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Prior  to  1903  it  was  accepted  by  most  zoologists  that
nematocysts  were  formed  in  three  separate  phyla  of  the
animal  kingdom  —  in  Coelenterates,  Turbellaria  and  Mollusca.

If  it  were  really  the  case  that  the  nematocysts  which
undoubtedly  occur  in  these  three  separate  phyla  are  pro-
duced  by  the  tissues  of  the  creatures  containing  then],  it
would  be  an  example  of  convergence  without  parallel  in  the
animal  kingdom.

For  both  in  Solids  and  Turbellaria  there  are  instances  of

individual  species  containing  nematocysts  of  two  or  three
different  kinds  which  are  the  exact  duplicate  of  similar
structures  in  the  Coelenterates.

In  all  other  cases  of  convergence,  though  there  may  be  a
strong  superficial  resemblance  in  structures  occurring  in
animals  widely  separate  from  one  another,  careful  analysis
shows  that  the  resemblance  never  amounts  to  identity,  as  it
does  in  this  case.

As  long  ago  as  1858  Strethill  Wright  explained  the
presence  of  nematocysts  in  ^Solids  on  the  hypothesis  that  they
are  derived  from  the  Hydroids  on  which  they  feed,  and  in
1903  Grosvenor  (8),  after  a  searching  investigation,  raised
this  hypothesis  to  the  level  of  an  established  fact.

Since  it  has  been  proved  that  the  nematocysts  of  -Solids
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are  extraneous  structures  it  seemed  to  rae  that  the  same  would
probably  prove  to  be  the  case  in  Turbellaria,  and  the  follow-
ing'  paper  is  an  account  of  the  investigation  which  I  have
made  on  the  subject.

The  research  was  commenced  in  Scotland  on  Loch  Tay  and
Loch  Lomond,  when  I  was  working  on  the  Scotch  Lake
Survey  under  Sir  John  Murray,  to  whom,  for  his  kindness,  I
am  greatly  indebted.

In  November,  1906,  I  had  the  opportunity  of  occupying
the  Oxford  Table  at  the  Naples  Aquarium,  and  there  I  was
enabled  to  examine  some  of  the  Marine  Turbellaria,  in  which
the  presence  of  nematocysts  has  been  suspected.

I  should  like  to  take  this  opportunity  of  thanking  the  staff
of  the  Aquarium,  and  Professor  Dohrn  in  particular,  for  the
great  kindness  they  showed  me.

In  April  I  had  an  opportunity  of  showing  some  preparations
to  Professor  von  Grraif,  and  discussing  the  question  with  him.

Finally,  I  should  also  like  to  thank  Professor  Bourne  fur
his  great  help  in  the  preparation  of  the  paper.

The  nematocysts  of  Turbellaria  were  probably  first  observed
by  Oersted  (13)  in  Microstoma  liueare  but  he  failed  to
recognise  their  true  character,  aud  described  them  as
"  Krugformige  Drusen."  They  were  subsequently  examined
by  von  Siebold  (17)  in  1848,  and  he  leaves  no  doubt  as  to
his  recognition  of  their  nature  describing  them  as  thread
cells  which  "  denen  der  Hydra  auf  ein  Haar  gleichen
sollten."

Hallez  (9)  described  the  thread  of  the  nematocysts  in
Microstoma  line  are  as  "'liquide  qui  se  coagule  legere-
ment  au  contact  de  I'eau,^'  and  put  forward  in  common  with
M.  Miiller  and  Leuckart,  the  view  that  rhabdites  were
degenerate  nematocysts.  The  essential  difference  between
these  two  structures  lies,  of  course,  in  the  fact  that  whilst  the
rhabdite  is  a  solid  rod  of  more  or  less  homoi^eueous  nature,
the  nematocyst  is  a  capsule  containing  a  spirally  rolled  thread
vyhifch  can  be  everted  under  suitable  conditions.
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Von  G-raff  (5),  in  liis  great  work  on  Turbellaria  in  1882,
stated  that  the  nematocysts  of  Microstoma  can  be  distinguished
from  those  of  Hydra  (1)  by  their  smaller  size,  the  length  of
the  large  capsule  measuring  0-015  mm.,  and  the  thread
0-26  —  0-13  mm.;  (2)  by  the  presence  of  only  four  barbs.  He
contradicts  Hallez,  who  had  correctly  described  the  nemato-
cysts  as  lying  in  vacuoles,  asserting  that  each  lies  in  a  single
cell  which  (although  on  this  point  he  seems  to  have  been
somewhat  doubtful)  possesses  a  cnidocil.  He  also  described
so-called  intermediate  forms  between  rhabdites  and  nemato-
cysts  in  Polycystis  (Macrorhyncus),  Mamertinus,  etc.,  and
concluded  that  nematocysts  were  homologous  with  rhabdites
{"  so  scheint  die  audi  von  Hallez  acceptierte  Homologie
zwischen  den  Rhabditen  nnd  Nematocysten  der  Turbellarien
ziemlich  sicher  begrundet,  und  wir  konnen  mit  M.  Midler
und  Leuckart  die  ersteren  als  niedere  Zustande  von

-Nesselorgane  beobachten  ")  .
Fuhrmann  (4)  has  more  recently  studied  the  large  oval

uematocyst  in  Microstoma.  He  finds  that  they  measure
•0084  —  -0187  mm.  in  length,  and  that  the  distal  end  is  closed
by  a  lid,  which  springs  off  when  the  nematocysts  explode.

