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                       Introduction

    In the suinnier of ug27, at the susrg'estiun o'f ProÅ}'. 'i'al<tt.[l<o"!txi,

1 uuclertook the. investig'ation of the larval forins of $eck-urcl}ins founcl

in the neis,'hborli(:od of the .Seto IN{[arine Biolos.ical I.aboratory, inclucl-

ing' Z-]2r,'li-oct'(?{at'/[s' c:ra•sszls`/5il,ia (.tLlt. xt'L{,.o'.) which is one of the commonest

$ea-urchins iti the xvaters arotmd Japan. Eariy in )vlay of the next
year, Il iLNrent to tihe 'jl'()inioka ].N•iarine BiologictLl Laboratory of tihe
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 I<yushii Iln'ipo.rial University to renexv iii3y stvicly xvith tlrte sanie species

as inaterial, 'I"heire I sticceeclecl in rea,ring' the lat'vae tlLrc)vis.1it tlitÅë

 nietamorphosis, the time tal<en froin insemination to the formatio]i of

t]1}e youns}' sea-•virchiR being altogether 37. days. '
    This specie$ of sea-urchii:i is one of tlte t'avorite inttterials for the

liLboratory practice o'f enibryolog'y in Japan: l-Ioxvever, so far as ll

kn{i)xv, no one has evc)r rettred tliLe pluteus to inetaniorphosi$, tLncl
l.N'Ioi<'rENsEN's paper in ig2i in xvhicl} he records tlite chans}'e up to

the formation ot' th{,} tirst peclicellai-ia, is the only s}rsteniatic cleserip-

tioB of the clevelopnient of this $ea-•urchin. Vnder such circunastancesi•}•.

-- it inay not be bnproper to publisk iny fincEnsrs at soine leng'tli, al-•

tl)ough they ai'e in larg'e nieastuie little inore than a verification oÅ}:

the acco"iits giv'eR by previoi/is .autthors oB otlLer species of sea-i.ircltins,

especially that given in Go}{Dotsr's excellent paper oB .21..;t7cli•lnus mi'liLvrw3

ctncl J.y."c;loi'7toca•r(liit•n!. corcXal?t•ni. •

    Before proceeding cny furthcr,1 wish to express iny }iearty thanl<s
to 1)rot'. Tal<u I<o.xfAi under xvliose sug'gestion ancl gruiclance iny xvorl<

xvas done and to I'roÅí. Ihliroshi 0sHmiA, to xvhoni Ioxve ilot only the
privileg'e of N•vorklnsr in tl].e ]-aboratory uncler l]is charge, but also the

facilities of .access to. important literature and m.any val.uable suggestions.

}NIy cacknoNvledg'nients are txlso clue to ]i)t,Ir. 'Slroshiyul<i l-I.iRAiwA of the

Toini{r)l<e} ILaboratory and A.sst, I)rof. 1<ozo .I-X.i<.is.TsuKtts. ai'icl ii5v{Er. Jiro I'i<ti.}<i

ot' the Seto ILaboratory, Nvho g'ave nie every help II neeLitecl clurinsr my

                              'StELY.

                           Methods

    2fX/ 11 the instrutnients used tior rearinsr the Iarv'ae were sterilizecl

xvith boilinf)' N/ ater. 'l'he ves'sels usecl 1or crilture xvere oÅí the capacity

ot' 2 litres. Before beii]g cut open, each niatei;ial xvas imniersed in
runninEr fresl} xvater to destyoy tLny spcirni xvhich niigl}t be aclhering

to the outside of the test. 1["o obtain e.(.rs,s, pieces oli ovary xiLTere

filtered through g,auze, or e.gs}'s xxrere jsolatecl by nieans of a pipette.

'l'he xvater containinf>ny the fertilized (t}gg's x/ras cliangecl froin tiinae to

tinie until the blastulae began to swiin. 'l['his xvas app.arently inclis-

pensable for keeping the cuitLire, iti /..roocl conclition. Tlie blasttdae

xvere transferrecl to ot.her vessels to ;.Lv()icl overcrowcling'.

    .L"L. 1)out one third of the. xvater in the vessei xxras chan/,.,,re.cl e.very

clay. 'l'o avo,id a suclden changre ()'f teinperature, tlie N/vtttÅër to be used

for tl}e culttu-e "ras kept at the room tempenrature for one clay be'fore-

hanc!. The teniperature of the water in the vessel vtLviecl froin 2o"
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to 2)"" C., which xvas usually ca. 30 C. higher than the outsiC!Åë sea-

xvat'er. The water was also stirred l]roin time to time with a gla-ss
rocl.

    [Each stasre was ccarefully compared with tlite corresponcling stagre

founcl in planl<ton iR orcler to ensure a normal coiirse of development
even under ciiltural conclltioiis.

    In olcler larvae it is rather clitlflicult to obse.rve. tl}{'., internal struc-

ture on account ot'  tlie opcaclty of tlie body. tro inal<e fixe.cl niaterietl

transparent, it xvas transfeirred into a clilute solutioti of N'aOII--I, and then

to distilled xvater, ancl sealed iB s,'lycerin. Care inust be tcrtl<en not to

leaxre tlie niaterial too long' in NaOIil, bec.ause tlie calcareous ofeineRtis

arc x'ery liable t'o be disintes.rcatecl iR the mediuin.

    'lrhe tin)e required for tl}e developniental c]ianfres after iikseini--

nation xvas approxiniately as folloxvs :

    'l'1ie besriniiiingr of s,astrulation..........,......................i6 hours.

    The appearance of trlracliate spicule...........................-,.o ,,
    'I;"our-•artnecl larva (Åíull size)....................................,.. 8 days.

    Six-armecl larve (fairly advancedi stasre).................,...ii ,,

    :Ei]igl}t-arine.d 1arxra (niattire stasre)........••....................is ,,

    The apliearance ot' the nidiment of first pec"ticellaria......i7 ,,

    'I"he appearance of tllrst lai'xr'al spine-••••••........•••.•.••..••2g ,,

    "2'he appear[•ince of l)i`iiiiai'y tube feet••••••••••••4-••••••••••35 ,,

    r•.[etaniorpkosis completecl •-••••••••••••••••••••••••••i•••.••••,.s7 ,,

    The appearance oi five pairecl tube feet..................•..sg ,,

           PART I. DEVELGPMENT OF PLUTEUS

         Sectiep l. Stages fyom Fertilizatien to Gastrula

    The eg'gsi are sinall, ca. o.oginin. in cliametei', quite opaque owinsr
t{.) die presence of greenish yoll< g'rettiules "Thicli hincler the observation ;

froni about tl}e tinie ot' tlic be.(rint]ing oÅ}' the t'onnat'ion of priinary

mesenchy- nae, cells, however, t]ie blastu}a graduaHy becomes transparent.

    The first cleavage tal<es place about oiie hour after inseininatioR.
'i'he cieavasre is total ancl resrulair•

    a'lie blastula is at first ,splierical, ancl xvith a sinall blastocoel,
surrouncle.cl by a rather tliicl<' xxTall inacle tip of sniall polysronal cells,

itncl tl)e xvhole surfa<re is cai,r(ir(,cl imiforn:ily by a coat o{: cilla (TexLt--

fitsr. i, A).

    'Iln about 8 hours 'Eroni inseniin:-Ltion, tlie blastula starts to sNvini.

'i'he clirection of locoinotion is perpendicular to the antero-posterior axis
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elongated m the meantime (C). The
secondary mesenchyme cells are bud-
ded off from the tip of the archen-
teron shortly afterwards (sm). The-
f•rastrula gradually changes its external

form and assumes a conical $hape,
with a slightly thickened animal pole
(C).

    In each group of primary mesen-
chyme cells a smal1 characteristic tri-

radiate spicule makes its appearance
in about 2o hours after inseniination.

