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ANNOTA'TE(I}NH]S ZOC)LOGICAE  JAPeNENSES

        Volume  23, No. 4- 
･Aggust

 1950

diL,dima-,un- tuhltu--i/--rkmh"-pm-ttpmmu'- --1 th-

 I]ublis,he{1 by t}],e Zoologieal Soeiety of  Japnn

   Zoological Instikite, Wol:yo Vrtiversi.tty

     Autotomy  afid Regen,eration, im. ,)'npamese  Sea-s'tars

       
'
 and  Opla.iurafis

   i. (>loservatgor,n o'ify a Sea-star, (Josci･?zasteTicts ctcttiisp･ina

          STiMpsoN nnd  Four Speeies of  ephiuraiis')

                        W'it'h･ e Text,tfi,gureg

                        ].sAts･xu' Y,gwrA.zl

            Eteto .fitt-?"Tlne .Biogogieag 2:sntbe?'atery, .l<keof/o thive'rsity

                    ((h7rb}nca}ticatEct' br' IT. Kowr.b.I)

   Ewn E'ehi,noder･7ncw'a, pentamaeTouE;  sy'mmeti/"y  oti the body is of  genera?

occurrenee.  Certahi sipeeies  ,of  sea-s'ta?s  gnd  ophiurans,  lroweve.e, have

mere  t'han. 5 ayms,,  I'Ohis is /bften  eorrala.ted  wi/th  autotomous  divis'ioft

an,d  regeneTaeicn  of the anihkal.  I 
'have

 rmade  some  obse.rvations  orl
'this

 proeess oecuevring'  i]i a  sea-sta.!- Cf}sci･}zmasteriens acttti-svina  and,  four

species  of  ophiurans/, ･all. ef  
'vvhieh

 aye  foutnd very  eommon,ly  in, 
"the

lf.'t]to]ral of  Japan.

   Before/ gGing  f'urtheui, I effer  lhere yny.' lheerty t:han'Ics to I'ro/ff. W.

KoMAi,  ?rof. I]}. M:maDE  .nncl  X)ge. H. UTINoMi, for their 
'kind

 encocrrage-

meTxt,  andi  a]so  t'o I)r. S. MuRAKititu fo]/" tlhe gi'fft o.£ the s'peeiynens  of

the ophiuyans  dieseribed ia t};-is pzaper.

         OgSE.RVATEOr･{TS ON  Cfosc21na･ste,wi,ys aetttfspines  STIwtPSON

      i£-dXvision  aerross  dise

           (1897) Emtl  CIReziER (19!5) eawried  eue  a  s'tatisticai  study

       number  o:･C ll"ayg  ii.i Astevias (Coscdi･nagterins) tenuispina, whrt"eh

     in 't'h' a  Medi'terrafLean Sea and  in the Abiantie Oeean near  Berrnucta.
                                          i:. different lecalkies;

".]+ se

   LuE)wlG

on, the

T,';"regti}hey
 found that 

'the
 n,'esmber e･f va}Ts waE;- diifferent

/kn some  loealities 6-rEayed spcihcimens  were  p/revaient,

   1) Contributions f/vom the Seto Marine Biologiea.1 fi"aboyatery,

                             175

while  iit otlhers
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there were  many  7-rayedi o･nes. IBb}foNDseN (1935) hxs poii'}.ted out

thnt the 7-mayed s'tate seems  ta･ he 
'l･/ypical

 e £ C. acutispina  fo'tznd Un
Eawaiian  localitieg. I gathei.ed ma:iy  speeiTneBs  ef  Cbseina･$terias acu-

te"spina en  the bea(thes of  Kada  and  Seto iri. Waka,ya.ma  }'re/reeture,

wlaere  this sea-･sta]' is eorr}rnonly  fo'und un.Cleir' s'to/.raes in 'the
 it't,tertidal

laene frem spring  to autumyL.  The speeirnens  we've  eojlee'ted  a't the

same  plaeeg  in 'th]"ee'
 yeaTs,  froivk 1945 

'to
 1949, and  altoget'i'ter abo'ut

.10ffO speeimens  weTe  obtained.  rrhese individi'cr.als were  divided into 8
classes  aecordiing te th' e n,umb' err of  Lway's as  shown  .in 

r.rable.
 1.

                            
'Ta,ble

 ]l.

               The speeiynens  with  ctifferent number  of  ray, s.
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    It is thu.s evicte/nt･ th' at  the 8-ray'ad. s'tate  is pifed{;minant  in 'these

IDeaiities, nnd  the  1"-, 9- and  10-rayed otkes  a/t-e to be regarded  as  iu-
divid'ual x/'aria'tioks  oicr the  8-iiaye{X' s'tstte; e'he individuals  with  4 rays

ave  pro'bably  
'tEaose

 whieh  w'ere  divlded wecently,  and  have  /not  yet
.regen,emated  the lost ha'IF,. Irk the  s'peeimems  having  frorrt 7 to 10 rays,

two  elasses  ef  ray's d:,'fferen't ln t'] e de,ge.,'ree of growt･h  eaia  be reeognized.

Thiff 'view
 has been substant'iatedi by n  fyare'£u;, observation  on  ehe

superfieial  strutet;urfy nzid  alE,'Q hy (Siss･eetio/[a, of  the speciirkei:Ls.  Trae

distinetioir` of  two  clasbHes  oiC' rays  /ena,y' be recogrLized  only  hi, your}g
stages  havi.ng aru}r}eng'th.  t"rc,na 2e to 50 m]xft. fin maore  developed in-

dlviduals, o'vving to the rapid  gTow't;h  of  Tegenerated  rays,  t7t is

genexaEly  dieweuit to n'.kake a disti"nctio]/i between the old  a:t'kd new

nscms.  X't i$ also  evidetvt  tkat the poterLey  of  selli'-divjsion and  re-

geL,ieration 2s great･er in, yoa.ng  stages  thnn  i.n old  ones.  Iri young
speeimens  froin IX l]Q 1.e ynTri hi arm  ltengr'th, t'ine axis  of  se/pa!riation

zts.
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alld  the  nurrkber  of  ]tre.ore/n,eyatedi rnys  are  differellt from  th' ose  in lurger
speeimens.  Sueh ycranger  speeimexxs  will  be e{escribed in ano'ther  

'rex}ort.

