. 18-833, pp. 177-185,
depicting the embryvos
of Planurhix, Helir and
Limar. The entoderm-

FiG. 2 .0 aud B. embryos of Bytiiwio teatorwdats cells in other parts,

at diflerent stages tafter V. ERLANGERL  «, anus; however . all
. verehrul ganglion : 7. foot; A/, posterior lobe of ~ NOWEVET, remain smalft,

the liver : »». mouth ; mes, mesoderm ; ma, stomach ; cspeciall\' ventrallv and
«, rwlinzent of the kidney : o, operculum ; p. peri- L. .

cardial < @ gw. pericapliom: o radular sac; s wstenorly. and these

:l:fll: s tentacle; », velum: 7, auterior hepati- parts give rise to the

posterior portion of the

intestine which takes the course already desceribed.  The small-

celled portion of the entoderm spreads out further at a later
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A still further specialisation of the enteron along the lines seen in
Fusus is found in the egy of Naxa which is still more richly supplied
with yolk. The formation of the germ-layers in this egg has already
been described (p. 116). The entoderm is found here as a slightly
developed single layer of cells on the ventral side of the embryo.
The stomach and rudiment of the intestine appear when the massive
food-yolk which, at first, presses closely upon the entoderm, separates
from it (Fig. 95 C and D). Owing to this origin of the enteron, its
lumen is here also directly bounded on one side by the yolk, which,
even at a later time, is very extensive (Fig. 61 D and E, p. 150),
and fills the whole of the posterior part of the body. The intestine
still appears open towards the yolk-mass (Fig. 63, p. 152) and, in its
further development, no doubt follows the same course as that of
Fuzns.

The nutritive substance is, as we have seen, stored up in various
parts of the entoderm, and seems frequently to influence the develop
ment of the liver. It is inherently probable that the liver originates
from definite parts of the entoderm, always appearing in the same
region of the enteron, but this process may be modified through the
various ways in which the nutritive mass is deposited. From the
different conditions found, we scem to be able to conclude with some
certainty that the whole of the anterior part of the enteron was
originally specially utilised for the storing of the nutritive material.

The anux forms in most cases through the direct fusion of the
entodermal intestine with the surface of the body, though some
authors (WoLFsoN, No. 131; P. SarasiN, No. 101 ; JourpaIN, No.
49, ete.) speak of the development of a proctodaeum. As the latter
is said to occur in other Molluscs, e.., Chiton, Teredo, Entovalva, and
as it is found in the Amnnelid larvae, the structure of which is
remarkably similar to that of the forms we are now considering, its
presence cannot be regarded as @ preiori improbable.  In by far the
greater number of Molluscan embryos, however, a proctodaeum is not

developed.

F. The Gills.

The gills have been fonud to develop in some Prosobranchia as
consecutive prominences on the ectoderm. These prominences corre-
spond to single branchial leatlets.  Mesoderm-cells enter into them
and form a septum in each leaflet. The gill commonly seems to
appear only after the mantle-cavity has formed, arising within the
latter (Figs. 61, & p. 150, and 99 and 100, p. 214). but occasionally it
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which, in the male apparatus, runs from the testis to the commence-
ment of the so-called primary (cctodermal) efferent duct. The whole
of the remaining efferent apparatus in the female corresponds to the
primary efferent duct in the male, and the former, like the latter,
opens into the mantle-cavity. [There is, in the female, no part corre-
sponding to the secondary efferent apparatus of the male. Apart from
this last portion the genitul apparatus in the male and in the female
thus agree closely in their development, the principal constituent
parts being apparently quite homologous (v. ERLANGER).

The relation of the gerin-glands to the pericardium, which was only con-
jectured to exist in the Lamellibranchia (p. 82), is definitely proved by v.
ERLANGER to exist in the Gastroppda. The genital glands arise as growths
of the pericardial wall, and thus bear to this latter the same relation as do the
genital products in the Annelida to the peritoneal epithelium (Vol. i., p. 297).
In this way we obtain a further support for the coelomic nature of the peri-
cardial sac. Since, in the lower forms, the nephridia function in conducting
the genital products to the exterior, it appears as if, in the Gastropoda, the
nephridium, which no longer functions as a kidney, might become directly
modified as the efferent genital duct. As we have seen in the Solenogastres
(p. 9), the nephridia transmit the genital products, and even in some Proso-
branchs (i.e., the majority of the Diotocardia) the right nephridium serves
in addition as a genital duct; such a modification of the efferent renal ducts
is therefore not surprising.

The hermaphrodite genital organs of the Pulmonateshave repeatedly
been made the subject of careful ontogenetic research (E1sig, No. 26 ;
Rouzaup, No. 94; Brock, No. 16 SiMmroTH, No. 119 ; Krorz, No.
94), but so far no satisfactory conclusion as to their origin has been
arrived at.  The conditions are here very complicated and obscure.
The point of greatest importance is to ascertain the relations between
the various ducts of the hermaphrodite forms and the simple efferent
apparatus of the dioecious forms and finally to trace the former to the
latter.  We cannot state definitely that tlie separation of the sexes ix
the primitive condition, although this scems highly probable, since the
older Gastropods (the Diotocardia) are dioecious and the most special-
ised forms (Opisthobranchin, Pulinonata) are hermaphrodite.  As the
accounts so far published do not enable us to obtain a clear concep-
tion of the development of the hermaphrodite genital organs, it is
only possible to consider them by the light of the better understood
development of the dioecious Prosobranchia.

At the very outset of this investigation, however, a ditliculty is
oceasioned by the question as to whether the genital apparatus is
derived from one common rudiment or from two or three distinct
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rudiments. The whole apparatus, the germ-gland included, has
been derived from a single ectodermal thickening which extends and
becomes differentiated later (Rovzaup). There can, however, be
but little hesitation in at once excluding this view, inasmuch as the
hermaphrodite gland is, in any case, yielded by the mesoderm. [The
wonad i8 probably derived from the apparently unditferentiated blasto-
meres.] With regard to the ectodermal part, i.e., the efferent ducts
and accessory structures, there may certainly be two distinct types
of development according as the copulatory organ lies separately
from the female genital aperture or is united with it in a common
atrium. In the first case, the genital apparatus would, as in the
Prosobranchs (Paludina), consist of three parts, riz., of the germ-
gland, of the primary (nephridial), and of the secondary (ectodermal)
efferent ducts together with the penis.  This is evidently the case in
Limnara, a8 we may conclnde from the observations of Eisic and
Krorz.

The genital apparatus ‘of Limndaen appears as a rudiment even
before the hatching of the young animal.  The penis appears fimst as
an ectodermal invagination at the
base of the right tentacle. The
hermaphrodite duct arises inde- P
pendently of it as a strand-like
structure. The mesodermal
character which has repeatedly
been assumed for it appears doubt-
ful. We are inclined rather to
consider it as ectodermal, a view
which is supported in the literature
on the subject. This strand is of
special importance, as it splits
later into two parts, one of which 2o/-- N
represents the rndiment of the
uterus and the other that part of  Fii 105~ Disgrans reprewciting » later
the vas deferens which is known organs of a Pulmonate. alb, albumen-
us the prostate (Fig, 103, uf, ol). Sl 1, pens; i spermeiboce s .
The hermaphrodite gland arises rodite gland : 2y, hermaphrodite duet ;

& and @, genital apertures.
independently of this strand from
the mesoderm [?primitive blastomeresj. .\ short process of the
mesodermal rudiment yields the proximal portion of the cfferent
duct, while the distal part arises from the cellular strund mentioned
above (Fig. 103, z5, Brock, Krotz). The spermetheca becomes
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groove-like vas deferens leads down to an introvertible cephalic penis. The
next change which occurs is the closure of the groove-like vas deferens and its
separation from the ectoderm as a tube. This brings us to the condition seen
in Actaeon and then to the Basommatophorous Pulmonata, where the male
aperture is distinct from the female. The only break in the series is that
between the Basommatophorous and Stylommatophorous Pulmonata, due to
the development in the latter of a secondary oviduct which extends from the
primitive genital aperture (now closed) down to the cephalic penis, and opens
with that structure through an atrium. With regard to the origin of this
secondary oviduct, two possible interpretations present themselves, one being
that the secondary oviduct has arisen as a groove, like the vas deferens, and,
like that structure, has secondarily closed together with the primary genital
aperture, so that both products are discharged by a single anterior aperture.
or it may be that the primitive genital orifice has shifted by growth down the
side of the body towards the penis and. finally, an atrial involution has caught
up both these apertures, so that they now communicate with the exterior by
n common aperture. The fact that these stages are not recapitulated in the
ontogeny is not, we think, of much importance, for we know that ontogeny
by no means always recapitulates phylogeny, and that this is especially the
case in forms which, like these Mollusca, have a considerable amount of yolk.—
Ebp.]
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CHAPTER XXXIII.

CEPHALOPODA.

Systematic : —

I. TETRABRANCHIA, With two pairs of gills, two pairs of auricles,
two pairs of kidneys, external chambered shell and a large number
of tentacles round the mouth. Funnel consisting of two lobes ; with-
out ink-sac.

1. Naautiloidea.
2. Ammonoidea. .

I1. DiBRANCHIA, with one pair of gills, one pair of auricles, one
pair of nephridia, with internal shell, the chambers of which are
seldom distinct (Spirula, Belemnites) often reduced or absent. Round
the mouth eight to ten arms.  The two halves of the siphon united
to form a tube ; an ink-sac generally present. :

1. Decapoda, with ten arms.

(A) Phragmophora.
Spirulidae.
Belemnitidae.
Belemnoteuthidae.
Acanthoteuthidae.

(B) Oigopsida.
Ommastrephiae.
Onychoteuthidae.
Cranchiidae.
Chiroteuthidae.

(c) Myopsida.
Loliginidae.
Sepioliine.
Sepridae.

2. Octopoda, with eight arms.
Cirrhoteuthidae, with fins.
Philonexidae, Tremoctopus, Philoneris.
Argonautidae.

Octopodlidae, Octopus, Eledone.
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female of Hossia (according to the verbal statements of F. C. v. MAERENTHAL)
there is & well-marked area near the mouth of the oviduct within which the
spermatophores are attached. In the nearly related Sepiola (also according
to researches by v. MAERENTHAL not yet published), there is & pouch-like
depression of the integument lying laterally to the mouth of the oviduct
for the reception of the spermatophores; this has been hitherto erroneously
regarded as & terminal portion of the oviduct itself.

In the other Decapoda, copulation takes place in an exceedingly peculiar
way, the spermatophores not being brought into the mantle-cavity, but
sttached near the mouth on the outer integument of the lip (buccal membrane)
of the female. Glandular invaginations of the integument, in which the
spermatozos that escape from the spermatophores are stored, are found in
this position in Sepia and Loligo (VIALLETON), in Sepioteuthis and no doubt
also in the other genera (v. MAERENTHAL).

In this last case, it is evident that fertilisation takes place only when the eggs
are expelled through the funnel and are retained for a time near the mouth by
the arms. The future leathery egg-capsule (of Sepia) is either still soft at
this time and penetrable by the spermatozoa (?) or only forms after these
have penetrated the egg (through the micropyle of the chorion), the still fluid
glandular secretion being subsequently poured over the eggs by the funnel.
This would then also no doubt apply to the gelatinous mass (in Loligo). It
is an interesting fact that artificial fertilisation of mature eggs taken from
a female Loligo Pealii was brought about by means of seminal fluid found in
the spermatophores of the buccal
membrane (WaTasg, No. 50). The
same conditions are found in Rossia.

The eggs of the Cephalopoda
are unusually rich in yolk, and
consequently attain a considerable
size, a point in which they are
essentiully  distinguished from
those of other Molluscs. The
eggs of Sepia, for instance, are
fully as large as a pea (Sepia
officinalis). The eggs of Eledone
may be still larger and are ex-
ceedingly rich in yolk (p. 237).

F1u. 105.--The upper pole of the egg of

*?Argonaute argo in optical section.

27.1, hefore fertilisation; B, shortly
after fertilisation (after Ussow). ek,

R chorion; d, yolk ; ks, germ-disc; m,
micropyle ; p(, peripheral protoplasm :
rk,{polar bodies.

longitudinal diameter.

The eggs of other Cephalopods,
such as Loligo and Octopus, are
less rich in yolk and therefore
distinctly smaller ; those of Argo-
nauta are even rather small,
measuring, however, 1'3 mm. in

The food-yolk, which consists of rather fine
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spresvin to right and left for an equal distance (Fig. 106 4, r and 7).
A oomoparinm of Fig. 106 B with the median sagittal sections of
Inter embryomic stages (Figs. 132, 133, p. 282) shows that the
animal pole of the egg (4) corresponds to the area of the dorsal

. surface, the vegetative pole (r), on the contrary, to the ventral
surface.

In the germ-disc we find the egg-nucleus and later the first cleav-
age-nucleus.  Neither of these, however, quite coincides with the
unimal pole of the germ-disc (Fig. 105 4) but ovcupies a somewhat
excentric position, 7.«., it is slightly nearer the posterior edge of the
dis:.  The nucleus appears to be surrounded by a more hyaline zone
of protoplasm which passes externally into a more granular proto-
plasm.  The protoplasm of the germ-disc is in any case distinguished
by ity granular character from the thin protoplasmic layer that
surrounds the whole egg.  The thickness of the disc appears to vary
in different cason, 8o far as can be gathered from the statements of
authors.  This is perhaps to be accounted for by the various stages
of development at which the disc is represented.

A vitelline membrane is apparently never developed in the eggs of
the Cephalopoda. The membrane, which is perforated by the micropyle
and inoften very tough, is secreted by the follicular epithelium (Ussow,
ViALLETON) and may therefore be termed the chorion. Between this
ogg-shell and the surface of the egg there is a somewhat wide space
filled with clear albuminous fluid.  This enables the embryo to extend
considernbly within the chorion, which is itself said to be extensible,
and thus to admit of further growth on the part of the embryo.

At the animal pole, in the mature egg, there are two polar bodies,
one of which has been observed to divide (Loligo and Arygonauta) and
give rive to o thind body (Fig. 105, rk). Such division is said by
VIALLKTON not to occur in Septa, but the fact that one of the two
polar bodies posscases two nuclei shows that these bodies, even in
Sepia, are quite normal.  VIALLETON denies that there is any con-
stant relation between the polar bodies and the first cleavage-plane,
but the deviations from such a relation are very rare, and from his
own figures and those of other authors this line of cleavage is seen to
occur in the closest proximity to the polar bodies.

2 Cleavage and Formation of the Germ-layers.

The cleaeses or the spe i inconplzte, & fact counected with the
preat abundance of the food-yolk in it and the distribution of this
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which observers are agreed, the germ-disc becomes markedly bilateral,
a character which is retained in the luter stages also (Figs. 108 and
109 B and C, 110), the two segments mentioned above and the
blastomeres that proceed from them retaining their characteristic
shape, i.e., retaining their regular position with regard to the median
plane, the other cleavage-cells also continuning to be symmetrically
arranged with regard to that plane.

The broad segments of the eight-celled stage (Figs. 109 4 and
108 B) are directed forward, the narrow segments, on the contrary,
backward (Warasg, Ussow). In this way the bilateral symmetry
of the germ-disc after cleavage and the relation to the form of the
adult animal are shown still more distinctly than in the egg before
cleavage (¢f. p. 239 and Fig. 106 4 and B).

It should be added that ViaLLETON also describes the striking bilateral
symmetry of the germ-disc after cleavage which is evident from Fig. 109, but
does not assume so definite a symmetry in the shape of the egg before cleavage.
It may be more difficult to establish these points with certainty in the spheri-
cal egg of Sepia. The identity of the median sagittal line of the blastoderm
with that-of the embryo which is emphasised by Ussow is also apparently
assumed by VIALLETON as probable, so that, according to him also, the
bilateral symmetry of the germ-disc after cleavage corresponds to that of
the embryo.

Since, in consequence of the continuous division of the cells, the shape of
the germ-disc is less regular in the later stages (Fig. 111), it is very difficult
to prove that the bilateral symmetry of the germ disc passes directly over
into that of the embryo: this has, indeed, not yet been exactly proved, so
far as we can see. But the bilateral character of the germ-disc found in
Cephalopods otherwise very different from one another (Loligo, Sepia, Argon-
auta *) makes its relation to the form of the embryo appear more than
probable, and we must therefore for the present hold to the view of WaTase,
although, indeed. this seems to be somewhat conjectural.

As cleavage advances further, an equatorial furrow cuts off from the
two narrow posterior segments, towards the.middle of the germ-disc,
two small blastomeres (Fig. 109 B) : a continuation of this equatorial
furrow cuts off, in Loligo, similar blastomeres from the large segments
in front (Fig. 109 C). In Sepin, however, additional meridional
furrows appear first and divide these segiments into narrower sections
(Fig. 109 B, I and T), after which they become divided by an

* With regard to Argonauta, we have to rely on the statement repeatedly
made by Ussow that he saw cleavage taking place, in the forms observed by
him, in a similar manner to the above. A counfirmation of these statements
with respect to the Octopoda is, indeed, very desirable. With reference to the
conjectural Sepiola, also investigated by Ussow, see the remarks made p. 236.
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(m). In front of and somewhat laterally to these folds, a rather long
paired ridge appears (C, hff) running at first almost parallel with the
branchial folds; it then passes back round the “mantle’ at the
margin of which it can be seen even on the opposite side of the embryo
(i.e., when the embryo is viewed from the oral side, B, h#f). This
paired ridge, .which appears very early, assists in the formation
of the funnel, the chief part of which, however, is derived from a pair
of folds which arises somewhat later more anteriorly (C, vff). These
two pairs of ridges will be distinguished as the posterior (k¢f) and
anterior (vff) funnel-folds. At first they are not prominent, and this
is still the case with the anterior pair at the stage depicted in Fig.
116 C, but they rise up more and more and then become very con-
spicuous (Fig. 141, ¢, p. 297). Between the anterior ends of the two
posterior folds a slight curved prominence appears, apparently uniting
the folds of the two sides (/)). A very narrow superficial prominence
now also connects the anterior folds; this latter fold is the first
indication of the complete connection of the two anterior folds which
takes place in later stages (Figs. 117 and 118).

When the anterior funnel-folds appear, two vesicular depressions
of the surface are seen behind them (Fig. 116 C, of ; Fig. 141 4,
p- 297); these are the otocysts which, when the posterior funnel-folds
shift forward, are found lying near them (Figs. 116 D and 117 4 and
B). They lie also in the closest proxmnity to the large swellings
which carry the optic pits. These swellings, which are very large
even in an carly embryonic period (Figs. 116 4 and 115 B, au),
continue to increase in size, and give the Cephalopodan embryo a
highly characteristic appearance at the stage just described and
especially in the following stage (Figs. 117 and 118). Only a part
of these large projections is yielded by the eyes themselves which
first appear on them in the form of depressions (Fig. 116 B). These
depressions close later, a second depression then forming above the
first (primary) optic vesicle, and the lens being secreted inwards at
this point (¢f. Figs. 142 and 143, pp. 298 and 299).

The formative processes hitherto described affect merely a limited
part of the egg, for the embryonic rudiment which extended earlier
over the larger part of the egg (Fig. 115) has drawn back more
towands the animal pole. There is therefore a part entirely free from
the rudiments of organs, formed only of the yolk-mass and enclosed
by several cellular integuments (Fig. 133, p. 283). This is the
volk-sae, which in later stages is much more distinct, the embryo
becoming marked oftf from it by a constriction (Figs. 117¢119). The
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does not appear until later, sinking in at the middle of a slight
prominence, the anal papilla (Fig. 116 D) ; the posterior part of the
intestinal canal, starting from this point, runs towards the mantle,
its course being externally marked by a slight rising on the surface
(Figs. 117 and 118).

In the embryo of Loligo Pealii, at a stage intermediate between
those depicted in Figs. 116 B and C' we find, in the oral region,
starting from the two angles of the mouth and running first to the
optic pits and then passing anteriorly, two rows of cilia ; these have
been compared by Brooks with the velum, /.e., with the pre-oral
ciliated ring of other Molluscan larvae. We should, in this case,
have to regard the part including the eyes and the very limited
region between them as the pre-oral part of the body.

Among the changes which take place on the dorsal side of the
embryo, those that occur in the mantle exercise a special influence
on the external form of the animal. The pit representing the shell-
gland which, at first, is very wide (Fig. 116, #/) narrows with time.
and in later stages is only a small aperture (Fig. 117 B) and finally
closes entirely. The external aperture of the continually deepening
pit becomes surrounded by a kind of circumvallation, the surface
again sinking in, though not to any great extent (Fig. 116 D). The
almost rhomboidal swelling (m) which surrounds this shallow de-
pression represents the marginal part of the mantle which now
begins to rise above the rest of the body. At a slightly later stage
(Fig. 117 4), we find the wmantle becoming wmarked off by the
swelling of its margin. The large depression round the circular wall
of the shell-gland flattens out again and becomes rounded off like the
edge of the mantle itself (Fig. 117 B). Two pointed prominences,
the rudiments of the fink, are visible upon it (Fig. 117 4 and B).

Another change has taken place in the mantle-region on the
dorsal side, the posterior funnel-folds having shifted more towards
the middle line, there ending in a kind of plate which is the rudiment
of the nuchal rartilage (Fig. 117 B). The posterior funnel-folds are
thus recognisable as the broad muscle-bands (the so-called nuchal
muscles) which even in the adult appear as lateral continuations of
the funnel. They run to the nuchal cartilage and become attached
to it.

In tracing the further development of the funnel, we find that the
anterior folds form the essential factor in determining the alterations
that take place in its principal parts. These anterior folds, which
soon rise much higher than the posterior folds, become united in the
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occupies the place of the yolk-sac, /.-, is surrounded by the arms, a
position which, as is well-known, is occupied by it in the adult.

When the yolk-sac begins to degenerate, i.e., in the last stages of
development, the embryo approaches ever nearer the form of the
adult (Fig. 121). The arms are still rather small, the eyes still
remind us of their former condition, but the funnel, the mantle, the
gills and the anal papilla have alinost attained their final form. The
chromatophores have already formed and they also give the embryo
a charucteristic appearance wore like that of the adult. The
chromatophores appear first on the mantle on the posterior (postero-
dorsal) side and are only somewhat later fouud on the arms and on
the head. When the embryo leaves the egg, the external yolk-sac
has, to & great extent, disappeared.

(b) Octopus.

Although, systematically, Ocfopau is far removed fromn Loligo, the
course of devclopment of the two forms is very similar. The em-
bryonic rudiment extends at first over a larger part of the egg and
later withdraws again more towards the animal pole, just as in Loltgo.
The shell-yland appears very carly, at a time when the blastoderm
has not yet grown round the yolk, as a depression at the animal pole.
This fact is of special interest, because Octopus, like most other
Octopoda  (Cirrhoteuthis perhaps forming an exception ?) has no
internal shell.  The shell-gland in this case, therefore, has the
significance of a vestigial organ. At somewhat later stages, when
the rudiments of the external organs appear, it can be recognised as
a distinet depression at the apex of the rudiment of the mantle, and
even later is perceptible (Fig. 122 4). According to RAY LLANKESTER.
it disappears without having closed.

At a stage somewhat earlier than that illustrated in Fig. 122 4,
pair of small prominences appear on the mantle, resembling, in shape
and position, the fing described in Loliyo.  Indeed, the aspect of the
mantle-rudiment in Ocfopus in the younger stages closely resembles
that of the mantle-rudiment of Loligo.  The prominences are retained
for some time ; they can be recognised in Fig. 122 .1 and B, and in
Inter stages are still present, but, finally, they decrease in size and
altogether disappear.  They cannot be regarded as anything else than
the vestiges of a pair of fins, and must be considered as an indication
that the Octopoda originally carried fins, like the Decapoda.  This
fact atfords further support to the view which in itself is probable
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that the Octopoda must be regarded as derived and the Decapoda ax
primitive forms. The conjecture as to the nature of these promin-
enoes is further rendered probable by the fact that fins occur in some
adult Octopoda (Octopus membranaceus, I’ivnoctopus, Cirrhoteuthis).

The oral aperture appears in Octopus at a-very early stage and
soon takes the shape of a semicircular groove bordering a swelling.
The appearance of the rudiments that lie ou the ventral side closely
rescmbles that described for Loliyo and will best be understood by
a study of Fig. 122 4 and B, and by comparing this figure with the
illustrations of the Loliyo embryo given in Figs. 117 and 118,

It should be noted that the funnel forms, in the Octopoda, in the
same complicated way as in Loligo and the other Decapods. A paired
posterior fold appears and, in the course of development, unites with
an anterior fold which is also paired to form the funnel and its lateral
parts (Figs. 122 and 123, J#f, vt/ and rt).

a.

de.

Fis. 122 — Two embryos of Octopus rolyariz at different ages, seen from the posterior
side (original). ar, arms ; au, optic swellings ; ds, yolk-sac ; h{f, posterior funnel-
fold ; &, gills; m, mantle ; of, otocysts ; #f7, anterior funnol-fold,

In comparing Loligo and Octopus, we are struck by the fact that, in the
latter, the separate organs appear very early, but do not develop further with
corresponding rapidity, so that, as contrasted with organs that appear later,
their development is retarded. This peculiarity was pointed out by Brooks
(No. 7), in comparing the form examined by him (Loligo Pealiiy with
GRFNACHER's Cephalopodan embryo. In Oclopus, for instance, the rudi-
ments of the arms appear early, their number being complete even earlier
than the stage depicted in Fig. 122 A, but they then develop very slowly.
With regard to the order in which the arms appear, this secemed to us to be
the same as in Loligo, i.e., from the rudiment of the funnel towards the
mouth. Two pairs of arms appear as slight swellings in front of the optic
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prominences; a third and a fourth pair are soon added; this latter pair, i.c.,
the one near the mouth, the most dorsal of the

- R arms, is always the least developed. The paiis
o of arms appear very quickly one after the other,
o. - tr so that the above statements are made with a

certain reserve.

In the development of Octopus, it is of
special interest that the yolk-sac is some-
what less developed than in Loligo, as is
evident from a comparison of Figs. 122 and
123 with Figs. 118 and 119, p. 261. In
earlier stages, this difference is less marked ;
later, on the contrary, it is still more notice-
able. In itself, this comparatively slight
difference in the development of Octopus

do. would be hardly worthy of note, but it
Fii. 123 —Older embryo of o]y o transition to those forms in which
Octopus, seen from  the X
funnel - side  (original).  the yolk-sac develops still less (drgonutay
ur, arms ; aw, optic swell- . . .
ings: hm, nuchal muscle; o, indeed, is almost altogether wanting

rt, retractor muscle of the EN :r'S C .
fumel (611, (GRENACHER'S Cephalopod)

(c) Argonauta.

drgonnuta, in its development, also closely agrees with the fors
hitherto considered.  Special interest attaches here to the appearance
of the shellgland at an carly embryonic stage and to its retention
for a long period, although the shell of the adult does not develop in
it, having another origin and signiticance, as will be shown later (p.
294).  The #hell-gland, us in Oclopus, is said gradually to flatten out
ugain (Ray LANKESTER, No. 29: Ussow, No. 44, p. 352), and the
Argonaut shell forms after cmbryonic life is over, as was shown by
KOLLIKER in opposition to former statements (Nos. 24, 1 and 9).