The  thread,  according  to  his  account,  is  solid,  measuring
about  -137  mm.,  and  there  are  four  long  and  four  short  barbs.
Under  these  circumstances  it  would  seem  very  difficult  to
understand  how,  with  a  solid  thread,  the  explosion  is  effected,
since  his  drawings  show  that  the  barbed  base  of  the  thread  is
everted.

In  his  latest  work  on  Turbellaria  in  Bronn's  '  Thierreich,'
von  Graff  (7)  places  all  the  rhabdite-like  structures  —  rhab-
doids,  pseudorhabdites,  sagittocysts,  and  nematocysts  —
under  a  common  category  of  Hyaloids.

(a)  The  rhabdoids  measure  from  0*16  ft  to  87  ^u,  and  are
sub-divided  into  rhamnites  (bent  rods)  and  rhabdites,  which
are  more  resistent,  cylindrical,  or  elliptical  bodies.  They  may
be  formed  either  in  the  mesenchyme  or  in  the  epithelial  cells.

(fe)  Pseudorhabdites  are  usually  confined  to  the  Alloioccela,
and  are  characterised  by  their  granular  appearance.
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(c)  Sagittocysts  are  confined  to  the  Acoela^  and  consist  of
a  membrane  surrounding  a  cavity  in  whicli  a  solid  needle-
shaped  body  lies.

They  seem  to  occur  only  in  the  genital  regions  at  the  period
at  which  the  male  sexual  products  are  mature^  and  are
regarded  as  "  Reizmittelm  bei  der  Begattung."

(d)  Nematocysts.
Von  Graff  summarises  his  views  as  to  the  connection

between  these  various  structures  in  the  following  passage  :
"  Von  den  als  Ausganspunkt  erscheinendem  Pseudo-

rhabditen,  welche  sich  weder  gegen  das  ungeformte  Secret
der  Hautdriisen  einer  noch  gegen  die  strukturlosen  Rhab-
diten  andererseits  scharf  abgrenzen  lassen^  fiihrt  auf  diese
Weise,  durch  solche  Rhabdoiden  bei  welchen  sich  ein
hyalinen  Mantel  von  der  Kornigen  Zentralmasse  scheidet
(Rhammiten)  die  schrittweise  Differenzierung  zu  Sagitto-
cysten  und  den  verschiedenen  formen  von  Nematocysten  —
Eine  Anschauung  die  ich  schon  1874  ausgesprochen  habe."

The  following  list  contains,  I  believe,  the  names  of  all  the
Turbellaria  which  have  been  described  as  possessing  nemato-
cysts.  These  which  I  have  been  able  to  examine  are  marked
with  an  asterisk  :

RHABDOCOELA.

Section  1.—  HYSTEROPHORA.
Fam.  Catenulid^.

Microstoma  lineare."^
}}  gigantenm.*
„  rubromaculatum."^
„  papillosum."^

Stenostoma  sieboldii.*

Section  2.—  LECITHOPHORA.
Sub-section  :  Kalyptokhynchia.

Fam.  POLYCYSTIDID^.
Polycystis  naegelii."^

,,  mamertinus."^
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POLYCLADA.
Hyporhyncus  armatus.
Anouymus  virilis.
Styloclioplana  tarda.

ALLOIOCffiLA.
Allostoma  monotroclium.
Plessisia  setosa.

Of  all  the  Turbellaria,  as  far  as  I  can  discover  —  M  icrostoma
lineare,  Stenostoma  sieboldii,  Plessissia  setosa,  and
Styloclioplana  tarda  are  the  only  forms  in  which  the
actual  expulsion  of  a  thread  from  the  nematocyst  has  been
described.

In  most  of  the  other  species  of  Rhabdoccels  the  so-called
nematocysts  are  bodies  of  very  small  size  in  which  the  appear-
ance  of  a  coiled  thread  has  been  suspected.

The  two  Polyclads  in  which  nematocysts  have  been
described  are  unfortunately  very  rare  Styloclioplana
tarda  and  Anonymus  virilis  having  only  once  been
found.

Microstoma  lineare.  —  In  Microstoma  lineare  nema-
tocysts  are  by  means  of  universal  occurrence.  Du  Plessis
(16)  described  a  variety  from  the  deeper  water  of  Lake
Geneva  in  which  nematocysts  were  absent.  This  form  has
more  recently  been  raised  to  specific  rank  by  Zacharias  (20)
under  the  name  of  Microstoma  inermis.

I  have  twice  found  a  similar  form  in  Loch  Tay  at  a  depth
of  about  200  feet.  It  is  characterised  by  the  absence  of  eyes
and  nematocysts,  but  as  nearly  all  littoral  Rhabdoccels  lose
their  eyes  in  deep  water,  and  as  I  hope  to  show  that  the  absence
of  nematocysts  is  merely  the  result  of  the  absence  of  Hydra
at  this  depth,  I  do  not  think  the  species  can  be  maintained.