Most ef  the slightly  older  speeEmeits  (2G･-･50 mm  in length ef  arrns>,  as

mentioned  above,  hai"e the oxiginaE  4 arx(l the regellerated  4 or  5 rays.

Tb,e specimens  with  5 regenerated,  rays  aequire  a  supe'rmwnerary  ray

later in the. middle  of  the 4  p'reviousiy-£ormed  rays.

    CRoziER (19g5) r･7.ports jft kisi observ'atio.n  on  (), temtisl)ina 'tlhat aTi

individual with  7 r.ny, s d'ivldes iM.to ew() parts, one  wi.'th  3 rays  and  the

otiner with  4 rays,  and,  iii Gaek,  4 rays  (rarely 5, 3, or  2 rays)  are re-

gw'xerated.  This is t/iie reasen  winy  7-･ and  8- :/eayed.  individuals are  /neaif]y

equnlly  eommon.  More precisely, however,  the 7-rayed  sta'Se is more

prevaJei],t; this is beca,use many  indEv2duals do rmot practiee  Vheir re-

generation  all throt/igiiout their li,ves. IR the case  of  S'. aecttispina,

most  of  the ind.ividuzals 
'it'
 ave  8 rays,  ayrdl every  individiuall has a  

"
 break-

ing joint" aeross  thE: dorsal disc, se  
'that

 it is natural  that SJhe 8-rayed

st{i/te is eommon  itt. :'im'2s speeies. As  mentifined  above,  self-divisioit  is

ca,ryied  o'u'e mao.re aceively  in 3t･oung stages,  By  
'the

 bime the regeneyat-

ed  :"ays  have  grown, to L'he same  Zeng'th ns  the erigin,al  ovaes,  the sea-

star  usually  aequires  f'uk'ly detreioped genads.  WhEs fact indieates that
the seli-division  is a  k",nd of  :isexual  reprodu,etion.  The  self-diyision.  of

ifhis gea-stail' seem,s  to oecuv  in all seasozxs,  laut most  eommQnly  in

summeT-  C]"ndoubte('lly the sayrte i/r!dividual 
'undergoes

 divislon several

eimes. in its life.

                k ,

s-i)

x

>',,./,
!

v/11;7fpif

            g'ig･. 1. ]/)iagrramvaat,',e figure ef  (Josc21nptstevias aczat2:spina,

         viewed  fTom  ahaetinaE  side, showing  tks poskion  ef  4 rnad-

         reporites  (nd,>, X anal  openings  ((t) and  the line of  fissio'n <fii-fi").
         X and  :I signifv  the pifi-mary z,nd  secondiu'evy  ray, s vespeetively.
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    Aeco/rding to CRozlER (1920), 
･CJ.

 teni,/ispi?za possesses  a  breaking
jeiwit oix the arm  lbeyween t:he 4'tYft and  5th ambulaeral  plates, although

no  speeial stv'ueture serving  f()r this pu/ypose is found. When  the

sea-star  
'is

 pul]ed ioosie frein ths s,･.''tbstratum and  p]need ou't of  the
water,  ot" wherm  tl/;.e water  ils very  eurbid,  it o.fteii divi,des spoB,taneou.s-

ly' thr'ough this ioreaking 3Voimt. Mt'£'p",y  ixt･dividaals with  injui=ed dises
may  be found  aftGr  hen,vy storms,  buZ I inave never  foup,d aiiy  isolated
rays  without  discs. F.rom t.his /Eaet X suy.ynise thla'S ehe brea!ce,ge takes
plaee as  the amirntt'l's .physiologireal rea ¢ ti"on tjo sudden  ehan.g'e  of  environ-

mental  coandiitions, and  it is Rot  ea'used  by }neeha-nical  i'ojury..
         T
    The  isola#ed arm  cjontaSns  a hepa,tic eaee'tirn,  an.d, iEr of  old  arid

mnture  inctividuals, gonads  as  vLrell. ST'uDEft (1876) states  that the
byeakage eauses  Cleterieratton o.ff the  se/xual  eells. However,  this is
u,o't true for 'this speeiies.  i{n the xiatural  condi.it-ioxt, isolated rays  de-

preive(l of a  x}ayt of t'he dise ge'm.ez"nlly' die within  a  few  days  without

showiltg  any  ･sign  o,f regen.eration.  For regeJ.ieTa'tien,  the  piece' yy].ust

retain  a part of  the dise, as  univeirsaily  z"eeognized  by previous in-

vestigators.  The  spontaneous  divisi,on aeross  
'{;b.e

 dise 'is
 known  in

speeies  of  S(ele･ressterias, Stephanastc,v'iuts, CoscinasV/e?"elas, Asterwhs, ete.,

through werks  by }kN(] (189S, 1900), CreozlER (19I5, 1920), FisHEft (1925),
B.ENNETvT (X927) a//n(l EDMoNDsoN  (Z935). The geresen.ee of  relatiyely

many  madreporite$)  2is a, faci;or 
'favourkig

 spolttaMeous  division, as  sug-

g'esSed by many  investigato//'s, is su'pperted.  by may  obseTvations  on, the
Japanese  speeiuaen,s,