The embryos of Argonanta show, at various stages, in the rise of
the different organs, great similarity with the Cephalopods already
considered (cf., the late stage depicted in Fig. 124) especially with
the embryos of Octopus and Loligs of about the same age (Figs. 123
and 119), but the small size of the yvolk-sac scems to determine a
more compact forn of body.

As in Loligo, the embryonic rudiment at first extends over a lange
part of the egg, but becomes at a later stage more concentrated,
withdrawing more to the animal pole, and rising from the yolk, thus
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wiving origin to an external yolk-sac which, however, is not nearly
s0 large as in cases already mentioned

(Fig. 124). As development advances, this .
volk-sac decreases in size, and, in mature b, ,t
cmbryos, at hatching, there is not any "
trace of it. ax.
The differences in size and shape of body
ar.

existing between the two sexes of Argonauta,
also find their first expression during post-
embryonic life.  No sexual dimorphism
could bhe observed in any of the many
embryos examined by us.*  This applies

also to the striking hectocotylised arm of ~ F1o. 124 — Embryo of
; Arvgonauta aryo,  with

the male, which in other Cephalopods tunnel still incom letel\
. g . leveloped (original). ar,
also, becomes differentiated only as sexual :mm m L)ef' d, y,,n'\_

maturity is gradually attained.  Mature i Jm, ‘wichal misele;
m, mnntle; tr, funnel.

embryos of Octopux, Loligo and Sepia show

no sign of this modification ; this is the less strange as the arms

are still far from being fully de\vdope(l in these embryos.

B. Development without actual yolk-sac

The description of the above forms may best be followed by that
of the Cephalopod observed by GRENACHER (No. 14), a form the
systematic position of which has not yet been determined. 1t
probably, however, belougs to the large division of the Oigopsida,
perhaps to the genus 7wnthix. STREENSTRUP (No. 42) believes
that it resembles Ommastrephes (see also p. 236).  The eggs, unlike
those of the forms hitherto mentioned, are spherical and distinguished
by the violet colour of the yolk which clsewhere is yellow. They
arc about 1 mm. in diameter, and thus mich smaller than those
of Argomsuta.  This is a remarkable fact sinee, judging from the
quantity of spawn and the number of eggs contained in it (p. 236),
this Cephalopod is mnost probably a large animal. The small size
of the eggs, and the small quantity of yolk eontained in them afford
an indication of the manner of development of this form, which is
marked by an almost entire absence of the external yolk-sac.

#® The number of eggs laid by the female Argonaut is very large, so that a
considerable number of embryos are to be found in the egg-bunches within
the shell. The eggs to which we had access belonged to various females and
were at different stages of development, and, although no fully mature embryos
were found by us, we were justified in forming the above conclusion from those
in a late stage of development.
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Fig. 127, for instance, resembles the adult more than do embryos of
Loligo and Sepia at somewhat corresponding stages (Fig. 119, p. 261,
and Fig. 129 () p. 275). By the further growth of the mantle,
the appearance on it of fins, as well as the closing of the funnel which
is grown over by the mantle and, like the gills, partly enclosed in
the mantle-cavity, the embryo approaches the adult form more il
more. The eyes which, in this embryo, are very large, also decrease
in size, a8 their internal structure gradually develops. The arms
grow and become covered with suckers. The swelling between them
(the external yolk-sac) gradually disappears, and the internal yolk-
sac, which here also fills a large part of the embryo, is gradually
but very slowly absorbed. The oral aperture, in consequence of this
process of growth, shifts downward to between the arms, to take up
its final position at the anterior end of the body. At about this
stage, the embryo breaks through the egg-envelopes and, during the
period of pelagic life which now ensues, assmnes the final formn of
the adult.

C. Development through the formation of the Bmbryonic Rudi-
ment on a limited portion of the egg with simultaneous
development of a large Yolk-sac.

The type of development now to be considered has only been
observed in the egg of Sepin (KOLLIKER, No. 24 ; VIALLETON, No.
48), but may occur in other specially large Cephalopodan cggs as
well. This formn of development is brought about by the abundance
of yolk in the egg, and is characterised by the restriction of the
embryonic rudiment to a small, cap-like portion of the egg (the germ-
disc), the rest of the yolk being enclosed merely by the thin cell-
integuments already mentioned (ectoderm, mesoderm and entoderm,
p. 257). There is a further difference between this form of develop-
ment. and that in which the embryonic rudiment extends over a
considerable part of the egg, inasmuch as the embryo appears on a
surface only slightly arched (Fig. 128 4 and B). This makes the
processes of development somewhat more diflicult to understand, but
we are assisted in following them by comparison with the same
processes in eggs less rich in yolk.

The first indications of the embryo on the germ-disc take the form
of various prominences and swellings which soon show bilateral
symmetry in their shape and arrangement. This symmetry most
probably corresponds to that already evident in the germ-dise during
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embryos, this is not self-evident, as apparently different conditions are brought
about by the intercalation of the yolk-mass and the superficial extension of
the germ. The efferent aperture of the funnel does not appear to be directed
towards the mouth but rather turned away from it (Fig. 128 B). A com-
parison with the embryos of Loligo shows, however, that quite the same
conditions prevail in the two cases. If we imagine a Loligo embryo, such as
the one seen obliquely from above in Fig. 117 B, p. 259, spread out flat, we
should find that the anterior aperture of the funnel is here also turned away
from the oral aperture which lies on the further side of the mantle and, apart
from the modifications peculiar to the Loligo embryo, we should have a view
something like that given in Fig. 128 B.

The further development of the *Sepia embryo is characterised by
the fact that its superficial extension is arrested and it rises up from
the yolk-sac, the yolk then pressing in beneath the arched embryonic
rudiment ; in this way, an internal yolk-sac is formed as already
described for Loligo. The rise
of the embryo from the yolk
is very gradual, and has a fairly
similar effect on the different
organs. Fig. 129 4-C' repre-
sents a few stages in this
process. In the first two, the
embryo is seen from the oral
side. The posterior funnel-
folds (hff) at first still lie rather
far from the mantle, but the
latter, by extending laterally,
soon projects beyond them. At
the same time, the mantle
bends over and thus begins to
assume its final shape. The
embryo in its further rise from
the yolk is also followed by
- the cephalic lobes and the

F16. 130.--Older embryosof Nepia officinalis, ey cs,.org.ans which, as in Loligo,
seen from the oral side (after KOLLIKER).  at this time and even later form
The yolk-sac, near the embryo ought to he 1 f th .
be narrower. Lettering as in Fig. 129. the largest part of the embryo

(Fig. 129 B). Fig. 129 C,
represeuting the cmbryo at a somewhat later stage from the anal
side, shows its great resemblance in external shape to the

embryos of Loliyo at about the stage depicted in Fig. 119, p. 261.

The gills are not yet completely grown over by the mantle; the
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de. de.

F16. 131. —Diagrams illustrating the formation of the germ-layers. .4, thickening of
the edge ofmﬁe germ-dise ; B and C, differentiation of the yol. -eplthehum Further
exwlmon of the gu'm—dls(, over the yolk. /), differentiation of the rudiment of the
enteron and the mesoderm ; de, olk-eplthelium; ect, ectoderm ; md, rudiment of
enteron; mes, mesodermn ; et (in )), the rudiment of the cerebral ganglion.
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Various prominences and folds appear in the epithelium of the stomodaeum
near the mouth, and the jaws also arise here as cuticular secretions (Jounix,
(GRENACHER, BOBRETZKY).

Long before the differentiation of the stomodaeum advanced to this
point, it became united to the rudiment of the enteron, the two having
grown up towards each other from opposite sides of the yolk, and
having met near the apex of the inner yolk-sac, there fusing. Fig.
133 represents a later stage, in which the enteron has dilated
anteriorly and has thus formed the rudiments of the stomach (mg)
and of the stomach-caecum (bx).

At a somewhat earlier stage, the rudiment of the enteron shows a

remarkable peculiarity,

a. being wide open to-

wards the yolk-epi-

thelium, as is evident

in sagittal sections

(Fig. 132 (’) and still

more in transverse

sections (Fig. 134 4

and B). It here

. appears as a plate, a

de. large part of which is

in close contiguity to

the yolk. The in-

folding of the edges of

this plate (Fig. 134 B)

gives rise to the two

F16. 134.—The ventral portions of two transverse sec- hepatic tubes which
tions of embryos of ,nh'g_u mlgaris at different ages open into the enteron

(original). @, anal region; dv, yolk-epithelium; . .

ect, ectoderm ; &, branchial rudiments; /7, liver ; md, 11 the region of the
enteron ; mes, mesoderm ; r, vascular spaces in the caecum.

mesoderm. " . .
I'he wide opening

of the enteron towards the yolk-epithelium gradually narrows,
but can still be distinctly made out even in later stages (Fig.
133).  Below it, large cells of the yolk-epithelium can be seen
lying, and sending off lateral processes into the yolk (Fig. 133).
The yolk is thus completely covered by the yolk-epithelium even
beneath these gaps in the intestinal epithelium, where a con-
nection of the lumen of the intestine with the yolk-sac might be
assumed, as well as below the former wide aperture of the euteron.
There ix, therefore, no direet cononunication heticeen yolk-sac and enteron.
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developed Cephalopodan shells. Among the living Dibranchia, the shell
which appears to approach most nearly to those of the extinct forms is that
of Spirula; here we find a spirally coiled and chambered shell which, how-
ever, is grown over and enclosed by the mantle. This approximates most
nearly to the shell of certain Belemnites which was also an internal shell
though, so far as its chambered portion (phragmocone) was concerned, it was
less highly developed than that of Spirula. *

The shell of the Belemnite is not, like that of Nautilus or most Ammonites,
spirally coiled, but is straight like that of the Orthoceratidae (Nautiloidea).
It is characteristic of the Belemnite that in addition to the part of it, the
phragmocone, that may be regarded as corresponding to the actual cham-
bered Cephalopodan shell (that of the Ammonites
and Nautilus) there is a calcareous pointed external
investing piece, the so-called guard or rostrum. A
good example of this latter is afforded in the fossil
Spirulirostra (Fig. 185) the phragmocone of which
is curved and thus bears a certain resemblance to
that of ‘Spirula, but has, in addition, dorsally and

s g

(!

!

‘g R ___r. late rally, a large conical rostrum. It has also been
§= maintained that traces of such a rostrum are to be

I

found in Spirula, although these were not found by

us in an examination of a large number of shells.®
1 The shell of the Belemnite is, as already men-
tioned, straight. Two parts can be distinguished in
it. The chambered part (phragmocone) is provided
with a siphon and is surrounded by the actual shell-
wall (the ostracum); this latter becomes specially
dilated towards the head of the animal as the so-
called proostracum, and is not here followed by the
phragmocone. This first portion of the shell might
be compared with the Ammonite or Nautilus shell,
but on the side opposite to the proostracum, sur-
rounding the posterior part of the phragmocone and

i

.
7

F1a. 135, --Longitudinal

section through the
shell of a Spireli-
rostra (restoration).
ph, phragmocone : »,

prolonged in the same direction, there is a second
part. a very large rostrum, which is usually the
only part of the whole Belemnite to be preserved

in a fossil condition. That this shell was internal,
i.e., surrounded by the mantle, seems to be highly
probable from observations made on forms resembling Belemnites but better

rostrum ; «f, siphon.

* The position of Spirula as a branch of the Belemnite stock connected to
it by forms like Spirulirostra seems to us doubtful. While the position of
the siphon and the orientation of the shell with regard to the body would
seem to favour this view, the constitution of the shell, on the other hand.
with its well-retained chambers and the siphon renders it improbable that
it has undergone a process of degeneration which led to the total loss of the
rostrum.  The shells of other recent Cephalopods, in which such degeneration
took place, underwent, in consequence, great change of structure. We must.
in any case, take into account the view that Spirula may have separated from
the Decapodan stock before acquiring a rostrum.
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preserved, and as is also shown by the so-called vascular impressions on the

external surface of the rostrum of many
Belemnites. *

Attempts have been made to deduce the
constituent parts of the shell of Sepia from
the above parts of the Belemnite shell
(VorLtz, RIEFSTAHL, No. 39). The shell of
Sepia, or, as it is generally terined, the cuttle-
bone, is very complicated. The whole forms
an oval shield-like structure, which, for the
most part, is biconvex, but in the more dorsal
region it becomes concave on its posterior
or inner side, its shape is well shown in
Figs. 187, 148 .1. Its antero-dorsal surface
is covered externally by a roughly calcified
shagreen-like layer, the outer layer, under
which is a deposit of horn-like matter (con-
chyolin), the middle layer, the latter being
freely exposed at the margin of the shell
(Fig. 187, mp). Dorsally, the shell is
produced into & small pointed structure
(Figs. 137 and 188, k, d) which consists
essentially of a prolongation of the outer
calcified layer but has become covered by a
secondary development of horny (conchyolin)
matter which is quite distinct from the
horny middle layer. This calcareous spine
nay in some species project freely on to
the exterior (8. andreanoides). On the
posterior or internal surface of the shell is
a prominent swelling produced by a great
deposit of calcareous material arranged in
thin oblique layers (Fig. 138 .1, '), separated
from one another by air-spaces closed by
calcareous supporting trabeculae; this
structure which is most developed near the
antero-ventral portion of the shell serves as
a float. Dorsally this portion of the shell
i3 less developed and consequently the mar-
gins of the shield are here much more pro-
nounced. Surrounding the posterior remnant
of the calcareous swelling is a modified forked
or V-shaped area (Fig. 137, g), the two ends
of which are directed forward; this ledge,

Fia. 138.—Median longitudina]
section through the shell of a
Belemnite, somewhat diagram-
matic. ek, embryonic chamber;
ph, phragmocone ; po, proos-
tracum ; 7, rostrum ; 2, siphon.
The dotted lines indicate the
anterior edge of the shell the
limits of which are at present
not accurately known,

* We do not here follow out this point, since, for our purposes, it is of
no special importance that in certain Belemnites the posterior part of the
rostrum projects as a more or less long spine beyond the mantle, giving the
posterior end of the animal the shape of an arrow, an adaptation favourable

to locomotion.
U
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the posterior part of which is somewhat raised and arched forward, forms
a cavity which in some cases (3. officinalis) is shallow, but in other species
(S. aculeata, Fig. 137) tolerably deep.

These parts of the Sepia shell have been homologised with those of the
Belemnite shell in the following way. The spine, together with the outer
calcareous plate, have been thought to correspond to the rostrum of the
Belemnite (cf. Figs. 136 and 137) which is continued far on to the actual
shell, almost as if the proostracum of the Belemnite were covered by an
external calcareous investment connected with the rostrum, as perhaps may
actually be the case. A similar condition is found in Spirulirostra, in which
the rostrum embraces a large part of the shell (Fig. 185, r). -

The actual shell of the Belemnite, i.e., the
phragmocone and proostracum, corresponds
to the two inner layers of the shield in Sepia,
the prominence and the fork (Figs. 136-188,
w and g). While the two outer layers are to
be regarded as the wall of the shell (ostracum).
the lamellae of the prominence may perhaps
be considered as partition-walls between the
chambers. These lamellae end posteriorly
in free edges (Figs. 137 and 188); laterally,
however, they are continued into corres-
ponding lamellae of the forked ledge. As
this latter rises anteriorly over the posterior
end of the prominence and forms a rather
deep cavity posteriorly, a structure arises
which actually resembles the phragmocone
of the Belemnite. If the comparison is
carried further, the wide aperture of the
posteriorly directed partition-walls of the
chambers might be compared to the siphonal
spaces in the Ammonites, which, however,

Fra. 137, . Shellof Sepiat aculeata, g o hecome very wide and in which a con-

seen from the ventral surface X N
‘orig‘in;ll), d, spine; g, forked  siderable part of the body lies.

edge 5 p, inner layer; mp, This view seems to be supported by the
middle layer of the shicld (‘“S: rondition of a fossil form (Belosepia) the shell
«, prominence, showing the € . § sel *

* free edges of the lamellae, of which bears a general resemblance to that

of Sepia but still shows the phragmocone
fairly distinctly (Fig. 138 /2 and (). In place of the siphon there is, in this
form, a wide cavity (Fig. 188 53), and this may be regarded as marking a
transition to the condition of Sepia. The rostrum in these forms resembles
that of Sepia, but is still more strongly developed (Fig. 138 4 and B).*

If the lamellae are regarded as partition-walls of the chambers, it appear-
remarkable that these latter extend anteriorly; that is, that the proostracum
thus completely disappears, for the whole prominence would then correspond
to the phragmocone,

* We refrain from comparing the anterior part of the shell (of which usually

only the hind or dorsal end is retained) with the shell of Sepia, but it seems
possible that here also resemblance can be found.
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only when the degeneration of the shell has reached its highest limit (horny
shell of the Dibranchia). We might presuppose a similar process in the
ancestors of Argonanta, and thus claim the shell which occurs only in the
female and is altogether wanting in the male, as a new formation.#

The only Cephalopod provided with an external shell, the ontogeny of
which is at present known, is thus not adapted to assist in the solution of
the problem as to the significance of the shell-gland; we are therefore
restricted to the embryological facts concerning the forms with internal
shell.

Since the invagination known as the shell-gland secretes the whole shell,
and therefore also the part of it which corresponds to the rostrum of the
Belemnites, and as this is a part added to the primitive (Ammonite or
Nautilus) shell, there can be no doubt that the invagination is the equivalent
of at least that part of the mantle-sac which covers the internal shell. The
extraordinarily early appearance of the invagination indicates, however, that,
in the Cephalopoda as in other Molluses, the original shell owes its origin to
a shell-gland. If this is the case, we might assume that in the course of
development the shell-gland became connected with this secondary mantle-
sac. The position of the primitive invagination is easily reconcilable with
this assumption. This question can be satisfactorily answered only when the
formation of the shell in recent Cephalopods with external shell such as
Spirula and above all Nautilus, is understood. Since the first of these forms
in closely allied with the Decapoda and since, from the examination of the
ovaries in the latter (OWEN, No. 33) it is known that, like other Cephalopoda,
it has large eggs rich in yolk, it is not too much to assume that similar
processes of development took place in these forms also, the conditions
of development of the shell especially being similar.

C. The Sensory Organs.

The seusory organs of the Cephalopoda (olfactory, anditory and
visual organs) show much similarity in their development, all appear-
ing first a8 invaginations of the ectoderm. The olfactory organs are,
throughout life, mere ectodermal invaginations, but the auditory
organs and especially the eyes become partly or altogether separated
from the ectoderm and reach a high degree of development. In
these cases also, however, traces of the connection with the ectoderm
may be retained either as vestigial or specialised structures (as in
the auditory organs) or by the retention of the original aperture of
invagination, this latter condition being exhibited in the eye of
Nautilu,

* Cirrhwoteuthis is said, unlike other Octopoda, to possess a shell, the nature
of which, however, is not well understood. If it is a true shell, it no doubt
arises from a shell-gland as in the Decapoda, and we should be justified in
assuming that forms like Octopus and .lryonauta, in which a shell-gland
occurs, once possessed vestigial shells. The case inhabited by Argonauta
could then no longer be homologised with a true Cephalopodan shell.
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The Olfactory Organs.

These organs, unlike the eyes and the auditory vesicles, appear in the
embryo at a very late stage. In Sepiq, in which they were observed
by ZERNOFF (and previously by KOLLIKER) at a time when all the
arms, the funnel and the chromatophores have already formed, there
appeuars, behind each of the eyes, a ronnd prominence. The edges of
this rise and curve over towards the centre and thus an invagination
of the cctoderm is brought about which at first is rather shallow and
sac-like, its floor being much thickened, while the covering consists
of thinuer cell-layers. Some of the ectodermal elements in the floor
of the olfactory sac take the form of spindle-shaped sensory cells pro-
duced into stiff setae. This is the condition in the adult Eledone,
while in Sepia and Loligo the intermediate and supporting epithelial
cells become much lengthened and invested with movable cilia. The
organ at a later stage becomes deeper and sac-like this being the
usual adult condition.

The papillae which, in dryonauta, usually take the place of the
olfactory pits, are considered by KOLLIKER a8 the equivalent of
the prominences which, in other Cephalopods, ontogenetically precede
the invagination, this author consequently regarding them as a lower
stage of development of the olfactory organ.

These organs cannot be homologised with the osphradial olfactory organs
which are so strikingly developed in the Prosobranchia, and in a lesser degree
in many other Molluscs, since the latter are found in the mantle-cavity near
the gills, whereas the former occur on the head near the eye. In Nautilus,
true osphradia occur near the gills. [According to WILLEY, two pairs of
these organs are present. This author also described two pairs of olfactory
tentacles, the pre- and post-occular tentacles.)]

Otocysts.

The rise of the otocysts has been observed in most of the forms
of which the ontogeny is known, and these organs have already been
depicted in many of the figures here given (Figs. 116-118, p. 260, 122,
p. 265, 126 p. 270 and 128 p. 273). KOLLIKER examined in detail
their (later) structure, and they were subsequently carefully studied
by RAY LANKESTER and (GRENACHER.

The position of the otocysts in the embryo may be ascertained
from the above-mentioned figures. They form as depressions of the
ectoderm (Fig. 141 4) which gradually deepen and become vesicular
(Fig. 141 B and (/). The aperture of invagination does not close
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The cerebral ganglion arises in the form of an ectodermal thicken-

ing above the rudiment of the stomodaeum.

Before the latter sinks

in, the ectodermn above this region becomes multilaminar (Fig. 131

a.

od.

el...--

"a.

Fie. 146, —8agittal scctions through embryos of Lolign of various ages, somewhat
diagrammatic (original). Section B is made in the region of the mouth. «, anal
region ; ar, arm-rudiment ; ¢, cerebral commissure ; cg, cerebral ganglion; d, yolk ;
de, yolk-epithelium ; ect, ectoderm ; m, mouth ; ma, mantle-fold ; md, enteron ; mnes.
mesoderm (diagrammatic); r, radular sac; s/, shell-gland; sp, salivary-gland ; b,

ink-sac; o, stomodaeum.

D, ect., p. 280).

This ectodermal layer, which at first is thin,

thickens greatly after the stomodacum has become.invaginated (Fig.
146 A, ¢g), and a large ganglionic mass forms at this point, consisting
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of two parts connected together by a commissure which at first is

broad but .narrows later ; these are the two halves of the cerebral
ganglion, which become detached from the superficial ectodermal
layer and, in sagittal section (Fig. 146 B, cg), appear as spindle-
shaped bodies. The ectoderm, at the formative centre of the
cerebral ganglia (above the mouth) is now again a thin layer (Fig.
146 B and C). In the median section ('), the cerebral commissure
(c) can here be recognised.

The paired rudiment of the cerebral ganglion was early observed
(by the above-named zoologists as well a8 by GRENACHER). The
two gunglia greatly increase in size and finally fuse together. In
consequence of processes of growth, the relative position of the
cerebral ganglion and the mouth is madified in a striking manner
(Fig. 133, p. 283).

The optic ganglia also form as massive thickenings of the ectoderm
in the cephalic region. They are directly connected with the ecto-
dermal thickenings which become the cerebral ganglia and soon press
in below the optic vesicles, a process which evidently gave rise to the
statement that the optic ganglion arises on the posterior side of the
optic vesicle, from the mesodermal cell-clements there present. The
optic ganglion soon shows a close connection with the optic vesicle,
a connection which leads to the formation of the optic nerve.

The pedal and the pleuro-visceral ganglia, like the other ganglia,
are said to originate through differentintion of the cell-masses lying
between the ectoderm aud the alimentary canal. In reality they are
due to ectodermal thickenings in the ventral part of the embryo.
The pleuro-visceral and pedal ganglia, like the cerebral ganglion, are
each composed of two parts of distinet origin. The two cell-tnasses
which yield the pleuro-visceral ganglion lie behind the otocyst, and
the masses that produce the pedal ganglion in front of that vesicle
(BosreTrzky, Ussow, Fig. 133, p. 283).

During the course of development, the three gnnglia just mentioned
gradually shift nearer one another and, as the yolk-sac disappears,
move towards the stomodacum, where they finally fuse, the pleuro-
visceral and pedal ganglia uniting to form the sub-oesophageal mass
which is connected with the cerebral gauglion by two short com-
missures, a broad posterior and a narrow anterior commissure.

The anterior section of the sub-oesophageal mass, which is, to u
certain extent, marked off from the rest, and into which the narrow
commissure euters, is distinguished as the brachial ganglion. This
part becomes differentiated from the pedal ganglion at a time when
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the latter has not yet fused with the visceral ganglion (PELSENEER).
According to the above author, who is confirmed by BoBRETzKY,
the buccal ganglia originate in the same way, becoming abstricted
from the cerebral ganglia and shifting forward, but Ussow states that
they have a separate origin like the principal ganglia, and unite with
these only at a later period. A similar origin is claimed by Ussow
for the splanchnic and the stellate ganglia.

The ganglia can easily be recognised by the fact that, soon after
their appearance, a differentiation into an outer cellular layer and
a central fibrous mass takes place.

The connection of the ganglia with the sensory organs and the
peripheral parts of the body takes place only at a somewhat later
stage. Ussow assumes that the cells of the layer which produced the
ganglia lengthen and thus yield the nerve-fibres, as described above
(p. 193) for the Gastropoda.

The above interpretation of the nervous system is not accepted by all
anatomists. The anterior part of the sub-oesophageal mass, the brachial
ganglion, has been regarded as a part of the cerebral ganglion, which in con-
sequence of the great lateral extension of its anterior section, finally stretched
below the oesophagus, fused here in the middle line, the anterior part being
constricted off and remaining connected only by a commissure with the
cerebral ganglion (v. JHERING, GROBBEN, No. 16).

The brachial ganglion supplies the arms with nerves ; some of these nerves,
however, are said not to arise from the brachial ganglion but to pass into
the cerebral ganglion through the anterior commissure (DieTL, No. 10). This
connection and the conditions found in Nawutilus have led to the view that
the brachial ganglion belongs to the brain. In Nautilus, the majority of
the tentacle-nerves spring from the part of the middle oesophageal ring which
might be indicated as the pedal ganglion, but some originate above the roots
of the optic nerves, and are thus thought to be cerebral in origin. According
to this interpretation, the part of the oesophageal mass known as the pedal
ganglion would then also have to be reckoned as belonging to the cerebral
ganglion, since we cannot claim some of the tentacle-nerves as cerebral
nerves and the others as pedal nerves.