        AB                                             pm C
                             Text-fig. i.
         A. Blastula.
         B. Gastru]a, showing the primary mesenchyme cells.
         C. Gastrula, showing the arrangenient of the primary and secondary

            mesenchyme cells.
            pm.-primary mesenchyme cells.
            sm.-seconclary mesenchyme cells. (3ooll),

of the body, often takin.g a spiral course. CTradually, the posterior
portion of the wal1 becomes thickened, and then flattened, whence
some primary mesenchyme cells beg"in to be buclded off into the
blastocoel (B, Pi7i)•

    Gastrulation begins in about i6 hours after insemination. The
archenteric invagination gradually bends towarcls one side, and marks
out the ventral side of the gastrula. The primar.v. mesenchy, me cells

are divided into two groups, located

on each side of tl]e base of the b
archenteron, which has become more i
                                                  ,                                             Nl                                              sl

x.

)(<rr ...,FII'ili

            '
            tN            ,

            1

         Text-ficr. 2.
             b
Diagrammatical gastrula, viewed from

animal po]e, showing the position of
triradiate spicule. 265/i.

'5>t(
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of Heliocidards Crassispina etc, io7

    These spicules are situated nearly

    on the interradial plane on the
    ventral side, as shown in Text-
    fig. 2. Thus the ernbryobecomes
    distinctly bilaterally symmetrical

    inform. Forconvenience,Ishall
    call these rays of the triradiate
    spicule a, b and c respectively
    (Text-fig. 3, A, a,b and c). Ray

    a is directed to the ventral side,

    and ray b to the dorsal side, the
    line connecting the tips of these

    rays being nearly parallel to the

e

b

                    ' s" ..] .

                           c
             b

            Text-fi.cr.• 3•

A. Left-side view of ;.)'astrula, showing the
   position of triradiate spicule.
B. Gastrula, ventral viesv, circles show pig-
   ment cells.
C. Gastrula, right-side view.
a. -rudiment of the ventral transverse rod.
b. -rudiment of the body rod.
c. - rudiment of the dorso-ventral connectin.,cr.

   rod. 3oofl.

postenor plane of the gastrula,
while ray c runs upsvards to the
anterior pole. All the three rays

are somewhat inclined toxvarcls
the inner side, so that they nieet

one another at an angle of 6o
de.crrees. XVith the growth of the

rays, rays a and b become almost.

parallel to the posterior plane, so

tha.t both the angles a, d, cand b,

al, c are gradually converted into

ri..crht angles. R. ay a becomes
parallel also to the ventral sido

with development of the larva,
and finally nieets its fellow on the

median plane of the embryo (B
andC). This ray en gives rise to

the ventral transverse rod, ancl
ray b to the body rod, while
c becomes the dorso-ventral con-

necting rod.
    In about 2s hours after in•-
semination, pigrnent cells inake
their appearance in the ectoderm.

    In a more advanced stage,
three processes directed laterally

in parallel roxvs, are given out
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from the point of junction of
the three rays (Text-fig-. 4, e).

These processes as they
develope incline gradually
towards the ventral side and
also slightly to the posterior

side. In the fully-advanced
pluteus stage these processes

become longer than all the

c6

K.
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        b

                      a /b`

 e a, e              Text-fig• 4•

Triradiate spicules witli the rudinieht of the posct-
oral rod.
e.-rudiment oE the postoral rod• I351id

        t .-.

1
.-ts.

K".

);•,,,.`'b..

K

  .. t 'i

l
  et•• i

%
as.1- -.•i•

B

i

[i'i'

"
j':

".

'n:-"- ..--

gx
c

aj o

S•Ki'

t

--- .-sF

-.;,t-..

 `
.s

.l

m

" .tJC:'

't!' L}

't

 ` ":'f

 ' tt)

D
{

ol

-.S:

 t.

 t

T1p

at

.

               Text-fi.or• 5•

A. Gastrula, ventra] vieNv, shosvin..cr tlie junction of the

   venti'al transverse rods.
B. CTastrula, Ieft-side sriew.
C"• ]?rism-like larva, ventral vie"r.
D. Prism-like !arva, left-side view.
al. - antero-]ateral rod.

f. - allus.
m. - mouth.
o. - oral field.
ol.- oral lobe.
p'r.-primary recuri'ent rod.
Further as in preceding fi.ors. 3001i
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rays, oxving to the veery rapicl s.rowtl), and develop into the fenestr`ted
(latticed) ]'ocls. rrhis is tlie so-callecl postoral rod.

    "Vhe. change•in forni of thc larv•al. body in t.he naean tinae inay
now be clescribecl. As time progresse.s, oxving to the rapid clevelopment
ot' the skeletal elements, cs.pecially, to the elonp.'ation of the postoral.

rocfs, the posterior ireg'ion of tl}e larva becomes much broader and

the dorsal side inore. rounde,cl than before., $o that, iii ..(reneral ap-

pearance, the larva of this stage lool<s heln3et-shaped in-the ventral
vie"x aRcl D-shapecl in the left-sicle view ('1'ext--fig. s, A. ancl IP)).

    The arclienteroH continues to groxv, until its apical encl coixies ii.i

contact xvith the antero-ventral end of the gcftstrula, whence clev•elops

the stomoclaeal invagination.

         Section 2• The First (Young) Stage of Piuteus•

    In about two days after insamination, the mouth is formecl on
the ventral sicle near the anterior encl and the cligestive tract is eoin-

pleted. The tract is sect{oned into three parts by txxTo slig'ht constric-

tions. On the surface an ac cloral ciliated bancl beconaes conspicuous,
The dorso-ventral axis shoi'tens, ancl thcre appears on the xrentral side
of tha bocly a concavity, the oral field

(C ancl D, o). A.t the saine tinie, tlae 9
                                                 ipostero-dorsal re..o'ion stretches out i
strongly bacl<wards anci beceines the :
posterior encl of the pltiteus. A.s is

clear from the above deseription, the

posterior side of tlae gastrula becoines at - -
the xrentrcal sicle of the pluteus and

the ventral sicle of the former forms
the oral fielcl of tha l,atter, while the

pirotriided anterior portion oÅí the oral

fielcl beconies the oral ]obe (Cl and

D, 01)• est'    CL"hus, the niain axis of the gas-- plnteus•
trula inal<cs an angle of go"  Nvith the 11t`)I,.

Iongest a.xis of the pleiteus, althoki.,(.rh

falling` in the sanae bilateral ineclian plane of

fig• 6, a-a ancl ai-ai).

    [P}y the close of the secon(1 clay, the
in Te.xt-fi.cr-. s, C ancl D is Åíornie,cl. In the

has been encirclecl xxrith the ciliated band. [

Ix[1   s

   '
N. NJ
N"N
-N", t -IN

 ti/
.--  V (X

             t
             i
             a
         rrext-f}cr. 6.
             .h
Dia..rrr.am, sliowing the relation of Ion.cr-

   <pvincipa]> axes of gastriil:t and

    ]ongest axis of .cr. astrttla,

     Iongeg.t axis of pluteus.

     the larval bocly (Text-

prisin-lil<e larva as preseiitecl

   niean tiine, the oral fielcl
    Fhe postoral rocl (C, c)
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        Text-fig. 7•

Two serrated branches at tbe end of

the body rod.

b. -body rod. V.-ventral side.
D,- dorsal side. 6oo!i.

the primary recurrent
rod on the lateral side
(g')•

    The dorso-ventral
connecting rod (ab,c)
which arises at the junc-

tion of the postoral and
the body rod soon gives
off a branch ; this branch

stretches posteriorly a-

long the dorsal wall to
form the primary re-t
current rod (P'r). A
little later, the dorso-

ventral cormectinsr rod
again furcates into two
branches, cf which one
stretches anteriorlv to
form the antero-lateral
rod (aZ), while the other

is directed posteriorly
along the primary re-
current rocl and forms
the secondary recurrent