    As  shew/n  iii E･'ig's. 1 antl  2 A,  a 
't/y'pieall

 speeim/en  of  C. a･tiu:i$pines

posegses  two  pairs  of  mad,ifeperites  and  a  .pai!' eLg an,al  op. en,ings  nrramged

syrnmetrically  on.  ea,eh  side  of  the  lin.e of  fissi･o=. (]1-i-[F). [rhe mad-

/vepori'tres  a,re plaeed  betweem IJhe l- a'n.d II rays,  an.d  ea ¢ h a.nus  is /placed
beCvveen the pak'ed  II. [(]he posibion of  the m:ftdrepox"ikes  evideixtly

determirLes the ptane of  fissioit. X.f fission did n,ot  oee;xv  al.ong  this
2ine (F-F), 2t sheuld  pass along  the lixie of  the altus  or  the line of  t'he
madTepOriees,  a/n(i i.t'; shoulct  divide the anus  oy.' the madreporeites.  As
a  mattez'  of  fact, ilo i/n,divici,ual suggesting  suc･h  fissien, has  heen  ob･-

served.  
'rrhe

 IEne of  fission ils a  shnlXow'  f'F.irrow, andi  iaever  euts  aeross

a  plnte. The  bad3' wall  in t'i is fu-v/row is' iforrneca  only  
'by

 epidermis

and  eontain,$  i"ewer  re'tiex;lated  tissues 
'than

 sthe]T  
'pm'ts.

 ef･! m.useles,

t'hose rurLfting  aloxag the Eii}{.]. of  fissioxt are  proy.vLh}ent, nnd  thGse pass-
irtg aeros,si the fur]"ew are  v'ery  few.

    Of  tke digestive organ,s,  the aikus,  reetum  andi  the rectaLe  sae  are

piaeed  very  close  tc) the  margin  o/E the  dise, ins'teadi of  beiiig nearly

i,n the ee/ntei' as  ii't rnost  other  sea-s'tars.  TNhe r-ylorict portioi:. of  
'the

't'
 
't

H'-

tg,X'
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l2g.

stomacl/i  is very  
)i'tain,

 an,d  
'n'
 as  none  e.f the  "rrir].k'les  vv'hich  ?,ppear  very

prominefi't]y in tne o'l]ne}T pavts. 
JIE".h,e

 eti.rdiae /powtion is also  divided
in a eomplieated  mrr,nn.er  io,to two  by t'ine ]i-.e o.f fission,. On, the  whole,

the in,tern,al str'uet'gre  also  i,s well s,dju te{i for spontaneo'us  separatioi'i.

   [E,ihe regenera'L/Eoit  otfi n,ew  a.vms; 
'liakes

 pla.ce symmetrieRlly  in rela.-
'tion

 
'tc

 th.e lk],e of  l)revio'us fisg/lon. 
"-]
 wo  }rud/Z/ments  o/ff'new  rays  (I)

Rppear  first, 
Jt'hen

 
'those

 ciY bhe otheg"  tvvo s,yms  (II) .opppear  between
'the

 /forme/ev  (Figri. 2D  a-.d  3). Noifinally ewro .giii  2i,re present, exeep-

tiona21y'th]ree, 1[ikewise, the madrepo/rites  are  norma]1:y  four ln num'keer,
exce/pt:onally  t'hiee. Iit is well-ici'town,  th,rough the "[orks  ef  Ii'mLD

(1892), GEMMiLE (.l916), NEwMAN  (IX921 a, b> and  "#heTs,  that t}wo hydro-

ew･

'

B

geig. 2.

sgttt}

li}

 ,h"-･dv- ksu"slssx crgllVl}

SW

,crts''\]I
"'

fsigletfi,ptifigi$ts

ll

$iitV'

       £ roin  abaetinal  sidie.

              a,nd  adj'ijinin.g ar-ms

-llycglitivzt), gx>.ollts. 
.,,g,z

 
.,

.

(A) NorrviaT/ i'fidk,id'ual I,)efore divisioem, v'iewedi

clB) r)orsn//' dise seon  af,'tcu'x" divis'.on, showing  dorsvl dise

   cvrvei  towards  i'njured sia'e  (bs.sal side  i)i the figuz'es)

CC> Aetinal  sade  aiter  divl'ffaon, sbewing  nayr.owe,d  injured suitftte･L an,d  newiy

   fbrmed t,issue.

(D) Aetli/Ltt,1 side, at  th/,/ time, s･v'hen  tlte, rudivnent･s  of  first vay,  s (b appp.ar.

   a  ani:s:  adip  adam'Julae]'al  pXa,te; ap  ambuka･c･ral  ptate; cnf commen  duet

   of  pylorie ¢ aeea;  ct'n, s  cardiac  portio'n of  f.;t,oma,eh;  etvv  ficircttrcoral  water-

   vessel;  7n  motith;  -,  oe  oph.a.e..;iiB; og  essicle;  ppapuln;  I)p pylorie portion

   ef  stbrrLaeh;  ?'s ]"ecta2  s}.{e;  
'm"v

 vradial  vvater-yessel  .: sc  stone-eannat;  T(}

   [;iiederr]ann's bodi}?. Ot.'her lef;gen.cls a,s, hi. S"ig. I.



The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  of  Japan

,lgO rsA.MU YA.h･･ZA.zl

coels  are  formed ,,s'y/ninetyically fn. an  early  devel'epmental frthg,ge of

asteg"eids,  afid  tleRt the one  os. the rig'itA; st/de degeneraiies find  th.at en

the left side  grows  to the water-v'aseular  system  of  the adu],t. This
faot suggests  the I/possibili'ty of  

'the
 forrraatioiL ef  syrnmetyical  hydreeoels

ln some  exeeptiontt.i  {]nses.