This question is of importance in connection with the interpretation of the
arms which, if innervated from the brain, would have to be regarded as
cephalic appendages, while, if they derived their nerves from the pedal
ganglion, they would have to be considered as parts of the foot. Some of the
facts of ontogeny and comparative anatomy have recently been shown to be
opposed to the first of these views and to favour the second. According to
PELSENEER, a8 already mentioned, the brachial ganglion at first forms by
abstriction from the pedal ganglion, and is thus not in any way closely
connected (as assumed) with the cerebral ganglion. .

Before the brachial ganglion separated from the pedal ganglion, a nerve-
strand ran from the anterior part of the (primitive) pedal ganglion to the
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else an invagination-gastrula appears as a stage following the epibolic
gastrula, as, for instance, in Osfre@ and various Gastropods, in which
a cleavage-cavity arises only at a later stage, and the macromeres
which are continuing to multiply press in towards it. There is also
no essential difference hetween these two types of formation of the
germ-layers. In the Cephalopoda also the germ-layers may be traced
back to the same processes, although these are influenced in a marked
manner by the large amount of volk in the egg.

The middle germ-layer arises in a very similar way in all those
forms in which it has been investigated. It originates in two
primitive mesoderm-cells derived from one of the macromeres (primary
entoderm). In the Gastropoda, in which this point has been best
examined, the formatiou of the primitive mesoderm-cells from the
macromeres was found to be very regular.* The large primary cells
©of the mesoderm have been discovered to exist in all the following
divisions of the Mollusca: the Amphineura, the Lamellibranchia, the
Solenoconchae and the Gastropoda. In the Cephalopoda, on the
contrary, the development of the mesoderm has been considerably
modified by the conditions mentioned above.

The two mesoderm-bands arise through the multiplication of the
primitive mesoderm-cells. It has repeatedly been stated that
mesodermal tissue is not dne to the multiplication of these cells, but
is yielded later partly by the ectoderm, as described for the Annelida.
The first of these views, i.¢., the derivation of the mesoderm from the
primary cells is, so far, the more probable, but the other view should
not be smmmarily dismissed, and in any case deserves more careful
investigation.t

It is very characteristic of the Mollusca that the mesoderm-bands
are retained for only a short time. They soon disintegrate, single
cells separating from them and becoming distributed in the cleavage-
cavity as the so-called mesenchyme.  Before this happens, however,
or else during this process, a cavity appears in each of the mesoderm-
bands : thix is bounded by a more or less regular epithelial wall and
is thus recognisable as the coelom. This process is the same already
met with in the Aunelida (Vol. i., p. 290), and Arthropoda (Vol. iii..
p- 413). I these latter it leads to the formation of two mesodermal
layers, one applied to the cctoderm and the other applied to the
entoderm : these are the somatic and splanchnic layers. This seems

* [See footnote, p. 119, En.] . t(See p. 29, Ep.]
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CHAPTER XXXV.

TUNICATA.

Systematic (after HERDMAN) : —
Order 1. Larvacea (dppendicularia).
Order 1I. Ascidiacea.
1. Ascidiae Simplices.
2. Ascidiae Compositae.
3. Ascidiae Luciae (Pyrosoma).
Order 1I1. Thaliacea.
1. Cyclomyaria (Doltolum).
2. Hemimyaria (Sulpa, Octacnenns).

I 8exunal Reproduction.
1. Larvacea (dppendiculuria).

Very little is as yet known as to the development of Appendi-
cularia, since the small eggs which are discharged into the surround-
ing water are not. easy to obtain and exceedingly difficult to examine.
ForL (No. 1) and KowALEVSKY (treatise on Amphiorus) have, how-
ever, stated that the development of this form closely resembles that
of the Ascidiacea. The paired respiratory tubes of dppendicularia
are formed in the same way as the first gill-slits of the Ascidian
larvae (p. 366), an ectodermal invagination appearing at each side and
a diverticulum of the pharynx growing out to meet it until the blind
ends come into contact, perforation taking place at the point of
junction.

2. Ascidiae Simplices and Compositae.
A. Oviposition, Fertilisation and Egg-envelopes.

The eggs of most of the solitary Ascidians, soon after passing from
the oviduct into the atrial (peribranchial) cavity, are ejected into the
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greatly in number, at first form an inner epithelial layer over the
surface of the egg known as the tesf-cell-luyer (Fig. 148 C,e). In
later stages they undergo a process of degeneration. They then lose
the regularity of their arrange-
ment and are found embedded
scparately in a gelatinous mass

secreted over the surface of the a’
egg.  Their original cellular
character is then less distinct .

and has been altogether denied

by some authors (SEMPER, FoL).

After the development of the 4
test-cell-layer, a structureless

membrane (Figs. 148, 149, d)

is secreted between it and the =
actual follicular epithelium, and  Fi6, 149.—Mature egg from the oviduct

. . . of Ascidia canina * (after KUPFFER). c,
this, being derived from the follicle-cells (foam-like cells) ; ¢, chorion ;
follicle-cells, may be described e, testcells; f, egg-cell; -, gelatinous

v substance.
as the chorion.

In the meantime, u delicate crternal puvement-epithelium (Fig.
148 C, b) has developed on the outer surface of the follicle which
is in close contact with the basal membrane : this epithelium is pro-
bably to be regarded as an outer layer of follicle-cells. Like the
basal membrane, it seems to disappear, not being found in eggs after
they have been laid.

In the free eggs of the wolitary Ascidians, the cells of the actual
follicle-layer, at a later stage, assume a peculiar character. Their
protoplasm becomes filled with numerous vacuoles (Fig. 148 C, 149, ¢)
and thus resembles foam. The cells, which increase in size and form
papilla-like structures (Fig. 149, ¢), are concerned in supporting the
egg as it floats in the water.

The mature Ascidian cgg thus possesses the following envelopes,
reckoned from without inwards :—

(a) TH® basal membrane of the follicle.

(b) The external pavement-epithelium.

(c) The actual follicle-epithelium (layer of foam-like cells).

() The chorion.

(e) The layer of test-cells [kalymmocytes, abortive eggs].

# [ = (Ciona intestinalss, rar.—Ebp.)

Z
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According to CHABRY (No. 13), another fine. structureless membrane cover-
ing the external surface of the test-cells should be added to the above. In
the solitary Ascidians, after the egg is laid, the interspace between the chorion
and the surface of the egg is increased (Fig. 149) through imbibition of water
and consequent swelling of the gelatinous matter secreted at the surface of
the egg.

We must here briefly allude to views as to the origin of the egg-envelopes
which differ from those given above. According to SaBaTIER, For (No. 21).
and RouLE (No. 47) the follicle-cells are produced by the egg itself. For and
RocLE think that this is brought about by a process of budding from the
germinal vesicle, but SABATIER considers that the follicle-cells arise through
free cell-formation in the yolk.# It seems to be fairly established that an
ejection of chromatin-elements actually takes place from the nucleus of the
ovum but we incline to the view that this process has nothing to do either
with the rise of the follicle-cells or with that of the test-cells. Such an
origin was assumed for the latter by RotvLE, Daviporr (No. 14), and Pizox
(No. XXVIL), while a number of other authors (SkMPER, FoL, SABATIER and
others, following KrPFFER, No. 34) thought that the test-cells formed freely
in the protoplasm of the egg.

It is of interest to note that the eggs of Appendicularia also are enveloped
while in the ovary by a follicle (A. B. LEg, Daviporr). When laid, however,
they are without covering, and only after fertilisation has taken place in the

water do they become surrounded by a delicate vitelline membrane (For,
No. 21).

B. Cleavage.

The free-swimming, tailed Ascidian larvae were known to the older
authors and were carefully described by MiLNe-Epwarps, P. J.
vAN BENEDEN, and others.  Our first knowledge of the embryonic
development of the Ascidians, however, was due to the researches of
KowaLEVSKY (Nos. 29 and 30), which were soon supplemented by
the accounts of KuPrFER (Nos. 34 and 35) and METSCHNIKOFF (No.
41). Among later workers we must mention SEELIGER (No. 50) and
vAN BeNEDEN and JurniN (Nos. 7-10): the eggs of the Ascidiae
compositae which are rich in yolk have been investigated by MAURICE
and ScHuLGIN (No. 39) and Daviporr (No. 14).4

The cleavage of the Ascidian egg is total, and, seeing that the
blastomeres at first differ only to an inconsiderable extent iMsize and
structure, may be described as almost equal. The term ¢ adequal

# [As we have already stated, free cell-formation is now generally discredited
by cytologists.—Eb.)

+[Still more recently, SALENsKY (No. XXIX.) has worked at the develop-
ment of the Ascidiae compositae. CasTLk (No. II.) has worked at Ciona
intestinalis. The work of the last-mentioned observer is very important and
exhaustive.—EDp.]
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ewabryo.  Gastrulation in the Ascidians has ovnsequently frequently
beeu described as transitional tetween the typical epibolic and
ewbolic oonditions.

The ga-trulu-stag: that thus arises (Fig. 151, €' is saucer-shaped.
The arched surface of the embryo is covered with the small ectoderm-
cells, while the fluttened side of the body is cocupied by the large,
round blastopore. This side is said to chanyge into the later dorsal
surface of the embrvo. while the arched side hecomes the ventral
surface.

If we take as the principal axis of this gastrula-siage (Fig. 152 {) that
which connects the animal with the vegetative pole of the egg in the first
stages of cleavage (a-5.. we find that this axis passes through the apex of the
arched portion on the one hand and through the centre of the blastopore on
the other. The future longitudinal axis of the body. on the contrary, would
lie at right angles to this principal axis, since, according to all observers, the
blastopore corresponds to the later dorsal surface. We should then have a
condition differing from that of other Bilateralia, in which the primary axis
corresponds approximately to the longitudinal axis of the adult. It seems
probable that the blastopore shifts secondarily from the vegetative pole of the
embryo, at which the posterior end of the body now develops to a position on
the dorsal surface. According to this orientation, the dorsal and ventral
surfaces would, as in the first ontogenetic stages of most of the Bilateralia,
occupy a meridional position. After what has been stated above, we may
conjecture that, in Ascidians, the displacement of the blastopore to the dorsal
side of the body is first brought about by shifting caused by growth in the
later gastrula-stages such as is indicated by the orientation adopted in Fig.
152 A-C. A comparison with the ontogeny of Amphiorus to a certain extent
supports this supposition (Chap. XXXVI). According to this view, the
orientation of the cleavage-stages given by some authors, in which the animal
pole of the body is said to be related to the future ventral half and the
vegetative to the later dorsal half, does not appear altogether suitable, and
can only be admitted with certain reservations,*

Bilateral symmetry can be recognised in the gastrula-stage, even
at the fimst, by the distribution of the cells. In later stages this

* [CAsTLE, in his work on Ciona, supports the latter view, that is, he finds
that the vegetative pole with the entoderm and blastopore is always dorsal in
position. The apparent shifting of the blastopore is due to the fact that it
closes more rapidly from the anterior margin and from the sides than from
behind. Consequently it comes to lie in the posterior portion of the dorsal
surface of the embryo. He is therefore in agreement with Samassa (No.
XXXIIL.) when ho states that there is no rotation of the axes during gastrula-
tion as conjectured on theoretical grounds by KorscHELT and HEIDER, but
that the primitive axis corresponds with the vertical axis of the larva and
the longitudinal axis is at right angles to this. According to this inter-
protation, the orientation of Fig. 152 is incorrect, since the blastopore, in
each of the three stages, is represented on a different surface, whereas it is
always dorsal in its position.—ED.]
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posteriorly in the form of a semicircle (Figs. 156 and 158). It then appears,
especially in longitudinal sections (Fig. 158 B), as if the medullary tube was
formed solely by the posterior lip of the blastopore growing over the anterior
lip. We must, however, bear in mind that, as this posterior medullary fold

n w

./ * j n ["

(<}

[

Fl1o. 160.—Transverse sectious through an embryo of Clavelina Rissvuna, at the same
stage as in Fig. 158 (adapted from vaN BENEDEX and JULIN). A, through the
anterior, B, through the middle, and C, through the posterior part of the body.
ch, chorda ; d, lumen of intestine : en, entoderm ; «, medullary plate ; ur, medullary
tube.

grows forwards, the lateral medullary swellings are drawn into it, so that the
posterior fold does not actually represent the lip of the blastopore, but a purely
ectodermal fold lying at this point; in this way, after the medullary tube has
developed, its roof (n’) which is derived from the inner layer of the folds is
also to be regarded as ectodermal. This is a point which deserves to be
emphasised in opposition to the view of METSCHNIKOFF (No. 42). [Cf. foot-
note, p. 345.]

A

Fiu. 161, --Transverse sections through an embryo of Clacel/ina Risswrna, at the same
stage a3 in Fig. 162 (adapted from vAN BENEDEN and JULIN). A4, through the
anterior, B, through the middle, and , through the posterior section of the body.
ch, chorda; ru, entoderm ; ms, mesoderin ; ar, medullary tube; .~ cells which com-
plete the dorsal wall of the intestinal canal.

We shall see (Chap. XXXVL) that, in Amphiorus, the medullary tube forms
by the sinking in of the somewhat depressed medullary plate and its separa-
tion as such from the ectoderm: hence it is only covered by a single layer
of cells. Only at a later stage does the plate curl round under the ectoderm
to form a tube. This manner of formation is probably a moditication of the
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in the ventral middle line (Figs. 160 C and 161 C, en) ; these, which
are arranged in two parallel rows, retain the character of ordinary
entoderm-cells and form a permanent cell-strand connected with the
intestine, in which we recognise the vestiges of a caudal section of
the alimentary canal (Fig. 162 4, 163 4, en').

A n

>4
e«
r
V4
® ® d
en :
4

F1u. 164.—Median sagittal sections of two stages of development of Distaplia magni-
larva (after DAVIDOFF). r, rudiment of the caudal section of the intestine; cA,
rudiment of the chorda: d, enteric cavity; e, cctoderm; en, entoderm; =,
medullary plate; np, neuropore; nr, medullary tube.

In the caudal region, the separation of the mesoderm and the chorda takes
place in a very simple way, the archenteron merely breaking up into the two
rudiments. These structures, however, are probably to be derived in a way
similar to that described above for the anterior region of the body. We



ASCIDIACEA—FORMATION OF THE GERM-LAYERS. 853

shall have here to assume (with vaAN BENEDEN and JULIN) in these regions,
the presence of a lumen of the archenteron compressed through the growth of

the chorda-rudiment to the shape of a crescent. The question here arises

whether the mesoderm-layer of the caudal section is*to be referred to the
splanchnic or the somatic layer of the former mesoderm-rudiment. van
BENEDEN and JuLIN incline to the first assumption, and SeeLIGER (No. 50)
has also pointed out the resemblance of the mesoderm-cells of the caudal
section to to the cells of the inner layer of the mesoderm in the anterior
region of the body. .

.

m

Fi6. 165. —A later stage in the development of Distaplic maynilarca (after DAVIDOFF).
. caudal prolongation of the alimentary canal; ch, rudiment of the chorda;
d, enteric cavity; ec, ectoderm ; en, entoderm ; /., adhesive papillae; ms, mesen-
chyme-cells; ar, medullary tube. .

The mesoderm and the chorda are therefore derivatives of the
primary cntoderm.®*  Their origin can be traced back to the form of
folding which is also found in Amphiorus. The prineipal distinction
between the process here and in Amphiorus seems to be that, in the
mesoderm-rudiment of the Ascidians, no trace is to be found of the
segmentation which appears so early in Amphiorus. In the Ascidians
the mesoderm-bands appear composed of two ditferent parts (Figs.
162 B, 163 B); an anterior part (mx), consisting of several layers of
small cells, which has arisen through folding in the anterior part of
the archenteron, and a posterior part composed of a single layer of
large cells (ms') belonging to the caudal region. The anterior part of
the mesoderm, at a later stage, forms a mesenchyme filling the

# [See footnote, p. 340.—Ep.)
AA

]
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primary body-cavity (Fig. 167, ms) which yields the blood-corpuscles,
the connective tissue, the body-musculature, as well as the genital and
excretory organs, vhile the posterior part gives rise to the larval
caudal musculature (Fig. 168 B, m).

In Distaplia, in which, after the closure of the blastopore, the
entoderm forms a solid cell-mass (Figs. 157, 164 4), the enteric
cavity arises only later through the shifting apart of these cells (Fig.
164 B). In this way a posterior part of the body is marked off ; in
this the cells of the entoderm separate into the rudiment of the
chorda (Fig. 164, ck) and into that of the solid sub-chordal enteric
process (c), while the large entoderm-cells in the anterior region of
the body (Fig. 165, en) mix later with the mesenchyme and probably
disintegrate. In other respects there is no cssential ditference be-
tween the development of Distaplia as described by Daviporr (No.
14) and that of other Ascidians. It should be pointed out that the
clements of the food-yolk here appear equally distributed in all the
tissues (the ectoderm, the mesoderm and the entoderm).

D. Development of the free-swimming larva.

External form of the body. We have already pointed out that,
at the time when the medullary tube develops, the embryo becomes
elongate and pear-shaped. In this way a broader anterior section is
marked off from a narrower posterior section (Fig. 162) which gives
rise to the tail of the larva. This latter part of the body next grows
greatly in length, less, as SEELIGER points out, by the multiplication
than by the elongation of the cells composing it. At the same time,
it becomes more distinctly constricted from the anterior section and
curves round ventrally (Fig. 163). As the tail, which is now bent
downwards and forwards, increases in length, its posterior end not
only reaches the anterior end of the body but even grows upwards
again at the right side of the latter. In this process, the tail be-
comes twisted on its longitudinal axis, so that the nerve-tube appears
shifted to the left side of the embryo (Fig. 170, p. 368).

The anterior region of the body, which at first appears more or less
spherical, lengthens later, and in the larva is ovate (Figs. 167 and
168). Three prominences, arising as thickenings of the ectoderm,
can soon be seen at its anterior end ; these are the rudiments of the
pupillae for attachment (Figs. 167, 168, 170, &), through which, by
means of a secretion yielded by the glandular epithelium, the fixation
of the larva takes place.
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BaLrFoUR has pointed out that, since a similar attaching apparatus is found
in Amphibian larvae and (in front of the mouth) in the larvae of many
Ganoids (Acipenser, Lepidosteus) we may perhaps have here an inherited
feature common to the Chordata. It seems doubtful, however, to what ex-
tent these structures are really homologous and not merely analogous.

After the egg-envelope has burst, the larva straightens out. The
tail then forms a direct posterior continuation of the longitudinal
axis of the body (Figs. 167 and 173 4, p. 375).

ni

)

~
)

Fia. 186.—Transverse section through an attached larva ot Lhalluxi mammillnta

(after KOWALEVRKY). «a, mesenchyme-cells in the act of ing through the
toderm ; b, hyme-cells in the celluloss mantle; d, alimentary canal;
ec, ectoderm; mas, hyme-cells; of, otolith ; s, transverse section through

the sensory vesicle; 7. cellulose mantle,

The mantle. The ectoderm-cells, which originally were somewhat
cubical but assumed a more flattened form, at the time when the
caudal region develops, secrete, at their outer surface, a homogeneous
cuticular layer which, from its first appearance, gives a cellulose
reaction. This is the first rudiment of the Ascidian test or tunic.
In the caudal region, this layer grows out to form a median dorsal
and a ventral fin (Fig. 169, A, p. 363). While, in Doliolum and
Appendicularia, such a simple, homogeneous cuticular layer is
retained throughout life, in the Ascidiacea and Hemimyaria it is
considerably thickened, single cells immigrating into the cellulose
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layer. Tt has hitherto been believed that, as O. HErTWiG (No. 25)
maintained, the cells that wandered into the cellulose substance came
from the ectoderm, but KowarLevsky (No. 32) has recently proved *
that the mantle-cells were derived from the mesoderm, being meso-
dermal cells which traverse the ectoderm and thus migrate outwards
(Fig. 166). Subsequently, in the cellulose substance, they assume

2 V)

Fi6. 167.—Embryos of Phallvsic mammillata at a later stage (after KOWALEVSKY)
.1, lateral aspect ; B, dorsal aspect. aw, eye; ch, chorda : ¢/, cloacal vesicle; d,
rudiment of the alimentary canal; en, entoderm-sac ; 7, ciliated pit ; A, adhesive
papillac ; ¢, mouth; ms, mesenchyme-cells ; of, otolith ; », trunk-section, s, caudal
section of the medullary tube ; b, sensory vesicle; se, sub-chordal entoderm-
strand ; ¢, vacuoles between the cells of the chorda.

the character of star-shaped connective-tissue cells. We have to
regard the mantle of the Tunicates as a cuticular gelatinous secretion
permeated by phagocytes (mesoderm-cells).+  When, in the composite
Ascidians, some of the individuals disintegrate, the phagocytes of the

* SALENSKY's recent statements as to ’yrosoma (No. 74) fully agree with this
observation (see below, p. 401).

[t SEeLIGER (No. XXXIII.) agrees with KowALEVSKY that the true test-
cells are mesodermal. Tn Oikopleura, however, the cells of the “ Haus* are
ectodermal. --Ep.]
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According to vax BENEDEN and JuLIN, however, the chorda does
uot reach so far forward in Clucelina as in Phallusia.

The caudil section of the nerve-cord (Figs. 167 and 168, s) is a
tube the walls of which consist of a simple pavement-epithelium.
In cross-section (Fig. 169, nr, p. 363), four cells are usually found,
two lying laterally, one dorsally and one ventrally.

This section extends to the postgrior end of the body. The reduction of
the lumen of the alimentary canal in the caudal region of the embryo is
accompanied by the obliteration of the neurenteric canal which represented
the posterior continuation of the central canal of the nerve-cord.

KuprFrER observed the important fact that, in the larva of dxcidia
mentula, lateral bundles of fibrillae are given off by the caudal
section of the spinal cord ; these we may claim as spinal nerves.
The first pair of these was found on the boundary between the
trunk and candal regions, and the following two pairs at intervals
more or less corresponding to the length of a caudal muscle-cell.

We may regand this as an indication of the segmentation of the
caudal region. The same sigmiticance may be attributed perhaps
to those cell-groups found by LAHILLE (about ten in number) in
the caudal nerve-cord of the Dixtaplia larva, and also occurring in
Appendicularin (NoGINE, LANGERHANS, and others).

The ciliated pit. In connection with the central nervous system,
we must deseribe a ciliated diverticulum which opens into the dorsal
wall of the anterior section of the alimentary canal (branchial sac
or pharynx) and which hax been claimed as a homologue of the
hypophysiz eopebri of the Vertebrates.  In adult Ascidians its form
is more complicated. A glandular mass, the sub-neurnl ygland
tlands -hypasph ystir or sub-ganglionic body) can then be recognised
in close proximity to the brain. and an efferent duet runs forwan
to enter the pharynx through a complicated apparatus, the dorsal
tubwrele. in the doral middle line between the two ciliated bands
(s piedvoroncdsy which run upwards from the endostyle.  The
apening of this duct has erroneously been assumed to be an olfactory
orzan (olfactory tuberele, see JULIN, Noso 26 and 27).

According to vay BENEDEN and Jrriy (No. 7) amd SEBLIGER
(N, 50, the first rudiment of this ciliated diverticnlum arises quite
independently of the nervous system as a pit-like invagination of
the entodermal wall of the pharynx. At « later stage. the blind
cud of this diverticulum is said to become closely appliad laterally
to the sensory vesicle. always on the side which is tumed away
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from the eye, i.e., as a rule, on the left side, although LAHILLE
(No. 37) considers that this condition varies in the different forms.

LaniLe (No. 37), SHELDON (No. 52), WiLLEY, (No. 54), and
Hiort (No. 59), on the contrary, have been led by their researches.
to confirm 1 almost all points the older observations of KowaLEv-
8KY as to the rise of the ciliated pit, i.e., to regard it, in its origin,
a8 much more closely connected with the central nervous system.
After the neuropore has completely closed, the most anterior section
of the cephalic vesicle lengthens and fuses with an ectodermal
depression, the stomodaeum (rudiment of the larval mouth, branchial
aperture). At this point perforation takes place (Figs..167 4, 168
4, 1), so that now the cephalic cavity, by means of this short tube
which represents the rudiment of the ciliated pit, communicates with
the most anterior ectodermal section of the alimentary canal. Only
in later stages when, after the fixation of the larva, the larval
nervous system degenerates, is the connection between the ciliated
pit and the nervous system lost. The pit then forms a blind in-
testinal diverticulum contiguous with the definitive ganglion (Fig.
173 A).*

According to these statements, the ciliated pit opens into the ectodermal

or stomodaeal portion of the branchial sac, and we thus have a condition
agreeing with that of the hypophysis in the Vertebrata.

The chorda. The' chorda arises through the transformation of a
plate-like rudiment (Fig. 159, ck), which originally formed the roof
of the archenteron, into a cell-strand which, in cross-section, is
round (¢f. Figs. 160 and 161, ck). We have seen above (p. 348)
that we must suppose this to have been brought about by the forma-
tion of a groove (as in Amphiorus). In cross-section, the chorda-strand
is originally composed of several cells. Both in lateral (Fig. 162 A4)
and in dorsal aspeet it appears composed of two rows of cells, the
ends of which dove-tail with one another. This dove-tailing of
the cells denotes the commencement of a change of position which in
most cases leads to the chorda-cells appearing arranged one behind
the other in a single row like a roll of coins (Fig. 163 .1). In those

*[ WiLLey (No. XXXVL) has recently reinvestigated this point both in
Ciona and Clavelina. He is convinced that vaN BENEDEN and JULIN were
quite mistaken in their interpretation of the origin of the hypophysial tube
in Clavelina. The whole is derived essentially from the neural tube, and
thus the lumen of the hypophysis is at first in direct communication with
the lumen of the central nervous system, the opening of this structure into
til;e pharynx being, according to WILLEY, a reopening of the neuropore.—

D.]
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later stages which are connceted with a lengthening of the caudal
section, the cells of the chordastrand also lengthen (Figs. 167 4,
170, ch). The chorda then begins to undergo a transformation which,
at its commencement, is comparable to the changes in the chorda
of Amphiorus, but, in the Ascidians, leads to peculiar modifications in
this organ. Between each two consecutive cells there appears a
vacuole filled with a gelatinous substance (Fig. 167, »; ¢f. also Fig.
170). ‘These vacunoles, which, at first, lie in the axis of the chorda-
strand, as they enlarge, compress the chorda-cells in such a way that
the latter soon assume the biconcave form of fish-vertebrae and, as
the gelatinous mass extends further, can be recognised merely as
thin septa between its different sections. These sections soon come
into contact and fuse, and in this way a strund of homogeneous
gelatinous substance arises which at first resembles a string of beads
but ix later uniform and c¢yvlindrical (Fig. 168 ), while the chorda-
cells which are pressed out to its surface surround it as a kind of
sheath (KowaLEVsKY, KUPFFER, SEELIGER. and others).

