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            ANNOTA[E]IONE･･r,S ZOOI,O(]`ICA,}il JAI)UNE.i{ISES

                       Voluine Z6, 
'Nu.

 :l---tYu.fte 19L'i3

               
tttintt'tP=evIMuanvimTny-ua'mm'--"F4thr-"anttTTtttwh-nyxmuditditrt-mumM-V'rpt.="/m-

                ?ubJi'shed by 
'the

 Zoolo/.,1'ieal Sceiet･y of  Jag/an

                   2/,'loolo.gr.ieal Insti'hai'L'e, Iiokyo U/niverslt,v
               

Ltstum-=,M--nruq-ig-n, whtum
                             

,sc1pmmmts=#.vumunycf-tX.-xnmwuts-=vaTmaor=z.ts,=/m

            Sf.rucZ'ure and  ])eveEoJ.)rnejv.it. ci{' tlte Frenta'l

                       (}gands of tJhe Frogs,

                .h)kacophorws  seklegelx"g` arbouea  and

                 si?fzafaeophorees  ,sev'xgageX'ii sehlagel2'i'iC

                          liJl]iJt. !･} .7'iea:S-.f''i,,f,.if-7zt,g'

                          
'E'/'nkaiell',i.

 Y'A.NAI.

                 .･ )'io,lo,". ical sSf./･l)orato7',z.t,  LC"}fiei7?2,es?.u.,  ij'･ve'"v,e･7'sili･y

                    ({J'o'nzn'eu.･iaz'caieri{ ,1.y  I'.<1. [IriAKI･u'1,v'AIs'.I)

    [I]h{} unl'que gt;rue'ttmime off the f.ronin1 s.:.ylanris' k':i IFg'hxeo･phort-s sehges?eZi･i

 tz'?'borea rznd ffh. sehs'e.a.egi･i schleget'itr  was'  ///l,rsi; made  I<aewn by SsLg"uehi

 (1915) tti,ore tl],.'ra ;'.:E'} y2ars  t'xgo. ]il.e (]c,sigrna'tec.i 
Ltke

 
"u"inleell'ul:.'i-

 
,o.'taitds

"peaz'-shs,ped

 gl'g･ui/d]Sar celSs"  (bir.t].fOi'mrgre E)rUsenze-r/leie, bc.lieTv'lng tl:n.at
i',hey wt?Tbe  not  l,:ornc,lo,,.ye't'.s i,ari(,h the 'C,rontal glt"ridEg ot' othez: am]/,Fi/:,hi,,a..T]s.

    -irily 
i:nvestigations

 on  t'ite mo.vgjholeg'y  :･md (levelol)ment  of･ i.'he F;f-il(S
gl"anfis of  Rhcfcopfao･?'e{n' :)'chjeg'egttl a,?"bo?`e･ff, and  ei'. 

'tl'･e
 mc]tiol'EoloRv  of 't?ie

g.;iaft(ls of  .Sh. schgegelio,i  sc,'2gegeli･i, howeveT, malte  i't ev'1(lebt'J{'"hat'; 'iihe

sy?.ands) n.z'e dierivedi ffrorri the neT't"a'E erest  ceiis  as  2n  et'iei'' n.n]s)]]"tbia,ns, and,'theTefore,
 npe  hemr!ei'ogous witb.  the  ["'.eonta,1  glan(is,,

              fX,. STrevcTvl,'t'il oir･ 'miE  .gl.Ror"w,xl, GL.fi-,Nbs

                ,i. .2?haco.pR',oe"zas schges'feci',s'i a･?ibo･rea

    At Xhe 'Linie ef ha'[;/e.ii:veg, 
'll}e

 dorE;a:･' ep:'de,"i･nic.e o £ the an.te]/":/oL" h:.il'/P of
the  emb ±wyonie  boidy o.orztainF.i ei]lat,e(i cel'1/g, ]aterul liee cells  ti,it(I fi'on't'/al
.g;lnnd eelts aiiiollg ozh(lix}atey epkt/'ermal  eelll,v.. [rf[he epi/der,';ff]is p･roi.)er co.if]sis'ts
of

 t'L,vo layevs of  eet'ls, i.?.., the su.p.e],"i'te1,2i and. basa'.t k'ayers. A.ll }.ix}ds e'f
ee!･ls in the eg}idemnis  are  deveid of  I}ig.ntentt 

.c
 va'.,rules, ehroy.nai.osc.}hoi"es :i'nd

Iieydi.ff eells still  be:,.llg absen'hr･. at i,his ;i,k,,g･re (ffisx. A, b"). 
-

   Iityen'tnl g'1'and eelis ir'e distingnisinshl'e T( ifom.  othc"L' lcir-'ds #t"' celjs l/.n t'he