    Although' the ]/)aired d'igestive systom  as  well  as  the watey.･･vaseular

systerrk beayinEg 4 /ma.d.z"eperi'tes found i/n t/his speeies  does not  seem  to
be eausaliy  relnted  ts] its eapaeity  of  rzu'totoTnous  sepaTation,  ye't it
maay  favour the full aeeomplishment  of regenera'tion  f.ollowing the
self-separation.

    Both the large an(i  smail  awrns  avpeaT  in paiifs. The ]a",rger pair
always  retai]z  theiu･ physioloi.vieal supeyiority  over  tl'}e smalier  pair, and

they dominate  ovei.' the srna'aler arms  i/u loeomotion. The physiological
superiority  of  t'he anterior  end  rritay become one  of  the incelttives of

self-division.  
'X"he

 
"p,hysiological

 am,tenior"  (CoitE 1913) is appaTent]y

determin,ed by th.(,} cSiffe:enee  in size  o £ the arrns,  ai'id not  by  ehe

positiolt o.f t'tse maclrepo/rrites,  eo'nt/cayy  te CoLE's view.  The  autotomy

appeaws  
'usually

 in yeurig  s'eag'es when  -'the difffkire:nee in size  between
large and  small  ar/n;.:/ is eonsiderahle.  gn adult  individuals in whieh  the

arms  aTe  of  simiiar  ,gize,  spantaneou,3  separation  rarely  ta.kes plaee.

(2) Regeneration  ,)f  e)"gans  a£ tev fii'vision

    Whe)i, 
'the

 diisc is sepaTaf,]edi  h'),bo semieiwcula/if  halves, the  iri,iixred
endi  is elesed  lay inEo}'ding of  the tiss'ues on  'the dorsai and  lateTaZ walls
el the disc, as weli  E-p.s by the eotrnin.cr  

'togethe]'
 of  the rays  adjaeent

t;o the opere en,d (lliigs. 3 B,.{1]). Irt a /Eew  (lnys, a  newiy'  forrned tissue
appears  on  tke el('brsal wal]  and  al,so stumps  of  /rays. Irhen the eir･･
･eiimoyal

 water.vessel  Is completed  elose  
'to

 the dorsal wall.  Further
regeneration  p.pteceeds .v.iapidi/if aroif.ndi  Shese n,ewly  .foruaed 

'tissues
 whieh

axe  entirely  pigrnentless  a't first, The  rege].xerativs  pxoeess  seems

especinlly  vigorotes  in, the  oTal  and  adoral  reglons.  gn ltefi,rly 
'te/ri

 days
a papffllary bu.di ap/pears  on  eaeh  s2d,e nt  

'ts"'he
 hase of  'the re.ffenerated

'p.nrt.
 [Erlais is ¢he r'ud,imen,t  of  

'i;he
 rndial  eanal  and  radia,1 neTve  eo]rd

gi.' the fizst ynrsr' (Filg. 2 D).

    Wkeen the arm  r'udkneii'{Js un{lexge  /f'u)rtiner developrrie:vit, a pa,rt of
'the

 eardEae  porticni of  the s'tomaeh  enteys  th,e interior of  the ye-

genera'te(S awns.  :V2ii,s pare  ,forms  t･l'ke eardiae  poueh  whieia  eeeupies  a

large pawt  o/ff tb.e future  ray  cavit:ir.  rrhe memb'rameous  ]retraetor
'rrtuseles

 e £  the eai'dia ¢  pouo'h' ave  (b.onlteeted  t/o the  first arn.bulacra'1

pE･ate ox.x each  gta,e.

t.t//

#,

l'g}j
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   With growth  of  t]:'+.e arrr}. yudiments,  a  few ealeareo'asplates  appeax

ais the base of  eacl'i arm  oik the dorsal side.  
'Vhese

 pla'Ses inerease

rapidly  in numbez:  (l"ig'. 3 A.). Wheiz '#he radial  vesseas  aTe  elongated,

t'he first pair 6/f 
'tuioe

 feet appear  n.eav  the  en,{i o £ eaeh  vessel.  At

abeut  the same  time, some  smaall  spin.es  arise  en  the  calcareous  plates

wrnic'h have beeome h,ardier. tg]hese pla'tes ultiniR,tel}r  develop into t'he

te}:rninal pr/ates which  s'urrouud  the  szygous  tentaelefl aii,d  the  eye-spo'c,

irz collnection  wi,th  :the.  terminal portioii o/S･ the radial  wa,'eer-vessels.

The  other  plates, ex(tept,  the te'eminal cnes,  ave  still  very  sma]11, and
          .
caxry  no  spmes.

 

Yiig. 3. More  advanced  :g.tage  of  regeneration  th.an in t,he foretsyoing' iigures.

      (A> Aetlnai sl(/e, ai] the t'ime when  tb,e. ?rudi'ment,s of
 see'ondary  

rays
 (Ib ap-

          pear betwE,en  primary  rays  (O,

      <B) Aetinal si6e,  in more  advaneed  st･age.

      <C) Actin}],1 side, at  the tkne whe'n  a  series  of  tube t'eet hegins te appear.

      <P> Abaetina'l side,  showing  z'he  
'formutien

 of  madregeor'Etes.

          utxt  azyge'ems  icentacle; eue  eye-spb't;  imr} i'riferomargina2; sscp superomar-･

          ginaU l t t,ube ,ffeet ; tp iL'ermina'a pEa"ce. Other legends as  in the above  figures.