The trausforimation of the chorda is not, in all Ascidians, so complete.
According to SEELIGER. in (laveling, it does not advance beyond the stage in
which the chorda-cells assume the form of transverse septa.

Mesoderm, body-cavity, musculature. The two mesoderm-bands
accompany the chonda along its whole length and project a little
bevond it anteriorly.  Two parts can be distinguished in them (Figs.
162 B, 163 M. ln the posterior part (m+<) where they consist of a single
laver of large cells arrmnged in three longitndinal mows, they yield
the musculature of the larval tail.  The cells of this jart lengthen
i later stages of development (Fig. 163 B0 m) becoming hexagonal,
while, on their inner anl outer sarfaces they produce longitudival
fibrils of contmaetile substunee (Figo 189, .05 which appear to lie
somewhat obliquely to the longitudinad axis of the body in such a
way that the ibres of the fnner Liver enes theee of the outer layer
A an acute angle (SEELIGER. The cau lal museulature of the larva
which artses i this way shows indistiuct trusverse striation.

\nzeriorly, o the traui-nzien the  mesoderm-bands coosist of
severd tvens of smadier sk sz et chesely crowded trether (Figs.

" o 1A
AN T N LA

w0 T nuenimwt laver which lies neat to

the chonda s ovidenziv a dinet prelenzion -f the myoblast-laver of
the catial mgions 1 underoves the e truasformations as the

s the anterior tart of tho lanval naasezlature. The con-
Thexn the Ther mesaiiniioniis of this region swn bevomes
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somewhat loosened ; they assume a spherical form and constitute a
mesenchyne which fills the primary body-cavity of the trunk-section
(Fig. 168, ms).

We have seen (p. 350) that, according to VAN BENEDEN and JULIN,
the mesoderm in this anterior part becomes detached from the arch-
enteron in the form of paired coelomic
diverticula (Figs. 159 and 160 4). The
true coelom that arises in this way
belongs, however, merely to the earliest
embryonic stages, and disappears even
as early as the time when the mesoderm
completely separates from the entoderm.
The mesoderm then fills the space
between the ectoderm and the entoderm,
which, in later stages, becomes consider-
ably widened and, as it appears, filled
with a gelatinous mass; this forms the
ground - substance of the mesenchyme
that arises through the transformation
of this anterior portion of the mesoderm. i
The lacunae which arise later in this
mesenchyme must be regarded, like
the blood-vessels (which, according to
vaN BENEDEN and JULIN are entirely
devoid of an endothelinl wall) as the
pseudocoele.

The mesenchyme of the trunk-region,
which is derived in the above way, yields s, 169, — Transverse section

the mesodermal organs of the adult
Ascidian. [ts histological differentiation
gives rise to the connective tissue, ax
well as to the pigmented clements,
and to the body-musculature of the
adult which appears arranged in radial
and eircular muscles surrounding the

through the caudal portion of
the free - swimming larva of
Clarelina (after SEELIGER). ch.
chorda ; e, ectoderm ; A,
median fin ; m, cellulose
mantle ; mf, muscle-tibrillae in
transverse section ; mz, muscle-
cella; nr, neural tube; s, sub-
chordal entoderm - strand ;
mantle cells.

inhalent and exhalent orifices as well as into longitudinal muscles
of the trunk, etc. Single cells of the mesenchyme, which become
free and reach the pseudococle, become changed into blood-
corpuscles.  We shall see later (p. 380) that the genital organs
also, with their efferent ducts, and the urinary organs originate in
the mesoderm.



364 TUNICATA.

It must be mentioned that at a later stage (especially during the transforma-
tion connected with fixation) the mesenchyme becomes apparently enriched
by elements which, when the entodermal strand (Fig. 169, s) and the larval
nervous system disintegrate, become free. KowaLEVSKY thought that these
cells became changed into blood-corpuscles, and later, SEELIGER (No. 50)
utilised this fact in constructing his theory of the budding in compound
forms. It, however, appears doubtful to us whether these elements take any
part whatever in the formation of the organs of the adult or of their buds or
whether they do not rather, after reaching the blood, undergo degeneration.

The alimentary canal. The rudiment of the alimentary canal is
derived from the archenteron by the separation of the mesodermn
bands and the chorda-strand. In early embryonic stages (Figs. 162,
163, p. 351) it consists of an anterior pre-chordal dilatation (en) and,
following this, of & narrowed part lying already below the chorda but
still belonging to the trunk-region. This narrowest part is directly
continued into the sub-chordal entoderm-strand of the caudal region
(en') which must be regarded as the intestinal rudiment of this
part of the body.

Since the mesoderm and the chorda (as seen above, p. 350) arise
by a process of folding from the dorsal wall of the archenteron, the
dorsal wall of the intestine is defective at this point ; this gap be-
comes closed in later stages by certain cells as described above
(p. 350). This defect is only found in the trunk-region in the
posterior narrowed part of the alimentary canal, as the rudiment of
the caudal region undergoes no further advance in form and, on the
other hand, the pre-chordal section of the intestine takes no part in
the foldings which give rise to the mesoderm and the chorda. This
narrowed sub-chordal trunk-portion of the intestine, after the gap
just mentioned has closed, forms a blind diverticulum projecting
backward (Fig. 167 .1, 4, p. 356), the end of which, aecording to
KowALEVSKY, at those stages in which the candal section becomes
more sharply marked off from the trunk, bends slightly towards the
dorsal side, thus severing its connection with the cellular entoderm-
band of the caudal region (). In this way is introduced the de-
weneration of this last part of the intestine mentioned above, which
leads to the cells of this band becoming disconnected and assuming
a resemblance to blood-corpuscles.  We then find, beneath the chorda
in the caudal region, a cavity apparently filled with blood-corpuscles
and in direct communication with the spaces of the pseudocoele.

According to KowaLEVsKY, with whom the majority of later
authors (KuPFFER, SEELIGER) agree, the branchial sac or pharynx
is derived from the pre-chordal dilatation of the intestinal rudiment,
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while the sub-chordal diverticulmmn, which is directed backward (d),
yields, through simple growth, the other parts of the alimentary
canal (the oesophagus, the stomach and the intestine proper). This
diverticulum, as the larva lengthens, is said to form a coil in which
we can distinguish a right descending portion, a ventral connecting
piece, and a left ascending part which ends blindly. The right
portion is said to give rise to the oesophagus, the connecting piece
to the stomach and the left ascending portion to the intestine (cf.
Fig. 168, d and e with Fig. 170, oe, m, and ed). The anus only
arises later, during larval life, by the blind end of the intestine be-
coming connected with one of the two so-called cloncal vesicles (that
on the left), these latter being ectodermal invaginations which will
be described further later.

The account given by vaN BeNEDEN and Jurix (No. 10) differs
from that given above in so far as they derive only the descending
portion of the intestinal coil (consisting of the oesophagus and the
stomach) through direct growth from the posterior diverticulum
mentioned above, while they believe that the intestine proper arises
from the ventral surface of the dilated stomach as a secondary out-
growth. The point of origin of this secondary caecum, which is
directed to the left and upward, is said to lic somewhat far forward,
i.e., to be almost pre-chordul.  We shall sce below (p. 521) that these
authors ascribe some significance to this observation.

The oral aperture of the larva (which gives rise to the inhalent or
branchial aperture of the adult) is formed ouly shortly before the
larva hatches. The anterior pointed end of the alimentary canal,
just before reaching the sensory vesicle, bends dorsally. 1Tt there
comes into contact with an invagination which has arisen from a
thickened dise of ectoderm-cells. By the apposition of these two
structures and a breaking down or separation of the cells, the oral
aperture is formed (Figs. 167 and 168, p. 358).

The endostyle develops as a ciliated furrow in the antcro-ventral
region of the branchial sac (pharynx), owing to the formation of two
lateral longitudinal swellings. We cannot here enter further into
the histological details of this structure, but must refer the reader
for these to the treatises of R. HerTrwie, ForL and SEELIGER (No.
50).  We may, however, mention that this furrow is not purely
ventral in position, its anterior portion extending up towards the
dorsally placed oral aperture (Fig. 170, es). According to a recent
treatise by WILLEY (No. 54a), the rudiment of the endostyle
originally lies in the most anterior part of the branchial sac in which
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it has a dorso-ventral position. Only later does it shift farther back
and come to lie ventrally. This observation is of importance in
connection with the condition of this organ in Amphiorus, where
it undergoes a similar displacement.

The digestive or pyloric gland arises as a caecal outgrowtb at the
boundary between the stomach and the intestine ; it, however, soon
branches repeatedly, and these ramifications extend over the surface
of the intestine where, by anastomosing, they form a network (Fig.
175 A, dr, p. 379). It has been homologised by WILLEY (No. 34a)
with the hepatic caecum of Amphiorus.

Peribranchial, atrial, or cloacal cavity. The first rudiments which
lead to the development of the peribranchial cavity are found, shortly
before the larva hatches, in the formn of a pair of ectodermal invagina-
tions lving dorsally at the boundary between the sensory vesicle and
the trunk-ganglion, called by METSCHNIKOFF, who was the first to
observe them, the cloncal vesicles (Fig. 167, e/, p. 356). Two
diverticula grow out from the pharynx towards these invaginations,
one on each side, and fuse with them, thus giving rise to the first
gill-slits (Fig. 168, £, p. 358). According to KowALEVSKY, a second
pair of these slits (4”) soon forms in Phallusia behind the other in
the same way. If the interpretations of KowALEVSKY and SEELIGER
are correct, the cloacal vesicles, by enlarging, give rise to the paired
halves of the peribranchial cavity. In this case, the latter would be
lined throughout with ectoderm, and the wall of the pharynx, which
is perforated by the gill-slits, would on its inner side be covered with
entoderm and on its outer with ectodermal epithelinm. We should
then perhaps be justified in homologising the peribranchial cavity of
the Ascidians with the atrium of Amphiorus: we can hardly, in any
case, doubt the homology of the gill-slits in these two groups.
Another view has, however, been adopted by vaAN BENEDEN and
JuLiN (Nos. 9 and 10).  According to these observers, the first gill-
slit arises through the fusion of a rather long entodermal diverticulum
with the cloacal vesicle of the same side which, according to these
authors, is never very large. The Ascidian larva at this stage is
exactly in the condition in which Appendicularia remains through-
out life, the pharynx, in the latter, communicating through a
branchial passage on either side with the exterior. These passages
represent a pair of gillslits, and this pair, in the Aacidian as in
Appendicularia, remains the only pair.  In the Ascidian, the branchial
passages are considerably enlarged secondarily, and in this way the
peribranchial or atrial cavity arises. Since these passages, according
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and this depression gives rise to the true cloacal cavity, 7.e., to the
unpaired part which connects the two peribranchial cavities and
which is thus lined with ectodern.

The terminal portion of the intestine which had, at an earlier
stage, become connected with the left cloacal vesicle (see above,
p. 365) now opens into the common peribranchial cavity.

The heart, the pericardium and the epicardium. We owe to
SEELIGER the proof that the heart and the pericardium of the
Asoidians are entodermal structures, the first rudiment of which can
be recognised in the form of an outgrowth from the pharynx arising
between the posterior end of the endostyle and the entrance to the
oesophagus. A vesicle which becomes abstricted from this caecum
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Fle. 170.—Lett lateral aspect of o (lreelier embryo (after SEELIGER).  aw, eve; o,
~chorda ; ». exhalent aritice; o/, rectum : ep. epicardial outerowth; ex, endostyle;
7. intolding of the body-surtace in anticipation of the rotation that takes place after
fixation ; fy, eciliated pit; A adhering papillae; 7, inhalent oritice ; ks, ill-slits
m. stomach 3w, musele-cells ot the tail; o0 oesophagus; «#0 auditory organ; p.
peribranchial sae gl pericardimn g s larval tail ;) sh, sensory vesicle,
(Fig. 170, o) is the common rudiment of the pericanliam and the
heart.  The remainder of the cacenm () has been named by vas
Bexepex and Jrrin the epueardivm.*  These authors were able
essentially to confirm the statements of SEELIGER. although they
repeatedly ditfer from him in points of detail.  They also recowmised
the signiicinee of the epicanlium in counection with budding, and
the originally donble rudiment of these structures.
The tirst rudiment of these organs was observed in the form of two
solid cell-strands which run xide by side in close eontiguity to the

* {Dayas (No. IX0) finds that in Ciona the epicardinm has a paired orii:
and opens by two distinet orifices iuto the pharynx.—Ep.]
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(Fig. 173 B), to which they are then appended as a short truncated
process. The internal organs of the caudal region are retracted more
and more into the trunk (Fig. 172). They there coil up spirally, but
the scparate elements (the chorda, the muscle-bands, the neural tube)
which compose this coiled strand retain for a long time their relative

»

Fi1a. 172.--Degeneration of the caudal region during metamorphosis in the larva of
Phallusic. mommillate. (after KowaLEVSKY). .1, longitudinal section through an
early stage® B, posterior portion of a longitudinal section through an older stage.
ch, chorda-cells ; ec, ectoderm ; ens, invaginated epidermis of the tail ; ms, mesen-
chyme-cells in the act of passing through the ectoderm ; mt, cellulose mantle ; mz,
muscle-cells of the tail : », nerve-cells of the caudal section ; ns, neural tube.

positions (c¢f. Fig. 172 B, », where the strand is cut through trans-
versely). The degeneration of the chorda commences, according to
KowALEVSKY'S most recent researches (No. 32), by the disappearance
of its gelatinous substance, while its cells (Fig. 172, ck) again become
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It is interesting to compare the transformations undergone by the
Ascidian larva after attachment with that of the Cirripedia and the
Pedicellinn larvae, in which to some extent analogous conditions
prevail.

A degeneration similar to that undergone by the organs of the
caudal region also takes place in the larval nervous system. The
anterior sensory vesicle breaks down, its elements become spherical
and lose their connections. For some time after the sensory organs
have disappeared a mass of pigment remaining from them may be
‘observed in the body-cavity of the young Ascidian. The degenerated
elements. later reach the circulatory system, where they probably
completely disintegrate (p. 364). A similar disintogration is suffered
by the tissue on the ventral side of the trunk-ganglion which consists
of large ganglionic cells. The central nervous system of the young
Ascidian, according to vAN BENEDEN and Junin (No. 9), consists of
those elements which surround the central canal in the region of the
trunk-ganglion, and are continued anteriorly on to the left swelling
of the sensory vesicle. The elements derived from the cephalic vesicle
thus yield the definitive ganglion, while the elements of the trunk-
ganglion produce aganglionic cell-strand (cordon ganglionnaire viscéral)
discovered by vaN BENEDEN and JULIN, which, first running back-
ward in the dorsal median line, becomes applied to the dorsal wall of
the pharynx but then diverges to the left, runs along the left side of
the oesophagus and ends between the two hepatic diverticula.  After
the gelatinous cover has been perforated by the apertures of ingestion
and cgestion, the admission of water and of food into the alimentary
canal becomes possible.

In the further development of the branchial network, the chief im-
portance attaches to the appearanee of new slits, each of which, as a
rule, arises through the fusion of a shallow diverticulum growing out
from the entodermal wall of the pharynx with the lining of the atrial
cavity. At the point of fusion, the slit is first visible as a very small
aperture. In this way, according to KowWALEVSKY, in Phallusi
meommillata, after the first gill-slit has formed, a second appear
behind it (Fig. 168, £7) this being apparently of the same size as
the first. Later, nccording to Kronn (No. 33), two new slits appear
between these two and behind the last slit (the second in order of
formation) one more. In this way five primary gill-slits form in a
longitudinal row. Each of the trabeculac between every two gill-slits
contains a blood-sinus (branchial vessel, Fig. 168, 4). Above and be-
low this primary row of slits, other rows are said to form later, the
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contact and fuse, giving rise to the internal longitudinal bars (Ir)
of the branchial region.

At an carly stage, the first rudiment of the pericoronal circle
(peripharyngeal bands, ciliated arch, Fig. 174 4, f5), as well as that of
the coronal circle, which lies in front of it and is beset with tentacles,
can be seen. The arrangement of the tentacles when they first appear
is bilateral.

The development of the genital organs has still to be described.
In the compound Ascidians, the individual that develops from the egg
has no genital organs, but multiplies exclusively through budding.
This is also the case with the social Ascidians (GANIN). In studying
the development of the genital organs we are consequently restricted
to the simple Ascidia if we wish to study their origin in a sexually

F16. 175.—.1, dorsal aspect of the intestinal coil in the bud of Perophora Listeri with
the rudiment of the genital organs: B, somewhat older genital vesicle (after VAN
BENEDEN and JULIN). g, genital vesicle ; gs, genital strand; dr, digestive gland ;
oe, oesophagus ; m, stomach ; ¢, intestine.

produced embryo, otherwise we must trace their rise in the asexually
produced buds of other Ascidians. The course of development in
these two cases is, however, 80 uniform that we may take as our
example the buds of Perophora which were examined with special
reference to this point by vaN BENEDEN (No. 10).

The Ascidians are hermaphrodite. The male and female genital
rudiments, however, are derived from a common rudiment which is
always unpaired and lies on the intestinal loop medianly and dorsally
(Figs. 174 B, g, 238 E, g). This is found at the point at which the
efferent duct of the digestive gland first branches (Fig. 175 4). It
consists of an accumulation of cells indistinguishable from ordinary
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portion of the lateral mesoderm-bands (ns) which also give off into
the ectodermal vesicle from their posterior ends elements that change
into blood-corpuscles.  An ectodermal invagination can also be seen
forming ventrally (p) and from this is derived the whole intestine
of the ‘“ nurse ” form. This invagination first gives rise by its dilata-
tion to the pharyngeal cavity (Fig. 179 B, p), while the intestine
proper is derived from a solid cone of cells which develops at the
base of the invagination. This cone very soon develops a lumen at
first closed at both ends, and this becomes differentiated into the
ocsophagus, the stormach and the intestine, the rudiment of the
digestive gland also becoming visible. The rudiment of the intestine
opens only later into the atrial cavity (c/). The latter develops later
than the pharyngeal cavity from an independent dorsal ectodermal
invagination (Fig. 181, ¢/) which, as it enlarges, comes into close
contact with the posterior wall of the pharynx. In this way the
transverse and somewhat diagonally-placed branchial lamella arises,
in which the four pairs of gill-clefts found in this generation (IFig..
245, p. 475) soon appear in the form of small round perforations.
According to ULJANIN, the two pairs that lie dorsally develop before
those that lie ventrally.

Fis. 181, -Dorsal tegion of an older larva ot Dolécdum Mulleri (after Ursanise. 7,
atrimm ; A, ciliated pit; m. muscle-hoops: v, wanglion ; nb, branchial verve.
Only the middle part of the rudiment of the central nervous system
(Fig. 181, ») retains its original massive character, while the anterior
and posterior ends soon become narrower In the anterior narrowed
portion, an irregular cavity develops and breaks through into the
pharynx. At this point, the ciliated pit (/) appears and a delicate
canal connects it with the sub-ganglionic body (the homelogue of
the * glande hypophysair- = of the Ascidians). From the middle
swelling of the neural rudiment, the actual ganglion and the sub-
gunglionie body develop, while the posterior narrowed portion gives
rise to an unpaired nerve which runs backwands (norrus hrnchialis, .
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vesicle.* It should here be mentioned that the dorsal closure of the
cardiac tube is brought about by a histologically differentiated lamella
(the “mittelfeld ” of GROBBEN) as to the development of which, how-
ever, we have no detailed information, but we are reminded of the
participation of the epicardial lamella in the formation of the heart
in the Ascidians (vaAN BENEDEN and JULIN, p. 370).

The muscle-hoops develop in the way described by LEUCKART for
Salpa democratica (see p. 431), through the fenestration of the mew-
dermal lamella, these perforations separating one muscle-hoop from
another.

In this way, the general course of the wmost important systems of
organs occurring in the first ““ nurse” generation is indicated (Figs.
180, 243, 245, p. 475). To these, two stolons connected with the
formation of buds have to be added. One of these (Figs. 180, », und
245 A, rs) lies behind the fifth muscle-hoop, close to the posterior
end of the pericardial vesicle: this we shall call the ventral stolon
(the rosette-shaped organ). The second or dorsal stolon (Figs. 180, d,
245, ds) + arises from the dorsal surface in the seventh intermuscular
space and forms a geniculate process pointed posteriorly, into the
base of which an open coil of the seventh muscle-hoop extends (Fig.
243, at’). We shall have to enter into the details of the structure
and development of these stolons and of their relation to the forma-
tion of the subsequent generations later (p. 470).

After the young barrel-shaped “ nurse” has developed fully, the
provisional larval organs gradually atrophy.  While the internal
parts undergo fatty degeneration and the cells become mixed with
the blood, the ectodermal envelope gradually shortens so that the
ectodermal vesicle and the larval tail soon form merely a rounded
prominence on the body of the *“nurse ”.  This outgrowth strikingly
resembles an embryonic organ consisting of reserve nutrition found
in the Thaliacea, the so-called elacoblast, a fact which makes the
derivation of the latter from the transformed tail of the Ascidian
larva, attempted hy SALENSKY, appear somewhat probable (see below
p. 432) .

The first “nurse’” generation of Doliolwm, at a later period, as
FoL first pointed out, undergoes a remarkable metamorphosis, the

* (FROBBEN'S statements as to the formation of the heart in the larval
Doliolum have been misunderstood and misrepresented by UrsaNin.

t [This is better termed the dorsal outgrowth, as it does not itself give rise
to buds, but receives those structures in rudiment from the ventral stolon and
only gives attachment to them (pp. 472-476).—EDb. )
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Mention must now be made of cells which, in the later stages of
cleavage, are found in large numbers in the yolk, near the point at
which the germ-disc lies on it, and which may be called yolk-cells
(Fig. 184, dz). SALENsKY, who traced back these cells to follicle-
cells that had immigrated into the yvolk, has named them the yolk-
kalymmocyter.  Since, however, as we shall see below (p. 395), these
yolk-cells take part in the formation of the intestinal wall, we are
inclined to regard them as blastomeres belonging to the entoderm-part
of the germ-mass. We here have a repetition of the conditions found
in the meroblastic egg of the Vertebrata, in which also volk-cells (to
be considered as eutoderm) arc said to take a similar part in the
formation of the intestinal gland-cells.

For information as to the formation of the germ-layers in Pyrosoma
we are dependent entirely on SALENSKY's stateents. The embryo,

after a number of cell-

’ (72 divisions, lies on the yolk

. as a prominence composed
of uniform polygonal cells

which are irregularly distri-

buted.  This prominence

soon becomes bilaterally

s symmetrical, the largest
mass of cells collecting in
the posterior half of the
Fie. 145, =Mediin section through « germ-dise ;_rcr.m-dlsc, S”, that the pos:
of Pyrosoma (after SALENSKY). ¢k, cavities  terior slope is more abrupt

ol ok ST the wnterior (Fig. 1)

terior : r, anterior. According to SALENSKY, the

separationof the germ-layers
takes place through delamination, the most superficial cell-layer (er)
first becoming arranged into an epithelium (ectoderm) : the mass that
remains (the meso-entaderm) then undergoes a similar transformation.
the lowest layer, that in contact with the yolk, becoming separated
as the intestinal epithelium (entoderm).  Between the ectoderm and
the entoderm the mesoderin extends. being greatly developed in the
posterior half of the germ-dise while, in the anterior half, it is want-
ing or else is represented merely by a few cells (Fig. 186 .1 and B).

Taking into account the process of formation of the germ-layers in the
meroblastic eggs of the Vertebrata, we may perhaps be allowed to conjecture
that in Pyrosoma also the separation of the germ-layers is not an actual
delamination. but an invagination or infolding of the posterior edge of the
germ-disc, such as, for instance. occurs in the Selachians.,
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epithelinl continuity, so that finally, only a mass of irregularly
arranged cells remains to tuke part in the formation of the mesenchyme
which is developing in the primary body-cavity. A similar disin-
tegration is undergone by the median strand which was regarded as
the equivalent of the chorda, and which, after the disappearance of
its lumen, retains its independence only for a short time, and is called
by SALENSKY the axial mesoderm-strand. The right coelomic sac
gives rise to the pericardial rudiment (Figs. 192 €, 1R9, 190, pe),

el

Fii, 193, Two Cyathozooids with their tirst-formed buds (atter KOWALEVSKY, some-
)vh:nt altered). .1, with straight stolon; B, with curved stolon; the (!\'ntﬂozonid
is commencing to rise from the surface of the food-yolk («). ¢/, atrial aperture ; ¢,
food-yolk ; en, rudiment of the endostyle; 7, body-cavity of the C'vathozooid ; p,
peribranchial tubes; pe, pericardial sae of the Cyathozooid ; =, vell-zone. te

which soon becomes club-shaped, a dilated, anterior, sac-like part
changing into the pericardial vesicle of the Cyathozooid, while the
tube that runs backward from this part does not develop further but
soon loses its lumen : the connection of ity cells then becomes loosened.
It appears that these clements then mingle with the mesenchyme
and assist in the formation of the mesoderm of the Ascidiozooid. In
the pericardial sac of the Cyathozooid the surface adjacent to the
intestinal wall is seen to thicken, this part then becoming invaginated
and forming the rudiment of the heart proper.
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tubes (p) on either side of the intestine, and, on the right side of the
body, the pericardial tube (Fig. 192, pc), are continued direct from
the Cyathozooid into the chain of Ascidiozooids. The central nervous
system, on the contrary, arises independently in the Ascidiozovids
(SALENSKY). From this point the development of the Cyathozooid
and that of the Ascidiozooids will be treated separately.

D. Further Development of the Cyathozooid.

The structure of the Cyathozooid is fairly simple. One of the poles
of the body is marked by the presence of an ectodermal invagination,
the atrial invagination (Fig. 193 B, 194, ¢/) which occupies the most
anterior end of the germ-dise (Fig. 189, ¢!), and the origin of which
has alrcady been discussed (p. 394). This invagination originally
communicates with the peribranchial tubes (Figs. 189, 192 B, 193
4, p).  Verysoon, however, that part of these tubes which lies in the
Cyathozooid degenerates and completely disappears (Fig. 193 B).
The atrial invagination, on the contrary, in which a narrow thick-
walled portion can be distinguished later from a thin-walled portion,
the actual cloaca, becomes connected with the alimentary canal of
the Cyathozooid, the lamellne that separate the two cavities beiny
perforated (Fig. 194). The alimentary canal (Fig. 194, d) of the
Cyathozooid i8 a simple thin-walled sac, narrowed in the shape of
a funnel posteriorly, which adopts a somewhat curved position in
accordance with the curving of the stolon in later stages. lts
posterior, narrowed end passes over into the enteric rudiment of
the Ascidiozooids. There is no sign of endostyle-folds in the intestine
of the Cyathozooid, that part of the organ in which, in the germ-dise,
‘the rudiments of these folds appeared (Fig. 189 ¢n) being used up
in the formation of the Ascidiozooids (Fig. 193, en).