K. ONoDA:-

  has grown anteriorly, the body rod (b)
  posteriorly and the dorso-ventral con:']ec-

  tin.o' rod (c) dorsally. A little later a

  two-armed pluteus larva is formed (Pl.
  i, fig. i). The general outline of the

  body described above is now alihost
  gone. Alread: , the postoral rod presents

  the latticed form ; the rod is armed with

  short thorns, more on the outer side
  than on the inner. The bodv rod which
  is short and coarsely spinous terminates
  in two serrated branches (Text-fig. 7),
  of which one branch is connected with
  its fellow on the other side at the
  ventral side of the body (Text-fig'. 8, g),

  xvhile the other joins with a branch from

                     po

tl'

j

    vt al ,, Å~

     x .•i,,/:
     '    ..•Y•t .L...',. . ..t'
 .th-.'t .A'L-....t. ,.-,'L  sr O`il: dve i,
                U'

   .t b/XK:;--"'"i•'a'x tT"i jr Pr b `

      g
            'rext-fisr. 8•

Skeleton of plutens in early sta..a.e.

 7Jt. -ventral transverse rod.

ilvc. - dorso-ventral connecting. rod.

Po• -postora] rod.
 al. - cantero-]atera] rocl.

 sr. -secondaiy recurrent rod.
 p'r. - primary recurrent rod.

 c. - proct-ss from the pi'imary

 bcr•

     of body rod with its
 .o'. -pOillt Of junction of the

     end of body rod witli '
.7.7'. - points of junction of

     with tlie primary rec.

g
x

 al

/
y-

rps

sr

e

                    recun'ent rocl,
- point of junction of the branch fro]n the end

                 fellow.
                    1)ranch froin the
                  prnnary rec. rod.
                 the secondary rec. rods
                 rods. 2oolJ.
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Succerbfive stages of developn]ent of the

I.egends as in preceding figs. I70!I.

9•

skeleton fl'OM gastrula to pluteug,.
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rod (s7'), The seconclary recurrent rocl joins xvkh the priinary recurrent

rocl at the point of ciirvature of the latter, but sometimes at a point
proximal to a point of curvature (./ and fV). Furtlier connection be-

tweeR the pri,mary and the seconclary recurrent rod is realizecl by a
process arisin.cr f,rom the former usually on. one sicle or sometime.s on
both sicles of the bocly (c).

    The stonntch is yeliowish in color; pig'ment calls are ag'.ogreg'ated

at•the tip of each arna; the re..o'ion sttrrounclinL.; the anal aperture is
protrudecl ([Pl. I, fig. 3). The posterior portion of the body rocl is

serrated clensely. The preoral lobe has ,ft distinct ectoclermal tlaicl<en--

ing on the marg'in, cancl the postoral ciliated band is sectionecl into
three slig'htly concave portions.

    The pl"teus in the first sta.e'e reaches its maxiinuin size which is

o.7 inm. includlng' the arirts, ancl the postoral rocl becoines about five

eimes tas long' as the bocly rod.

            Section 3. The Second Stage of PIuteus.

    IBy the 8th day after insemination, the plut.eus reaches the size
of o.8 mm. Including' tlie arms, and there appear a pair of new centers
of calcification on the posterior side of tlie base of the postora1 rocl.

Iik each of these ceRters arise three i'ays, clirected Iatercxlly, anteriorly

and posteriorly respectlvely. A/IeaRwhile, thtee processes are acldecl
to the sicle of the laterally-directecl process of the above three, ancl

the remaining two rays are turned towards the medjan line of tho
pluteus clia.cronally, $o that the whole structure assumes a comb-lil<e
appearance as shown in Pl. I, fi.cr. 6 (Pni').

    By the iith day after insemination the additional three processes
develop into a'iatticed rocl just as is the case xvith the postoral ro. cl,

ancl forms the postero-ciorsal rod (fig. 8, Pd). I•IoanxvhilG the rocl
which is directecl diag'onally posterlorly, give.s off a branch which
intersects xv•ith the corresponding branck from tlie opposite side ancl
terminates freely. This branch is the dorsal ti'ansverse rocl (alt). The

other t"'o ra>rs, one anteriorly directecl and the other laterally directecl,

oii the other hand, remain short; the latter ray is inclinecl somexvhat
posteriorlJr.

    In the meantime another calcareous ceRter has appeared at the
base of the stonioclaetun on the dorsal sicle of the pluteus. This center

develops an unpaired triracliate spicule which is the rucliment of the
clorsal arch (fig. 6, ala.). At-al)out this time the tip of the x'entral

transx'eirse rocl, xvhich has been close.ly fittecl to the tip of it's felloxv•
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something.r lil<e a pair of clcxspinf.r hands on the median line of the
ventrcfd side, .shoxvs sig.ns oi' intersection xvith lts felloxv (fft,l).

 ' The end of the bodv rod begins to be absorbed; this is the fi, rst
inclication ofi the clestrtic{'ion of tlite lar}Lial sl<eletoi'i (fi.cr.. 8).

            Section 4. The Third Stage of PIuteus.
        '    This stag'e is characterized by the formation of the preoral arms
(P. 1. 2, fifg. 2. ptr). The preoral arin rods are g'iven rise. to by the

elongtation oÅ}' the anteriorly-clire.cted two rays of the dorsal arch alon.o'

each sicle of t'he oral area, xviiile tlie posterior .arni rocls remains reia-•

tivelv short.

    At the atg'e of is clays, clating" froin insenijnation, the inature
plute.us possesse.s, eight arnis, and nieassures ca. o.ginni, inclticlin.{)'
the ariiis.

    The body sl<eleton begins to be absorl)ecl from the tips of the
arms, and component parts of it becoine separated g,racluftclly (fig-• 4)•

'l"he posterior transverse rocl, xxrhich divicles into txvo branches at either

encl now appears. One of the branche,s, the loxver brancl], xvhich •
curves laterally, is provided xvith a series of 6--7 thorns alons,' its loxver

niat' gin and lool<s no-t unlike t conib. The. other branck, the upper,
xvhich also curves slighdy late•rally, reniains short and sinGpler thcan
the loxver brancl} (Text-fig. io), The lower branch nientioned above,
supports a pair of small postero-lateral processes (I)1. 2, fis.. 4, i?611P)

'xvhich appe-ar on both sicles of the posterior niars,'iii of the bocly.

    'Vheu.ire are i'n cadclitioii txvo pairs of sincall processes arisiiibo' fi'oiii

points close to the median point of the posterior traRsveyse rod, one
on the anterior sicle, anci the other on the posteriov; these care the
postaripr processes (Text-fi..cr. io, "P). The txvo coryesponcling processes

on the same .side join xvith each other ancl end in a sin..c.rle process as
               .

                     ct

                          pp
                Pt li
  /T;ty)0

                   Text-fi..o. . Io.

Postay:or transverse rocl (Ptr) "ritli postevior precesseg. {pp). 2oolI.
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development goes on (Pl. I, fig-. 7, PP). There arise on these processes

small thorns, inclicating a tende.ncy of the process to ramify.

    On the dorsal arch, at ,soine distance from its center, there are
small probesses (lataral processes) clirectecl laterally acncl posteriorly

(Pl. 2, fig-. 2, IP). 'She unpaired posterior prolongation of the clorsal

i, rÅëh runs toxvards the posterior end, ancl sniall thorns which sug.crest

the ramification oÅí the niore advanced sta.cre are already se.en near its
CC)11tel' (fi..O.J. 2).