In  those  animals  in  which  they  occur  nematocysts  vary
enormously  in  number,  and  it  is  fairly  evident  that  they  are
most  numerous  in  the  forms  from  Scotch  lochs  in  those
individuals  caught  on  stones  on  which  Hydra  rubra  is
very  abundant.
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Ill  the  living  Microstoma  the  nematocysts  may  be  seeu  to
lie  in  vacuoles  just  under  the  skin.  They  may  lie  singly  or
to  the  number  of  three  or  four  together  ;  very  frequently  the
same  vacuole  encloses  nematocysts  of  different  types.  I  have
seen  cases  in  which  a  vacuole  enclosed  one  large  bai'bed
nematocyst  with  three  small  oval  nematocysts^  and  in  other
cases  I  have  seen  the  barbed  form  accompanied  by  the
cylindrical  form.

In  Microstoma  lineare  from  Loch  Tay  and  Loch
Lomond  I  have  found  three  kinds  of  Nematocysts,  which
cannot  be  distinguished  from  the  nematocysts  of  Hydra
rubra  occurring"  in  the  same  regions,  (a)  The  large  barbed
nematocysts  measure,  in  an  unexploded  condition  in  balsam
preparations,  12  —  15^t  length,  7  —  9  jtt  breadth,  and  when
the  nematocyst  is  discharged  the  length  of  the  thread  is
about  400  f_i.  There  are  only  three  large  barbs  directed
backwards  at  the  end  of  the  thickest  portion  of  the  thread.
(b)  The  small  cylindrical  nematocysts  measure  in  length
12  ju,  in  breadth  4  ju,  and  the  length  of  the  thread  is  about
300  in.  (c)  There  are  also  small  spherical  nematocysts
with  a  thick  thread  and  no  barbs.  In  sections  through
a  Microstoma  nematocysts  may  be  found  lying  in  four
different  positions  —  (1)  in  the  lumen  of  the  gut,  (2)  in
the  cells  of  the  gut,  (3)  surrounded  by  cells  in  the  body
cavity  between  the  gut  wall  and  the  ectoderm,  (4)  in  the
ectoderm.

(1)  In  the  gut  of  a  Microstoma  which  has  recently  eaten
a  Hydra,  the  nematocysts  may  still  be  fonnd  lying  in  the
tissue  of  the  Hydra  in  the  lumen  of  the  gut.

(2)  As  digestion  proceeds,  the  nematocysts  are  engulfed
by  the  cells  of  the  gut,  and  may  be  found  lying  to  the  number
of  two  or  three  in  the  same  cell.

(3)  At  a  later  period  nematocysts  can  be  found  lying  just
outside  the  gut,  sometimes  free,  but  usually  surrounded  by
three  or  four  small  cells.  These  cells  seem  to  be  mesen-
chymatous  phagocytes,  though  I  am  not  quite  sure  whether  it
is  not  possible  for  the  cells  of  the  gut  itself  to  become  free  and
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take  up  a  wandering  existence  in  the  body  cavity.  Finally
the  nematocyst  is  transported  to  a  position  directly  under  the
ectoderm  ;  here  it  lies  in  the  vacuole  (vide.  figs.  2  —  4)  (which
is  not  an  artifact,  since  it  can  be  seen  in  the  living  animal)
surrounded  by  about  six  cells.  The  wall  of  the  vacuole  after
a  time  becomes  thinner  and  denser.  There  is  one  point  of
great  interest  as  regards  the  orientation  of  the  nematocysts
under  the  skin.  The  large  barbed  nematocysts  in  their  final
position,  always  lie  so  that  the  thread,  when  it  is  discharged,
will  pass  out  of  the  animal,  although  they  may  lie  pointing  in
any  direction  while  they  are  still  in  the  gut  cells  or  the  body
cavity.  This  rule  does  not  seem  to  hold  good  in  the  small
cylindrical  nematocysts,  which,  as  far  as  I  can  see  usually  lie
almost  parallel  to  the  surface.  It  is  very  difficult  to  say  how
such  an  orientation  can  be  effected,  but  something  of  the  same
kind  has  been  detected  in  Solids,  and  I  believe  that  the  same
difficulty  is  present  in  the  nematocysts  of  the  tentacles  in
Ccelenterates.  In  Hydra  the  tentacles  are  crowded  with  ripe
nematocysts,  but  the  chief  region  in  which  young  nematoblasts
are  to  be  found  is  the  distal  region  of  the  body  below  the
level  of  the  tentacles.

As  regards  the  mode  of  infection  it  was  rather  difficult
a  priori  to  see  how  such  a  small  animal  as  Microstoma  could
devour  a  Hydra;  but  it  must  be  remembered  that  Hydra  is
generally  observed  in  an  extended  condition,  whereas  Micro-
stoma,  except  immediately  after  a  meal,  is  never  seen  extended
to  its  full  size.  Even  the  small  Microstoma  will  readily
swallow  a  fairly  large  Cyclops  or  Lycnaeid,  and  these  are  more
awkward  animals  to  digest  than  a  contracted  Hydra  rubra.
If  a  fasting  Microstoma  is  placed  in  a  watch-glass  which
contains  some  small  Hydra,  it  is  almost  certain  in  a  short
time  to  come  into  contact  with  one  of  them.  If  the  Micro-
stoma  comes  suddenly  against  the  tentacles  of  the  Hydra  it
contracts  itself  immediately,  and  in  this  condition  it  may  fre-
quently  be  killed  by  the  discharged  nematocysts.  As  a  rule,
however,  the  Microstoma  fixes  itself  for  a  short  time  by  its
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postei'ior  end  in  the  neighbourliood  of  the  Hydra,  and  everts
its  pharynx  to  its  full  extent.