The rudiment of the nervous system of the Cyathozooid, which is
derived from an ectodermal invagination lying close behind the atrial
rudiment near the anterior margin of the germ-dise (Fig. 189, ») is
originally a somewhat long and completely closed vesicle which, when
the alimentary canal changes its position, in consequence of the
curvature of the stolon, also shifts from its original position. The
posterior end of the neural vesicle now enters into open communica-
tion with the enteric cavity (Figs. 194 B, ¢, and 197).  This is the
rudiment of the ciliated pit (A). The anterior part of the vesicle
now becomes divided by a furrow from that part which is used for
the formation of the ciliated pit: it swells and changes into the rudi-
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embryonic sac, in consequence of the shortening of the oviduct, shifts towards
the cpithelial prominence, serves for attaching the sac to the epithelium.
The development of the female genital apparatus of Salpa (Pegea) bicaw-
data is quite exceptional. Here (Fig. 208) at about the middle of the body
of the individual of the chain, at the right side, there is an outgrowth of the
body-wall with a somewhat curved end (genital tube, g. SALEXSKY. No. 104).

Fla, 209, -Two stages in the development of Salpo bicandata (after SaLENsky). I

A (n combined figure after SALENSKY), the embryo ¢ still lies at the hase of the
wenital tubwe (¢) within the dilated oviduet.  In B, the embryo, at a more adv-\ny"'
stage, has passed out of the tabe together with the placenta.  «, wall of the respira:
tory cavity; A, blood-forming bad (remaius of the follicle); ¢, nmbilim! cond
(eonneetion between the embryo and the placenta) @ ¢, embryo in the dilated oviduct .
oly elavoblast ; en, endostyle’; ) genital fold ; A, ciliated pit : g, genital tube; «
branchial aperture ; &, gill ; o aperture of the genital tube ; m/, mantle ; n, nerve
centre 3o, placenta s pe, pericardinm s/, stolon,
The lumen of this tube communicates with the atrial cavity (Fig. 209 A\
The short oviduet opens far back in the base of this tube between two cpithelisl
folds projecting into the lumen of the genital tube (incubatory folds, f). In
spite of thix peculiar arrangement, which must be regarded as a moditication
of the part of the atrial wall surrounding the aperture of the oviduct, it seem-
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(SALENSKY) that the embryonic development of Salpa bicaudata does not, in
eysentials, diverge greatly from that of other forms. The greater the increase
in size of the embryo and of the placenta which has attached itself at the base
of the tube, the shorter does the tube become. The embryo finally passes into
the atrial cavity of the parent through the opening of the tube (Fig. 209 B).

The first change in the genital apparatus which precedes the
fertilisation of the egg, occurs in quite young Salps, in the act of
detaching themselves from the stolon of the “nurse” or just after
detachment. [t consists of a continuous shortening of the oviduct,
especially affecting the part that has been described as the stalk of
the follicle, the cells of which shift towards each other in such a way
that they soon form several layers, while a lumen appears, so that

!

Fi1G. 210. —Two ontogenetic stages of Salpa pinnate (after SALENsSKY). In .1, the
embryo consists of four blastomeres, two of which are cut through in the section.
Iu B, it consists of a larger number of blastomeres and of numerous smaller cells, k2.
b, blastomeres ; &/, blood-sinus ; ¢, epithelial prominence ; ¢, modified part of the
epithelial prominence (SALENSKY'8 ectoderm-germ) ; A, enveloping fold ; fu, follicle-
wall ; 7%, immigrating follicle-cells, kalymmocytes ; kz, smaller cells of the embryo
(SALENSKY’S gonoblasts) ; o, shortened oviduct.

the oviduct is now hollow throughout its whole length. During this
abbreviation of the oviduct (Fig. 210) the egg, together with the
follicle, shifts continually nearer the aperture of the duct, the process
suggesting that seen in the descent of the mammalian testes.

Through the now open oviduct the spermatozoa obtain access to
the follicle, and fertilisation takes place. According to Toparo (No.
112), the spermatozoon enters the egg and the male pronucleus
develops after the expulsion of the first polar body and before the
development of the second.

Cleavage is total (Figs. 210 d, 211 4 and B). Eggs have been
observed divided into two and into four and also in the later stages
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It appears that the inner lamella of the brood-sac is very soon
reduced (Fig. 212 B) and completely degenerates. This degeneration
at first affects a zone running obliquely round the embryo, leaving
only a cap of the lumella covering the anterior end of the embryo and
a posterior cup-like portion connected with the rudiment of the
placenta, which completely unites with the latter at a subsequent
period ; the anterior cap appears soon to disintegrate. The embryo
is then covered by only one envelope, the outer lamella of the brood-
sace (a).

The above is in secordance with SALENSKY'S earlier description of the fate
of the inner lamella (No. 100). The more recent statements of this author
suggest that the inner lamella does not disintegrate, but enters into close con-
nection with the embryo, finally changing into the ectoderm of the latter.
The ectoderm in 8. democraticn-mucronata would then have to be traced
back to the transformed epithelium of the oviduct, a view which is a priori
improbable. and less in accordance with our own investigations than the older
statements. [The ectoderm, like the other embryonic organs, is now generally
regarded as arising from the blastomeres. See footnote, p. 424, aud KOROTNEFF
{No. XVTIIL.) on S. democratica. )

In the next stage (Fig. 212 B) important differentiations are evident
in the embryo. The mesoderm (m) has appeared between the ecto-
derm and the entoderm in the form of a cell-accumulation, which
spreads out like a germ-layer to right and left over the sides of the
embryo.  The central nervous system (z) is also found as a cell-
growth proceeding from the ectoderm. Its position marks the plane
of symmetry and the anterior end of the body in the embryo.®
Diumetrically opposite to it is another cell-accumulation (f), which
SALENSKY also traces back to the ectoderm, and which seems to be
the first rudiment of the elaeoblast. That part of the ectoderm which
is in contact with the rudiment of the placenta is already distinguished
by the large size and the height of its cells (x). This is the rudiment
of the Lunclla, which takes part in the formation of the epithelium
covering the placenta.

The fundamental features of the organisation of the embryo of
Nalpa, which are thus already sketched out, appear still more dis-
tincetly in the following stage (Fig. 213), in consequence of the
development of a system of cavities. The inner cell-mass severs

* [Kororxerr believes that the nervous system is formed as a closed vesicle,
which liex at first quite independently in the mesoderm without any relation
to the ectoderm or to the pharynx. The elacoblast also arises from the
embryvonic blastomeres and not fromn follicular cells, as SALENsKY stated.—
Fn.]
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the brood-sac which can still be recognised for some time as a kind
of corpus luteum. The embryo, at hirth, passes out through the
atrial aperture of the parent.

The development of the final shape of the body goes hand in hand
with the development of the placenta. The embryo at first formed
a cone projecting into the atrial cavity of the mother (Fig. 212), its
principal axis corresponding to the future dorso-ventral axis. It now
lengthens at right angles to this axis, .., in accordance with its
future longitudinal axis (Fig. 214). It soon becomes cylindrical and,
after the celluloss mantle has developed, resembles a tetragonal prism.
The mantle-substance develops in just the same way as in the
Ascidians (p. 355). It arises on the outer surface of the ectoderm
a8 a secretion into which single cells soon wander.  Finally, the two
conical processes characteristic of Salpa democratica (solitary form)
develop (Fig. 262, p. 495).

The nervous system has been seen to arise as a solid ingrowth of
the ectoderm.* This soon severs its conncction with the latter, a
cavity develops within it, and it becomes a vesicle charcterised by
its size and the thickness of its walls (Fig. 214, n). KowaLEvsky
(No. 96) was aware of the fact that this vesicle lengthens later and
is indistinctly divided by constrictions into three consccutive parts
which show a certain resemblance to the primary cercbral vesicles
of the vertebrate embryo (Fig. 214 B, n). The anterior vesicle
becomes closely connected anteriorly with the adjucent wall of the
pharynx, and this connection which is at first solid soon develops
a lumen which puts the neural cavity into communication with the
pharyngeal cavity. The canal thus formed is the first rudiment of
the future ciliated pit (Fig. 216, A). While this organ develops
further, the walls of the ganglionic vesicle thicken, it shortens, its
lumen disappears and the vesicular rudiment thus gradually assumes
the character of the definitive ganglion of the adult. A conieal
process rising on the dorsal side of the ganglion on which three
accumulations of pigment appear represents the rudiment of the
eve,

Further details as to the development of the eye have recently been pub-
lished by METCALF (No. 99) and Biitscuri (No. 94).+ The eyes seem to develop

differently, not only in the different species but also in the solitary and the
colonial forms of the same species. According to Bi*TscHLI, the simplest form

*[See footnote, p. 425.—Enb.]

t[See also MgrcaLr in Brooks' Monograph (No. I.). and Gioppert
No. 94a).—Ebp.]
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owes its origin to the mesoderm, 2., to the lamella lying on the
right side of the body, which is continued back over the posterior end
of the wall of the branchial cavity, and there forms a vesicle (Fig.
216, p) in which we recognise the first rudiment of the pericardial
vesicle.* A swelling of the thickened dorsal wall of the vesicle,
which projects into its lumen, and which, though at first solid
becomes hollow later, is the rudiment of the heart proper ; this con-
sequently develops in just the same way as in the Ascidiacea (p. 370).
The blood-vessels apparently arise as spaces within the gelatinous
connective-tissue which, in later stages, fills the primary body-cavity.
It should be mentioned that, in the Salpidue, ns ToDARO has pointed
out and figured, the blood-vessels seem to be lined throughout with
a cellular intima (Fig. 207 B, 4). In this respect this group
would seem to differ from the Ascidiacea, in which, according to
vaAN BENEDEN and JuLin, such an intima is wanting (cf. pp. 363
and 371).

The elaeoblast (Fig. 216, eb), the rudiment of which has already
been described (p. 425), attains its full development only in the later
stages of embryonic life, and, after the birth of the embryo, under-
goes gradual degeneration [by phagocytosis, according to KoRoTNEFF
(No. XIX.)]. It is a mass of large polygonal cells, which are filled
with reserve nutrition. The remarkable resemblance between the
clacoblast and the degenerating larval tail of Doliolum (p. 388) caused
SALENSKY to assume that this problematical organ is the homologue
of the tail and the chorda of the Ascidian larva. But the presence
of the rudiment of the elacoblast, as we shall see in the buds of the
Salpidae and of Pyrosoma, is not very favourable to this view.
Physiologically, the elacoblast is probably, as LEUCKART suggests.
agreservoir of food-material, which is gradually used up as the
embryo develops.

At a later stage of development the rudiment of the stolon can
be seen (Fig. 216, st). This consists first of a diverticulum of the
pharyngeal wall lying at the posterior end of the endostyle, and is
turned toward the left side of the body. The ectoderm soon bulges
over this entodermal diverticulum. The space between the two
layers is, according to SEELIGER (No. 105), filled with mesenchyme-
cells, the short conical stolon thus consisting of three germ-layers
(p. 495).

*According to KorRoTNEFF (No. XVIIL), the pericardium arises as in other
Tunicates as a diverticulum of the pharynx.—¥Fbn.)
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(Y. pinnata, S. bicaudata, etc.), us the homologue of the secondary
gill-clefts in the Ascidians (branchial stigmata). We do net think
there are suflicient grounds for such an explanation, since these
invaginations, which were already known to ForL, may also be
secondary acquisitions resulting from the need for increasing the
respiratory surface. We have pointed out above that the condition
of Appendicularia is probably not to be regarded as primitive.

Some statements as to the occurrence of a true coelom in the
embryos of the Salpidae have still to be noticed. Toparo (No. 107)
considers that the coclomic sacs originated through dehiscence taking
place in a mesodermal layer surrounding the intestine. According to
SALENSKY, a cavity first arises in each of the already distinct muscle-
hoops, and this cavity also is considered as the equivalent of the coelom
in the Vertebrates (.., of the cavities in the primitive segment plates,
p. 445).* :

The origin of the pericardial sac may perhaps, according to
SALENSKY, be traced back to the mesoderm, whereas, in the
Ascidiacea, it is of entodermal origin (p. 368). [Entodermal accord-
ing to KOROTNEFF, see footnote, p. 432].

II. Asexual Reproduction.

Asexual reproduction, both by fission and budding, is of wide
occurrence among the Tunicata, and frequently leads to the forma-
tion of stocks. Before describing these reproductive processes, we
must point out that the capacity for regeneration also occurs to &
large extent in this class. The experiments made by I.oEB and con-
tinued by MINGazziNi have shown that solitary Ascidians (Ciomt
/ntestinaliz) are capable of regenerating distinet portions of the body.
If, for example, the central nervous system is removed artificially, it
can be regenerated. In some cases, similar processes of regeneration
seem to oceur normally.  This was observed by DELLA VALLE (No.
70) in colomies of Diazona riolacea, in which, under unfavourable con-
ditions, the anterior part of the body (the branchial sac and other
organs) degenerate in the individuals of the colony. There is then
found in this region an accumulation of yellow mesoderm-cells filled
with nutritive material. The organs of the posterior half of the body

*[Brooks (No. L) considers the transitory body-cavity of Salpa as a re-
. apening of the follicular cavity, and this latter he attempts to homologise with
the cleavage-cavity of the normal gastrula. He thus regards the body-cavity
of Salpa as the equivalent of the primary body-cavity (cleavage-cavity), and

not as the sccondary body-cavity (coclom proper). The cavity becomes filled
later with mesenchyme-cells from which the muscle-hoops arise.—Eb.)
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(the intestinal loop and the heart) remain unaffected by degeneration,
and, should the conditions of existence again become more favourable,
this posterior half is able to regenerate the unterior part. An increase
in the number of individuals forming the colony, by means of division,
may even be connected with this regeneration. The yellow body then
becomes lobate, and divides into several parts, cach of which develops
into & new Ascidian. The details of these interesting processes are,
however, still unknown.

The occurrence of such far-reaching regenerative processes and the
capacity for asexual reproduction in the Tunicata at first sight seems
surprising, when we take into account their comparatively complicated
organisation and their near relationship to the Vertebrata. We must,
however, remember that the samne capacity is found in the Annelida
and the Echinoderma, groups which, in the condition of their
organisation, may at least be compured with the Tunicata.

1. Social and Composite Ascidians.

The asexual reproduction which takes place in these groups is
usually called budding. In the Polyclinidae, however, asexual
multiplieation takes place through the segmentation of the post-
abdomen. This kind of reproduction, therefore, must, strictly
speaking, be defined as transverse fission, and must be considered
as distinet from budding.

A. Reproduction through Transverse Fission.

This is the kind of multiplication which was defined by Giarp
(No. 57) as “bourgeonnement ovarien ” and which has become better
known through the rescarches of KowALEVSKY (No. 61) in conneetion
with dmaroucium proliferum.

[Since this description was published, further investigation of the budding
processes in the composite and the social Ascidians has shown us that, while
the account given in the following pages is correct in so far as it derives all
the important internal organs from the inner sac, yet it obscures the actual
state of affairs by always speaking of this structure ag entodermal. While it
is probably true that this inner sac is derived from the entoderm in most cases,
yet, in one group, the Botryllidae, if the observations of HiorT (No. XIV.) and
Pizon (No. XXVI.) are correct, this does not appear to be the case. These
observers find that the stolon is purely ectodermal, the epicardia arising from
the peribranchial sacs of the parent which, in the first instance, i.c., in the
larva, are of ectodermal origin. From this ectodermal epicardium, the bud
arises much in the way described above. Thus we find that, in one family, all
the organs of the bud are of cctodermal origin, while, in the majority, they
arise from the entoderm.—ED.]

GG
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the body. Similar conditions are found in the proliferating stolon of
other Tunicates (e.g., Clavelina, p. 370). In this form also, in the
stolon, a dorsal blood-current is separated from a ventral current
flowing in the opposite direction by the epicardial sac which forms a
partition extending almost to the end of the stolon (Fig. 229, «). A
transverse section through the proliferating stolon of Clavelina shows,
on the whole, remarkable agreement with one through the post-
abdomen of the Polyclinidae, though important variation is found in
the position of the heart. In the Polyclinidae, the heart lies at the
posterior distal end of the post-abdomen (Figs. 226 and 227), which,
consequently, contains important organs belonging to the organiss-
tion of the parent (the heart and the genital organs). In Clavelina,
the pericardial vesicle and the heart have shifted to the point of
origin of the stolon (Fig. 173 C, p. 375). The heart lies at the
proximal end of the epicardial sac, on the ventral side of the latter,
so that the epicardial lamella, as shown above (p. 370), can be utilised
in the formation of the dorsal wall of the heart. The proliferating
stolon of Clavelina does not contain any important organ of the
parent body, but is a process of the body dedicated exclusively to a
sexual reproduction. The same is the case with the stolon of other
Tunicates (Thaliacea and Pyrosoma, etc.). We might imagine the pro-
liferating stolon as derived from the post-abdomen of the Polyclinidue,
if we chose to assume that the genital organs and the heart withdrew
to the proximal end of the post-abdomen, which then became dedicated
exclusively to the function of reproduction.  Such an assumption
would satisfactorily explain the remarkable divergence in the position
of the heart above alluded to.  While, in Clavelina, the heart lies on
the ventral side of the epicardial sac, in Pyrosoma it is found on the
dorsal side of the so-called endostyle-process (Fig. 253, Az, p. 485).
If, then, we assume that in these two groups the heart originally lay,
as in the Polyclinidae, at the distal end of the stolon, it is not difticult
to imagine that secondary shifting took place, in the Clareling to the
ventral and in Pyrosoma to the dorsal side.

The ontogeny of the I’yrosoma would, indeed, rather lead us to consider
the change of position of the heart as the consequence of lateral shifting of
the organs. The heart there lies originally on the right side of the entoderm-
process, and only later shifts to the dorsal side (SEELIGER) : ¢f. p. 498.

It is evident from the above that the asexual reproduction of the
Polyclinidae (through the segmentation of the post-abdomeun) and
the stolonic budding found, for instance, in Clavelina, are related one
to the other.  Gilarp (No. 57) has already pointed out that the
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elongated, branched post-abdomen of many Polyclinidae (e.g., Circin-
alium), part of which creeps horizontally along the substratum, is
remarkably like the stolon of Clavelina. These two methods of
reproduction are thus connected with each other by transitional
forms.

F1a. 227.— A, young Amaroucium before the commencement of asexual reproduction ;
B, Amarowcium with segmented t-abdomen (after KowALEVSKY). @, thorax;
b, abdomen ; ¢, post-abdomen ; A, heart; s, partition-wall ; &', anterior part of the
partition-wall’; ., y, separated portions of the post-abdomen ; k, anterior swollen
end of the partition-wall in the posterior separated portion.

The commencement of asexual reproduction in the post-abdomen
of Amaroucrum is marked by its elongation and the abstriction of
its soft part from the point of attachment to the rest of the body.
The heart continues to beat after the separation of the post-abdomen
from the abdomen is accomplished. Soon after, the post-abdomen
(Fig. 227 B) breaks up, through transverse fission, into a varying
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individual. The inner layer, the entoderm, arises us was first proved
by KowaLrvsky (No. 60) for Perophora, as a diverticulum of the
stolonic septum (epicardial sac) with which it long remains connected.
Between the ectoderm and the entoderm, the primary body-cavity
of the bud appears filled with
mesenchyme - cells.  We shall
presently, following the accounts
of KowaLEVSKY (Nos. 60 and
61), SErLiGErR (No. 66), and
vaN BENEDEN and JuLix (Neo
10), describe more in detail the
further development of the bud.
We can here merely mention
that, in Clavelina, the conunection
of the bud with the stolon, and
through the latter with the other
individuals of the colony, is
usually retained even in the adult.

Not all the root-like processes of
Clavelina seem to be capable of pro-
ducing buds. Many of the ramifica-
tions seem intended merely forattach-
ment or to serve as reservoirs of blood
(SEELIGER)., The latter then have
no epicardial process extending into
them. A sharp distinction must be
made between these sterile body-
processes, which may be compared
with the mantle-vessels, and the
ramifications of the actual prolifer-
ating stolon.

L

Among the Composite Ascidians
Fis. 229.—Portion of a  proliferating the family of the Distomidac

stolon of Perophoca (after KOWALEVSKY).  helongs to the type just described,

er, ectoderm of the bud ; en, entodern ' R

of the bud: kn, buds; ~ stolonic the entoderm-vesicle of the bud

septum (epicardial lamella) ; v, ramifica- here also becoming abstricted

tion of the stolon. il

from a process at the posterior end

of the endostyle.  In the Botryllidae, the Didemnidae, and the
Diplosomidae, on the contrary, budding of another tvpe occurs.

The family of the Dixtomidue seems to be distinguished by the fact
that ity buds separate very early from the proliferating stolon. They
are then found within the common cellulose mantle scattered between
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according to DELLA VALLE, is derived from a simple outgrowth of
the body-wall (consisting of ectoderm and the parietal layer of the
wall of the peribranchial sac), and thus arises in the way described
above for the buds of the Butryllidar. JoURDAIN (No. 64) has
recently stated that these two buds (the thoracic and the abdominal
buds) arise through the division of an original single bud, and that
the connection between the two halves is still maintained for some
time. No further details, however, are known on this point. G1aRD
(No. 58) holds that the first rudiment of the bud can here also be
traced back to the epicardial tube.

The abdominal ud (Fig. 232 A, k) is thus at first apparently an
outgrowth of the oesophagus of the parent which, however, soon
becomes more sharply marked off (Fig. 231 4 and B) in such a way
that it then forms a caecum connected with the oesophagus only at
its anterior end (Fig. 231 ('), this becomes U-shaped and can now
be recognised as the rudiment of a new intestinal loop, in which the

Fii. 231, —Three ontogenetic stazes of the oesophiageal bud of Tioddicdruenwm ® (after
DEfLa VALLE)L /. intestine: ¢, intestine ot the bud; & bud; w. stomach: .
oesophagtis; e, constricting ectoderm-ringe.

various parts (oesophagus, stomach, intestine) become ditferentiated.

The oesophagus of the newly-formed intestinal loop is connected with

the oesophagus of the parent (). The intestine of the bud becomes

applied to that of the parent (Fig. 232 /4, /) and enters into com-
wunication with it.  The parent-individual now possesses two fully
developed intestinal loops, with continuous lumina. It is not yet
clearly known how the heart and the genital rudiments of the bud
develop, but DELLa VALLE believes that the latter are perhaps

derived direcet from the genital rudimeuts of the parent. .

At the ~uue time, the thoracie hud (Fig. 232 A, &) also develops
fully (Fie. 232, B).  We cannot here enter in detail into the some-

* (The wenus Trididemnum i~ included by HrrpMAN in the genus Didemnum
Savigny.—Fbp.]
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what unsatisfactory statements of authors as to the way in which the
organs develop in this bud, but may mention that peribranchial sacs
develop at the sides of the central enteric cavity, that gill-clefts break
through, and that the ganglion, and the branchial and atrial apertures,
appear as rudiments. An oesophageal tube and a short rectum seem
also to appear. The former (Fig. 232 B, a) now becomes connected
with the oesophagus of the parent (o¢) near the point at which the
oesophageal tube of the abdominal bud («) enters it. At this one
point, therefore, three oesophageal tubes seem to be connected, viz.,
that of the parent and those of the two buds. This is also the case
with the rectum, the short rudiment of that organ belonging to the

R

F16. 232.—Budding in Trididemnum (atter DELLA VALLE). .1, intestinal loop of the
parent-individual with the rudiment of the abdominal (&), and thoracic (&) buds ;
B, individual with the two buds at a later stage of development. «, oesophageal
rudiment of the bud & ; «’, oesophageal rudiment of the bud&’; 24, rudiment of the
intestine in the bud 4 ; §’, the same rudiment in the bud &’ ; i, intestine of the parent-
individual ; k, abdominal bmd; &, thoracic bud ; m, stomach ; w, oesophagus; .,
constricting ectoderm-ring.

thoracic bud (/') entering the rectum of the parent (¢) at the point

at which the rectum of the abdominal bud (4) joins it. If, now, the

oesophagus of the thoracic bud became more closely connected with
that of the abdominal bud, and such connection were also to be
established between the intestines of the two buds, the two halves of
the danghter organism would then at last be united. But althongh
the alimentary canal of the bud is now completed, it still, for a long
period, remains counected with that of the parent, both in the

ovesophageal region and through the rectum (Fig. 233).*

* (For further details concerning the development of the complex buds of
the Diplosomidae and Didemnidae, see the recent works of CavLERY (Nos. V..
VI1l.) and SaLeNsky (No. XXIX.). CaAuLERy finds epicardial tubes in the
adults, and from these he derives the thoracic and abdominal buds.—Eb.]
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The thoracic and the abdominal buds do not always develop equally.
In some cases only the abdominal bud develops. This leads to an
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Fi16. 233. —Late stage in the budding
of Trididemnum (after DRLLA VALLE).
The alimentary canal of the perfectly
developed bud still remains connected
with that of the parent. e, atrial
aperture ; en, endostyle ; ¢, branchial
aperture ; m, stomach; n, ganglion;
oe, oesophagus ; r, rectum.

abnormality, consisting of one
branchial region with two fully
developed intestinal loope (Fig.
234 B). In such cuses the intestine
of the parent may degenerate later.
This condition is regarded by DELLA
VALLE as a rejuvenescence, and
consists in the development of an
individual, the anterior halfof which
belongs to the parent, while its
posterior half develops anew (see
also OkA, No. 644). A similar
process may occur in the anterior
part of the body, when the thoracic
bud alone develops (Fig. 234 4).
The process is often still further
complicated by the appearance of
the bud-rudiments of a third genera-
tion arising.from the not yet fully
developed bud. In this way

remarkable combinations of the various halves of the body are

produced.

A

-
-
L3

Fi:. 234.—Abnormal forms resulting trom the development of one half of the bud in
Trididemmum (after DELLA VALLE, simplitied). 4, two branchial regions connectel
with one intestinal loop; B. two intestinal loops connected with one branchial
region. ¢, atrial aperture; #u, endostyle: i, branchial aperture; m, stomach: n,

ganglion ; oe, oesophagus; r, rectum,
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genital rudiments can also be distinguished at an unusually early
stage.* The above is the case in the buds of Distaplia (Kowa-
LEVSKY'S Didemnium styliterum), which, as free bodies detached from
the stolon, are found scattered in the cellulose substance of the colony.
In the genital strand (Fig. 235, 4) of the youngest of these buds,
several young egg-cells can always be recognised. These buds,
however, arc capable of multiplying by fission (Fig. 235 B), and in
this case the eggs become distributed so that one occurs in each
portion of the original bud. KowALEVSKY is, therefore, inclined to
regard the buds which form first as stolons which have separated

1 4

4

F16. 235.—.1, younger, /3, older stage of development of Distaplia stylirera (after
KowaiLevsky). In B, the bud is dividing into two. e, ectoderm ; en, entoderm ;
. genital strand ; wms, mesoderm.

from the Ascidiozooids, the parts resulting from fission alone repre-
senting the true buds, and LAHILLE has recently adopted this view.