    The larva at tliis time is provided with two palrs of well-developed

v•ibratile lobes, one on the dorsal, and ,the other on the ventral side,

of which the xrentral pair develop from the two external sections of
the cleep trisection oÅí the po.sterior ciliated bciRd (fig. 3, z,l), while

the clorsal lobes arise from the out.o`rowth of t'he cilicated bancl ilt tha
correspondinfg re..o'ions on the dorsal side (al•"tjl•). On each vibratile. Iobe

there are strong' cilia which serve ,as the principal locoinotory organ ;

the preoral and the posterior ciliatecl bancls ai"e also pi'ominent, each

havins,' a sinuation in the niiddle. The above-stated postero-later,"tl
process is frin..o'ecl by the ciliatecl band which arises as the posterior

exteHsion of the ciliated l)ortion situated betxveen tlie postoral andi, the

postero-dorsal arm (fig'. 4, Pl)O).

    In the median region of the posterior part of the larva, there is
a cleep groove between the postero-latet'al processes. Thtis, although
t'he set o, f these. ciliicted ban,ds of this stag.yo. is rather complicated, xxre

can trace them back to the simple bancl surrouncling the oral field o'f
the young'est pluteus.
    The pi.crment cells arex arranged so as to form a line borclerinf.)'

the vibratile lobes as xvell Es the postero-lateral processes.

        PART II. DEVELOPMENT OF SEA-UR, CHIN.
    Section l• The Larva in the Beginning of Metamorphesis.

    ToKvards the end of the i7th day after inseinlnation, the larva
attains its fuli size xvit}{ ei.,c.rlit xxrell-clex;relopecl an:tis. "lrlte nieshx7Lrorl<$

existing' in the basal portions of the four mcrin arm--rods as weli as in
the dorsal arch are .o'ra(Iually brought into existence (Tex• t-fig. ii, so,

40, ,?.sO' cll]d s.gr).

    A paii' of sniall processes xx;hich are the i-uclin3ent of the lateral

process froin the doysal arch mal<e their appearance in this stage from
the clorsal arch (IPI. 2, fi.cy. 4., slP). The flrst pf)diceilariaL hacs app(;>arecl

in the. midclle of tlie posterior encl, at the bottom of the median groox'e
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(figs• 3 and 4 ip). The vibra-
tile lobe has grown in size, and
along its dorsal border a t]ew
vibratile. band appears in the
form of a pair of lobes, •which
are apparently supportecl by the lsr
processes from tl}e dorsal arch
(fig• 3, 7,,b). .IX-t the saine time

the postero-lateral processes be- PO..

come apparent.
    There are g-re'en pis,ment
cens alonsr the postoral and
postero-dorsal rod anc! very con-

spicuous clusters of red pigment
cells beneath the postoral ciliated

band as well as on the margin
        ,of the vibratile lobes on the
dorsal side. Nl the arms of this 40
stage are linear in sliape with a Zg'd

slig'htly broadened .basal portion• ,d.

    On the 2srd day after in-
sernination the second pedicellaria

mal<es its appearance; it is
dorsal arm on the right side of the
ment (fig. s, -oLtb), Shortly afterwards,

on the ventral side in a position

the second pedicellaria and at the

    Thus, the larva is
lie on the right side, one clorsally and

one being found at the posterior end of

    The posterior ciliated band becomes
of vibratile lobes on both the dorsal and
so as to encircle half of the base of the

there is no indication of the epaulet as

    In the 2gth day old larva, the arms

absorption tal<es place first at the tip

centripetally, the process going on most
arm on the left side (fig. 6). In the

plasm condenses into srnall spherules at

    The vibratile lobes on the
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the medi'an liRe of the bocly ancl Åíuse xvith each other iiito the' trans-

verse ci!iated bancl; thu$ the ]arval body, except the right ancl left
sides, is encircled at about the micldlci/ by the ciliatecl bands. tX.lso, the

ciliated bai3d on the postero-lateral process is elon..(.rat'e(1 toxvards 'tlie

 ineclian line of the bociy, and Å}'uses Nvith its felloxv ; thus the posterior

portion oÅí the body becomes encircled completely by the ciliatecl band.
Irhe ciliated ba{id has the appeai"ance of a half rinsr in thc); side N•'ic,;xv,

ancl is elliptical in the aboral vieNv (I'}. s, fig. g).

    ] {eaRwhile, tetraracliat'e spines (larval spines) naal<e their appearance

ahnost siinultaneously at the c16rsal and veiitral sides of the first
peclicell.aria ; they are cttrriecl by g'enital plate `y as xvill be s(".en iator".

ri'hese splnes niay be ntunecl spine .eN' ancl Ii for coiivenience in icl(/}nti-

fication (1 l. 2, fiLs,. 6, .su'1 antl s/"). .-')•L similar spine beg'in$ to appear

oR srenital plate 3 on the dorsal sicle of the seconcl padiceilaria. 'l"liis

spine xvill be callecl C (sC). SooR on th(.i. ventral sicle oÅí tlie thircl

pecMceilatda is t'orn-!c'cl tt sitnilar spine restinf.)' on s,'enital plate .s. "i'his

is spine D (s.IL)). Sonie tinie later, s.piiic l)' appear$ ; it is iniinecliately

posterior to, and. slisrhtly to the right side of, tlie ceRtey of tli.e dorsal

arch in the. dorsal N'iexv (s'F.. ancl fisy. 7, s21ntI.l). rl-his spine is cai-riecl by

g'enital plate 2. 'J)here is little cloubt that the f..)'ei.iital plates appear

in the saine orcle,r ats the spines xvhich rest on the piates.

    By the 33rcl day the roof of the aniRiotic cavity on the left side
of the body is t"upttu'('}cl alld five priniary tubc)-feet niak(} tl]eir ap-

pearance. These priniar)r tRbe-feiet are arraiiged in a distinct pentats)'on,

of xvhich one ls situated o.n .the inedian line toxvards tke anterior end
of the left side of the bocly (fig'. 7 and 1'1. 3, tis,'. i, /f). rl'he tube.--

feet are all very thicl<, ancl capable of intich ext,ensioii; in its interEittl

cavity are founcl sinall corpuscles Eroing to ai]cl fro s,ivinsr an ap-

pearance ot' the circulation of blood-corpuscle.s in a blood--vessel.

    "l"lke ecliinus rLidiinent has groxvn so naRch in size that it occupies

not onlv the entire, left sicle ot" tlie larva, btit exteRcls farther to the

dors'.•il sicle and also to tho iLrentt-al sicle. ]?..ach ot' the priniary tube-

feet terniinates bluntly at tl}e tip xvhere it is providecl xvith a xvell-

clevelopecl sucl<cr.

    diX. tetraradiate spine carriecl on srenital plat`e i, cappears on the
ri.g.ht sicle of spine F.; this ivill be callecl spine I-' (Pl. 2, fig'. 7, sF).

    A littlc l,ater, close exaniination reveals siniil.zr spines unde.r the

epidern3is on the internal sicle oÅ}' the bases of the rig'ht postero-ctorsa.1

ancl postoral arn3s. 'I'hese spines rnay be nainecl G" ancl II (Pl. 3, t}Lg'.

i, sG and s/D.
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   . Thvis each pedicellt}ria is provicled with a spine on both tlite veiiLtral

and dorsal sides. ' -
    .;X.round the periphery of the echiniis rucliment, tke ordinayy (ventr,ft1

or typical) spines belongingr to the corona in the aclult are already
beingt formecl, something like a t'ence encircling tui trena (fis,. 2, ls).

'1"he$e spines .are imbeclclecl in the cainniotic coat xvliich they support.

    'It'he larva iR this stage is ot' the shape of a sphere restinf,.r on a

disc, the clisc being' .forn]ed by the juRction ot' the two postero-lateral

processes (fig'); 3)- '
    The larva. becoines more 'ancl niore ol 'aque ancl g'raclualiy tal<es

to the bottoin of the aquarium, because of the body being n3ade
heavier bv the calcareous matter, and at the same time, because of
ti}e arms l)ecoming' proportionally shorter as the lt"'va clevelops.