The  Mici'ostorua  then  swims  over  the  surface  of  the  Hydra,
usually  attacking  the  lower  part  of  its  body  with  its  pharynx
fully  everted  (vide  fig.  10).  The  Hydra  then  usually  becomes
strongly  contracted,  and  sweeps  its  tentacles  over  to  the  side
on  which  it  has  been  attacked,  though  under  these  conditions
the  tentacles  do  not  grasp  the  Microstoma,  but  remain  ex-
tended  almost  parallel  with  its  body,  and  it  would  appear  as
though  the  pharyngeal  secretion  had  a  paralysing  action  on
the  Hydra.  In  many  cases,  after  a  time,  the  Microstoma
leaves  its  prey,  and  in  such  a  case  the  Hydra  does  not  seem
much  the  worse  for  the  attack,  but  if  the  Hydra  is  of  small
size,  it  may  be  engulfed,  and  swallowed  whole.

To  further  examine  the  effect  of  this  pharyngeal  secretion
I  placed  some  Hydra,  which  had  been  kept  living  in  a  solution
of  neutralrotb,  in  a  watch-glass  with  a  Microstoma,  and  it
could  then  be  seen  that  the  vacuoles  of  the  ectoderm  of  the
Hydra,  which  had  been  stained  a  pink  colour  by  the  neutral-
roth,  took  a  yellowish-brown  colour  under  the  action  of  the
digestive  fluid,  indicating  that  the  secretion  was  probably  of
an  alkaline  nature,  and  possibly  allied  to  trypsin  e.  If  a
Microstoma  which  contains  nematocysts  is  placed  in  a  watch-
glass,  and  a  dilute  acid  or  alkaline  added,  the  nematocysts
under  the  skin  are  discharged.  It  would  be  very  interesting
to  determine  how  far  the  Microstoma  is  capable  of  using  its
nematocysts  for  purposes  of  attack  or  defence.

One  of  the  common  enemies  of  Microstoma  appears  to
be  Chgetogastei*,  which  devours  it  greedily.  One  evening
I  placed  six  lai'ge  Microstoma  in  a  watch-glass  with  two
Chsetogaster,  and  by  10  a.m.  next  morning  all  had  been
eaten.  In  one  case  which  I  examined  I  found  a  Ohasto-
gaster,  some  time  after  it  had  swallowed  three  Microstoma,
had  eight  large  exploded  nematocysts  in  its  gut,  but  the
presence  of  nematocysts  in  its  prey  seems  to  have  no  deter-
rent  effect  upon  the  Chaetogaster.

As  regards  the  mechanism  by  which  this  discharge  is
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effected  I  think  that  any  muscular  or  nervous  influence  in  the
case  of  the  nematocysts  of  Microstoma  is  excluded,  and  I  have
never  found  any  trace  of  a  cnidocil-like  structure.  I  am
inclined  to  agree  with  Grosvenor  that  the  discharge  of  a  ripe
nematocyst  is  only  effected  when  it  is  brought  into  a  solution
of  less  osmotic  pressure.  At  the  time  when  the  nematocysts
of  the  Hydra  are  ingested  by  the  Microstoma,  they  lie  in  a
mixture  consisting  of  the  pharyngeal  secretion  of  the  Micro-
stoma  and  the  partly  digested  ectoderm  cells  of  the  Hydra.
When  the  Microstoma  is  irritated  by  acetic  acid  or  an  alkaline
solution,  the  ectoderm  probably  becomes  slightly  contracted,
and  the  end  of  the  nematocyst  is  forced  between  the  ectoderm
cells,  water  is  taken  up,  and  an  explosion  follows.

In  order  to  establish  a  definite  proof  that  the  nematocysts
of  a  Microstoma  proceed  from  its  prey,  there  seem  to  be  only
three  courses  open  :

(1)  To  feed  the  Microstoma  upon  Hydra  in  which  the
nematocysts  have  been  stained  intra  vitam  with  some  dye,
and  follow  the  passage  of  the  coloured  nematocysts  through
the  gut  under  the  ectoderm  of  the  Microstoma.

(2)  To  feed  the  Microstoma  upon  some  other  Coelenterate
which  has  nematocysts  of  a  different  shape  to  those  of
Hydra.

(3)  To  rear  Microstoma  from  the  egg  without  feeding  it
on  Hydra.

In  the  first  case  I  kept  some  Hydra  in  water  containing
methylene  blue,  and  found  that  some  nematocysts,  usually
those  that  were  not  fully  developed,  took  up  the  stain  with
great  intensity.  I  fed  some  Microstoma  on  these  Hydra,  and
a  Microstoma  which  was  placed  with  these  Hydra  at  1  o'clock
had  a  mass  of  blue  in  its  gut  at  5  o'clock.  Next  day
in  most  cases  the  colour  had  faded,  and  in  only  one  case
did  I  see  blue  nematocysts  actually  under  the  skin.  This
specimen  was  mounted,  but  unfortunately  the  colour  has
since,  to  a  large  extent,  faded.