    Tke  Serrninn} po!'tion. of  the radial  wateii-'vessel  ac:q'ui'res  a  sae,

wlaieh  k's simple  at  first, lt)u# soo",  unctergoes  {Xiffex'entiaeien.  Its

iermin.al end  devel･ppb", azygous  tent;acle, and  the proximal  byoad part;

eeveiaps an, eye-spet.  The t･u.be fee¢ aye  at  first simple  divffm-t/ieula
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ai-ising"  from  the  wall  e £ the /vad.iRll w'ater'-'vessel,  but with  
'the

 dievelop-
!rxeltt of  ambulacra,'/  f>latJes, eaeh  dSv'er#ieulmn is devided by t;w/Esting
ixito turo parts, et  wkieh  the oll,e r,)laced basally becomes an  nmpul]a

and.  the  ether  at  the d,Estai end  /fforms the tube foot. After  the ap-
'pearanee

 of  the first rgyss  (I)?, two  rud'iments  oir' stoiie-eana2s  arise  f'rom
t;he internal sidie ot' the eire'amoral  v'essel. rl]hese grow  upwards  until

tkiey reaeh  the do/rsal walL  Wkien 3････5 pa･irs of  
'tuk}e

 3cet appear  in
the first pair  of  ura:r. <II>, the second  pair  ef  yays  (XI) appear  between
the first pair, and  tsg'ow in the sa'rne ].nnnner  as the lattei.i (Fig. 3 C).
TK]he re.g'eneTatien  o/l." t,;he ci:cumorall  vesselt proeeeds  froixx boeh $i.dies of
't'he

 injured poreioll,, and  the  two  en,ets  come  
'tie

 join in the micidle.

   In. the stage  wheu  #he first pakr e:'T 
'rays

 (I) measure  about  e.6 mm
i.i], iength, the tGryxi,inai. pJates bear 5-･6 spi'nes  an.d  the ambulacrals,

ndambuiaerals  anct  
'I,ube

 feet have  heey} foi'med in 5-7 segmeBts.  The
dorsal blates appea)'  n  little latey tha,lt these (taZcayeous  plates.

   In a  later stagt" when  tlke I vays  
'have

 7r-8 segments,  an.d tke II
rays  have 1.-2 segrne/nts, an  oeso/p'n' agus  ltas alyeady  been formed  in
the b'ody (ffTigs. 3 C, I), oe). On  the in,terradials betweeii the I. and  II
Tays,  two n,ew  madre/porites  are  i"orme/ti.  ER,eh of  these madreporites

eonsists  o/f 5-7 ealeareous  pla't-es o £  the snfne  nat'u.re  tts the  other  dorsal
piates, anld is situated  a't the te.ifrri:.2ral end  ef  ±he s'tori.e-eanal  rztdiva:taents

(BEi.cT.. 3･ l]), 7rice). In the irlterifa(li.a] ifavit;y  of +Jh.e IE Tay,g, n  rudiment

of  ehe reetal' sac  ag)pears  i"rom a  r"a'Ert o/fl the  pylorie  po･rtion, of  the
stornack,  and  opelts  in the aiiu.s. 

'I]he
 remairting  part of  the pylorie

portiori fiMls up  eh..e -proximal  pth/e't of  t] e  ray  gavE'ey,  and  exeends  tce
tkie eitd ost the ray$  (Fig. a A). B'or ffuifther development, a, descripdJiolt
w"1  be giv'en for eaeh  Dr.gan  system,,

   Digestive syste"e:  Whe  pyloric  ea'e ¢
'am

 soor),  f'tiv'eates ki¢o  two  lhol-･
low eanals  at  the posi･tion. of  the  uneseg],'L'erieg, placed  on  the median

//ine ,of the T'aisr eawty.  [Vhe s'talk' of  
'thefse

 brayiches Temaing  ?.s a  "om-

maon  duet (Fig. 4A,  vc, ed). (g]he branahes whie'h  are  originall}]' simple

can.als,  iss'ue la,teme,lly two  series  of  sh,or'i; lobular braneinIe±s. Mean-･
whiie,  the rnedian  cakaR  becomes fia,tte'nerk latera]ly Cffig. 4C,  mc).

Wherx Che reetal  sa･: g'rows  Iiargeu' ,a/,i(S oval' k], eutJline,  a traitspntreitt
re6ttneledi  an,al rudiavkegit  appeaves  of Che  dovs2nt s,valL/,  vuih'icLit opens  ex-
'Cernally

 soon  a/ffteifv"a/fds. The  elastie  EDetrne'to. £
"  m'usel.es  of  fJhe ･eardiac]

port'ion ost the stt)mneh  gra,d'ually ireach  1]he 2gtlt segments  ef  the I
rays,

    Wrategevascntar system:  The  e･alea]/reaus plates  foyming  the  rnad-

re'porite  beeomg.  elosf)ly disposed tQgether  into  a di"se, :tnd  grow  fax
maore  rnpidly  eh.an ;any  other  dersal Lolntes. W'he tube･-feetJ are  nr.rangedi

.:1/,

 j'
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it"iEg. tl.(A)(D),tlL,(u:}.CB) <<:) Deyeloprnent]  o'f  aistestive

]J)evelog.um,,.xLE
r-p.
 Lrmina:.

Two  m;.tdi'epoT'I.tes,

 ･}vzc niedia"

 ss  ill t'rr, ahwe  figur//'"

               systt  ai, vie',i"ed.

  of  term'inal plaL'"lt, and  rnn,dt-epo'ri't"q

ent!  of  Te{xe/o.ea'ted  i'ay,  highl.y

      hi,t;･hl.y magnifi[td.

 (.Lar//al oC  p･yloric, e-ec,un;  wc,

     {rorn [ibactinal

m}.Lgnifi.et.ll.

pylos'ic eneeum.  Othe}'

side.