   
*
 Studies en  the IIal,chin,c; Glan(ls ei" .,'uiT.iijhihians {X･                                .t

                              tth
                              l･Su
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        Strv.iv"oure a'nfi Develop'ment  n'f. t.he ]li'ron.tal Glia',",ds of  l{lhaf]opho7"t{.s 87

epi:dei'mis 
'by

 
'tliel}."

 sh,ipe  altd ,s'taidRnbiit/''t}r  (vi･cie i,?zs`',vea),. IE)hey are  distributed

on. tl:.e `ilorsa//･ sl/de o/f 
'ishe

 anteri,or half of  the bodl}r, mos'L' pZex.'tifally in

the froft'Lal reg'io;ii, gr-adutzlly cleereaF.i/ilg 
'i'n

 mumber  eautC!alii}･i. Of :il)proxi-

matel,y  Ll,3100 g'Llarid ce,IZs per  
'indi'vidual,

 about  ong-thlrd  to ene-half  a.re

fou.n{]'. in t]be f,re].t･al Te...ion (FSg. A, 1).

    These find,ln.f/.rs a2eord  well  wi/.th  t"iisse i'n o'the]r nnuya.ris  (Yanai., 1.95e,

l951, 1952). Wkercas in otli,'ier frogts' t'he gla.nd cells  are  mostt,  itumerous

along  'iche rnM-dorsal'  ll'.ne, 
'n'
 owever,  2R t'he pvescn't subsveeies,  en]y  a few

ef  the gla'nd eel//s a..re found  in the  epide'fmis  just,/ z,bove  the hrai'n andi

spinal  efi.si"･tt'. 
trIJ]zg),

 are  L"nore  i-"iu]neyeus  1lt 
'the

 epide]fmis  of the Cleirso-lateraR

part  o'ff 
'She

 bodiy, On  the  1/keadi, the epidermal  nrea  containlng'  ihe gland

eelis  extends  i]o t}ie nasnl  /pi'ts, eyes  a'lld eai's;  and  on  
'the

 t-ntk, to the

upper  part  oi' thL] myomei.aes.  
rliiht:,

 inoTe  ventral  porticn  of the  body is

devo'id o £  t"ne g'l-p.i.ds (Yig. A,L, 1)E

    V'be .gla.lt(S, gaEEs are  gei!erally sphe'Lthieal in shape,  al't.hough those en･･

eounterEd.  e/fi t･J,'-,e inid･-doTsni.  po:,rliien. af, the hea-cl u'xe  soi;..newha't  fiattened,,

Along wieh  a  nue!,etts,  some  v. ell{z g,raxiuLies a'nd  vacuorl.eg ,gre fcund in the

basal pur't o £ the  /t･a.X./. [I]wo i]zteleo'i'i are  commonly  presen･'t in eaeh  nucleus,,

T/he eytoplasm  is fillCerf 
'vvit'h

 !me eos'i/･,'iol,'J'hilie seere'tory  grar,ules. Sometirnes

a  drople't. of  secr/ftie'.'ll is aoz/iRff £
',nom

 a ･gmn.il, l'iole a't npieal  end  ef the

eell. [I]'1'ie cutleuiur  }'xe'm wl'iiifh  /:s seeft. nt' tlhe /fTee end  of  t'he f/eentnl gland

eells  in some  oShezdi ,?,,mphibiRns is y)et  o'bserva'b//･e  in the p. resent  subspeeies

(F"ig. A, 3)-

                 2. Rhacophorus  schle.{egM･  schgegegii

    In t/j}].1"s subspeeies,  t]he "v'otais.
 /number  of  frolttnl glan(1 cell.s peir 

'indi-

vid.ua.l  is a'hgcEt  8E;O on. an  nyer,age  (8()O-990)c. The  type  of  disbr/ibution of

t'he £ rantal.  gltm'nd cel'ls o:,"' this  fi"og i:s 
'ln'Seyrned'iate

 

'be'tween
 
'Lhese

 o:' flhaco--

 rvVzoTTe3 schleg.7,i･i c'7"bo?'ea  an({. o'thev  £rogs.  in 
'the

 regiovi  .e.nterio'r  to tthe

 eyes,  the  rgn,･ife stff aifHbk"ibn':;ion of titio eeils io 
'L'hp.

 p:/"esent s'abs].)eeies is

more  li'it' e 
'that in R'h. schb'e'geliE"･ a7'bo7"ees t･han iv o'1]her. ,a,n,mTa'ns.;  but. in 

'the

 pawL posterioT to th,). eyes,  i/.t resembl.eg  more  z'ltat im otherf alluwELlls (Piig,,