With  regard  to  the  second  course,  this  is  the  method  that
has  been  used  with  such  success  by  Strethill  Wright,
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rluM'ii('li(<riKl  i(i  MliM|tr.  'I'litiy  hit  iikmc  im-  I(>mh  t'^'}-;'-Hliii|iiMl
Hl>rii(«l<iir(<M  wilili  ()tu«  \uAr  Mnuillrr  llnm  I  li(<  oMuM',  niiid  in  pro-
\\\('  lli(>  (iiie  jiidi'  ill  iilif'lilly  ('(MivoN  wliil.'il.  Mio  oilier  IM  coiifiiA'c.
In  llii<  (<\|il(id(Ml  ('(indilHiii  I  lio  IIii'(mi(I  |)mmm(\s  Ironi  ilw  Miniill
|>(>l(>.  Ilio  MWdllcn  hiiM(>  ol'  llio  llirt'iul  in  rnlluu*  \i)\\y;  nnd  mi<I.
Willi  iiniiu'runii  ItiirltM  wiiicli  drri(»ii;u'  mIi)','1iI  U'  in  liMi'-lli  in  IJi(<
diMl'iil |ii)rliiMi.

('.',)  'riio  Sniiill  Ovnl  NiMiiitlofv  mIm  iin*  nilli.«r  likolln^
Miniill  oviil  ntMiiiiiocyMlM  ol  I  lydni  .  nnd  luu'  ihovhIimI  willi  n,
tiliorl  liiiidv  rIii-(*iMl  Irod  Iriuii  luirliM.

I  |)IiiimmI  !i.  I\I  iiM'oMi  oiiiii  ,  ii'dni  1  1  u'lv  liii^',  in  wliicli  I  liiid
iiol  luM'ii  jildc  lo  liiid  lUMiinl  (icy  ;il  ;i,  in  ii  \vn|i(di-;.''lii.HH  \v  il  li  ;uiiiii'
loiiMcd  n|t  (  'ordy  lupliurji  ,  nnd  I\V(MiI\  ((Hir  Iioiiim  ii  11  crwii  I'iIm  I
ii\(Ml  nnd  ('nil  (UM'tioiiH  id  il.  'rii(>  jUiii  Mlill  (MMiliiint'd  iiorlidiis
of  (liMinlcf-Vi'id  ins-V  (  \>rdyli>|dit»rn.  Ind.  ncnniilocyMlM  wi^vo  round
nndor  llio  mIvIii,  Imlli  in  i  lii>  i<\|>lod(Ml  ;iiid  llin  n  lie  \  itlodod
coiidil  ion.

Ivy  r(M>din)','  !i  M  icro'iltniio  willi  (  'or(h'  lo|dioiJi  wiiicIi  lunl
[irovuMi.'ily  hi'oii  IimI  ii|ioii  II\(Ii!1  I  niiccimmIimI  in  ol>l  iuniii)';  n.
niixod  inl'iM'tion,  Mu>  M.ninii\l  Imvinj-V  bolli  (  'only  JoiiJi.Mii.  nnd
llydrn  noinnloryMlM  iindor  iho  Hkin.

'I'liird  ('oll^^4(^  'IMiim  would  sroni  nl  lir;;!  ;ii(';lil  llio  niosT
roady  inolliod  of  moIIIhu";  I  lie  <|noMlion,  Inil  llioro  avo  Iwo  vory
^"i'(>ai  dilliiMiII  iivi.  hiirinj^-  I  ho  .L'linitM'  |>nii  of  llit>  y(>Mr
Mi(M'oslonin  ro|>rodiuM^H  iMil  iroly  by  Iniddiii!';.  nnd  d  is  only  in
SopliMiibtM-  in  Scollnnd  Mini  I  lin\t>  Im'imi  nM(>  lo  lind  .'ii^Minj
mdividnnh).
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I  liii.Vd  (iiily  oiicd  luiiinl  i'i|ii)  IniiiiJo  M  icioiiloiiiii,  in  Ikk-Ii
IjoimoihI  ii()Witi-(li(  lilid  iiiitlillo  ol  Sit|ii<)iri|)()i',  hill/  Umi  irinldiiiiJ
wlii<li  I  Minn  oMii.innd  vvini  unr(tr(.nnii,l<'Iy  l(»;tL  I'lvnn  il',  liovv-
ovcr,  l/liiii  (linicnll.y  ii  <iv<irr()(n<\  I  do  nol,  liclicv<i  Uiii,l,  l.rniil,-
vvorMiy  icmmHm  ciin  Itn  (il»l,;i,in(Ml  by  Uiiii  nnil/liod.