                   Section 2. Metamorphosis.

    This is perhaps tke niost stril<inf.;' stasre throiisrhout the xvhoie

course of clevelopineRt, and is reachecl in 3s days after lnseinination.

    The transforniation tal<es place xvitliin a ve,ry short tinie. Durlng

tl}e cln.nge a number of orciLinary spines become e.xpo$ecl throug,h the

absorption of the n]embranous amnion, and the lcarv•al arm rodis xvhich
have become nakecl through tl]e absorption of the surrouncling' plasm
are broken oflF, leaving, tisually, only the basal parts ; the srreater part

of thc protrudecl inoz.ith area js absorbecl, leav3'nsr only a sinall basal

part.

    It is important to notice that the ieft side of tlie larva becomes
the v••entral slcle of the imas,"o, ancl the rig'lit side of the former becomes

the clorsal side of the latter. 'I'he iniasro directly .after metainorpiiosis

is approxiinately p(-.]ntag'onal in Åíorin. •
    Ilig. 4 (iPl, 3) represents the right-side victyNv oE the lt-trva in the

cour,se ot' nietainorpl}osis, and sho"rs the precise situation of the
pedicellariae and the appentlant spines. In fi$,s. 4 and s aU the bare
arm-rodis are about to fall oflf. In fis,'. 6 we see the ventral view of
a yoting" sea-urchin just at'ter naetaniorphosis (37 clays old). [Il"kc.)

c}ctoclennal sl<1'n of the larvc't still coi'ers the wliole surfacei of the sea-

urchiti, the red piginent cells are scatterecl over the .o-reenish g-round

ancl g'ive the larva a beautiful appeic rance. fXs is shown in this figure

the ante.ro-nie.(lian reg'ion en the rig`lit si<le of thc} larvEt, which is

inclicatecl by the rc}ninant of the b: sal part of the: niouth are.a ancl

by tlie dorsal arch, becomes one of the ambulacral, zones, while ehe•.
posterior re.g'ion forms one ot' the inter-ambulacral zones. Each Qf the
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ambulacral and inter-ambulacral zones bears, usually, two tetraradiate
spines ancl four orclinary spines respectively. .EfLII the spines hckve round

theiy bases a thicl< collar, xvhich becomes very prominent soine time
after inetan3orphosis. ']rhe five terininal (priniary) tube-feet are the

principal org'ans oi' locomotion in this stage.

    'I["1iie dorsal viex"LT of tlie same specimen is illustratecl in ELg-. 7. The

pedicellaria, tetraradiate spine ancl the clorsal arcli serve for the orien-

tation o'f the boCly. fX.s may be seen from a compamsion of tig'. 4
and fig. 7, the first pecicellari'a bearing- spines t'N. ancl IB is situated at

the clorso-median end of the adult bod,y, the second one carryins)' spines
C and G, at the middle of the left side (the dorsal side of the larva),

and the thircl one xvith spines I) and I'.L at the niiclclle of the ritrht
side (the ventral sicle of' the larva), S, pine E is locatecl directly ante'rior

t'o the seconcl peclicellaria a little nearer t]1}e niediai} line., ancl spine

[ti on the opposite si21e at the corresponclingr point.

    Inspeiction of the dorsal aspect of the iniag'o reveals ciearly tl}at
the clor$al area of the imago is derived froni txvo parts of the iarval
body, viz. the main part of it is t'ot-med by tlie rlght side of t,he larN,'a

and the remainnins}" part of it, which is occupied by the fir$t peclicel-•

laria, by the posterior slde of tlie lat'va. This tiact indicates that the

posterior surface of the larva has turnecl go clegrees towards the risrht

side of ti?e larva to as$ume the present situation, as in tlie. case of
UBiscii's .'lrba('iL?. 2b?tslulos(v.

    Iifrs. 8 and g shoxv the ventral and the clorsal sicie re$pectively
of a inore advanced sea-tircliin, in Nvhicl} a pair of anibulacral tube--
feet (ordinicry tube-feet) are present at' tlie base ot: each primary tube-

foot. 'l'hese tube--feet are• very small ancl do not have a blunt" te.rmi-

natioii as in the primary tube-fent.

    The adult niouth, anus and g.phaeridia aye not found as yet.

    PART 3. THE RELATION BETWEEN THE LARVAL
            SKELETON AND THE TEST eF THE
                        SEA-URCHIN.

    Spe'cial atreiition xvas paicl to tlie 1<incl of roAle tlte larval skeletoR

plays in the. forination of the sea-urchin test. In this connectioii, .['
may state at the otttset that t}}e test of the sea-tirckin is derived frorn

two sources, nainely, the lcarval sl<eleton .and the newly-fornied elements

laid down in the echinus radiment.
    '1"he first erace of calcification appc•)ett's in t'he echinus rttdinient

of the fairly aclvanced larvca. This chans.e is initiated by the appearance
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 of the calcareous disc in the terminal tube-
 foot (Text-L72ig. i2, cd). In the meantime
 the rudiments of the ocular plates (i, 2, 3)

, ancl their associated spines have appeared
 (Text-fi.f•r. ig). Somewhat later the rudi-

 ments of the inter-ambulacral plates and
 their associated spines seem to appear and
 also the rudiments of the ambulacral plates
 are laid down. BY this time, the prolifera-
 tions from the baLses of the four main rods

 and from the center of the dorsal arch,
 which are destined to become genital (Text-
 fig• II, 2ba, 3..oJ, 4g, and ,s.o") and ocular plates

 (4o and so), are growing in size.
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    It is worth noting that all the oculars do not arise in the echinus
rudiment; of the five oculars only three arise in the rudiment and the

remaining two, oculars 1 and s, have their origin in connection xvith
the larval skeleton.

    In Text-fig. i4 there are found the rudiments of thetetraradiate and

typical spines on the ocular and inter-ambulacral plates, the difference

in size among' them indicating the order of their appearance. No
indication of the dentary apparatus is found at this time.
    In Text-fig. is are shown various calcareous elements founCL in
this stage. Spicules of various types, six-rayed, four or five-rayed and

triracliate, are depicted in fig. i3. I could not, however, trace the
successive developmental sta.cres of these spicules. According to
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GoRDoN's report on these elements in Ecliinus mz'lziznls, the typical
spine is derived from a six-rayed star, the tetraradiate spine from a
triradiate spicule and sphaeridia from a four- or five-rayed star as a rule.

    0cular plates 4 and s arise from the proliferations in the basal
portions of the left postero-dorsal and postoral rod respectively. These
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changes are fairly advanced in the
ig-day old larva, as is shown in Text-

figs. ii, i6 and i7, 4o, so. As to
the mode of formation of the ocular
plates, my finding conforms well to
the observations of UBiscH on Arbacziz
Pzvslzblosa and of GoRDoN on .[iclizbzzts
7rzi' libnls. The relative situation of the

ocular plates is tolerably clear in Text-

figs. i3 and i4,
    Of the genital plates, four (2, 3,
4 and s) arise in connection with the

larval skeleton; only genital plate i

appears to be laid down from a new
center on the right side of the larva;

                      ly

            a•1 s.
                x

             ixtsi

t<'):""X.,sik,,,. pi , N<l

teeeer

  su   se
  /po

fp3

x>i
/},..,aj`l,g /ll•IIillllliX  .'•,    ok.ttit -

gesz
  t
  pd

eLer 3g /
  2p

       pd al
        ,
po

 Xisi Nrti,•
    NÅ~     glSs •i /,

           '         tt         '      tt        .,t,'F ,;. 40 o,OQ,q2.S E`..,•'l/i•l,.,

          t:'              }••-
               '?'' w
                 s              b

         Text t]g, I7.