Ieg'ends

{.}-,, d,o'u'ble al'eer/n,t',t･t'i/fkg /t'ows  {m. eace'lt'z s//ct',e ot  th.e.i y.h'diaJ x,resse;. {}]hey

llook a't fiir$e redrl2ke,  but 
TBeeotn.e

 a;･l'ub･･3h.a'ped  by foimution of  {;erm'inal

s'llekers. ALC t}ie s`zme  time,  
'the

 r･a(lifi1 v'esseE 
'beecmes

 m.ore  flsttenedi

dor$eveiwtra]ly. Wlt}' the di.evelopxxu-},i;･ of  tube feet a  seyies  of  am-

h'ulaerfi1 
'oo'x'ffs-

 az'e  formed.  whie'h  a="  nr ±ge.sn.ge('{  /h,. ±wo  s'//･raig]･r.Li rtines,

$o tb..s,,. 't;?}se. a/,.vi"apE{'ell2e.nt ,f.i.').ows  2i ,g ff.zai, eo'e.if,gte ns a  whole.  WS}en

i,;1'seife n]r'e 2() E;"'fi-sehrnee]/],ts,  tthe s.yeb, ({  tke m'itbulacifal  p]la'tGs beeomes
ttioryiewlta't  de'p/nyes,g{f', a/fi,dl i;h.e y'gdirnc"pts  oiC lgEbEM.tajNN''s ho･clie.s nre

formed in egch  i.nt:exeyadia}, e,1'osp. 
'tfi

 t'he etlrcumoral  wate.te-vesseis.  Tke

?xi,al ergan  is nlso  r"ctr,rmsd around  
't'h,e

 sten.e-e;'/t aj.  V'/ifior tc t'lae Eull

(g.evelopmeirt  of t]ne d.o.rsaJ/ p,lateu, .pi,ne"s and  c-edio.ssed ped.ieolix,reriae are

/Corme<l, o/ii 
'the

 doz'sal d'ise. SomG /t]a'p'alae ni,{1 $'traighL  /petlilcellAsciae

are  also  Eormed Rlong, the r'inrrg/iy'j, g/gi the arms  (Fig. 4, Dl},

    I()ite /:'nfeyomargii:,alff, g'row e`iriEer  ti a,n, t.'he s fz/peromargiv.als,  tine

abaeein,alEs  iater (Fi'gr). 3 P, 4, I), imp, sT{,1.)). Eaeh  plate  bears two  spines,
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ex,eept  
'inke

 t'irsk E,n,f'eromnrgiytals, w'txi,ch. hnv'e oniy  oll,e. Ai"tev 'l,h(,, /for-

nn.ation  of  spines  e.T.vt/lhe.se pl;,ktes, the. (L,rrcsse{l pedi{eellariae appear  on

tkee. niargi.nal  pau"t;. !E]he first .e.mb'tils.erg,ls  aiid, adamb'ulae/rals  become

m'or.eh larg, er  than  E,,t),}/" otheir  seeof:,dw"y'  pln,'bo., alld  
'form

 togek]l'z,er 
''the

b' uiecal ring  aro'unCli tk,e zneu't･it. Eac't"k lola,te of the oi her  n.dam'bcala'.erals

rbeaTs
 two  gpi.ne.s e/C wrnich.  oiz/e is dir'eeted inwairciis. Wi'ih t'he growtli

of  the niiimal, the ped'icellnr/･lae zaltct p2Lge'ukie on  
'tlie

 dcrsak' sur.face in-

e/yease  in nufn'i' ew.  No  gona{il', kio",rev'e/r, al'"'peEirff ik th,,is stage.

           I'.}'EiP,GA'RB/S OI･"' it'EG.SNE'ftA'!ilOIY ]/X" SOMsc OPeXllUIeA.NV,

    Our  l<nGwle･dgi,} o.ff a'uto'tomo'Q,$  re'preig'uetior/, a.ad  ]･regener'a'tion  in

ophi'urans  is very'  meagye,.  The a"{>l.igwE･i],g is a 

'b}fk'ef
 sunkm[iL.]/'/}r o £ ;･'ny

ohseTvatioris  eme th'is pyoeess  in feuay i)'n.p,  ny.Lese o/<.)hit,.ifai'is, Ophq."othelca

(gesnene VERitIm,, As.'t･,v'g)ce7"uts a･;nnugutwm  MOI{,TENSEN, Of)hiaetis ci'ave"gnyz'

MifkT.EK et  TE}ftoscHEL n,nd  C'y)hiesttis medes'tca  BnocK.  Som,e s.e.eei,tneBs

o'f t'i e  first thu'ee bNpe"ies  
'"rez;e

 gb'ta,bxecl by' mysel/['  from Kad2, and

Seto, Waka'yama ?.refec'ture, and  2iho,se cf' the last-named oii.e vvere

c:oklected  
'by

 I)Jc'. S'S. twuz{･AKA]lk/I enf; Ai･nal?ru,sn, K'umamoto  PgJefeet'nre in

IKyitsyit.
    Iiz aRl o/f thege ox)h2urans,,  sponta,nee"s  divisiolt acyoss  

'tft･e
 diilse 

'twakes

'pl,tiee
 iigri/nnlly t'hrc''g.s.;/hoxat 

'line
 whols  life, fiiltLd, x)roduees two  I.ia,lves o/ti

simllaif  appearnnv(ne.  /i'[)/f tlxese speeies,  tf)2)hiothegcc di{h7Lae i,s /ffo'unel of'ten

lrs great R'onnloekts, ci,irtg'in.g to t'tae siJem  of  £
"ne

 .ge/tzgor!ian Idi'eliiodies,
'vvkile the otheT  sb(,cies  are  ctoTnmoi/vun(lez'  stones  o:' ainong  seaweeds

i}･L t]he intefftiita'1 zotte. Ala t'{･p.eckxte/us o'ff t;kiese oT)}rLimrnx,s b.itlaeveto ob-

't;ak),ed
 have  6 rrays as  fave fi{s m,y  ohserva't,iOg  sg"ces. 