I  liii,vn  loiind  vnry  y(tiin|<;  M  icrniil.oiriii,  in  wliitdi  niiniid.ocyiilii
weld  iiliMiiuly  pi'i'iU'id.,  iind  :d.  lir;'.!.  Mi  iii  iii'cncnl  <mI  ii,  dillirnliy
I/O  l/liin  l/linory  ol'  Mm  dni'i  vid<i<Mi  of  noniiilocyflM,  Inii/  I  do  not.
Itnlinvo  Miii(  ill  in:;ii|H  r.'iJdd  wlicii  wo  <;oiiiiidci'  Mini  nnmii.l.oryiil,
in  Mm  (;!U(n  ol  ii,ii  luiiniid  wlindi  li.i;',  l<d  l;u'/'idy  on  lly<li;i,  ciin
l)n  round  in  :iJiiio:'l  luiy  l.iiw'.im  ol  Mm  liody.  I  linvi-  loiind
Micni  in  Mi(5  (diilc.;!  flit';.  Hi),  luid  iiJMioiiuli  I  lijivo  not,  j<il,
loniid  Micin  in  :ui  ovnni,  I  Inlmv)'  Mm,!/  Mm  yoll<-(M<llM  niiu'lii.
fdiulily  <';M'iy  Mm  iKMnnlocynhi  iiilio  l,lm  cocoon  Miiri  cji.iiiii  ii}>;
Mm  inrcrliion  <>\  Mm  y(nin^  rorriiii.

IVI  i  c  r()ii(,()  ni  (I,  fM  p^n,  n  l/M  n  ni.  'riii;',  form  vju.u  dciicnlMd  l»y
Millie/,,  luid  iiccorijin/''  l.o  von  (i!i"iJT,  i.lic  only  dcliuli!  uivmi  nil
l,()  Mm  imni:iiocyi',l/ii  urn  Mud,  l.lmy  n.i'c  I)M'I'<t  jmhI  nioro
niitnci'oiii'..

M I c I'o I'. i<o Ml ;i, r II I) I'o in .'M- II I n, 1/ II in. 'I'lii;! I'irin li:i,;', only
l/Wic/O  Ixxui  round  \>y  von  (inilT  in  Mio  l'ii,y  (d  Nii,|»l(;i',.  In  liiit
(InHfirijiMon  Im  imyii,  "  Siii,l)cli(Mi  Iclildii  ;  dot'  liiudy  diit'cuon
oiiMiiiJl/  dicHfdIm  (ilniptmn  nii  niiMoiUir  oviiJor,  Hl/n,i'l<lic,li(/-
brocJlondcif  Koijurclmn  von  OOOi!  nun.  liicilc,  mid  007
(iiiri^o  (lif^'.  lOjjdio  icli  niudi  iliior  Aiiiti(dil,  von  (Wmui  (ti,)  nnd
von  (\(iv  S()i(-o  (h),  rilr  NoHHolkiLfmnln  mil/  oin^oiudihmHonon
I-.  nr/,en  hndoii  liidOiii  inii!!i',."

I  loiind  Miii!  lorni  on  orm  o(;r,n,iii(»n  n,l/  Niiplce,  on  iiofrm  wccA
Irorn  Mm  Mcif^fdlinii,.  In  Mm  I'orni  wliic/li  I  cxiunirnd  Mmrn
wove.  Isirin)  c<  lln  !icii,l,l,cfc,d  in  Mm  c|Mdci-rniii  conl,ii,i  nniL';  ininiiio
fodn  wliicli  Ml-iun  vnry  rondily  wiMi  c(>;',in.  'I'lmro  w<!i'(i  iiJfio  ii,
low  Htnnll  ovii,l  norriid/ocyiil/i',.

M  I  c,  I'jii  I.  o  in  ;i,  |»;i,|i  I  I  Ion  II  in,  vondlriilT.  A  cinulc  ,c  vjunplo
ol  Ml  1.1  loini  w!i,;',  loimd  hy  <  dii,[)!i,n")d()  id/  Sii,rl/Oi'o(),  on  Mm
cojuil,  of  Norwii.y,  nnd  li/nircd  by  liini  n,i!  f\,  Dondrocojl  l;i,rvii.
Tim  n.niinn.l  nn  :i,;iiiic,<l  ■'•  nun.  lotif/,  Ji,iid  lio  (',n,y(i  noMiing*  of
ii(;ni;il,oc,y!il,i!,  Mioii;^li  In;  liKiiir;',  I,  lie  lon;^  i  lin,bdil,c,;i.  in  Mm
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^  Zoologischer  Anzeigei*/  in  1889,  Bolimig  describes  an  un-
doubted  Rhabdoccel  which  he  found  at  Trieste,  and  which  he
identifies  with  Microstoma  papillosum.  The  size  of  the
chains  measures  500  ju  to  1100  ju.  There  were  no  eyes,  but
adhesive  papillae  were  present.  Nematocysts  which  he  does
not  figure,  were  found.  From  the  form  of  the  animal,  the
appearance  of  the  rhabdites,  and  the  presence  of  the  papillae,
one  would  feel  that  it  must  resemble  extremely  closely
Stenostoma  sieboldii.

Stenostoma  sieboldii.  —  Von  Graff  figures  a  specimen
in  which  there  were  present  —

(1)  Bundles  of  lai'ge  rhabdites,
(2)  Small  oval  nematocysts.
It  is  interesting  to  observe  that  the  nematocysts  lie  to  the

number  of  2  —  5  in  common  vacuoles  under  the  skin  (and
apparently  in  the  gut).  In  the  forms  which  I  examined  I
could  not  find  the  small  nematocysts,  but  I  was  able,  by
feeding  Stenostoma  on  chopped  Eudendrium,  to  get  speci-
mens  in  which  unexploded  nematocysts  lay  in  the  gut  and
under  the  skin.