Part of skeleton, showin.o themeshwork.

Left side of the 23-day old larva, viewed
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this fact is in sharp contrast .to what has been confirmed with regard
to the ocular plate (Text-fig. ii, 7g)•

    When one compares the mode of appearance of the genital plates
in this species with that in Slf'on.g;T,loc'enk'ot2ts liFdi'das (UBiscH), Ecliz)zus

'mi' cTol2t-be7'cz-/•laX2•ts (UBrscH) and Eclzz'7zus rmzZzbu'zb (GoRDoN), a rather

.crreat difference may be iioticed; viz. vLrhereas in the present species

genital 4 originates as a proliferation of the larval skeleton, in those

species the plate appears to be laid down jn the posterior portion of
the larva without any relation to the larval skeleton. Arbacth, P?tstz•tlosa

(UBiscH) agrees with the present species in this respect.

    As has been described previously, the tetraradiate spine first to
appear is that which rests on genital plate 4. As shown in Text-fig.
i8, the posterior processes of the posterior transverse rod send out
branches which grow out to meet the branches of its fellow on the
other side and encircle the posterior transverse rod, and thus a fine
meshwork is constructed. ' This mesh-plate is nothing other than genital

                                          4, and is surmounted by

            20 da '

          30 sYi(

             va
          .oge-

              D

                          pp                       ptr ,X)

               Text fig. I9.

Part of skeleton, showing the meshworlcs of genital 3
and ocular 4.
Legeiids as in preceding figs., further:
]g.-genit[-tl i, (dorsal view). i2oli.

appear nearly at the same time as
3.g, 5g, 4o and so).

    As regards genital 2, it originates as

arch as has been described by UBiscH
the dorsal arch a few small branches are
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  IO
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ocular plates

      a proliferation of

   (i9i3)•

       sent

spines A and B (sB).
    ]rhCTo definite tubercles

are formed on the genital

plates. Aftermetamor-
phosis, genital plate 4
is located in the eccentric
           .
position, which is due to
the fact that it originates

from the posterior end
of the larva. Genital
plate 3 is formed as a
proliferation from the
base of the right postero-

dorsal rod (Text-figs. ii

and i g, 3.ff), while genital

s is forrned similarly
from the right postoral
rod (s.g). These plates
  4 and s (Text-fi.o.', i8,

            the dorsal
   I;rom the center of
   out, which under..o"o
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branchings and anastomoses and bring' about a mesh-work and give
ri,se to genital plate 2 (Text-figs, 2o and 2i, 2g). In the meantime
another calcareous center appears in the genital plate 2, which is the
rudiment of the tetraradiate spine E (s.Zl) (Text-fi.cr. is, e)•
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            Pluteus, showin.or the relative position of .crenitnls. Le.crends

            as in preceding. figs., further :

            sE.-spine E. sE-spine E (dorsal view). iooIi.

    About this time, two other calcareous centers are laid down on
the right side of the larval body and these develop into genital i and
its associated spine F (Text•-fig'. 2o, J..cr and s-F)•

    The relative position of the genital plates is shown in Text-fig. 2o.

    As may be clear from the above description a greater part of the
larval skeleton is utilized for the formation of the test of the ima.cro.,

and it is only the larval appendage that the youn.cr urchin loses durin.o-

metamorphosis.
    Text-fig. i4 represents the calcification in the echinus rudiment
of the slig-htly older larva. In this fiL.o-ure the arran..crement of the
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                                   'ocular and inter-ambulacral

plates is clearly sho"Tn.
Of the plates found in that

figure ocular plate a (a)
develops from ocular plate
3 (3o) shown in Text-fig.

i3 and in asimilar way
ocular plate b (b) develops

from ocular plate i (io),
ocular plate c (c) from
ocular plate 2 (2o) of the

latter figure, w• hile ocular

plate d (al) and e (e) are

tl e plates which have been

ori.o'inated from the left

postoral rod and the left
postero-dorsal rod respect-
ively (soEnd 4o). At each

inter-ambulacral zone a
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              Text fig. 2I.

?art of skeleton, shosving the process of proliFeration

in the center of dorsal arch (.aenital 2).

Legends as in preceding figs. ioo/i,
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              Text fig. 23.

Dorsal view of the young s. ea-urchin tcst, sli.crhtly

 leaned to"rards the left side.

 I.egends as in preceding figs., fnrther :

mp.-madreporic pore.
 po (O.-left postoral rod. 7o/i.

of the various elements conforms exactly
above. The outline of the imag"o in this view
4g (4.cr) is eccentric in situation ; however,

as the development proceeds.

    It should be noticed that
the arrangernent of the genital
plates, pedicellariae and spines in

the apical system of the imago,
shows a clear bilateral symmetry.

The plane of symmetry passes
through ocular plate 2 (2o) and
genital plate 4 (4.a). The plane

coincides with the lon.crest axis
of the larva, but it intersects with

the bilateral symmetrical plane
of the pluteus larva at an an.crle

of gon. Thus, by locating this
symmetrical plane it is easy to
determine the orientation of the

mp

 plate showing a fairly coin-

 plete meshwork, and its
 associated spines, are form-

 ed as development pro-
 ceeds.

     In Text-fig. 22 we
 have a Side view of the
 echinus ruodment in a more

 advanced stage, showing
 that the spines stand in a

 row on the ocular and
 inter-anibulacral plates.
 Plate a in the figure (a)

 probably becomes ocular
'plate 3•

     Text-fig. 23 represents

 the dorsal view of the
 urchin just metahiorphosed

 slig'htly leaning towards
 the dorsal side of the larval

 stage. The arrangement
with the description given
' is pentagonal. Genital
it moves towards the center
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larva even in the advanced stage.
                    '    In Text-fig. 23 the remnant of
the right postoral rod (Po) is visible

between the third pedicellaria (3P) and

spine II (sff), the remnants of the
right antero-lateral rod (al) as well as

of the preoral rod (PT) ancl the !eft
postoral rod [Po (i)] are also quite

evident. The dorsal arch (da), the
posterior transverse rocl (Pt7') and its

appendices are the elements most
prominent in the figure. The position
of the posterior transverse r.od in this

figure is especially noteworthy as it

shows that the dextral rotation of
the larval body has proceeded as much

as go degree-s, with the longe-st axis
of the larva as the rotational axis
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(the direction bein..cr determined Åírom the view from the ventral slde).

    Genital plate 2 is pierced by a single, rather larg'e pore which
is apparently the water pore (i'r}adreporic pore) (Text-fi.crs. 23 ancl 24,
77ip).

    Tlae space surrozmded by genital plates i, 2, 3 and s is tl}e adult
periProct, but no calcareous plates are fornied as yet in t"nis reg'ion.

On the ocular plate ancl inter--ambulacra! plate there are found, tisually,
two tetraradiate alid four ordinary spines yespectively. Of the genitals,

i and 2 bear oniy one tetraradiate spine each, while 3,4 and s each
bear two tetraradiate spines ac nd also one pedicellaria (ophiocephalus).

    Text-fig. 24 represents the dorsal xriew of a specimen of' the same
age as that, in Text-fig'. 2s siightly leacRing towards the ventral side
of the larval sta..o'e. Ocular plates 4 (4o) ancl s (so) are seen on both

sicles oÅí the first peclicellaria; the.y ar.e disting"uishecl lrom the.othe.r

three by the peeziliarity of their form.