The entoderm-sac is the seat of the most important transformations
throngh which the bud develops into the young Ascidian.  This sac
increases in size and its anterior margin becomes trilobed ( Fig. 236).
The middle lobe must be regarded as the rudiment of the branchial
sac (pharynx), while the two lateral parts represent the rudiments of
the peribranchial sacs. These saes are, therefore, in the bud of
Distaplia, distinetly entodermal in their origin.

The peribranchial sacs grow round the sides of the middle ves-
icle and, at the same time, a process grows from each sac towanis

*[In the Didemnidae (P1zoN, No. XXVla.) the sexual cord is continued
from the parent into the bud.—Eb.)
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the dorsal middle line (Fig. 236 A, p). These processes grow
towards each other and fuse, and thus the single atrial cavity arises
(Fig. 237, /). In the meuntime the two peribranchial sacs have
become completely disconnected from the central cavity.

The peribranchial sacs arise in a slightly different manner in Perophora
(KowaLkvsKy, RITTER), in which form, instead of separating as two distinct
sacs and fusing together at a later period, a single bilobed sac separates from
the inner vesicle ; thus the definitive atrial cavity is formed at an earlier
period, the development being apparently abbreviated. SEELIGER also states
that, in Clavelina, an unpaired vesicle becomes abstricted from the dorsal side

A » - "

7

F16. 236.—Two stages in the devolorment of the buds of Distaplia stylifera (after
KowALEVSKY). .1, younger, B, older stage. o, alimentary canal; dr, digestive
gland ; /. rudiment of the stolon ; 4, genital rudiments ; «, nerve-tube; p, right
peribranchial sac.

of the enteric sac, which persists as the atrium and, growing round the sides
of the pharynx, forms the peribranchial sacs. Hiort (No. 59) again, recently
stated that, during the budding of Botryllus, u saddle-shaped vesicle becomes
separated from the inner vesicle of the bud and gives rise to the atrial cavity
and the paired peribranchial sacs.

At the time when the peribranchial saes form. an unpaired caecum
grows out from the posterior end of the entoderm-vesicle (Fig. 236
4, d); this soon bends to the left and thus becomes the rudiment
of the intestinal loop (Fig. 236 A, ) in which latter the different
sections (vesophagus, stomach and intestine) can be more distinetly
made out. A diverticulum (dr), rising from the pyloric region,
develops into the rudiment of the so-called digestive gland (Fig. 237).
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Ontogenetic processes altogether similar to those just described are
found in cases where the detached parts of the post-abdomen in the
Polyclinidae regenerate (Fig. 239). Here also the central entoderm-
vesicle is the first seat of transformation. As has already been men-
tioned (p. 454), the first change to occur is a widening of the proximal
end of the epicardial septum (Fig. 239 B). An entoderm-vesicle is
in this way formed in the proximal part of the young individual, and
this is continued backward into the part of the stolonic septum which
did not widen. The proximal dilatation is the rudiment of the whole
alimentary canal of the new individual, while from the non-widened
part are derived the epicardial sac (Fig. 239 B, ep) and probably
also the pericardium. The entoderm-vesicle here also divides up in
the same way as in the bud into three lobes (Fig. 239 4 and B), the
middle lobe being the rudiment of the branchial sac and the two
lateral lobes the rudiments of the peribranchial sacs. The complete
abstriction of the latter, their interconnection (Fig. 239 C) to form
a median unpaired dorsal part (atrinm), and the development of the
gill-clefts all occur in the same way as in the formation of buds.
The rudiment of the alimentary canal is here also a small, unpaired
caecum (Fig. 239 B, d), which grows out at the dorsal side in the
posterior part of the entoderm-vesicle and curves into the shape of
the letter U. In the development of the more important systems
of organs, we thus have here complete avreement with the prcesses
of wemmation.

2. Doliolidae.

We huve already mentioned (p. 38%) that two stolons are apparentls
found in the ** nurse ~ (blastozooid) generation of D:di:dune. vue ventnl
(re) and the other dorsal (/<% the domsal ontgrowth developing to a
much greater size than the true ventral ~tolon. and fivaily wiving ne
to heteromorphoud individuals kuown as kiteral ad widdle buds
(the wastrozovids and phorzovidsi. The two stolons vary yreatly in
structure.  As will be seen later. the so-called Jdoral stolon i~ mereiv
adorsal outgrowth of the by which receives and gives astachment
to the buds derived frmn the true ventral proliferating st o, henee
1t ix better to restrict the term stolon te the ventral straczire st o
speak of the dorsal straeture ws the doral ontyrowth,

The vatral et don Figs, 1800 v g 3850 243,00 245 L o~ | foraeny
Kuown as the nwette-like onnmn, and fint reowmised by GROSREN No
¥ in its true charicter as proliferating stolon, anpears as 8 pear-
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(resulting from the fusion of paired strands) is assumed to be the

genital rudiment.
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Fii. 243.- -Dorsal view of the posterior part of the
body iu a large ** nurse " (blastozooid) Dolinfum
(after Barrors). 7, lateral buds (gastrozooids) ;
in, median buds (phorozooids) ; ms3-ms™, four
posterior  muscle-hoops i p, pericardinm ; r
rosette-like organ ; f, ventral stolon ; st’, dorsal
outgrowth ; u, primitive budsx wandering to the
ventral side of the ** nurse ** ; »#°, primitive buds
wandering to the dorsal side: »”, primitive
buds on the dorsal outgrowth.

The unpaired strand m is regarded as the rudi-

ment of the pericardial sac,
and the mass n, which from
the first is unpaired, as that
of the nervous system.
The buds are produced
through the transverse con-
striction of the ventral
stolon (Fig. 243, r and at),
from which they eventually
become completely de-
tached. In structure, they
resemble the stolon itself,
being composed of an ecto-
dermal envelope and the
seven strands above de-
scribed.  They are not
capable, however, of de-
veloping further on the
ventral stolon. GROBBEN
has therefore regarded the
ventral stolon, which is
evidently homologous with
the proliferating stolon of
the other Tunicates, as a
vestigial stolon, and con-
giders the buds produced
by it as abortive.
of the
dorsal outgrowth (Fig. 243,
st’) of the “nurse ” genera
tion (blastozooid) reveals
essentially  different
structure (CLiaNix). Like
the ventral stolon, it is
covered superticially hy a
layerof ectoderm, thickened

A cross-section

un

on the dorsal zide, but the
interior of this outgrowth
lis occupied merely by two
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blood-vessels separated by a purtition-wall of connective tissue. The
transverse section of this outgrowth, indeed, strikingly recalls
sections through the stolon of certain Ascidians, although it must
be noted that, in these latter, the partition-wall is formed by an
entodermal lamella (epicardial lamella) of which nothing can be seen
in Doliolum. )

The buds which develop from the dorsal outgrowth as lateral and
median buds (Fig. 243, /, m) do not arise independently from this
structure. GROBBEN conjectured that they were all abstricted from
a * primitive bud ” found at the base of the stolon. ULJANIN, on the
other hand, observed that the parts which become abstricted from the
ventral stolon are capable of wandering along the surface of the body
of the parent, and in this way reach the dorsal ontgrowth (u, ).
These wandering cell-masses are the primitive buds, from which the
lateral and median buds of the dorsal outgrowth arise by constriction.
The primitive buds that first reach the dorsal outgrowth remain at
its base and, through fission, produce buds which become arranged
along each side of the stolon, developing into the lateral buds or
gastrozooids (/) : consequently the huds towards the distal end of the
row are more highly developed than those near its base. Those
primitive buds which reach the dorsal outgrowth later are distributed
along the whole of the middle dorsal line (#""), and by gemmation give
rise to the median buds or phorozooids (m). These buds are arranged
in groups alternating on either side of the row of primitive buds (x").
The buds of each group develop unequally, but here also there is
an advance in development towards the distal end of the stolon.

According to ULJANIN, the ventral stolon is thus the only prolifer-
ating stolon of the ‘ nurse” generation : the dorsal outgrowth cannot
be regarded as a true proliferating stolon, but is merely a body-process
serving for the nourishment of the buds attached to it, which can be
traced back to the mantle-vessels of the Ascidians.

The Doliolidae thus show an early detachment of the buds from the
proliferating stolon such as takes place in the Distomidae (pp. 456 and 463), in
which family also the detached buds are able to multiply further through
fission. The wandering of the primitive buds and the development of their
descendants in their secondary position in the Noliolidae are very remarkable.
The statements made on this subject have been confirmed for Doliolum by
Bargols (No. 77), and similar processes have been observed in Anchinia and
Dolchinia, so that little room is left for doubt on this point. According to
ULsaniy, the buds are able to move by means of pseudopodia-like processes
of their ectoderm-cells. According to Barrois, on the contrary, there are,
ou each side of the ventral stolon of Noliolum, large amoeboid cells, arrangod
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dorsal outgrowth of the ‘“nurse,” and carries the buds of the sexual
generation or gonozooids (g). The latter was formerly thought to be
produced from the phorozooid itself, and these buds, when free, were
consequently known as the second “nurse” generation. The sexual
generation, however, is produced from a primitive bud which has
become attached to the base of the peduncle of the phorozooid. This
bud, according to ULJANIN, is not yielded by the phorozooid itself,
but is a direct descendant of the primitive buds (Fig. 243, «”) which
wandered over to the dorsal outgrowth of the first “nurse '’ genera-
tion. ULJANIN therefore regards the median bud merely as the foster-
mother of the buds which develop into sexual animals.

There is thus, according to ULJaNIN, in the whole cycle of genera-
tions of Doliolwm, only a single true proliferating stolon, viz., the
ventral stolon, which alone is capable of producing primitive buds.
All the individuals derived from these primitive buds which attain
development represent, according to this author, only the hetero-
morphous forms of one and the same generation, the sexual genera-
tion either, as nutritive animals or as foster forms, losing their genital
organs, or else changing into actual sexual animals (Fig. 245 ().

According to GROBBEN, on the contrary, who practically follows
GEGENBAUR, the cycle of generations of Doliolum consists of two
successive asexual generations and one sexual generation. GROBBEN
consequently regards the form yielded by the egg, which differs
essentially from the sexual animal. as the first “nurse”™ form J.
This gives rise to the two heteromorphous forms (lateral buds Z, ani
median buds M) : of these. the median buds, in their capacity of
second *nurse " generation, produce the sexual genemation /7. The
abortive buds yielded by the ventral stolon represent a lateral brunch
of the eyele of genertions (K). These two opposite views may be
tabulated as follows :- -

Alternation of Generations in Doliolum.

GROBBEN'S view : ULIANIN'S view:
A (st *nurse " form) A (“nurse  form)
K-
I. = M (second **nurse ” form) L + M + G (sexual generation)

|
G (sexual individual)

We see from the above that if ULIANIN'S view is contirmed. the

alternation of generations in Dolivhum closely resembles that in the
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Salpidae, consisting in both cases of an asexual generation followed
by a sexual generation. The only difference between the two would
be that the primitive buds produced by the asexual generation,
in Doliolum, multiply by fission, and that the sexual generation
develops in three different forms (L, M and /). In this way also
the fact that the median buds entirely agree in structure with the
sexual generation would be explained (Fig. 245 B and C).

We have still to describe the development of the young buds after
their detachment from the primitive buds. According to ULsanin,
all these buds, whether lateral, median or sexual, develop more or
less in the same way, so that an account of the development of the
lateral buds will sutlice. The young buds, immediately after abstrie-
tion, resemble in structure the primitive bud and the ventral stolon,
consisting of an cexternal layer of ectoderm and of the seven strands
mentioned above. We have already mentioned (p. 471) the different
views held by GROBBEN and ULJANIN as to the significance of these
seven strands in connection with the further development of the bud.
We have as yet comparatively few statements as to the way in which
the young bud develops out of these seven primary rudiments, and
further investigation of this point is very desirable.

The young bud (Fig. 246 ), from the time when it becomes
detached from the primitive bud, is a completely independent organ-
ism enclosed in ectoderm, but attached externally, like a parasite,
to the body of the “nurse ™ or to the foster form. This attachment
is brought about by means of a thickening of the ectoderm (e¢). In
the youngest buds observed by ULsaNiy, the body was already
elongated, and the organs, as compared with the seven cell-strands,
had already changed their positions. The dorsal side can now be
distinguished by the presence of the large rudiment of the nervous
system (n), while, on the ventral side, the pericardial rudiment (p)
is to be observed. Between these two, the pharyngeal rudiment (ph)
can be seen, while the paired genital rudiment, forming a common
cell-mass, has shifted into the neighbourhaod of the point of attach-
ment of the bud. The ectodermal invagination (e/), behind the
nervous system, represents the rudiment of the atrium.  This is one
of the principal points in which UrnsaNin’s description differs from
that of GROBBEN. According to the latter author, the atrium arises
from paired rudiments (the strands & in Fig. 242) already present in
the primitive bud. At the two sides of the body, the muscle-plates
(m), lying in cloge contact with the ectoderm, have extended con-
siderably.
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In the course of further development a cavity forms in the pharyn-
geal rudiment and gradually enlarges (Fig. 246 B, ph) ; this soon
opens externally through an aperture (branchial aperture, ) resulting
from an ectodermal invagination which forms opposite to the atrial
aperture. The muscle-hoops which lie in the neighbourhood of the
atrial and branchial apertures now become separated from the muscle-
plates. The pharyngeal cavity gives off a pair of flat lamella-like
diverticula (/) towards the dorsal side, and these, as GROBBEN had
alveady observed, embrace the neural rudimeut (n) laterally. Acoord-
ing to ULJANIN, these diverticula are concerned principally in the

F16. 246 - Diagrams illustrating three stages in the development of the lateral buds of
Daoliolum, seen from the side (.1 and B3, after ULJANIN; €, after GROBBEN). ¢/, atrium;
d, enteric rudiment ; ¢, atrial aperture ; e, basal ectodermal thickening; es, endo-
style-rudiment ; g, genital rudiment ; /, branchial aperture ; £, gill ; /, lateral out-
growths of the pﬁuryngenl cavity ; m, outline of the muscle-plates ; 2. neural rudi-
ment : p, pericardial rudiment ; ph, pharyngeal rudiment.

formation of the branchial lamellae. A process (d) running back
from the pharyngeal cavity develops into the intestine of the bud, its
blind end becoming applied to the wall of the dilating atrial cavity
(e/). The latter extends specially towards the sides of the body, so
that, as GROBBEN observed, at a certain stage it resembles a pair of
spectacles.  Its lateral extensious become applied to the wing-like
processes of the pharyngeal cavity (/). This juxtaposition of the
atrinl and pharyngeal walls gives rise to the branchial lamellae (Fig.
246 (2, k), in which the gill-clefts then break through. The rudiment
of the central nervous systemn undergoes a transformation closely
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youngest buds are found to occupy the dorsal middle line, while the older
buds shift to the sides of the stolon (Fig. 247). -

Three different forms have been found in the colonies known of .inchinia,
but these are regarded by Barrois (No. 77) as fragments of the same stolon in
different stages of development.

1. There are fragments with zooids which, even when developed, remain
comparatively small, which are without genital organs and are incapable of
reproducing themselves by budding. These zooids are distinguished from
those of the sexual generation (III.)
by the absence of the three pigment-
spots and of the papilla-like pro-
cesses above the apertures of the
body. Anaccumulation of pigment
is found, on the other hand. at the
base of the peduncle (Fig. 248 d,
pd).  On the dorsal side of the tube
which bears these zooids a slightly
coiled thread is found running longi-
tudinally (Fig. 249, st); this consists
apparently of ectoderm and ento-
derm (Fig. 249 B), and is assumed
by BaRROIs to be the actual pro-
liferating stolon, from which the
buds of this generation grow out
laterally.

II. Fragments with zooids re-
sembling in shape the sexual forms
(I11.) in which also the rudiment~
of genital organs appear. The-e
rudiments, however, degenerate
later. These zooids, which may
be compared to the phorozooids of
Doliolum, do not seem to reproduce
themselves either sexually or asexu-
; ally. They do not, however, directly

e nourish the buds of the sexual
Fre. 248.--.1, first asexnal generation of  geperation, for these grow out inde-

Awelinia; B, sexual generation (after ) s

Bankors). o, alimentary canal; .s. pendently on the colonial tube. In

endostyle ; &, gill ; p, papills above the  the tube on which these zouoids are

branchial “aperture; p°, papilla above 000 00 ructure above described

the atrial aperture ; p/, peduncle. ' X ) R

as the proliferating stolon is no
longer to be seen : but there are clusters of very small buds which Barrols
holds to be derived from the disintegrated proliferating stolon.

II1. Fragments with sexually mature zooids (Fig. 249 ). Each of the-e
zooids ix distinguished by the possession of a papilla-like process [ p, p') above
the branchial and atrial apertures, that over the latter being specially large.
Ou these processes, there are accumulations of pigment ; a third pigment-spot
occupies the middle of the body. These zooids are further distinguished by
the great depth of the body and $he abbreviation of the endostyle (es). The
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strand on the right is continued as far as the pericardial vesicle of
the parent. These strands are the so-called mesoderm-strands of the
proliferating stolon mentioned above, the development of which in
the four primary Ascidiozooids was followed by SALENsky (No. 74).
The part played by these mesoderm-strands in the further develop-
ment of the proliferating stolon and of the
@ @ buds is still obscure, and therefore no

further note will be taken of it.
That part of the ectoderm towards which
“mS  the entoderm-process is directed (Fig. 253,
\ ec) seems somewhat thickened even in the
early stages. 'The actual stolon now begins
to form in this region as a rapidly increasing
swelling. The conical process that results
(Fig. 256 A) is the stolou at the distal end
of which transverse constrictions soon lead
to the abstriction of individuals (Fig. 256 C).
In transverse sections through a developing stolon (Fig. 255), the
rudiments of the peribranchial tubes (p) can already be seen at either
side of the entoderm-process. How these rudiments arise is not yet
accurately known, but as thev are found connected by their distal
ends in a certain way

F1a. 254.—Transverse sec-
tion through the ento-
derm - process (en) of a
very young stolon-rudi-
ment of Pyrosuma (after
SEELIGRR). ms,surround-
ing mesenchyme-cells,

A - with  the genital
strand, SEELIGER is
inclined  to  denve

them from the latter.
He therefore regands
the peribranchial
tubes in the buds of
Piprosoma as  meso-
dermal structures,
althongh, in  the

F1G. 255, --Transverse section through two very young
stolons of Pyrosina (after SEELIGER). e, ectoderm ;
I, clacoblast-tissue of the parent; oa. entoderm-
process g, genital strand ;o voung egg-cell: p,

Cvathozooid and in
the first four Ascidio-
z00ids, thev are un

peribranchial tubes,

doubtedly  derived

from the ectoderm.  “Judging by what is known of the development
of these orgmns in other Tunicates, and of the relations of the enital
rudiment in all other animals, it appears to us in the highest degree
improbable that there is any connection between the two structures.
t.~., peribranchial tube and genital strand, or between the latter and
the nervous system).
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Originally, therefore, the rudiments of the individuals (buds) are
nothing more than the consecutive segments of the stolon marked off
one from the other by transverse furrows. These furrows, as scen
from above or below, are soon no longer transverse, but run somewhat
obliquely (Fig. 274), in alternating directions, so that furrows 1, 3
and ) are parallel on the one hand,
and furrows 2, 4 and 6 on the other.
In this oblique course of the furrows,
we see the first preparation for the
later biserial arrangement; it is
the expression of the lateral displace-
ment of the tissues of the buds
forming the ditferent segments of
the stolon. Wheu, therefore, in
later stages, the segments shift to
the two sides, it appears as if the
buds arose as lateral ontgrowths
from the stolon. This erroneous
view of the budding of the Salpn is
actually adopted by many of the
older authors. BROOKS was the first
to trace buck the origin of the buds
to the transverse division of the
stolon.

The individuals become more and
more sharply marked off from one
another in proportion as they assume
their lateral positions and project out

. "
FlG. 273.—Diagram of a stolon of  Irom the stolon.  They then appear
Nlpa after the lateral shifting of ¢, he hanging on to the remains of
the buds has taken place; the AT
Nelpwee in this diggram are all repre- the stolon like grapes on a bunch
sented in the position of individual Y TR R
5 in Figs. 270 and 271, /°, proxi- (Fig. 275 B).
mal; 1, distal i R, right 5 L, left;  gtolon (st), however, are uothing
rand ¢, right and left halves of the A
buds ; -, line ~eparating one indi-  more than the consecutive strands
vidnal from the next ; e ectoderm ;
en, entoderm.

The remains of the

which  connect  the individuals.
These, as may he seen from the
diagram (Fig. 272), originally ran from the hacmal side of cach
individual to the neural side of the next older bud.  They are
originally inserted at the middle of the body. In later stages,
when the individuals have taken up the lateral position and have
undergone rotation, the connective strand forms a continnons longi-
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tudinal tube to which the buds adhere laterally., The blood-vessels
running in this strand, and the entoderm-tube which persists within
it and connects the branchial sacs of the individuals,
are of importance for the nourishment of the buds,
This longitudinal strand may be called the remainx of
the stolon. Its position with relation to the buds
changes, as its points of attachment wander more and
more upward, ., toward the brauchial aperture
of the individual (Fig. 275), while the individuals sink
downward on either side of it.  This chunge of position
can be most distinetly traced in the ganglia. The
-neural tube of the stolon originally lies above the
entoderm-tube as iy seen in Fig. 264.  The ganglia
derived from the nenral tube must consequently seem
to lie in the median line above the entodermal con-

nective canals (see diagram, Fig. 268). When, later, F“I;)" 274, <
iagram il

the buds become marked off laterally, the ganglia sink lustrating
lower down, and come to lie at the sides of the con- the  course
. . . . - of transverse
necting canals; indeed, in the diagram (Fig. 268) furrowing in
hev appe lte Iy . | S | 1tol the stolon of
they appear alternately to cover the canals and to be Salpa, seen
covered by them. Later, the ganglia and, with them, from above,

the individuals, sink still farther down.

The sinking down of the buds on either side of the remains of the
stolon solves a ditficulty which apparently presents itself in connee-
tion with their rotation. In examining individual 5 in Fig. 271,
and still more in considering the diagmm Fig. 273, it may occur to
the observer to wonder in what way the endostyle-fold which, in
individual 3, lies on the left side, passed over to the right, since it
appears separated from the right side of the body by the entoderm-
tube of the stolon. We have tried to make this process clear by the
dingrams given in Fig. 276. The connecting strand «a/, which
represents the remains of the stolon, originally runs from the neural
side of each individual to the haemal side of the next (proximal)
individual.  After rotation has taken place, these strands would
assume a zig-zag course, as indicated in Fig. 276 B.  Later, ay the
buds sink down, the connecting strands, which are already attached
near the anterior region of the body, shift further forward to a
pusition quite near the branchial aperture, whereas the endostyle-
folds, which remain unaffected by this change, do not extend so far
forward. There is therefore no obstacle in the way to prevent the
union of the connecting strands ; by this union these strands appear
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together like the spokes of a wheel. Such an arrangement is charmc
teristic of the genus Cyclosalpa.

This union between the individuals of the Salpa-chain must be
regarded as colony-formation. Whereas, in the composite Ascidisus
and in Pyrosoma, the individuals which arise through budding remain
connected by means of a common cellulose mantle, connection here
takes place through special connecting organs.*  This connection is

r

Fra. 207, - Diagraw illustrating the interconuection existing between the individuals
of a Salpa-chain. .1, the chain seen from above ; B, lateral view. ex. endostyle:

em, embryo ; ¢, wanglion; A, lateral conneeting processes ; &, ventral processes
. branchial aperture,
not very close.  When the fully developed chain passes out from the
cavity in the cellulose mantle of the parent and separates from the
proliferating stolon, it very easily breaks up into smaller portions:
individuals even become detached from the chain and eontinne their
existence independently.

C. Development of the Organs in the Bud.

In the above account of the relation of the buds to the stolon we
have in all points followed the short but important deseription given
by Brooks (No. 92).  The most important investigations made in

* See LEUCKART’S description, No. 28.
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oonnection with the development of the organs in the bud are those
of SALENSKY (Nos. 101 and 102) and SEELIGER (No. 105). Although
the rescarches of these investigators yvield much valuable material for
working out the organogenesis of the buds of Salpa, yet, owing to the
fact that these observers did not recognise the rotation of the bud
round its longitudinal axis, as made out by Brooks, their observations
are somewhat vitiated throngh the adoption of an erroncous orienta-
tion of the bud, taken from its later stages and applied in describing
the earlier stages. SALENSKY and SEELIGER hold that the buds
arise simply by the lateral shifting of the segments of the stolon.
According to them the dorsal part of the bud develops from one of
the lateral surfaces of the stolon, while its ventral side corresponds
to the opposite side of the stolon.  According to Brooks, on the
contrary, the right side of the stolon gives rise to the right half of
the body of the bud and the left side of the stolon to the left half.
In the following account we shall merely give a brief outline of the
genesis of the organs in Salpa which probably closely resembles that
in Pyrosoma.*

It must once more be pointed out that we have the first rudiment
of the bud in a transverse segment of the stolon. The proximal
parts of this segment become the dorsal side of the bud, and the
distal parts its ventral side. From the upper region of the stolon is
developed the anterior part of the body of the bud, while its posterior
end develops from the lower region (see diagram, Fig. 268). The
organs of the bud are formed from sections of the tubes and longi-
tudinal strands which are to be seen in the transverse section of the
stolon (Fig. 265). .

That part of the central entoderm-tube found in cach segment of
the stolon gives rise to the pharynx of the bud. The entoderm-tube,
in a cross-section through the stolon, bears some resemblance to the
expanded wings of a butterfly (Fig. 264 (), an upper and a lower
indentation and two lateral indentations being found init.  Its form,
in cross-section, later resembles that of the letter H, also found in a
gimilar section of a Pyrosoma bud (Fig. 257).  In the latter, the two
portions of the tube that point upward are connected with the
development of the endostyle-folds, while those that extend down-
ward, yield the stomach and intestine (p. 490). It is at present
impossible to say whether similar conditions prevail in the Salpa bud.

* (Brooks' memoir on the genus Salpa (No. I.) should be cousulted in this

connection ; he gives a full and detailed account of the development of the
ohain-form, including its organogenesis.—Ebp.)
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a common efferent duct that opens out into the atrial cavity between
the intestine and the stomach on a papilla-like prominence (see
SALENSKY, Nos. 101 and 102, and SEELIGER, No. 105). The testis
develops comparatively late in the chain-form.