Kalyptokhynca.

Von  Graff,  in  his  Monograph  of  the  Turbellaria,  remarks  :
"  In  die  Kategorie  der  Nematocysten  gehoren  schliesslich  die
am  Riissel  gewisser  Probosciden  die  Stelle  der  Ehabdites
vertretenden  Gebilde.^'  He  then  states  that  the  epithe-
lium  of  the  proboscis  in  Polycystis  mamertinus  and
nasgellei  contains  almost  identical  '^  eiformige  gebilde,"
which  he  considers  to  be  nematocysts,  and  which  he  believes
show  their  homology  with  true  rhabdites  through  the  presence
of  intermediate  forms.

Von  Graff  was  unable  to  detect  the  expulsion  of  a  thread
in  these  structures,  and  I  believe  that  they  can  only  be
regarded  as  rhabdites  resembling  those  on  the  rest  of  the
body.  In  sections  stained  with  methyl-blue-eosin  these
structures  on  the  proboscis  and  the  rhabdites  of  the  skin  take
up  a  similar  bright  red  colour  (figs.  13  and  14).
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As  regards  the  function  of  the  proboscis  in  these  forms
there  seem  to  be  two  divergent  views  :  (1)  Hallez  regards
the  proboscis  mainly  as  an  organ  of  prehension  for  seizing
the  animal's  prey^  and  in  his  account  of  Gyrator  notops
the  following  passage  occui'S  :  "  Si  I'on  place  sur  le  porte-
objet  d'un  microscope  quelques  Gyrator,  avec  des  Cyclops,
on  ne  tarde  pas  a  voir,  a  la  premiere  rencontre,  le  Gyrator
devaginer  sa  trompe  et  fixer  lentement  sur  sa  victime
I'epithelium  adhesif  de  son  orgaue  de  prehension."  Hallez
describes  rhabdite-like  structures  in  the  proboscis,  to  which
he  is  inclined  to  attribute  an  adhesive  function.  (2)  This
view  is  strenuously  denied  by  von  Graff  in  his  monograph.
He  asserts  that  the  proboscis  functions  only  as  a  tactile  organ.
If  we  regard  the  proboscis  as  a  purely  tactile  organ  it  is  very
hard  to  explain  its  enormous  muscular  development  in  such
forms  as  Polycystis  goettii,  naegelii,  Gyrator,  etc.
The  base  of  the  proboscis  consists  of  an  enormous  mass  of
muscle  to  which  are  attached  long  powerful  retractor  muscles.
I  have  myself  seen  both  Polycystis  goettii  and  Poly-
cystis  nsegelii  capture  Copepods  with  their  proboscis.
In  one  case  in  which  a  Polycystis  naegelii  had  captured
a  large  Copepod  in  this  manner,  it  bent  round  and  started
swallowing  the  posterior  thoracic  feet,  which  seemed  para-
lysed,  although  the  violent  movements  of  the  gut  and  the
anterior  appendages  showed  that  the  animal  was  still  alive.

Allgioccela.

Allostoma  monotrochum.  —  As  far  as  I  know  only
three  specimens  of  this  form  have  been  found  by  von  Graff,
in  1879,  in  Trieste.  He  describes  it  as  possessing  oval
bodies  in  the  skin  from  0*003  —  0*004  mm.  long,  with  the
appearance  of  a  coiled  spiral  thread  which,  however,  he  never
saw  ejected.
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POLYCLADS.

I  have  not  been  able  to  examine  any  of  the  Polyclads
which  have  been  described  as  possessing  nematocysts,  as  they
are  unfortunately  extremely  rare.

Anonym  us  virilis  has  only  twice  been  found  by  Lang  in
the  Bay  of  Naples.  The  nematocysts  are  described  as  oval
structures.  They  are  formed  in  the  parenchyme  and  pass
along  specialised  tracts  to  the  surface.  They  have  never
been  seen  discharged.

Stylochoplana  tarda.  —  This  form,  as  far  as  I  know,  has
only  once  been  found  by  von  Graff  at  Trieste.  It  is  interest-
ing  to  observe  that  it  only  differs  from  Stylochoplana
fuse  a  by  its  slightly  smaller  size,  sluggish  habits,  and  the
possession  of  nematocysts.  The  nematocysts  have  not  been
figured,  but  they  are  said  to  be  over  the  structures  'Ol  mm.
long  with  a  thread  '015  mm.  long,  and  a  base  covered  with
spiral  rows  of  short  spines  '009  mm.  long.  In  this  case  it  is
very  tempting  to  suppose  that  the  nematocysts,  which  are  of
a  very  common  Coelenterate  type,  were  ingested  with  the
food,  and  that  this  species  is  really  identical  with  Stylocho-
plana  fusca.

Conclusions.