    Thus, the apical system which forms tl)e clorsal are.a of the young.,.'

urchin consists of five genita,1 aRcl five ocular plates, ai1 of xxrhich arc

stiil clelicate reticulate strLzctures and not in contact with each other

to form the sutures.
    "Jrhe ventral viexv of the young "rchiR test is represented in Text-
fig. 2s ih which tke peristome area is still large. In a more .advancecl

stage, illustratecl in Text-fig. 26, the peristome is sm.rililer ancl the corona

part lar.o'er because of the g-rowth of tlie ambulacral an(1 inter--ambu-

lacral plates, i?ioreover the dental apparatus has already come into
existence (de).

                          REMARKS,

    The difllculty in raisiti..o' tlie echinoicl larva beyond tlte pluteus

stage i,s due to varioiis facts. Above all, it seems to be absoluteiy
necessary for this purpose to secure gonads in the prirne of inaturity.

As regar6Ls food, my experience shows that the larvae are able to
continue their developmeiit if given fresh sea-water every day, without
being fed with diatoms, etc.
    The results described above for /-Telibczblatri3 cf'assilsPz)za are es-

seneially the same as those given by 'UBiscH (igi3) in Arbacztz Pzgs-
l2tlosa, so far as the constitution of the g'enital system is concerned;

genital plates 2, 3, 4 ancl s arise in connection with the larva[1 skeleton

and only genital plate i is formed from an independent ca.icareotis
primorditun. In Slf'on.ayloce•ntrol2t.s lz'rrdz't?rus (UBisci{), -[lcliz'n2ts 77izic7'o-

tht•bc•rcitZt l2ts (UBiscH) and Ecli2.)i2ts f7ziZilr•7'iic (GoRDotvr), both .o.-enitals
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                                                               '
i and 4 arise from indepenclent ca,lcareous primordia (centers), while
in Zlcbu'n.oca.7'arz.2tm coftlat7tm (GoRDoN) genital 4 arises from a part of

the right anterior extension of the aboral rod, and in A•rbaci'a Pit•nc-
l?t•lala (GoRDoixT) .crenital i arises in connection xvith the right antero-

lateral rocl. In Z.Zclzab2apta•cli7zz'2ts Pa7'ma• (CToRDotsT) g"enital i is missing,

ancl althotigh genital 4 is clerivecl from a part of the larval spici}le,

it arises from the point of connection of the two branches of the two
postero-dorsai rods (see GOi<DON i929, fibC"• i5)•

    XVitli reg'arcl to the mocle of development of the oc"lar plates,
the presetit species agrees w-{th A•7'bacilv Pztst?(losa (UBiscrf), "ZTcrki>i7ts

mzlla•7'iis' (CxoRDoixT), /lrb(xciiz P2t•'izct?ilata (CxoRDoN) .and ffclii:nav'a.c;li7zi7fs

Pa7'ma. (GoRDoN).

    As in the case oÅí Arbacz'a (GoRDoixr), the biiccal plates do not
appear until after metanaorphosis, but this, accordinsr to Gorclon, is due

to the fact that the buccal l)lates always iag' behincl t.he first ainbu!acra!

plates.

    The calcareotts elenient formecl first iti tl}e nietamorpkosing+ larva

in the presene specles is the discs founcl in the terminal tube-feet, while
in Z.Z(rlur7z?ts niXlih;7'i[g (CToi<DoN) and Arbaci?x 2tSu7zcl2bla,Xt?; ((}oi<DoiN) ocuiai`s

i, 2 aRd c) cppear first.
    Tn sS'tron.o:vlocefzt7'ol2is li'rdi?lus (UBisci{), Ecli2r7zits •m.i'c7'oZzt.be7'c2t•lati?ts

(UBiscB) cftncl Eclif/nts ruZi}x7't[s (CToRDoN) the clorsal side of the ima..o.'o

corresponds xvith tke right sicle of the larval 1)oclsr, while in Arb(r•che•

P?tstulosa• (UBisci{), Ec/iirizoda•r(!i'2tm cort?(atiu•m (CtoRDoN), A7'bacitr P?t7zc-

t2t•la•la (GoRDotsT), ffclubiav'adrk7u'zis 2t5ar•7na (CtrQRDoN), as "rell as in tlie

present species, the posterior portion of the lar,va takes pcart in the

formation of the dorsal poirtion of the lmago together Kvith the ri..o.'ht

pot-tlon.

    The difference exist.ing between tl')e two types just stated is ap-
parently relateel to the cliflFerence in the ori.o'in of s.)-enital plate 4• In

the type in which s.enital p]ate 4 is formed inclependently, as in
SX7'on.op,loce?7z-t'rot'ets IZ"t,id•us, the clorsal side of the imago corresponds

with the right side of the larva, while in tlie other type where genital

plate 4 is originated from the larval skeleton, as ln Arbacla Pusl'itlosa,

it ls macle up of the right and posterior portions of the larva, and it
is vei'y lil<ely that this distinctioi'i occtirs xxridely ii'i tliLe x/rhole g'roi.ip

of echinoicls.

    It is indeed of some interest to note that /f?libcxdarils c7'a•sszlsPi'na•

shows in tlie above respect a closer relationship to A7'baczke• P2isg7tlosa•,

xvhich is a priniitive form of regular sea-urcliin, than to otlier hi.o.'her
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members of the same species, contrary to what is commonly 1<nown
as re.crards the systematic position of the former species.
    Eviclently the larva of the present species belongs to IN4oRTENsEN's
.Ziclz•z'no77zetirzZlae type, which has the following characteristics; in the

first stage a short, obliquely truncatec! body, supported by a complicated

basl<et structure, the •recurrent rod being double ; in the second stagnye

there is a posterior transverse rod; postero-lateral and vibratile lobes

are found, but no epaulets ; the rods of the main arms are fenestrated.

                          SUMMARY.
    (i) The blastula is at first perfectly spherical in form, but later

assumes cx conical shcape with the vegetative pole more flattencl ancl
thicl<ened than the aniinal pole.
    (2) The first stag'e of the pl•uteus (four-•arniecl lac rva) is reached

in about i8 hours after insemination, the sl<eleton has a basl<et struc-

ture with double recurrent rocl cand fenestrated postoral rocls.'
    (3) The second stage of the pluteus (si.x-armed larva) is reachecl

about the iith day after insemination. This stageis characterizect by
the presence of more fenestrated postero-dorsal rods.
    (4) The absorptiok of the lcarval sl<eleton beglns first at the tips

of the body rocls of the ii-day old larva.
    (s) The thircl stage of the pluteus (eight--armed larva) which is

marked by the presence of the preoral arms is reachec{ iii about is
days after insemination. The total leng'th of the p]uteus at this stage

includin..cr the antero-lateral ayms is approximately o.gmm., the four
main arms iiReasurin.cr about i.s tizines as long as the body proper.
    (6) The posterior transverse rod has developed fairly well at
the end of is clays, having postero-lateral processes at its.extreniity,

the proliferatiolts at the basal parts of the four main arm rods ancl the

centers of the posterior transverse rod and oÅí the dorsal arch, grew-

ing in size from about the time 'when ehe laz"va enters its third stage.
    ( 7 ) By the i7th day, well-developed vibratile lobes cievelop on
both the ventra{ and clorsal sides, but there is no indication of epaulets,

    (8) [L"he first rudiment of pedicellariahas appeared on the isth

day, and on the 23rd c!ay after insemination the larva is provided with
three pedicellariae.

    (g) On the 2gth day after insemination, all the arms beg'in to
be absorbed and this absorption beg-ins in the left postero-dorsal arm.
    (io) On the 33rd day after insemination, the first terminal (prima-

ry) tube-feet emerge on the sta-face of the bQdy, and soon afterwards,
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 the ei,g,ht larval spines ancl the ventral spines surrounding the echinus

 riidinient conke lnto existence.
     (i i) iA•IetainorplQosis is reached on the 37th day after insemination.