 A, 2). 
'i"he

 eells a]-e alimost  sirnilnr in shape  to those ef .eei'b. schgeyeeii/

 a･rbo[nea exeept  ¢ ia'L' t,he.v 
'posyt,ess

 ill general  only  one  rvaeleok,s  and  are

                                        lit

 al/ways  devoi(l, of  n  secreter,/y zapeirtik'/t`e,

              B. I')EvEllOE"l,TEN7' OF  liTIE 
'i{"fioN';1"AL

 (", LANbs

                   lt. nhacophoi-zds gehgegegii  esrborea

     ]/'ll t/be neu:･"ui.ae, at  tx"o (ln}rs 2f'ter  £ eT'tilizat'Eon,  ･n, elis of  
'the

 neural

 crest  sueee'g$'ive'{/ir 'tl,irust in/to the e'[}iderm'is a'ic 
'u'he

 marg'i'n  of  t'he. neural

 g "oove (}i'i,or.. B, lt). The  krontal glnndi cells a]r'e aeriTv'ed fveori: t}iese mi-
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          Struetwre a,rd  Deyelopment  of  
'Lhe

 Front･ai GjEmds  oi' nhacof)i,o7tus 89

 grated neural'  erest  cells. VV}]en 2]h.e neural  ti.ibe beeo]nes /£olded  off from

, the surfaee  eetoelerm,  i;he e,pi(lermis ov'e/rly.gng' 
't/he

 n.euirg/g t]'ilbe /ls ehiefiy

 eomposed  of  hypee'tLrophied xtevt'r'aE crest' cel'is (IJii'g. B, 2). 1(.lk this region

 eells whieh  are  drcpping out  of  
'the

 (]ptctermis  ave  oilte:,i't eneountered.

     Afdee2` tke neural  tube is formect, 'thG
 neura.l･ erest  cells o'n 

'tlhe
 doTsag

 side  of  t'ire tu-be llnder.cr.o ae'tive  proliferatien a.nd give yise  to ';.wo
 layers

 of  eells,  tLhe outer  la}er eo'nsisting  o/C motheT  gells  of. the /ff/ront･:il glands

 and  tli･e imner one  eompcrisr,in.f t}ie 'nettral
 erest  eell/s proper (Fig. B, 3).

 Naw  the eells 
'in

 tlie outer  Ia,yer netively  migra'S.e  

'hetween
 the superfi･ei'a,1

 and  basa's' laye:,-s ozii iihe eptcliermis 3i]d  seatter  outw･'ai'd.  From  
'th]'s

 
'time

 on,  no  mt'to'tic figu]"es s.ve  /ffeund  in the  cell"s,, B}r t'kx'ee day's att/eir £ertil-

 ization, when  the trup.k of  the embryo  beeomes ･e'nlarged, some  of  the

 frontal glnnd  eells ha,ve reaehed  
't'he

 rjlght  and  lef't, sides  of  the /oeu'irnl

 euhe (Iiiig. S, 4). 7]he gla'r'td eells ni/e 
'['eact'ily

 distingu,ishable ]C'rom  the

 epiderma].  eel]s by lhavlng in thelr eytoplasm  seere'Lion  g-rranules whiel/d. sta/in

 hlue with  
"Blaiiseka.warz".

     A  h}ilf day lat6'･,, i.e., one  (lny  k)efor'e hntehing, tine t.hrusl;ing of

 /neural  ey.est eells ini]o ehe ('tvidermis  eome/s"  to t･i.n end  and  frontal gla'nd

 eells  fi11ed wi+.i seeifet･ickn gra'nuZes }'fta'vre TO' een  foxlj]med.

                  :l/. .E7ha･eo;ohortt･G st'.:hiegel･ti･i schgegela'i'

     Si'nce materi"ali.E･ for embryologie  stu.dies hnve nct  ye't ] een  availa,ble  bo

 xne,  I bave not;  invesvigat]edi 
'iihe

 d.evelop]ne'kt ot' 
'#,ke

 fron'tal glan{fis o £ t]his

 su'bspeeies. It is s".'o/Lagly :･i'ugge.ste(i, .howe;ger, b:if the  rnode  ot' their

 dli$tribution whicra  is iit'termediate 

'be'tweell
 ,geha･ftolr.)horzds schtegeli･･i arborea･

 and  ether  anureans,  tha't a  less mnrkedi  outwar(i  seatterin.or  o'tt nG-a,ra}'L e]test

 cel]s  )//'i"om t'he or,iginal  site  o/I prolifera'tion. alo'ng  tke  mid-dersal  Iine talces

 plaee  i.n eke  pre$ent  su'bspeeies  than'in  Rh,  schlegelz't"  a･rborea.  Whe  ex-

 istenee of' a, type of  f]rontal .v. landg to be ;'oegarded  ag  a./tt intercalated type

 be'tween .ll!1.
 schleveZii･  a･vbo7"ea slid, othe,," fi'ogs su/ppord]s the cone:,usioa

 tthat the fyenical g/'lands o £ .reh. schiegetd'el a･rbo7'eut 2ife ktomolog,o'gs 
'gvith

 $imilait  g'laTids i.n o'Lhtibr amphibinlts.