5. The Interpretation of the Alternation of Generations
in the Tunicates.

Alternation of generations is found among the Tunicates in a
marked form in Pyrosoma, Doliolum and Salpa.  Thix fact has
long attracted the attention of zoologists, who have attempted to
explain it in many different ways.  We shall adopt the view first put
forward by LEUCKART (No. 98) and accepted later by CrLaus* aud
GRrORBEN (No. 79) that alternation of generations in the Tunicates
must be regarded as having arisen in consequence of the formation of
stocks through division of labour, and we shall follow GROBBEN'S
clear exposition of this view. Among more recent descriptions we
may specially mention those of UrLsanix (No. 86) and SEELIGER
(No. 106).

The Larvacea, which are conjectured to be the most primitive of
all existing Tunicates, develop through sexual reproduction. This
seems to suggest that the capacity for asexual reproduction (by means
of buds) was acquired as a consequence of the attached manner of
life. Asexual reproduction is indeed very common among attachel
animals.  We may, with GROBBEN, suggest as the cause that the
abandonment of locomotion left a larger proportion of the substance
of the body available for reproduction, so that it was possible for
attached animals to introduce a new method of multiplication inte
the cycle of their development. [t may also, however, be added that
when, in consequence of attachment, cross-fertilisation became more
difticult, the capacity for asexual reproduction would become of special
importance for the maintenance of the species.

It is evident that, originally, all the individuals of forms which had
developed this character were equally able to reproduce themselves
cither sexually or asexually.

Asexual multiplication led to the formation of stocks. the huds
being either altogether incapable of separating from the parent or
else able to do s0 only incompletely.  All individuals were thus wt
first capable, by asexual multiplication, of inereasing the size of the
colony to which they belonged, or else by sexual multipheation o

* Gruudz. d. Zool. 4 Aufl.
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composite Ascidians. We must await the result of further researches
before coming to any definite conclusion. . '

In any case, the development of the budx must always be considered
quite apart from embryonic development, since these two methods
of development are to be traced back to ditferent principles. In
the embryo, the primary organs arise anew from an originally
undifferentiated mass of blastomeres, while in budding, which is
evidently deducible from division, parts of the most important
primary organs are taken over from the organisation of the parent
into the bud.  Although the literature on the budding of the Tuni-
cates at present is far from supporting the statement that all the
more important organs in the bud or the stolon are to be derived by
abstriction from the corresponding organs of the parent, indications
are not wanting that the solution of the problem as to the origin of
the organs of the bud is to be sought in this direction (p. 487). It
appears, for instance, that the strands which compose the rosette-like
organ of Dolio/um are direct eontinuations of all the more important
organs of the parent. In the four primary Ascidiozooids of Pyrosoma
also, the peribranchial tubes and the pericardial rudiment of the
Cyathozooid are directly continued. It may be mentioned further
that, according to KowaLEVSKY, the peribranchial tubes in the stolou
of Salpa are derived from the atrium of the parent. These state-
ments which, however, are in direct contradiction to many observa-
tions on other forms suggest that none or the more impunrtant organs
arise anew in the bud, but that all the more important rudiments of
organs paxs over from the parent into the stolon and thence into the
huds, while the actual new formation of organ-rudiments takes place
only in the embryo.  The nervous system would probably have to be
considered as an exception to this rule. Since we know that the
brain of the Ascidian can be regeunerated after excision, it appears
possible that it arises anew also in the buds, though probably only
from the ectoderm.

Turning to the embryonie development, we tind that the ditferent
divisions of the Tumicata here also vary greatly. The embryonic
development of the Salpidae is, indeed, so little understood that we
are hardly in a position to suy anything definite about it.  When we
see that, according to SALENSKY, all the species examined show
important variation in their methods of development, it is evident
that there ix here an ample field for further research.*  We may,

[* See footnote, p. 423 and pp. 445-446.—FK.p.]
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disappearance of the segmentation of the body. Only in the caudal
region of the Ascidian larvae and of Appendicularia are there any
traces of the segmentation which must have been present in their
ancestors. In the caudal portion of the nervous system in the
Ascidian lgrva, spinal nerves are given oft' segmentally, as KupFFER
first noticed. In Appendicwlarin these are connected with paired
ganglionic swellings in the dorsal cord. LaNGERHANS (No. 2), by
the use of reagents, was further able to prove that the caudal muscu-
lature breaks up into ten consecutive muscle-segments (myomeres)
which are provided with segmentally arranged pairs of motor nerves.
In individual cases LANGERHANS (No. 2) found that, in the posterior
caudal region of Appendicularia, the spinal nerves of the left side
have shifted somewhat forward as compared with the corresponding
nerves of the right side. A similar condition is found in dmphiorus.
In the anterior region of the body, on the contrary, no traces of
segimentation are retained.

Although we must recognise a great general agreement in struc-
ture and development between :dmphiorus and the Tunicates, it is
very difficult to establish exactly in detail the homologies between
the organs of the two groups. A special attempt of this kind was
made by vaAN BENEDEN and JULIN, but we are not able to regard all
their deductions as convincing. Starting from the view that, in the
Tunicates, a large part of the alimentary canal (in the caudal section)
has degenerated, vaN BENEDEN and JULIN regard the rectum and the
anal aperturce of the Tunicates as new acquisitions which are not
homologous with the homonomous structures of Amphiorus. They
find the homologue of the rectum of the Tunicates in the * club-
shaped gland”’ of dmphiorus, which belongs to the first trunk-metamere
(p- 549) and opens out near the mouth.®  Consequently the whole of
the precaudal part of the body in the Ascidian larva corresponds
to only the small anterior region of Amphiorus, viz., to the anterior
cephalic part —the first trunk-segment. This view leads these
authors further logically to deny the strict homology of the endostyle
with the hypobranchial groove of dmphiorus.  Since, however, in the
Cephalochorda and the Vertebrata also, the anal aperture has evidently
undergone a secondary shifting forward and the caudal section of the
alimentary canal degenerates, there is nothing which compels us to
doubt either the homology of the rectum throughout the Chordata,

*(WiLLey (No. XXXVIIL.) regards the club-shaped gland as the right
primary gill-slit.—Eb. |
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or the derivation of the anterior region of the body in the Tunicate
larva through fusion from a large number of trunk-metameres.

We have already mentioned (p. 367) that vax BENEDEN and JULIN
deny the homology of the branchial slits and the peribrunchial or
atrial cavity in the Tunicates with those of other Chordata. Only
the two clefts which form first in the Tunicates are really to be
regarded as true gill-slits. This view results from the ascription by
these authore to the entoderm of a considerable part in the develop-
ment of the peribranchial sacs. In the same way, vAN BENEDEN
and JuLiN doubt the homology of the heart in the Tunicates with
the heart of the Vertebrata. We shall only be able to judge of this
last view, which indeed receives decided support from the absence of
the heart in the Amphiocus, when the way in which this organ arises
in the Tunicates is fully established. While SEELIGER, like va~N
BexEDEN and JuLiN, derives the pericardinl sac in the Ascidian
larva from the entoderm, most of the statements of other writers
seem to render its mesodermal origin probable. We must, however,
constantly bear in mind that an actual endocardium is altogether
wanting in the heart of the Tunicata.

This view, shared by muny of the more recent writers (BALFOUR,
vAN BENEDEN and Jurix, HaTscHEK) that the Tunicates and the
Cephalochorda, to which the Vertebrates are allied, represent distinct
branches of the Chordate type connected together only at their roots,
is opposed to that of DoHrN (Nos. 15-19), who regards the Tuni-
cates as degencerate fish.  The Cyclostoma and dmphiorux are by this
author thought to represent distinet stages in the series of degenera-
tive processes through which the organisation of the Tunicates is to
be derived from that of the fishes.  This view rests principally upon
the proof which DoHRN attempted to establish that the hypobranchial
groove (endostyle) as well as the peripharyngeal ciliated bands of the
Tunicates, the homologue of which was discovered by SCHNEIDER in
dmmocoetes, are to be regarded as transformed gill-clefts, and the
thyroid-gland, the homology of which with the hypobranchial groove
had been maintained by W. MULLER was said to represent a branchial
sie lying between the spiracle and the first branchial cleft, while the
ciliated arch is the homologue of the spiracular cleft (the pseudo-
branch of the Teleosteans).®*  The endostyle and the ciliated arch

* [Dones stands alone in his belief that the pseudobranch of the Teleosteans
is fornted from the anterior wall of the original spiracular cleft and thas, by
the later suppression of the cleft, the pseudobranch comes to lie in the first
branchial cleft. Most vertebrate morphologists regard this pseudobranch as
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CHAPTER XXXVI.

CEPHALOCHORDA.

Amphioxus.

THE earlier statements concerning the development of Amphiozus
made by Max ScrurLTzE (No. 18), LEUCKART and PAGENSTECHER
(No. 15) referred merely to a few of the later larval stages; our
knowledge of the ontogeny of this form is, therefore, founded princi-
pally on the investigations of KOowALEVSKY (Nos. 10 and 11), and was
extended by HarscHEK (Nos. 4 and 8). The metamorphosis of
Amphiorus has recently been described by Ray LANKESTER and
WiLLEY (No. 13) and by WILLEY alone (No. 23). The develop-
ment of the genital organs has been investigated by Boverr (No. 3).
This last author (No. 2) as well as SPENGEL (No. 19), RAY LANKESTER
(No. 12) and vAN WIJHE have also published treatises on the anatomy
of the adult Amphiorus to which we shall have occasion to refer.®

A. Oviposition, Cleavage and Gastrulation.

The mature genital products of Amphiorus pass from the genital
chambers, through rupture of their walls, into the atrial cavity and
thence they were said to pass through the gill-clefts into the pharynx
and to be ejected through the mouth (KowaLevsky, HATSCHEK).
According to Ray LANKESTER and WILLEY, however, they are, in
most cases, ejected through the atriopore. Fertilisation takes place
in the surrounding water. The newly laid egg is surrounded by a
vitelline membrune at first only slightly separated from it, but, under
the influence of the sea water, the interval between the egy and the

* [More recently, SoBorta (No. XI.) and Sticut (No. XIIL.) have rein-
vestigated the maturation and fertilisation of the egg, and the former,
Kraatsch (No. IV.) and Macsripe (No. VIIL) have re-examined the forma-
tion of the germ-layer.—Eb.]
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membrane becomes greater. There is no micropyle. The spermatozoa
puss through this elastic membrane to reach the egg.*

The first stages of development closely resemble those of the
Ascidians.  Cleavage is total and almost equal (adequal type of
Harsonek). The first furrow is meridional and appears first at
the animal pole, where for some time it is deepest; it eventually
divides the egg into two exactly equal parts (Fig. 279 B). The
second furrow, which is also meridional, is at right angles to the first
and leads to the rise of four blastomeres of equal size which leave free
between them a cavity open above and below ; this is the cleavage
cavity (Fig. 279 ¢ and D). The eight-celled stage (Fig. 279 E) is
brought about by an equatorial furrow which lies somewhat nearer
the animal than the vegetative pole and leads to the first ditferentia-
tion between the blastomeres of the animal and vegetative halves.
‘The embryo consists of a circle of four smaller blastomeres near the
animal pole and another circle of four larger blastomeres belonging
to the vegetative pole. Further meridional furrows divide these eight
oleavayge-spheres into sixteen, the sixteen-celled stage then consisting
of a circle of eight smaller and another of eight larger blastomeres
(Fig. 279 #).

Even at this sixteen-celled stage, according to WiLsoN, certain individual
differentiations are found which influence the further course of cleavage. The
regular stage described by HaTtscHek, in which the eight cells of the apper
circle are found resting regularly on the eight cells of the lower cirvie. was
companatively rarely observed by WiLsox.  The blastomeres o ine ipper
cirvle often appear shifted spirally in relation to those of the lower, as s fouzd
to be the case in the Aunelida and Mollusea.  Moest freguentoy, e
the sinteen-celled stage 3 bilateral (or strictly speaking a sirad:
is evident in the armngement of the blastomeres, ine vigh .

tative haif being divided into four larger and four smaler
aner ceis surnand the vegelative POl i MOPULIAr - TidT d
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F16. 279.—Cleavage of .lmphiosus (after SALENSKY). A, egg hetore cleavage, with
the polar bady ; B, division into two, the two cells hemg still connected h\ a baud
of f)rotnplasm, ¢, four-celled stage ; 1), the same seen trom the pole; K. eight-
celled staq sixteon-colled stage : 7, smFe showing more rapic division at the
animal pole : one of the circles of cells is in the act of ividing; 7/, the sane stage
in section ; /, blastula, surface view ; A, blastula, in section,
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yields the mesodermal structures in the anterior region of the body.
It has recently been regarded by HaTscHEK (No. 8) as the rudiment
of an independent pair of primitive segments, in which case, the
segment hitherto called the first would actually be the second.

The walls which separate the consecutive segments, the so-called
dussepiments, at first run straight from the dorsal to the ventral side
(Fig. 285, A). Later, they curve backward (Fig. 286) and finally
they develop the characteristic angulation at the level of the upper
part of the chorda dorsalis (Figs. 287, 288).

FiG. 286.—Stage iu the development of Amphivcus in which there are nine primitive
segments (after HATSCHEK). In the fifth, sixth and seventh primitive segments,
the muscle forwative cells (niz) are clearly marked. dv, anterior entoderm-diverti-
culum ; ec, ectoderm ; en, entoderm; m, cephalic process of the first primitive
segment ; f, mesoderm-folds ; ip, pole-cells of the mesoderm ; ms, muxcle
formative cells ; up. neuropore : us’, first primitive segment; u+”, second primitive
~segment.

The primitive segments originally lie dorsully above the alimentary
canal (Fig. 283, mk).  Later, they extend ventrally and thus grow
round the alimentary canal (Fig. 284).  Those parts of the coelom
also which surrounded the canal are originally distinet from one
another, but at the stage in which the mouth forms, the ventral part
of the dissepiments degenerates, and consequently the originally
distinct coelomic cavities run together and form the splanchnocorle,
which, enclosed by the lateral plates, runs through the whole length of
the body as a continuous cavity. The right half of the splanchno-
coele is in open communication with the left half below the alimentary
canal.  According to HATSCHEK, previous to this union of the ventral
part of the primitive segments that grow down on either side, a
simple ventral lamella is formed whieh extends between the ectoderm
and the alimentary canal.  In this ventral lamella the rudiment of
the first recognisable blood-vessel, the sub-intestinal reseel appears,
a vessel which lies later on the ventral side of the alimentary canal
covered by the splanchnopleure. The first rudiment of this vessel
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segment and arises as a trausverse ygroove in the deear of the entenn
(Fig. 287, dr) specially distinct on the right side of the tody and
running thence ventrally to the left side. This ynssve Jevpens and
becomes constricted off fron the enteron to form an inlependent
tube, and then represents the club-shaped gland. the right. blind
portion of which is dilated, while the narrowed left =ection opens
externally in front of the oral aperture (Fig. 288, 1), In later stages,
the right, blind end of this gland enters into communication with the
lumen of the intestine (Ray LANKESTER and WILLEY.

A

I a3

d ~ o

Fra, 2089, L auterior end ot alarvae somewhat older than that depicted m Fig. 288,
«een from the right side 5 B, posterior end of the same seen trom the left side. an,
anus; e, larval caudal ting o4 chorda; d, alientary canal ; o« dissepiments of the
side turned to the spectator ; ds'. dissepiments of the other side; 7. ciliated hand
(rudiment of the endostyle) ; &, club-shaped gland ; ks, gill-cleft : w. mouth ; mp,
pole-cells of the mesodermn ;. mr, medullary tube ; iy, posterior end of the medullary
tube o wp. nenropore o o«e, sub-intestinal vein ; e, ciliated organ (pre-oral pit).

linmediately in front of the club-shaped gland there is a transverse
ciliated band (Fig. 289 A, A) which, according to WILLEY, is the
first radiment of the endostyle,

The aral apecture (Fig. 289, m) forms on the left side of the body
in the region of the first segment. A disc-like thickening of the
ectoderm first appears, to the inner side of which the intestine
becomes closely applied, since, in this region, the mesoderm does not
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extend so far ventrally. In the middle of this ectodermal thickening,
the larval oral aperture forms at first a8 1 narrow perforation which,
however, soon widens.  Consequently, the oral aperture is surrounded
by a thickened ectodern-wall.

The first gill-clest forms soon after (Fig. 289, k¢) in the ventral
region of the second body-segment. A small outgrowth of the ento-
derm here forms, round which the entoderm-eells become elongated
and less granular.  An annular entodermal thickening is thus formed
in the middle of which is the above-mentioned depression, the cells
of which soon fuse with the ectoderm, and a perforation, the first
gill-slit, takes place. Round the first gill-cleft, the ectoderm is not
thickened, but the entodermn forms a circular wall representing the
inner edge of the gill-cleft.  The first primary gill-cleft which arises
dn this way soon shifts to the right side of the body (Fig. 289 4).

After the mouth and the tirst gill-clefts have broken through, the ciliated
organ, the pre-oral pit (derived from the left enteric vesicle), and the club-
shaped gland also open externally.

The anal aperture breaks through at the most posterior end of the
alimentary canal on the left side of the body. At the same time,
the communication between the intestine and the ventrally curved
end of the medullary tube (neurenteric canal) (Fig. 289 £) is lost.

After all these apertures have formed. the larva ix capable of -
taking in food.

D. Later Larval Stages.

The further development of the larva falls into three periods :—-

1. Behind the first gill-slit, a series of other so-called primary yill-
«litx (ax many as fourteen, WILLEY) develop ; most of these shift to
the right side of the pharynx. The metapleural folds arise and the
atrinm begins to form and to cloxe from behind.  The primitive seg-
ments iucrease in number till the condition of the adult is in this
respect reached (sixty-one segments forming in Amphivcus lanceolatux).
The unpaired fin of the adult with its cavity develops (Figs. 290, 291).

11. On the right side, above the row of primary gill-clefts, a second
row forms (wecomlary clerts of WILLEY).  After the atrium has closed,
the primary gill-clefts shift to the left side, while the secondary
remain on the right side. The larval month becomes changed into
the velum, and the definitive mouth-aperture arises as a consequence
of the formation of paired folds, the oral hood, round the larval
mouth. The mouth shifts into the ventral median line.  The oral
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eirm ievetng amud The clih—baget dani devenerates. In consequence
of she ieveinpment ¥ Smzi-bars m mamectia with the gill-ulits,
the aamber f the atter » bwbled. The hepatic caecum forms
(Figs. 292 293, 294 |

[IL The iarva. which n —siential points now chissely resembles the
adnlt. has Zven ap peiagie iif> anl baries itself in the sand. The
dllclefzs alnzwis frmedi. which at first were arranged metamerically,
shift nearer < arether. aml their number is further increased by the
additie of pampel s-tim-, Ad2?s (WILLEY). These tertiary clefts
omtinie t) iwrease n anmber througbhout life.

It bas alrewly been mentiooed (e 331) that the first primary g//-
-t which aree in the ventral median line of the second trunk-
segment <«we:n shifts = the right side of the body. In an exactly
similar way. new yill-clefts form succeasively in the body-segments,
that follow : Fies. 290, 291), these clefts also Iying in the ventral
median line and shifting later to the right side of the body. The
% of privarcy clefts now lying on the right side is destined later
to take up its tinal pwition en the left side. The number of primary
clefts which thus arise one after the other varies from twelve to
fifteen. and is usually fourteen. They hare a strictly metameric
arranp-ieent and, acennding to HarscHEEK (No. 3), are intersegmental.
The gill-clefts thus vorrespond to the boundaries of the segments.

HATSCHEK ¢Ni. S) regards the above-mentioned entoderm-vesicles as the most
anterior pai: 2fts. Thewe vesicles correspond to the posterior boundsry
of the Brst inelamers represented by the cephalic process of the mesoderm
whict. HaT< HER rezaria=i as an undeveloped pair of primitive segments).
The peribran nial or e tire anterior -iliated arch, which is homologous

with the ciliated are. of tire Tunicates) was regarded by him as the second
pair of @il efts T.e clefts which were described above as the first true
gill-cleft~ would, a ording o tiis interpretation, represent the third pair.
This pairis <1 ther gt ~omewhat smaller than the others: the clefts which

follow the ninti. are ai~. at trst smalier than the rest and do not deviate from
their median position to tine right.

The median ventral bloo-d-vessel which, in the pharyngeal region,
constitutes the branchial artery, turns somewhat to the right in the
branchial region and then runs forward above the row of primary
gill-clefts (Figs. 292, <), We have already seen (p. 547) that the
course of this vessel is diverted to the right by the rudiment of the
most anterior pair of gill-clefts. The conrse of this vessel marks the
future ventral median line of the pharynx.

Alongitudinal ridge now soon arises above the branchial artery on
the right side of the bady (Fig. 292, /) ; this is composed of con-


















558 CEPHALOCHORDA.

retained is the atriopore (Fig. 294, ap). The lateral folds are also
found in the adult as projecting ridges of the body-wall, running from
the mouth to the atriopore.

The atrial cavity thus formed is at first a tube with a compara-
tively narrow lumen (Fig. 295 B) which only secondarily widens:
this widening, which is accompanied by a shifting apart of the meta-
pleural folds, is brought about by the lateral growth of the atrial
cavity between the wall of the intestine and the body-wall pressing
into the coelom s0 as almost completely to grow round the alimentary
canal (Fig. 311, p. 572), the coelom heing proportionately reduced as

4 " B -
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Fia. 205, —Three diagrammatic transverse sections through older larval stages of
Amphiosus to illustrate the development of the atrial cavity (atter Ray LANKESTER
and WILLEY). «o, aorta; ¢, cutis; ch, chorda; ¢, enteric canal : 7, muscle-fascia:
Jh, dorsal tin-cavity ; m, myomere ; », neural tube; p, atrial cavity ; </ metapleur;

sth, wmetapleural cavity; s/, sub-intestinal vein: sk, sclera-layer: &/, sub-atrial
ridge ; sp, coelom.

the atrium enlarges.  Part of the outer wall of the atrial cavity (the
epipleura of RAy LANKESTER) therefore does not arise through the
formation of folds, but is a modified portion of the body-wall which
has undergone no displacement.  [See also MACBRIDE, No. VIIL. «.]

The formation of the atrial cavity in dwmphiorus recalls to some extent
that of the similarly placed cavity in the Ascidians which, as we have ~een.
originated in the form of paired invaginations (p. 366) which also only
secondarily grow round the pharynx.

The outer wall of the atrial cavity cannot be homologised with the oper-
culum of the fishes, the latter being a fold which belougs exclusively to the
hyomandibular arch.
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The metapleural folds have frequently been homologised with the
“primary paired lateral fins of the Vertebrata (Ray LANKESTER and
WiLLey, HATSCHEK). According to HATSCHEK (No. &), they are
merely special parts of a system of ventral folds which in the most
anterior part of the body develops as the unpaired ventral fin of the
rostrum, in the oral region forms the lateral bueeal wall, in the
branchial region the metapleural fold, and, finally, behind the atrio-
pore, the unpaired ventral fin which extends in front of and behiund
the anus. The ** cavities of the lower folds ™ which develop in the
sub-atrial ridges are said to be the cavities of the unpaired ventral
fin.

We have already alluded (p. 550) to a ciliated band lying on the
right side of the pharyngeal wall in front of the club-shaped gland
(Fig. 289, fl). This ciliated band, in which a somewhat clearer inner
zone can be distinguished, resembles in shape the club-shaped gland,
80 that, in the illustration, it looks like a shadow or a reduplication
of the latter. It is the rudiment of the endostyle and, even in carly
gtages, appears bent on itself (Fig. 292 A, ex), heing divided into a
shorter upper and a longer lower half.  The endostyle-rudiment then
proceeds backward (Fig. 292 B) passing over the club-shaped gland
into the space between the primary and sccondary clefts. It thus
comes to overlie the branchial artery. During the shifting mentioned
above as taking place in the branchial region, the endostyle-rudiment
passes from the right side of the body to the ventral median line
(Fig. 293, #x). The upper half of the bent rudiment becomes the
right and the lower half the left part of the endostyle of the adult.
At an early stage, two ciliated arches, the peripharyngeal bands, are
to be seen ascending from the anterior end of the eudostyle-rudiment
to the dorsal side of the pharyngeal wall (Fig. 296, fI), and then
continue backward on either side of the dorsal middle line as the
ciliated hyperpharyngeal (epipharyngeal) bands.  The proximal part
of them corresponds to the ciliated arches (pericoronal arches or
peripharyngeal bands) of the Ascidian (WILLEY).

The formation of the definite oral aperture has been described in
detail by WILLEY. The oral aperture shifts from the left side of
the body forward and ventralwards, so that it finally occupies a-
median symmetrical position on the ventral side. At the same time,
it becomes grown over by a secondary fold of the body-wall (Fig. 296,
mr), the stomodaeum or oral hood being thus formed. The primary
oral aperture of the larva shifts to the back of the buccal cavity and
its lips are retained as the velun (») : here the first rudiments of the
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WUuHE, like the larval mouth, an organ belonging to the left side of the body,
in spite of its apparently symmetrical position.

It is difficult, from WiLLEY's description, to gain a clear idea of the shiftings
which occur in the oral region. According to this author, the longitudinal axis
of the slit-like larval mouth rotates about a vertical axis through an angle of
90°. Originally it lies parallel to the axis of the body, but is at right angles
to it later. Consequently, the anterior part of the larval mouth sinks in and
passes to the right side to give rise to the right half of the velum, while the
left half of that organ is derived from the posterior cornmer of the mouth.
Similar shifting of the labial folds takes place.

vAN WUHE maintains that the mouth of Amphiorus is not homologous
with that of the Craniata. He also doubts the homology of the velum of
Amphiorus with that of the Cyclostomi. According to him the mouth of
Amphioxrus is a gill-cleft lying on the left, and the club-shaped gland is the
corresponding organ on the right side of the body. vaAN WisHE homologises
it with the left spiracle ot the Selachians and with the left gill-cleft of
Appendicularia (?).

In the later larval stages, when cight secondary gill-clefts have
already developed and the tongue-bars have begun to form, the
elub-shaped gland  degenerates, and finally, as it appears, reaches
the interior of the alimentary canal where it is perhaps absorbed.
The aperture of the gland into the intestine which was mentioned
above (p. 550) seems to withstand disintegration longer than uny
other part of the organ (WiLLEY).

In these later stages an organ is found which was discovered by
HarscHEK (No. 5) and was figured and described both by him and
by Ray LANKESTER and WILLEY (Nos. 12 and 23) as the kidney
(nephridium, Fig. 290, ). This is developed only on the left side in
the form of a mesodermal cilinted funnel and canal lying in front of
the mouth in the region of the first metamere (between the pre-oral
pit and the mouth). It lengthens posteriorly later and is found, in
the adult, as u strand extending on the left side beneath the chorda
from the anterior edge of the mouth to immediately behind the
velum. HATSCHEK conjectured that this canal opened into the
pharynx. [See MAcBRIDE, No. VIIL «.]