     (i2) The dorsal area ot' the imas,o.is made up of two parts of
the larval bocly ; the niain l)cart of the imago arises froin the rig-ht side

of the larva anc{ the remaining' part, occupied by the 'first peclicellaria,

i$ formecl by the posterior sicle oÅí the' larva. The diameter of the
lmago including the spines is o.8mm.

     (i3) On the 3,")rd clay after inseminationapair of ordinary ttibe-

feet are present at the base of each unpaired primary tube-foot. The
adult mouth as well as the sphaeridium are not formed by the gioth
clay after inseminatioii.

    (i4) The test of the sea-urchin is derivecl from two sources,
                                                          inamely, the larval sl<eleton and the nexvly fostmed elements laid down

in the echintis rudiinent.
    (is) The new element to appear first is the discs of the teerminal

tube+feet. .    (i6) Of the geR{tals, srenitals 2, s, 4 and s are formed as proli-
ferations oÅí the larval spicules; genital 2 appears at the center oÅí the

dorsic} arch, genita!s 3, s and 4, on the rig"ht postero-clorsal, the postorai

ancl the posterior transverse rocl respectively, while genital i is formed

in a new center.
    (i7) Of the oculars, oculars 4 ancl s a;'e forinect Åírom prolifera-

tions of the left postero-dorsal anci postoral rods of the iarva, while
oculars i, 2 and 3 are formecl by the elements newly laid clown.
    (i8) The buccal apparatus comes iBto view on the 37th day after
illseminatiol].

    (ig) The various vcslements in the apical system are arrang'ed
symmetrically about Ubisch's " Primordialebene des Seeigels " and this

symmetrical plane is at right ang'les #o the plane of the bilateral
symmetry of the larva (Ubisch's larvcftle-symmetrieebene).

    (2o) NVith regard to the Åíormation of the apical system, the
present species resembles 2I•rbacilv Pztsl'telosa, wlMch is a prin3itive form

of the res,ular sea-urchiti, more than the higher irnembers of the group.
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                 EXPLANATION OF PLATES 1-3.

    `Xll the fis,ures are clrawn fron} life by the ai(l of ABBE's apparatus aiid magniEied

Ieo tinies the nattiral sizc, ttnless otherzvise statecl.
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iVotes on the Dewelopment of IIeliocidaris CrassisPina etc. x33

                   List of Abbreviations

al     antero-lateral rod. . slp secondary lateral process
ad adoval cilittted band.                                    sA                                          spine A.

b body rod. sB spine B.
dt dorsal transverse rocl• sC spine C.
clvl dorsal vibrtttile lobe. sD spine D.
da clorsal arcli. sE spine E.
D dorsttl side. sF spine i?.
ec enterocoelic pouch. sG spine G,
e anal opening.r. sl'I spine l-I
lp. Iateral process. sr secondary recut'rent rod•
oe oesophagtts. st stoinach.
pr. preoral arm. trs tetraradiate spiiie.
plp posterior lateral pi'ocess. ts typical spine.
pb posterior ciliatecl l]and. tf tube-foot•
ptf pairecl tube-foot. vl vibratile lobe.
po postoral rod. vt ventral transverse rod.
pd posterQ-dot'sal rocl. vb vil)t'atile band.
pcl' rudiment of postero-dursal ro(1. V ventral side.
p'r primary recttvrent rod. Ip lh'st l)edicellaria.
pob prcorai ciliated band. 2p second pedicellaria.
ptr posterior transverse rod. 3p third pedicellaria.

                          PLATE I

 Yottng larva, ventral vieNv ; 72 hours old.

 Tho sttine specinien as in Iig. I, dorsa} view.
 The sanie specin]en as in fi.cr. 2, ieft sicle viesv. '11iriparted gut' clist'inct and anal

 area protrudecl. •
 'Sl"oung lttrva, i-ive days old; ventrttl viesv. I)raxvn frorn preservccl speciinen.

 Dorsa} vieNv of the sanie speciinen as in iig. 4. Dra"rn froin lixed nia{'erial.

 il'luteus, dorsal view; 8 days old, showins, the ruclinients uf the dorsal arch and

 postero-dorsal rod.

 Aboral view, II days old }arva.
 I'luteus, dorsal viesv; II days old, shoxving destrtzction of the body rod.

 Larva 8 days old, side view. Dra"rn froni iixed n]aterial. Noticeshrinl<ing when
 compared with llcr.• IO-

 ]F.a,rva 8 days old, dorsal view.

 I'luteus ii days old, dursa] viesv; drawn fron] Ilxecl niatvrial. 1'ostevu•dorsal arms

  ttre fairly deve]oped nncl also dorsal aich has alteacly appeared. NoLice that the

 posterior encls of the body ruds have bcen absorbecl.

                          PLATE il

 Pluteus ll days old, seen from anteriov side, but in such aposition that the body

 is leaning somexvhat to the dorsal side.

 Pluteus IS days old, venti'al view. The preoral arms and tl]e posterior transverse

 rod huve been developed.
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I;u]l clevelot)ed plutetis, i7 days old ; ventrttl view. lr"irst pedicellat'ia (tudiinent)

 has began to forn] in the posterior end of the bocly. 'i-he vibratile lobes tu]d the

dorsal ciliated bands have been developed.
].'lut'eus of the s:-une age as in fis,. 3, dorsal view. Drawn froin presei-ved speciinen.

1'Iuteus 2:"} days old, ventral view. ]r"irsL' petiiceliaria well cleveloped. Secend and

third pediceltariae already seen on the right side of the body. The bases of the

four niain ai'ins are encirclecl by the well developed vibratile lol)es.

Il'luteus' 2g days old, ventral view. NTotice the commencernent of absorption of tlie

arins. Vibratile Iobe connects with its fellow and encircles the body in the iniddle

as well as at its end. Irive tetraradiate spines are seen, but onc of then) <sE) does

not con]e ini.'o view in tui actual state, as it is sitttated on tlie dorsal side.

I'luteus 33 days old, left side vlew. Notice tetraraciiate spines sE and s!;.

                          PLATE III
                                                   'l'luteus in the beginning of inetainorphosis, 33 clays olcl; ventral viexv. 1?ive tenni-

nal tube-feet are seen in the projecting condition, tetraradiate spines sG ancl sl'1'

also visible.
                                                                    '                   'j?luteus of the sanie ttsJe as in Iis,. i, ]eft side view, sliowing the arrangeinent of

t'he ventral spines and tern]inal ttibe-feet wliich are seen tht'ough tl)e ectoderni.

Aboral vie"' of the p}uteus, r)3 days olcl, showing the :elative position of tlie

pedicellariae and the tetr.aradiate spines.

1'luteus in the act of inetaivorphosing,, right' s{de vitfw. Soine veritral spines ah'eady

projecting. Nrot'ice the bared ann rocls atid the relative position of the pedieel-

lariae and the tetraracliate spines.

I'luteus in the act of nietainorphosing, seen froin the anterior encl of tbe larva.

Young. sea-urehin jtist after inet'ainorphosis, ventraE vje-w; 37 days old. 'l'he upper

part' of this ilgure is the ariterior end ancl to the left is the ventral sicle in the

larval stage. There is a tet'ininal tube-foot iii each an]bulacral zone which bears

one o}" two tetraradiate spines. 'Jl'he protuberance iti the anterior encl is the relic

of the nionth area. .
Il.'he clorsal aspect of the sanie specin]en as in 1'i,t,v. 6. 'i"lie upper part of l'his l"ig-

ure is the anterior en{1, and to the left is the'dorsal side in the }arval stasre. Coin-

pare this Iigure Nvith ii.cr. tF tuid the orientation of t'he larva ivilj be seen cle;Lrly.•

Ventral viexv of sea-urchin, 3c) c]ays o}d. I;ive pairecl ordinary tLibe-feet have ap-

pcared.

The clorsal view of the saine speciinen as in Ilg. 8.
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