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    The  question as.to  the origin  of  the  nematocysts  of  the  niolluscan
eolids  was  first raised  in the  middle  of  last century.  T. S. Wright

(i8s8) was  the first to maintain,  from hls comparative  ebservation  of

the nematocysts  and  the hyclroids eaten  by the  animals,  that they are

exogenous.  Unfortunately this important  suggestion  "'as  overlool<ed

until  the appearance  of  Grosvenor's paper in igo4,  and  during this

interval R. Bergh (i862) and  others  maintained  the endogenous  theory
of  their origin.  G. H. Grosvenor (igo4) exarnined  nematocysts  precisely
by the improvecl histological methods  of  his day and  at  the same  time
conducted  experiments  in feeding the animals  with  hydroids, and  gave
an  excellent  account  of  the origin  of  the  nematocysts,  which  he claimed                          '
was  exogenous.  L. Cuenot (igo7) and  O. C. Glaser (igio) concurred

in this statement  of  Grosvenor as to their origin.  However, more

recently  A. Labb6  (ig23) brought forward a  theory  which  reconci]es

these two  extreme  views,  stating  that the nematocysts  ofthe  smaller  and

presumably younger cerata  are  endogenous,  while  those of  the larger
and  older  cerata  are  exogenous.  A. Naville (ig26) opposed  this view

ancl  reverted  to the  exogenous  origin  of  the nematocysts  in both larger
and  

'smaller
 cerata.-  .

    Experimental researches  have also  been atternpted,  the relationship

existing  between the  nematocysts  in the cnidosac  and  those found in
the diet being particularly studied.  Cu6not (igo7) tried to settle  this

problem by his cerata  regeneration  experiment,  cutting  off the tip in-
cluding  the  cnidosac.  He  hoped to obtain  in this way  cerata  firee
                                     '
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from nematocysts,  but the result  was  the production of  cerata  only

partly free from nematocysts.  The  procedure adopted  in this experiment

seems,  however, to be imperfect in several  points; in particular, the

origin  of  the  nematocysts  which  are  said  to  be still partly formed is

sQmewhat  doubtful, Glaser (igio) suggested  that  the  uncertainty  of

Cu6not's result  could  be eliminated  by s'tarving  the experimental  animal

fbr several  days before operation.  The  present study  was  undertaken

to verify  this statement  of  Glaser by  repeating  Cu6not's regeneration

experiment.  The  experiment  was  carried  at the suggestion  of  Prof

Dr. Y6  K. Okada  at  the Misakf Marine Biological Station during  my

short  stay  there last summer.

//.

ne.

OBSERVATION

    Afmpkorina sp.;  This eolid  feeds on  1hrbztla"'a mesembiyanlkem2ifn.

In addition  to a  pair of  Iabial tentacles  and  a  pair of  rhinophores,  the

animal  possesses 7 oblique  rows  of  cerata  symmetrically  placed on

either  side  of  the body, each  being composed  of  3-s papillre, Behind

the rhinophores  and  on  the side  of  the body, the cerata  are  small,  but
in the middle  region  and  especially  on  the median  line of  the back

they  are  large. Each  ceras  ends  {n a  cnidosac  containing  nematocysts

absolutely  iclentical to those found in 1letberlaria. In the experiments,

cofp
 

Fig, i-Median  longitudinal section  of  a  ceras  (Anushos'ina sp.),

 showing  the internal structure  of  the cnidosac.  x  loo, cc

 ciliated  canal  ; cd  ct cnidocyst;  cdP  cnidophorous  pore ; ctl s

 cnidosac;  c  m  cellular  mass;  ect  ectoderm;  h tl hepatic diver-

 tieulum; m  musc!e;  mes  mesenchymaJ  iipk  nematophagous

 cell  ; )･ cctr regenerated  cnidosac;  zv  wounded  place in ectoderm.
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                ORIGIN  OF  THE  EOLIDIAN

I selected  only  iarger specimens  from 8

to io  mm.  Iong, and  starved  them  for
about  s days before operation.  Thus  I
could  entirely  eliminate  the  nematocysts

from the dige'stiVe tract of  the experiment

aninials.

    In the  first series  of  experiments  I
cut  off  with  a  pair of  sharp  scissors  the

distal end  of  the cerata  including the

cnidosac.  They  would  close  almost

instantly. In spite  of  the autotomous'

character  of  this appendage  in geneiral,
I could  manage  to prevent it firom being

brol(en off  fi-om the proximal  part. The

cerata  gradually grew  again  and  about

io  days after  the operation  they were

suMciently  lai'ge and  produced cnidosacs

at  the  distal ends.  The  new  cnidosacs

were  white  and  comparatively  transparent,

so  that  the ingested nematocysts  could

be easily  recognized  even  
'from

 without.