`'These
 op'hiurans

Ite･"thve ne  dg.fin,ite lipe of  fissto}}, nn{il sel/E-(liv'isiork  may  
'Salge

 plac:e･geross

st e  dis¢  allort'ig a'n,y  axis.  [Vk･:･}refore, the  C{etac'lted haLF wes"lting  :"rom

fisEgion h:s aawnys  ･3 /rrays. Il'he uxtpaiiTed. ciozosoe･ena/ral ai.ad  or,rt,'l shields

1.bel.ong t/o eEthege  v)ne  o/ff 
'el'i{i,

 det･aehedi lhaiyes. Sueh ikdefi.nk;eness :/n.
tlae nxis  of  ftssioii is /pi'o'i ablix a  e'hnrn,eteristi,e ef' oph/l'uya),).s, eoeeyelated
'wi･'tY}

 
'the

 abseitee  off inadi'repoyite  ai,d  anu.s,  ai'/.d also wl,d,;'h 
'tt}e

 truth

Tad.'ial syn]me'tiry  o/ff tlhe whol{), si;,tr'uetiure.

    These ophiurarts  seem  eo {iliviele 
'iiheixtse]vefi

 sEi･v'eTal S2me//' in li['fe,
evkd  iMtdivictuals we.iieh  have  a,pparen'tiy'  regewnez'al'ed  /io'o.r thnes are

$ometime$  oloservedi.  k/･ is easy  
't･e

 t;e,l･.1 kovv  mafiy  
'times

 
'tke

 divlsion.
Iha,s takewa place, ?,'}y' cem/pak"'iltg  thc-t i/'.ei,}gt'h of  a/t'ms,  ra.v  sgegffLewats,

radiag  shields  and  a:Rbulaserza,1  
'pla'tes

 u･Sr ez,･aeh  :,i'kdi･v/id'ual. Timus these
obp'itiaxran,s propagat;ff a:sexuall}T as  wel}.  tts sexuaily.  Eew all aases,  th:/ree new

k"ttys appethr  t" x'ege-.ef･ra'te  from  ene  }.a,]f of  a  spontan,eo'utsly'  divi"ded d/isc,

.:

ttt

{Xl･
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C>i" ihe xe.or. enerate(1  /f'f:s.ys, the  two  lat:exc",lt u'o,es  grotN faste/(" 
'tl'ja/n

 the

rviiddie ene.

    CLAitK (1911) has o.e't,ect in. Asd'v"ocei'a.s p'eTs.crave?･eng havi.xgg- 6 rtays that
"None

 o £  the spe £
.i'i'iegi)s

 revea,i.s  Etew t.,lrfte 6･-nri)ned zyo'ui.tg becomes t;he

symmetrical  5-aTm?.5. ad.'a]'e li/)ut iy), i]we ±/t,peeEli]-erts  
'tne

 /rfti{ldie n,rm  of

tlae sina,ller tTio is (ii.sti/,,,'Ac't]y sma//lle.w tlhan "Js twe  r},e.ig'nbe'Ears,. arid  it
}xiny be tlnat t;hls 

'/'nj.cit'dle
 a,yni is 

'f,iYj'i,u']aijeli.y
 geesolved  e)f ]o.st hy  a,u'to-

tenmy," MAI]sukloTo (1'9Lg'Z) eonside!bs,  when  dlescribi.ii.,g' Oph?iaceis scwisynyi,

tha't "FIIrihe
 srflal;er size  o/ff 

'tne
 nifm  

S
 . g.ues'L'/ion ik･3 

'pexl
 a,/ps du.e to its,

uxEfavoura,fole  pesg.ticn wit'h  ire.a.ards  
'tio

 
',tla.e

 s'u'pipZy  o/f n,'a'tri'tion..''

    Aocordh'Ag '(io
 my'  obse/cva'tions  o･n ttl.ese s.p.ecies, however,  

'tit'ie

srr,iin,ller size  o.f dJhe /t'esfene,.'t"attc,d middie  axbm  /･)eemg 
'lio

 be dae merc]ly'

to retarded  dieveZo/p'mc,'nt, eon,t-raz'y t'o the  
'v,"ews

 of  the/],･e au't'hoi's.

    The  usual  rege,r,.ei/'aeion, ii't 
'these

 o/phit4E's,lls,  as  f.ia.z' Ed,s I ha,v'e o'h-

sex'ved,  proeeedls in t}ne 
'follio',;vi/u,c.v'

 or'(leir :-(lorsals,  fixs't E/d.amh'glacrals,

terrninals, Iaterals, i.'yi-.'et"radials.,  s'econ.d adiamh'ntla(eralls, dorEwa.1 arm

pEates, tentfiele sealei;, dei'}t?,U p]atJes &,i,nd teet'r'i, tJ-hen op.ly  in latey

s'tag'es 
't'ne

 xadi,:,] sln` i/e]ds andi  o.t'aE shiel,cts a]t)poar.

                            SUPffMA'RY'

    1. Coseiuas'ee･}"･i(ss acn{tislJi?zes  
'is

 us'u//,},IIi3r 8-irg,yed, ai'tdi exce'piio/,kally

C;-･, 7-, or  9-rayect.

    2. AllS;g'teii:teug sc."parati(;･a  t/aZct,s p}ace  zm,til･ t/'ts 
gwoi'k:],d.s

 beeoi'ne ripc-..