There  are  only  three  possible  views  as  regards  the  presence
of  nematocyts  in  Turbellaria  :

(1)  It  might  be  said  that  they  are  absolutely  homologous
structures  with  the  nematocysts  of  the  Coelenterates,  and  to
be  an  indication  of  the  very  close  relationship  between  these
groups  (a  theory  that  is  put  forward  in  a  recent  text-book).
There  are,  however,  several  difficulties  to  the  acceptance  of
this  view.  In  the  first  place  no  one  has  yet  been  able  to
trace  the  development  of  a  nematocyst  in  a  Turbellarian
nematoblast.  And  secondly,  it  would  be  very  diflRcult  to
show  Cordylophoran  affinities  in  the  Microstoma  from
Hickling  as  compared  with  the  Hydroid  affinities  of  those  of
the  neighbouring  Sutton  Broad.
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(2)  The  presence  of  nematocysts  might  be  regarded  as  a
case  of  convergence,  and  if  this  theory  were  accepted  it  must
be  generally  admitted  that  we  have  here  the  most  remarkable
and  repeated  examples  of  convergence  in  the  animal  king-
dom.  In  this  case  again  the  experimental  evidence,  in  which
it  is  shown  that  Microstoma  changes  its  type  of  nematocyst
with  its  change  of  food  is  fatal.

(3)  The  one  remaining  possibility  is  the  transference  of  the
nematocysts  of  a  Coelenterate  to  the  animal  which  preys
upon  it.  The  theory  which  was  first  established  by  Strethill
Wright  for  yEolids.  It  is  clear  from  Avhat  has  been  written
above  that  this  last  view  must  be  accepted.  Since  it  has  been
shown  that  —

(a)  The  nematocysts  of  Microstoma  liueare  are
normally  derived  from  the  Hydra  upon  which  it  feeds.

(b)  If  the  Microstoma  is  fed  upon  Cordylophora,  Cordylo-
phora  nematocysts  are  found  tinder  the  skin.

(c)  The  nematocysts  of  Stenostoma  sieboldii  are
derived  from  the  Coelenterata  on  which  it  feeds.

The  same  process  probably  occurs  in  the  other  Turbellaria
with  the  possible  exception  of  Anonymus  virilis,  and
therefore  the  presence  of  three  nematocysts  in  a  Turbellarian
offers  no  ground  for  the  generally  accepted  homology  between
Nematocysts  and  Rhabdites.
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EXPLANATION  OF  PLATE  U,

Illustrating  Mr.  C.  H.  Martin's  paper  on  "  The  Nematocysts
of  Turbellaria."

Fig. 1. — An oval barbed nematocyst with two small oval nematocysts lying
in  a  common  vacuole  under  the  skin  of  a  living  Microstoma  lineare.
Zeiss apoc. 2 ram. + 6 comp, oc.

Fig. 2. — Small oval nematocyst from a living Microstome. Outline same
magnification as Fig. 1.

Fig,  3.  —  Cylindrical  nematocyst  in  vacuole  in  skin  of  Microstoma
lineare.

Fig.  4.  —  Part  of  a  transverse  section  through  Microstoma  lineare  fed
on  Hydra  rubra.

a. Oval barbed mematocyst in gut cell.
b. Under the skin.
c. A cell from the wall of the vacuole lying above the nematocyst.



THE  NEMATOOYSTS  OF  TUREELLARIA.  277

Fig.  5.  —  Part  of  a  transverse  section  througli  Microstoma  lineare,
showing neniatocysts, some of which lie in vacuoles in the cells of the gut,
while others have been carried through into the body cavity. Ep. Epidermis,
B.C. Body cavity.

Fig. 6. — Nematocyst surrounded by Phagocytes lying in the body cavity.
Transverse section of Microstoma.

Fig.  7,—  Nematocyst  lying  under  the  skin.  The  wall  of  the  vacuole  has
not" yet been passed. Transverse section of Microstoma.

Fig.  8.  —  Nematocyst  lying  in  the  testis  of  Microstoma  lineare.  Sperm.
Spermatocyte.  Te.  Testis.

Fig. 9. — Exploded nematocyst lying in the vacuole under the skin. Trans-
verse section of Microstoma.

EiG.  10.  —  Outline  of  Microstoma  lineare,  showing  the  fully  expanded
pharynx when collecting Hydra.  Ph.  Pharynx.

Fig.  11.  —  Exploded  Cordylophora  nematocyst  from  the  skin  of  Micro-
stoma  lineare.  Only  part  of  the  thread  is  drawn.

EiG. 12. — Exploded Cordylophora nematocyst lying in a vacuole under the
skin.  From  a  transverse  section  of  Microstoma  lineare.

Fig.  13.  —  Longitudinal  section  through  the  proboscis  of  Polycystis
nsegelii.  4  mm.  +  4  comp.  oc.

circ.musc. Circular muscle. Prob. Proboscis, rei.musc. Retractor muscles.
Sph. Sphincter muscles.

EiG.  14.-^Part  of  epidermis  of  the  proboscis  of  Polycystis  naegelii
from a transverse section. 2 mm. + 6 comp. oc.

a. Rhabdites in epidermis of proboscis.
b. Rhabdites in epidermis over the body.

EiG.  15.  —  Part  of  a  crushed  Steuostoma  sieboldii,  showing  Tubularia
nematocyst in vacuole.

Ne.  Nematocyst.  Bh.  Rhabdite.
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