Five  days  later i.e. on  the isth  day  after

operation,  the cerata  had nearly  attained

the original  ,size and  restored  their

normal  shape  and  structure.  IC however,

the experiment  animals  were  not  fed with

hydroids  they  could  scarcely  survive  s
days, and  generally died before the end

of  that  time, It was  impossible, there-

fore, to obtain  perfect regeneration  of

the  cerata  free from nematocysts  in' this
    .specles.

    After operation,  the  ectoderm  con-

tracts exceedingly  around  the wound

and  closes  it completely  as  is usual  in

such  cases.  The  cut  end  of  the hepatic

NEMATOCYSTS
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Fig. 2-Regeneration  ef  a ceras  iR !ong{-

 tudinal sections,  showing  the  conai-

 tion of  (a) about  3 days, (b) 7 da}rs.
  Cc) ro  days after  operation,  ×  ioo.
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diverticulum also  closes  its wound  independently. Thus there is a

double  closing  on  the operated  surface.  Soon after  this formation the

ceras  increases in its Iength, the growth being accompanied  by a  celluJar

proliferation from the distal part of  the hepatic diverticulum (text-                              '
fig. 2a).  Since thg ne-vly  formed cells  stain  particularly well  with

Heidenhain's hematoxylin, the regenerated  part is easily  distin.guishabJe.

At  first the  new  cells  gather together  in a  mass  and  layers of  enlarged

mesenchyme  cells  clothe  it all around,  but befbre long  there appears  a

space  in it and  a  hollow structure  is produced  (text-fig. 2b).  This

represents  the  cnidosac  in a  regenerated  ceras.  The  condition  may

be well  seen  in text-figure 2b  -rhich  is drawn from a  section  of

a  7-day specimen.  About  io  days  after  operation,  cilia mal<e  their

appearance  in the narrow  passage at  the  base Qf  the  new  cnidosac,

and  the cerls  located in the proximal  part of  the new  cnidosac  begin

to ingest the tubularian nematocysts  which  have been carried  in from

the hepatic diverticulum through  the  ciliated  cahal  (text-fig. 2  c). By

this time  the  layers of  mesenchyme  cells  around  the regenerating  part
of  the  hepatic diverticulum have  become  thinner  and  are  reduced  almost

to the original  c.ondition  of  the connective  tissue. The  cells  that have

taken  up  a  number  of  nematocysts  grow  gradually and  give rise  to the

cnidocysts,  Thus  on  the isth  day from beginning of  the experiment,

the reggnerated  cerata  of  the eolid  had completely  regained  their fu11

slze  and  bore nematocysts  in. thelr cnidosacs.

    Those eolids  which  were  not  fed with  ntbulLiria ,after operation

fbllowed the  same  processes of  regeneration.  The  closing  of  the

wound  and  cellular  augumentation  from the  hepatic diverticulum

take place.quite normally,  but these regenerative  plienomena  proceed
more  slowly  than  in the preceding  case;  the  internal condition  6f a

s-day specimen  scarcely  reaches  that  of  3-clay material  of  the  other  case.

  ･ In the  second  series  of  experirnents  I cut  off  the  entire  cerata  from

their proxinial part ancl  foIIowed the  process of  regeneration  as  before.

In this case,  complete  regeneration  of  the cerata  ivas  also  obtained,

Only it took,  as  might  be expected,  a  much  longer time,  viz.  about

i7-2o  days, for the  ceras  to become  a  perfect organ  with  the  cnidosac

containing  the nematocysts.  Those control  animals  which  had not

been fed died out  before sth day, as  in the previous experiment.

f'

'

･glli



The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  ofJapan

'

"f

L

VF

/

               ORIGIN  OF  THE  EOLIDIA.N  NEMATOCYSTS  39S
                                                             h

    AeolidielZt; ltxkanosimaensis : Besides the labial tentacles and  rhino-

phores on  the head, this eolid  possesses i3  oblique  rows  of  3-s cerata

on  each  side  of  the body. It was  fbund among  gravel in shallow  water

near  the  Station depositing eggs,  so  that its feeding habit was  not  clear.