    [l]his oee'urrs egp･ee/･.alliy f'ifoquently 
'ire,

 ju'venile stiig/es  i.n tiK,J seasou

'
£ roxn  early  gpring  to aueamn.  Wkie tissiert nXways  follows the axis

hei;ween the pair  ot/i .t,na}  openings  oia  
'ljhe

 dise.

    g. bifferent imdivif."･.uags /m}'ty have  rays  rarxging  from 4 
't'o

 9 irlt

r.,'ts'mbeie, but 8 /l's al),lz}aifep.tlvf IJ･he /qormsui  p.xx,mbew  fev this speeS.es. A.ll

the  n,ewiy  ifegeneT"a'ted  ip,div'id,'uals :)re  r)i"ovidecg wiL'h  4 madrepevites,

2 an:}.l opeliings, [.･ ]/e･e.'ilurr.ts.', eR,rryiyLg  xt, iqew  /(beei.'v,l sae$  a/ttd l2--16

IJI'EDEMAIff.N'S, bOdi{}S.
    4. 

'I'l'ie
 l2'tr.cre ,ft,n･di  small//  ]･rays ai/'e al'ways  /f'ound  in, pai:.s, t'1'ie ]arge

Tt'iyre scetain  p.hysiolcgiL'al superiority  over  si,ng.rleT  ones,  arL･d  l.ead thein

1':t. IoeorrkoS:ion. CoTLE's 
`(Piiy':"･iologieaE

 nnte:.is2'  end"  is maS.nl.y  Cleeey･-

m'E'iie(l hy e'i e size  of  /,t'ays iemESc,ad, of  
't'tr･,te

 x]os'i't2,e/a of  ma({?epo!'ii-es.

    5. An  ijutline  o,f t･he tre/{,};ei'hJ,erati'ng pz'ocGss o/f i:,:.aJe･irna,l org'uns  in

C. dictttt's7;ines fc･Ilow/lll.g the s,el.f-d.iv//.sion. i･L's g'ivei],.

    6. A  1:)vief des,.'TIp{/ion o.f Vn' e  .veg'eneyntion  p.ro¢ e.gi's f,ollQwir:,g Spon-
'tu,neous diivision i,n jicur op'/aiurni'j,s,  AsXe?"oeeo'as cwznvtla･tum,  egehiaetis

trtzodesta. 8phiaetis sav･ignyi  and  Optbi'othela diana･e is also  g;iven.
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    7. I/t,L 
'these.

 set,i-s'tars and  o,T,)1ltitu-'ans, autotom.v  is used  a,s a method

eii asxtaa}  propaga'tioxL, andi  i't, helon,gs 
'Lo

 tl'ke y]ormal  an(il  phystlologi¢ a.i

p}roeesses in 'these /f'oi.ms.

                              I,Il]IC.RAVi.JRtS

IBENNETT. E. W., 1927. ,Nc;tes on  some  Nefiv' Ze--,rti,land sea-sL'ar,s  and  ou  autot,o/･meus  re-       '

      productien. Cantecbury Mus.  Recerd,  Vol. 3. Ne.  2. .

CeLE, L. J., 1913. Dire,:tien of locomotion o:" i/he starfish  <.AsteTa'aftf'orbesi). Jour. Exp.

      ZOOIn, VO'l･ 14n
CRoz!ER, W.  J., 19/L5. 0n  the number  of  rays  in ijgteriaste7zee･isp･ina  LasIARcK  ut  Be]'-

      muda.  Amer.  Nat,', Vol. 4g,,

-.-----･ 1920. Notes  oi.  some  problem  of n{lnptation.  (2). O:/x the temporal retation

      o/f asexuaV  propagE/,tion azad  garnetie t:eproduet/ion  in (]oscinas,te･i'i･as' tenuispina,

      etc.  Biol. Buil., Vol. 39, No. 2.

Eb"IoNDsoN, C. H,, 1935 Autotomy  and  regeneraticn  in Haw3,iian  starfishes.  Berniee

      P. Bishop Mus., Oce. Pap., 
'ifol.

 1{.1, No, 8.

FIELD, G. N., 1892. Th(,'･ g[･J.rva oS  Asl･er?:as v'in',lgar･is. (l. Jour. "C[ier. Sei,, Vol. 3,i.

FEsMEK, W,, K., l925. .Asexual repr,oductjov.- iri the starfish  Scle･r'asteTi･as. Bidl. Bull.,

      Vol.  48,  Ne.  3.

GEza･IMIL, J. }."., 1916. I)ou'ble hydroeeel  i'fi t:he  deveSopment,' and  metamorphosis  ef  the

      larva of  Astept･ias yzal,ens.  (1in. Jour. IXi.i,cv'. Sci., Voi. 61 ,
KlffNG, ll. D., 1898. Regenere',tio'n iri Asteriens vsclgceris. I. Ar.vl],. ii. Entw.  wre'ch., Bd. 7.

.,.r-=un 19UC). Diitto. II. ,fbial.,  Bd. 9. ･

INffATsuMe'±"o,  H., 1917. .'k monos.raph  of  Japaneh'e Ophiureidea,  nrranged  aecordillg  to

      a  new  elassifieatieni.  .Jour. Coll. Stli., Irnp. IJni'v. n]el<.v'u, Vej. .Q.8.  No,, 2.

NSwMANN,  ff. I{., 192]. i. en  the eee'u.nrence  of  paired mad.repoxlc  pores and  pore･-
      eanals  on  the adva=.ced  Bipinnaria  lai'va,e･ of  A{rtarivta (Fat･sl･in) miniata,  etc.

      RiGl. Bull., Vel. 4L',, Ne.  3.

-------- 1921b. 1]he e:-:perimental  pToductti.o'q oil ewins ttnd  doub'Ee monsteys  in the

      turvae  o/tr the stkrfisk  2]#ti,ei(x miniaT:tz,  toge'ther  wii,/h  a  diseussion of  t/he cause

      of  twinning  in. fgeneral.  j'o.Jr. Exp.  Zool., Vol. 5'5'.

tt

11}