              C. I)eE'eRoaREsg･sloN ou' rr/pl-.'  }.･"RoN[rAL (>LAr<1)s

                   l. Rhae{;ephorees scft･tegega"i a･7'borea

     AL' 
'hatekiing',

 s, few  gland  eells are  airea(ly  unclergoing'  degeneTation.

 After 'this,
 iretrogresfg'ion  o/f iihe glund  .preceeCts rapl,dly  ancE a+. S]bree days

 a.f'ter haeching  mot,t  of  t'h' e  stlanCl eells have  disappea'red. At  t'hi's; s'tage,

 
'the

 ex'ternal  gills kzve  been ios't, tha suekers  aro  showing  s,iglls ef  degene･-

 zuation,  a/fld sorne  el foinatoph.oi:es  n.'xid llLeydig ce31,s appe2r  in the epidermi's.

 After two  mere  Clays, wl'ie/,it, ¢he su.cl<ers have re,d;,ressed  to traees, ehe
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f}e

glandsnxeg'ofle

1{1'tediuetion ip.

                 [[i, 

'Sl'Ats'AI

coillpletel:y' ,{Tab'le  .i,).

                  ffial)ie 1

nvn'/her  ex" tre1.aJ/i.d ef).Hs di'mring t･he eoai'se  of' i'et･rog're,gs'ion  crf.

               t,fix'ontal .a;la'nd.
           t..te.t.'eltan--av4-.vnypmt-.ww±ewt,-'.ptMh'thSW-tumwwmuve;'nvtvlma'wt!wt.rmM,.,

'i/he"in.tt.N".m...-ny--.-rlww"diMEn

Number  of

i.n.ctiv'idua]n

       ci

       6

       6

       'f'

       4

       4

/･
nTtt=..t--/Nm=temymVtrwtmmu-di=-t'-J.MJ.tumTpmt.Tnt=/t

 Becty length
    (mln)
   ttttttttt-tttt ttt tttt
      6e{)

      El.O

     ].1.･t/,

     1'(.:･].o

     16.<)

     19.0

            1',

 -i':.7･///'llj,,asi//i･2. 1i 
i),2.:g,/...?i.1..e,i'

/ 1
/ 1
1･-･-････  ---1 ---.um,.-------･

I ,･i-{;･ I. ･
'
 

･i.5
 O

        
･i  1

I i 2

i
I 3,

1                   t/t..  . I]
            ltt l

1

/!:;//

l'

1

}'Iean tot･al
Tiilii'tb3'r oi'

g:a'nd p.elish':

"'-"il'l'l･),p",6
 

'

    l,:l,6l-;

      g.oL/

      254

      ,li5

       e

lt

!

l

1

  }"alrig･s'o ei

  v･ al'ia･tion

''
 i.,c･sil"151fl"'

  ll,O.1:･,-1.b8ii

   
Ji,,gi-

 a98

   152- :l[1[,'

     O,- 9

I--

ltl11

i1

uapmTvarumntP.-NT.w=wu,wTntIt..ut="SmV-whth"-'tptan=ny"ttt't#'=.anXrtt='M-==Z'IXMT['w=nv--cttm-thtW.±--t."'rwmmrm.ttrm/tum-m-xmrrmm=murum
   *  IFt)anffn.nerati]og (,'el]s  are  ttneiuded.

    As i.n o'ehev  a:mr,.ih'ibig,ri,s, no  g.1",',n(} eells ei.re tt'rams£ormed  
'into

 other

ldnds o £ ee"s'as. ILI/ is wox'tl/. rne)/iittio//･/ii'tng t.lta{.' /L'io p,ign].entg a]die 
'forme{]

 ir}
'the

 eells 
'throv.ghc/u".

 t･}}.e 1.if,,]. of 
'tl]e

 .g.ylgi:.ds.

   Be'fore elosin.",'  
'th's'

 1,ape,r, J/ x"ish  
-L'c･

 ez･presf{  mbr  eordial  t'hanl[s 'to 1]rofey,s..or fl]. Ka,".a-

mura  uf  ]liros'ttinia UniMiersity anfl to Mr.  1<... j/AIaK'ane, t,:p.eh,e.r o £ the a'ttaehed  rniddle  sehool

ot' Aietii Uni'vers.ity･, i,vho  t'ielp. e5i i-e  in obtai]i/,s.  th{.,, Trt:'L',et'ia'E  tor t'his inveh"L'i.c.ratien.
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