However, judging from the shape  of  the nematocysts  in the cnidosac,

it may  feed upon  some  sea-anemones.  In spite  of  the  small  number

                                                 '
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     Fig. 3-Longitudinal  section  of  a  ceras  (Aeoti?tilella tahanbsivtaensis), showin.a

      the  internal structure  of  the  cnidosac,  ×  Ico.

of  specimens  coliected,  they  seemed,  from their considerably  larger size

(is-I7 mm,)  very  promising material  for a  repetition  of  the  experiment

of  regeneration  of  the cerata  in starved  animals,  the experiment  which

had failecl in the precedtng  case.  The  experiment  animals  were  starved

for s days before operation  and  the distal part of  the cerata  was

cut  off; as  before. This time  the process of  regeneration  took  place

quite well,  and  about  iodays  later the cerata  regainecl  their original

              

              
               -

              

             
              

              

              

     Fig. 4-Longitudii'nal  section  ef  a  regenerating  ceras  under  starvation  for about

       lo days after  eperatlon,  × Ioo.
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length, Moreover each  ceras  produced  a  well  formed cnidosac  at  its

distal end  (text-fig, 4). However,  no  single  nematocyst  was  fbund  to
be contained  in the  sac  though  otherwise  the structure  was  entirely  the
same  as  in the normal  animal  (compaire with  text-fig, 3).

,

                            REMARKS

    In the case  of  AmPthorina sp. used  in the present experiments,  it

is well  proved  that the  nerr]atocysts  of  eolids  are  eptirely  identical to

those of  the  coelenterates  eaten  by the animal,  as  has been  sliown  by

Wright, Grgsvenor, Cu6iiot, Glaser, Labb6and  Naville in the Eurbpean
and  the American  species.  Son]e of  these  authors  have foIIowed clirect
transference  of  the qernatocysts from  the  body of  coelenterates  or  have
even  succeeded  in changing  the kind of  nen)atocys(s  in the  cnidosac

by altering  the diet. -That  those eolids,  generally feeding upon  eggs

and  Iarvee of  fish, are  di 2re'ori clevoid of nematocysts  is also  good
evidence  for the exogenous  origin  of  the  nematocysts.  The  view  that

their origin  is exogenous  is strongly  corroborated  
'by

 the present ex-

periments on  cerata  regeneration.  Regeneration of  the latter in the

presence of  coelenterate  diet is atways  accompanied  by a  normal  for--
mation  of  the cnidosac  with  nematocysts,  but in starvation  or  in the

absence  of  the goelenterate dict, the  nernatocysts  .never appear  in the

regenerated  cnidesac,  although  this organ  may  be normally  produced
as  it is in AeolliZlielZZi lakanasimaensis.  A  similar  experiment  has already

been attempted  by Cu6not, who  obtained  cerata  oply  part]y deveid  of

nematocysts.  His failure to prod'uce"cerata entirely  free fi'em nemato-

cysts  must  be due  to the presence of  capsules  remaining  in some  parts
of  the digestive tract, since  Cuenot clicl not  starve  the experimental

animals  before operation.

    Labb6's compromise  theory,  as  mentioned  above,  claims  that  the

nematocysts  have  a  dual origin,  and  this was  inimediately opposed  by

Naville on  the evidence  of  his careful  histological examinatien.  How-

ever,  both these authors  hold the view  that  the smaller  cerata  behind

the rhinophores  or  on  each  side  of  the body  are  embryonic,  while  the

larger ones  found in the  middle  part of  the  bacl< are  adult,  and  that

the cerata  in the embryonic  state  are  carried  upwards  and  grow  up  to

di
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the  adult  state  in the median  lfne of the bacl<. Naville laid particular
stress  upon  the structural  difllerences between these  two  kinds of cerata.

    So far as  my  observatlon  is concerned,  the  smaller  cerata  regenerate

as  well  as  the Iarger ones  and  in both cases  the  nematocysts  are  always

derived from coelenterates  eaten  by the  animals.  When  all the  larger
ccrata  are  tal<en off, the smaller  ones  remaining  on  the side  of  the
body  actually  grow  large and  reach  nearly  the same  size  as  the large
cerata.  Thus animals  having qiily large cerata  can  be clerived, During
this expc'riment  however,  I could  not  observe  such  a  phenomenon  as
- -
ttie gradual carrying  upwards  of  small  cerata  towards  the  median  line
of  the bacl< and  the  gro",th of  new  cerata  on  each  side  of the  body.
There are,  no  doubt, some  structural  difll]rences between  the larger
and  the smaller  cerata,  but I thinl< this may  ratherbe  due  to specializa-

tion of  the{r function according  to the  place where  they  are  situated.

SUMMARY

    Affq?thorina sp. and  Aeolidi"de afcrkafzosimaensis were  uscd  for the

presgnt experiments.  The  nematocysts  found in these species  are  en-

tirely identical to those of  the coelenterates  they  eat.

    The  cerata  can  regendrate  on  either  fed or  starvecl  animals.  In
the  first case  the  regenerated  cnidosac  aiways  contains  nematocysts,  but
in the second  case  it is devoid of  them.  Thus the exogenous  origin  ef

the eolidian  nematocysts  is firmly supported  from the experimental  side.

tt
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