This last observation has recently been confirmed by vax Wune (No. 22)
who considers this organ, which he calls the oesophageal process, as the
remains of the original communication between the intestine and the left
anterior entoderm-diverticulum.

We have already mentioned that, in the larval stages which follow
the stage with one primary gill-cleft, the number of primitive segments
is continually increasing through the formation of new segments from

the mesoderm-folds at the posterior end of the body. At the time
00
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medullary canal (aquaeductus Sylvii, IT). In the third part (the
hind-brain) the central canal shows a narrow ventral tube, while its
dorsal portion is independently dilated so as to form a vesicle covered
by a thin membrane, the fossa rhomboidalis of HaTscHEK (II1).

The medullary tube originally opens externally through a neuropore
bordered by closely crowded flagella. This is pressed out of the
middle line to the left through the development of the dorsal fin.
An epithelial depression forms later at this point ; this is KOLLIKER'S
olfactory or ciliated pit (Fig. 298, n), at the base of which the neuro-
pore opens. The ciliated pit is the homologue of the olfactory organ
and of the hypophysis of the Craniata. The short, unpaired olfactory
nerve discovered by LANGERHANS runs from the brain to the posterior
wall of the ciliated pit. The continuation of the first ventricle towards
the neuropore corresponds, as above mentioned, to the infundibulum
of the Craniata. In Ammocoetes, the hypophysis and the olfactory
organ are still connected together, and the external aperture of the
hypophysis still retains its original dorsal position. The inner end of
the hypophysis, on the contrary, and the infundibulum have moved
to the ventral surface of the brain.

In identifying the anterior end of the medullary tube of Amphiorus with
the infundibulum of the Craniata we have followed HaTscHEK. It should,
however, be mentioned that KuPFFER has recently been led by his researches
on Acipenser (No. 88) to homologise the anterior end of the cranial axis of
Amphioxrus with his lobus olfactorius impar which lies near the lamina
terminalis above the anterior commissure, and indicates the point where the
medullary tube remained longest in direct connection with the ectodern
precisely as in Amphiocus, and to regard the infundibulum as a secondary out-
growth of the ventral side of the brain,

It should here be pointed out that KoL (No. 9) occasionally noticed, on
the right side of the head of .lmphiorus, a pit resembling the olfactory pit of
the left side. KowuwL is inclined to consider this as the half of an originally
paired olfuctory organ in a vestigial condition. The relations of the neuropore
to the olfactory pit were denied by Konr. The remains of the neuropore are
said to be found in an ectodermal depression lying somewhat Lehind the
olfactory pit.

Our knowledge of the important transformations that take place in
the primitive segments and the body-cavity is due chiefly to HATscHEE
(No. 7). Each primitive segment becomes divided by a transverse
partition into two portions, as has already been stated (p. 547), viz.,
a dorsal portion (proto-vertebra) and a ventral part (lateral plate,
Fig. 300, 7/ and /). Only in the dorsal portion is the primitive
scgmentation retained, the adjacent walls of the segments persisting
as the transverse septa (myosepta). In the region of the lateral
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plates, the septa disappear and the segmental cavities enclosed by
them flow together to form a common cavity surrounding the intestine
(splanchnocoele). The disappearance of the ventral mesentery leads
to intercommunication between the right and left halves of the
splanchnocoele.

The proto-vertebrae enclose segmentally-arranged cavities which,
however, are not quite symmetrical in relation to the median plane
(p- 545). These are the cavities of the proto-vertebrae or the
myocoeles (Fig. 153, I). The walls of each proto-vertebra counsists of
a parietal (I) and an inner (2) layer. The parietal layer (), which
consists of flat cells, applies itself closely to the ectoderm, and since

2
I 1
3
[ 4
l 5
L}
Fic. 299.—Transverse section Fi1a. 300.— Diagrammatic render-
from the middle of the body ing of the same section.

of an Amphiocus larva with
five branchial clefts (after
HATSCREK).

A, epidermis; /3, medullary tube; (', chorda; (', inner chorda-sheath; /), intestinal
epithelinm ; K, sub-intestinal vessel. 7, cutis-layer: 2, muscle-layer (lateral
trunk-mmwle{; 3, sclera-layer; /. boundary cells of the proto-vertebra ; 8, somato-
pleure; 4, splanchnopleure. ./, myocoele ; 71, splanchnocoele,

it yields the cutis of the adult, is sometimes termed the cutis-layer.
The cells of the inner layer, at the sides of the chorda and of the
medullary tube, clongate transversely and longitudinally, as described
above (p. 54X), and, as they give rise to the muscle-fibres of the
myotome, this part is spoken of as the muscle-plate.

At first, ench muscle-cell contains only one fibrilla, but as the
number of tibrillae increases later they are arranged in regular order
one above the other. Several such groups of tibrillae occur in each
muscle-cell.  The nuclei of the muscle-cells lie on the outer side
of the muscle-layer that turns towards the myocoele. Towards the
ventral side, the muscle-luyer is continued into & pavement-cpithelium
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part along the ventral edge of the protovertebrae where the cutis-layer
passes into the skeletogenous layer, small cells filled with deeply
staining nuclei can be made out. These are accumulations of primi-
tive genital cells which represent the rudiment of the genital gland,
and which may perhaps be traced back to HATsCHEK’S large boundary
cells mentioned above (Fig. 299, 4, p. 565). These agglomerations of
cells ure repeated at definite intervals in series of cross-sections.
Nince they are related to the dissepiments between the mesodermal
somites, they are affected by the asymmetry of those structures and,
like them, alternate on the right und left sides of the body. In
superficial views of later stages (Fig. 303), the rudiments of the

Fra. 305, Fic. 306.

Fra. 305 and 306. —Later stages of development of the genital rudiment
in Jmphiores (after (Bover).

Fra. 307, —Genital rudiment i
an  bwmphiorus, 8 mm. long
(after BOVERI).
genital gland can be seen as rounded knobs (yd) lying in small
outgrowths in the posterior lower angles of the myocoeles (rudi-
ments of the genital pouches).

Examination of the genital rudiment in the youngest stages revenls
that it arises as a modified part of the epithelium on the anterior
wall of each myocoele (Fig 304).  This epithelial growth then forms
# hernia-like invagination into the cavity of the preceding segment
(Figs. 305, 306), and in this way constitutes a knob which at first is
hollow but is provided later with a humen (Fig. 307), and which is
covered superficially with an epithelinm derived from the posterior
wall of the segment into which the knob projects, the latter being
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similarity of structure between the primitive kidney-tubules of the
Selachian embryo and the segmental organs of the Annelida. Our
acceptance of this homology, however, has been recently made imn-
possible by the researches of vaN WisRE (No. 48), RUCKERT
(No. 44), and BoveRr (No. 2) which cause us to doubt the serial
howmology of the pronephros with the primitive kidney and to regard
the latter as a secondary acquisition which in any case has nothing
to do with the segmental organs. From this point of view it would
be the pronephros which requires consideration.

The derivation of the Vertebrates from the Annelida is, in fact,
accompanied by certain difficulties which are not insurmountable.
The most important of these is the position of the mouth. While,
in the Annelida, the oesophagus perforates the central nervous system
at the oesphageal ring in such a way that the supra-oesophageal
ganglion comes to lie above and the ventral cord below the gut,
no such relation between the stomodaeum and the central nervous
system is to be found in the Vertebrates. The most varied hypotheses
have been suggested to obviate this difficulty. ScHNEIDER thought
that he could discover in the connection of the hypoglossal and tri-
geminal nerves an equivalent for the oesophageal ring. vaNx BENEDEX
and JuLIiN (No. 29) have agsumed that, in the primitive ancestors
of the Vertebrates, the oesophagus shifted forward in the median
plane between the still unconnected cephalic lobes of the brain, while
other zoologists like KLEINENBERG, BEarp, No. 27, v. KENNEL
(No. 3Ha) believe that the supra-oesophageal ganglion atrophied and
that the brain and the dorsal chord of the Vertebrates only are the
equivalents of the ventral cord of the Annelida.  In connection
with this idea, we have the question as to the primitive mouth of
the Vertebrates.  Under the assumption that the pro-cevhalon of
the Vertebrates corresponds to the supra-oesophageal ganglion of these
Annelida, we should have to conjecture that the original vertebrate
mouth, which perforated the oesophageal ring, has disappeared. The
detinitive mouth of the Vertebrates would have to be regarded as a
sceondary formation, and is by many zoologists thought to have arisen
through the fusion of gillslits.  There is actually mueh to support
the view that the mandjbular arch is a branchial arch which has
been drawn into the mouth.  This, however, does not deeide the
question of the derivation of the vertebrate mouth from gill-clefts.
In the case of Ampliorns, there is no ontogenetic indication of the
derivation of the mouth from gill-clefts. The mouth here arises in a
different manuer from the gill-slits (p. 530) and in a different position.
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In the Capitellidas, a diverticulum forms early at the most posterior
part of the archenteron and grows out anteriorly. I believe that this
is the rudiment of the accessory intestine, but am not quite certain
on this point.” With regard to the origin of the gill-clefts. we may
assume that the originally blind intestinal diverticula secondarily
acquired external openings, s0 as to allow of the outflow of the
respiratory water. The assumption that such perforations occur
is supported by the actual presence of pores of communication at the
ends of the tentacles in the Actinia, and in the hepatic tubes of some
Aeolidue.

We are not, however, able to regard the Annelidan hypothesis as
resting on altogether certain foundations. It seems to us that we
have no convincing proof that the many points of agreement which
actually exist between the Aunelida and the Chordata rest upon true
homology. The crucial point of the whole question lies in the
decision as to whether it is necessary for us to refer the similar
method of segmentation of the body in the two groups to their
derivation from a common ancestor. It is evident that, as BaTksox
(No. 26) has shown, it is not a decisive objection to this assumption
that the characteristic segmentation in each of the two groups (the
Annelida and the Chordata) has arisen separately, or, in other words,
that the common ancestor of the two groups was still unsegmented.
Bavrotr (No. 25) in this connection wrote *‘ that we must look for
the ancestors of the Chordata, not in allies of the present Chactopoda,
but in a stock of segmented forms descended from the same un-
segmented types as the Chaetopoda, but in which two latersl
nerve-cords, like those of Newmertines, coalesced dorsally, instead of
ventrally to form a median nerve cord.”

If, after what has just been said, we do not regard the derivation
of the Chordata from the Annelida as certainly proved. and institute
comparison with the other invertebrate groups, we are confronted tirst
of all by Beadanoylossus which, in the possession of gill-clefts in the
pharyngeal region and the nerve-strand running dorsally  shows
striking agreement with the type of the Chordata.  This form was
formerly thought to be nearly related to the Chordata by GEGENBAUR
and HUXLEY and more recently by BatesoN, HAECKEL, Schiu-
KEWITSCH, MORGAN, RouLE and others.  We are far from reganding
ay established the various homologies assumed by BATEsoN between
Balanoylossus and Amphiorus, and on this point refer the reader to
the detailed eriticism of the best qualified judge in this matter—
SrENGEL (No. 47, p. 721, ete.)  who denies all relationship hetween
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the Chordata and Balanogloxsus. BaTEsoN (No. 26) homologises the
dorsal nerve-strand in the collar region of Balanuglossus (the so-called
collar-cord) with the medullary tube of the Vertebrates. The anterior
intestinal diverticulum (the so-called proboscis-intestine) of Bulano-
glossus (Vol. i., Fig. 165, di, p. 375), according to him and to KOEHLER,
is the homologue of the notochord. The rudiment of the so-called
proboscidal coelom is homologised with the anterior unpaired entoderm-
diverticulum of Amphiocus (Fig. 285 B). The extermil aperture of
the left anterior entoderm-diverticulum of Amphiveus is assumed to
correspond to the proboscis-pore of Bulunvglossus. A posterior fold .
in the collar-region, called by BaTrson the “operculum,” is said to
correspond to the epipleura of dmphivrcns.  Finally, even GEGENBAUR
compared the ventral nutritive section of the pharynx in Balanoglossus
(Vol. i,, Fig. 166, d, p. 377) to the endostyle of the Tunicates.
SPENGEL (No. 47) has pointed out the dithiculties that stand in the
way of such a homology, and lays special stress on the great ditference
in the position of the gills which, in Balanoglossus, are dorsal, and, in
Amphiorns, ventral—the development of the blood-vascular system
and the genital organs in the two groups. The bare fact of the
presence of gills in Balanoglossus, indeed, and their remarkable and
detailed agreement in structure and arrangement with those of
Amphiocus (U-shaped form in consequence of the growth of tongue-
bars, chitinous skeletal structures in the form of prongs, presence of
synapticula) seem to us of such significance that we cannot avoid
the thought that we have, in Balanoglossus, the only living form of
Invertebrate which is closely related to the Chordata. But, if we
adopt this assumption, the Chordata naturally become somewhat
more remote from the Annelida, since Balanoglossus is only distantly
related to this last group. How far it is possible to remove the dith-
culties which now lic in the way of establishing a stricter homology
between Baluunoglossus and Amphiowens must be decided by further
research.

The problem of the derivation of the Chordata is not solved by
assuming a relationship between them and the Enteropneusta, since
the latter themselves occupy an unusually isolated position. Ouly
through the structure of the Balanoglossus larva is an indication
given of remote connection with the Echinoderma. We must
resign ourselves to the thought that we are not at present in a
position to state from what primitive form the Chordata and, with
them, Balanoglossus are to be derived. The origin of the Vertebrates
is loat in the obscurity of forms unknown to us.
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Cyclosalpa affinis, 495.

— dolichosoma. - virgula,
416.

‘— pinnata, 433, 507, 508.

Cymbulia, 100, 111, 115, .

167, 168-170.
Cynthia, 335, 357, 381.

D.

Daudebardia, 101.
Dentalium, R88-98, 182,
192, 200, 216, 818, 819,
329, 330.
Diazona violacea, 448.
Dibranchia, 235.
Didemnidae, 3867, 872,
456, 457, 459-464.
Dimya, 71. 72,
Diotocardia, 99.

Diplosomidae, 459-468, |

51R
Dissoconch, 61.

Distaplia, 339, 350, 8564,

357, 364-367, 872, 457, |

469.

— magnilarva, 346, 353,
457.

— stylifera, 464-466.

Distomidae, 872,
457, 463, 473.

Docoglossa, 99.

Dolchinia, 478, 479, 482,
4RS,

Doliolidae. 470-488, 514,
518-520.

Doliolum. 334, 355, 367,
3R2.389, 432, 447, 470-
483, 512, 517.

— Ehrenbergii, 385.

— Muilleri, 383-387, 471,
474, 475,

Doliopsis
514,

Dondersia, 1, 12, 15, 318,
320.

— banyulensis, 15,17-19.

— festiva, 16,

Doridiae, 330.

Doridopsis, 330.

Doris. 100, 102, 159, 164.

Dosidicus, 293,

Doto, 100, 102.

Dreissensia, 23, 30, 33-
35, 39, 45, 47. 49, 61,
OR.

456,

E.
Eledone, 235-239, 251.
Elysia. 100, 159, 164.
Emarginula, 188.

SUBJECTS INDEX.

Enantia spinifera, 325.
Entocolax, 153.
Entoconcha, 100, 111.
— mirabilis, 152.
Entovalva, 43, 67, 208.
— mirabilis, 23.
Ercolania, 111, 159, 164.
Eulamellibranchia, 22.
Eunicidae, 577.
Euthyneura, 146.

F.

Fasciolaria, 100,
104, 128, 209,

Filibranchia, 22.

Fiona, 100, 159, 164.

Firoloida, 100, 102, 111,
134, 153-158, 166, 200.

— Desmaresti, 114, 153,
154.

Fissurella, 99, 111, 130,
188, 189, 209, 215.

Fragarium, 336.

Fragaroides, 450, 451. 1

Fulgur, 100, 102, 108,
107, 116, 120, 128, 130,
149.

Fusus, 100, 106, 111, 115,
117, 121, 141, 149, 150-
152, 205, 206. I

— antiquus, 103.

108,

G.

Gasteropteron, 100, 173,
174.
Gastrochaena, 43, 62.

- Gastropoda, 1, 98-234.

* Glochidium, 54-57.

(Anchinia), |

Gnathobdellidae, 102.
Gionatus Fabricii, 292,
Gunda, 320.
(iymnosomata, 101, 171.

H.

- — vulgaris,

Hyalea, 167.
Hyalocylix, 100, 167.

J.
Janthina, 100, 104, 120.
K.

Kalymmocytes, 336. 390,
420-424.

L.

Lamellibranchia, 1, 22-
87, 380.

Larvacea, 334.

Lasidium, 57.

Leachia, 292.

Lepidosteus, 355.

Lima, 82.

Limacidae, 329.

Limacina, 100, 169.

Limapontia, 164.

Limax, -101, 104, 110,
111, 119, 186, 177, 179,
184-187, 191, 204, 217.

Limnaea, 101, 111, 114,
120, 182, 141, 177-188,
203, 221.

Lithonephrya, 335, 381.

Loliginidae, 235.

Loligo, 236-246, 251, 252-
277, 287, 296, 298-
301, 309.

— Pealii, 239, 241-248,
252.254, 258,

236, 252

255, 259, 274, 2=2.2v4,

297.

. Lucernaria, 520.

Lumbricus trapezoides,
574.

M.
Mansenina, 99,

. Megascolex, 79.

Haliotis, 97, 99,
188, 198, 209, 214.

Helicarion, 200.

Helicinidae, 99, 199.

Helix, 101, 105. 179, 186,
200, 204.

-—— nemoralis, 201,

— pomatia, 104,183, 184,
213.

147, |

— Waltoni. 104, 179,
186, 191, 192, 196, 197.
Hemimyvaria, 414 - 448,
519.
i Heteropoda, 100, 102,
153.

Melania. 105.

Melibe, 330.

Michrochaeta, 79.

Mitraria larva, 15.

Modiolaria, 22, 25, 27,
30, 33, 47.

Molgula  macrosipho-
nica, 382,

Molgulidae, 381, 445.

Mollusca, 1-333.

Monotocardiea, 99, 147.

Montacuta, 30, 47, 6K.

Maiilleria, 8O.

Murex. 100, 103, 200.

— brandaris, 198,



Muscidae, 374.
Myopsida, 235.
Mytilidae, 14, 37.
Mytilus, 22-25, 30, 88,
87, 89, 45, 47, 68-T1.
— edulis, 22, 24, 68.
Myzomenia, 1, 15, 19.

N.

Nais, 577.

Nassa, 100, 102, 106,
118, 116-121, 141, 149,
152, 163, 200, 208, 315.

— mutabilis, 103, 112,
116, 117, 150, 152, 207.

Nassopsis, 105.

Natalina, 200.

Natica, 149.

Nautiloidea, 235.

Naautilus, 237, 268, 286-
288, 293-296, 301, 304-
308, 331.

Neaera, 22,

Nemertini, 322, 575.

Neomenia, 1.

Nephropneusta, 182.

Neritidae, 99, 199.

Neritina, 99, 107, 110,
111, 116, 118, 129, 180,
133, 141.

— fluviatilis, 103, 116.

Nucleobranchis, 100,
158.

Nucula, 22, 37, 61, 63,
72, 75, 82.

Nuculidae, 48, 61.

Nudibranchis, 100.

0.

Octacnemus, 334.
Octopoda, 235.
Octopus, 236-289, 251,
253, 257, 264-267, 295.
— membranaceus, 265.
— vulgaris, 201, 252,
265.
Oigopsida, 235.
Oikopleura, 356.
Ommastrephes, 236, 267,
287, 291-298, 308.
Onchidium, 66, 101, 104,
111, 129, 138, 174-176,
329,
" Onychoteuthidae, 285.
Onychoteuthis, 292.
Opisthobranchia,
158.
Orthoceratidae, 288.
Ostracum, 288.

100,

, — virginiana, 22, 25, 60.
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Polyclinidae, 335, 449,
452-455, 470.
Prodissoconch, 61.
Proneomenia, 1, 15, 19.
— aglaopheniae, 325.
Prosobranchia, 99, 103,
148,
Protobranchia, 22.
Pseudolamellibranchia,
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Ostrea, 22-38, 45-49, 66, |
71, 80, 82, 115, 316.
— edulis, 28, 28, 38, 60. |

Oxygyrus, 100, 102, 157.

P.

Paludina, 100, 106, 114, ! 22,
121, 122, 129, 134.142, Pteropoda, 100, 102, 166,
148, 149, 151, 153, 163, 178.

191-199, 202, 211-221, | Pterotrachea, 100, 102,

318. 111, 154-158.

— vivipara, 105, 187, Pulmonata, 101, 174,
139, 212-214, 219. 187.

Patella, 4, 91, 99, 101, | Pupa, 105.

106, 118-132, 141, 147,

Purpura, 100, 118, 115.
148, 180, 188, 214, 318,

— floridana, 102.

— rota, 198. — lapillus, 108.
Pecten, 22, 24, 49, 61, | Pyramidellidae, 330.
70-76, 82. ' Pyrosoma, 334, 856, 367,
| — eyes of, 64-66. 377, 381, 889-414, 420,

~ Pleuronectidae, 574.
" Pleurotomaria, 99, 147,

Pedicellina, 376.

132, 451, 455, 459, 479,
Pegea bicaudata, 418. l

484-500. 508, 508, 512-

— scutigera - confoede- 520.

rata, 446, 1495. )
Peripatus, 80, 817. R.
Perophora, 379, 445, 456,

468, 465. l Rossia, 286.

Rostellaria, 100, 157.
Runcina, 100.

— Listeri, 879, 380.
Phallusia, 346, 357, 360, |
366, 372. :
— mammillata, 335, 348, :
355, 356, 358, 378, 376. |
— scabroides. 377, 378. |
Philine, 100, 145, 164. '
Philonexis, 235, 237. .
Pholas, 45, 70. '
Phragmocone, 288. — aflinis, 495.
Phraginophora, 285. , — africana - maxima,
Phyllidia, 330. | 417, 4383, 435, 440, 442,

S.

Saccoglossa, 163.

Sagitta, 542.

Salpa, 834, 336, 381, 414-
448, 194-518.

Phyllirhoe, 164. 445,

Physa, 119. | — bicaudata., 417-419,

Pilidiuin larva, 322. 44R.

Pinna, 82. — costata-Tilesii, 417,

Pinnoctopus, 265. 195.

Pisidium, 23-26, 29, 80, . — democratica - mucro-
89, 46. 47, 68, T73. nata, 415, 420-446,495,

Planorbis, 101, 107, 109-
114, 117,118, 129, 141,
148, 149, 177-183, 204.

Pleurobranchea, 100.

Pleurobranchus, 100,
102, 164.

496, 511, 513.

— dolichosoma - virgula,
416, 495.

. — hexagona, 417, 446.

— pinnata, 416-420, 428,
433, 435-448, 495, 507.

— punctata, 417, 420,
438, 4385, 445.

188. — runcinata-fusiformis,
Pneumoderma, 101, 167- 438, 485, 442, 445, 507.
172, . — scutigera - confoede-

Polycera, 100, 164. . rata, 446, 495.
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Salpa zonaria - cordi-
formis, 417, 495.

Salpidae, 414-448, 451,
477, 488, 494-512, 516-
520.

Scaphites, 294.

Scaphopoda, 87-98.

Scarabus, 175, 176.

Scioberetia, 45.

Scissurella, 188.

Sepia, 236-252, 272-277,
287-298, 296, 298.

— aculeata, 290.

— andreanoides, 289.

— officinalis, 238, 241-
247, 250, 278-276.

Sepiidae, 235.

Sepiola, 236, 244, 257,

Sepiolidae, 235.

Sepioteuthis, 238.

Siphonaria, 119.

Siphonodentalium, 96.

Solenoconcha, 1, 88-98,
329.

Solenogastres, 1.

Solenomya, 22. 75, 82.

Spekia, 105.

Spirialis, 100, 169.

Spirula, 2385, 268, 286,
288, 298, 294.

Spirulidae, 2385.

Spirulirostra, 288, 290.

Spondylus, 66, 82.

Stilifer, 100.

— Linckiae, 152.

Streptoneura, 99.

Strombus, 100, 157.

Styelidae, 372.

Styliola, 100, 167, 169.

Stylomatophora, 101,
184.

SUBJECTS INDEX.

Succinea, 101, 132, 180,
187

Synq;ta. 43,
— digitata, 152.

T.

Taenioglossa, 153.

Taonius, 292.

Tectibranchia, 100.

Tegmentum, 13.

Teredo, 23-39, 42, 44, 66-
78, 80, 208, 819.

Tergipes, 100, 102.

— Edwardsii, 164, 165.

— lacinulatus, 164.

Testacella, 101.

Testacellidae, 182.

Tethys, 111, 119, 330.

Tetrabranchia, 235.

Teuthidae, 236.

Teuthis, 267.

Thalia democratica-mu-
cronata, 415, 420-446,
495, 511, 518.

Thaliacea, 334.

Thecosomata, 100.

Thyca, 100.

— entoconcha, 152.

Tiedemannia, 100, 167-
170.

Tornatella, 168.

Tremoctopus, 235, 237.

Triclada, 320.

Trididemnum, $60-462.

Trigonia, T1.

Tritonia, 100.

Trochophore, 5-7, 10, 18,
30-43, 91, 125-128, 142,
161, 167, 177, 318-326.

Trochus, 99, 198, 209,
215.

: — magus, 198.
Trophoszooid, 289.
Tunicata, 334-534.
Turbellaria, 108, 320.

| Turbinidae, 199.

Turbo, 99, 215.
— creniferus, 198.
Typhobia, 105.

| v.

| Umbrella, 100, 107, 110,

| 111, 118-120, 129, 159.

. Unio, 22-29, 88, 119.
Unionidae, 25-29, 30, 89,

| ~ 4959, 66-71, 73-76.

Urosalpinx, 118,
116, 117.

108,

V.

Vaginulidae, 175, 176.
Vaginulus, 101, 175.
Valvata, 99, 100.
| Veliger larva,
162, 169, 177.
Venus, 22.
Vermetus, 100, 105, 111,
115-122, 130-132, 148,
180, 192, 197, 200, 217.
Vitrina, 101, 105.

130-134,

Y.
" Yoldia, 19, 22, 63, 72.

Z.

Zygobranchia, 99.
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DauMas, D.
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Cephalochorda,
575.
Tunicata, 522, 528.
Drew, G. A,
(yastropoda, 232.
Lamellibranchia,
63.

573,

19,

E.
EHLERS, E.
Cephalochorda, 577.
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Lamellibranchia, 61.
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Cephalochorda, 577.
Gastropoda, 220, 221.
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Cephalochorda, 583.
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122, 129,
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220.
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F.
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