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ZYGEUPOLIA  LITORALIS,  A  NEW  HETERONEMERTEAN.

BY  CAROLINE  BURLING  THOMPSON,  PH.IX

I.  Introduction.

At  the  end  of  August,  1899,  four  specimens  of  Zygeupolia  litor-
alis  were  discovered  by  the  writer  at  Wood's  Hole,  Mass.  The
following  summer  the  worms  wei'e  found  in  great  abundance  in  the
same  locality,  and  from  fifty  to  one  hundred  specimens  were
obtained.

The  work  on  this  paper  has  been  mostly  done  in  the  Zoological
Laboratory  of  the  University  of  Pennsylvania,  under  the  direction
of  Prof.  E.  G.  Conklin  and  Asst.  Prof.  T.  H.  Montgomery,  Jr.,
and  it  is  a  pleasure  to  express  my  thanks  to  both  for  their  interest

^  Contribution  from'  the  Zoological  Laboratory  of  the  University  of
Pennsylvania.
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and  generous  assistance.  To  Dr.  ISIontgomery,  who  has  more  di-
rectly  supervised  my  work  and  kindly  helped  me  in  many  ways,  I
am  especially  grateful.  I  would  also  thank  Dr.  C.  O.  Whitman  for
the  courtesies  extended  me  at  the  Marine  Biological  Laboratory  at
Wood's  Hole,  and  I  am  indebted  to  Dr.  Wesley  R.  Coe  for  many
kindnesses.

Methods.  —  Owing  to  the  great  contractility  of  the  Neraerteans,
it  is  best  to  use  some  stupefying  agent  before  fixation,  otherwise
the  specimen  becomes  so  twisted  that  it  is  unfavorable  for  section-
ing.  After  removing  the  shme  sheaths  with  a  needle,  the  worms
were  usually  placed  in  a  shallow  dish  of  sea-water,  and  crystals  of
magnesium  sulphate  were  slowly  added.  If  dropped  in  too  quickly
they  will  irritate  the  worms  and  fragmentation  will  occur.  In  this
solution  the  worms  were  left  until  they  ceased  to  respond  when
touched,  the  time  varying  from  one  and  a  half  to  three  hours,
according  to  the  amount  of  the  sulphate.  When  the  worms  were
sufficiently  relaxed  the  water  was  drawn  off,  and  the  killing  fluid
added;  or  they  Avere  lifted  out  of  the  water  with  brushes  and
placed  in  the  fixative.

The  fixatives  used  are  (1)  corrosive  sublimate,  a  concentrated
solution  in  fifty  per  cent,  alcohol,  for  thirty  minutes;  an  excellent
general  fixative,  and  one  that  has  been  extensively  used  in  this
Avork.  (2)  Gilson's  mercuro-nitric  mixture,  formula  ac<;ording
to  Lee  (1896),  for  about  half  an  hour;  to  be  highly  recom-
mended,  especially  for  the  structure  of  gland  cells  and  connective
tissue.  (3)  Flemming's  fluid  (chromo-aceto-osmic  acid),  for
twenty-four  to  sixty  hours;  especially  good  for  nerve  tissue  and
cilia.  (4)  Flemming's  fluid  (stronger  mixture),  for  forty-eight
hours,  followed  by  pyroligneous  acid  for  twenty-four  hours.  After
employing  this  method  the  material  may  be  sectioned  and  mounted
without  staining.  It  is  excellent  for  tracing  nerves,  and  for  the
gross  anatomy  of  most  parts,  but  it  is  not  adapted  for  histological
or  cytological  details,  except  for  cilia.  Specimens  fixed  in  this  way
may  afterward  ^be  stained  with  iron-hiematoxylin,  but  the  results
are  not  so  good  as  when  Flemming's  fluid  alone  is  used.  (5)
Ninety  -five  per  cent,  alcohol  ;  a  good  fixative,  except  for  the  body
epithelium.

The  stains  used  are  Ehrlich's  h?ematoxyhn,  undiluted,  fifteen
minutes  to  one  hour,  washed  with  alcohol  containing  a  few  drops
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of  ammonia  and  followed  by  eosin  in  concentrated  aqueous  solu-
tion,  three  to  five  minutes.  This  is  the  stain  that  has  been  most  used,
and  is  a  very  satisfactory  one.  The  longer  time  in  hoematoxylin
is  best  for  nerve  fibrous  tissue  and  epithelial  structures.  The
Biondi-Ehrlich  mixture,  three  hours,  has  been  employed,  but  is
not  very  satisfactory  except  for  connective  tissue.  The  iron-
hrematoxyliu  method  together  with  Bordeaux  red  is  an  excellent
stain  after  a  Flemming  fixation,  and  the  Hermann  triple  stain  —
saffronin  twenty-four  hours,  gentian  violet  six  minutes,  iodine
three  hours  —  has  also  been  used.

Habitat.  —  Zygeupolla  was  found  at  Wood's  Hole,  in  a  sandy
beach  of  limited  extent,  bordering  on  a  little  arm  of  Buzzard's  Bay
that  is  sepax-ated  from  the  main  bay  by  the  point  of  land  known
as  Penzance.  Here,  just  in  the  angle  made  by  the  bay  shore  and
Penzance,  the  sand  has  drifted  in,  replacing  the  usual  stony  or  peb-
bly  beach;  and  in  this  small  area,  which  is  uncovered  at  low  tide,
are  found,  together  with  many  other  marine  worms,  especially
Annelids,  several  genera  and  species  of  Nemerteans.  Both  Gere-
hratulm  leidyi  Verr.  and  C.  ladem  Verr.  occur  there,  but  the
latter  not  abundantly;  Mlcrura  cceca  Verr.,  Cephalothrix  linearis
Oers.  and  Carinoma  tremaphoros  Thomp.  With  such  a  rich  supply
of  material  in  a  spot  very  convenient  to  the  INIarine  Biological
Laboratory,  it  seemed  unprofitable  at  that  time  to  work  over  any
other  localities,  so  I  am  unable  to  say  anything  in  regard  to  the
distribution  of  Zygeupolia.  Dr.  Coe  found  this  genus  last  sum-
mer  in  Quisset  Harbor,  about  two  miles  farther  north  on  Buzzard's
Bay,  in  a  very  similar  habitat.

When  the  sand,  either  above  or  below  the  low-water  mark,  is
turned  over,  Zygeupolia  may  be  found,  usually  about  a  foot  below
the  surface.  The  turning  up  of  the  sand  frequently  breaks  the
worm,  but  a  number  of  })erfect  specimens  have  been  preserved.

The  Living  Worm.  —  In  life  the  worms  vary  considerably  in
length,  chiefly  owing  to  different  states  of  contraction,  so  that  it  is
difficult  to  say  accurately  what  the  true  length  is.  The  same  worm
seems  to  have  two  normal  states,  beside  that  of  actual  contraction.
The  first  is  that  of  comparative  rest,  seen  in  PI.  XL,  figs.  5,
6,  which  are  sketches  from  living  worms.  In  this  condition,  as
when  lying  undisturbed  in  a  dish  of  water,  the  average  length  is
from  6-8  cm.  .  But  Avhen  in  motion,  crawling  along  the  sides  of
the  dish,  the  worm  becomes  greatly  extended,  so  that  the  indi-
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vidual  that  in  rest  measured  6-8  cm.  may  now  be  10-12  cm.  or
longer.

A  change  in  color  accompanies  the  elongation.  At  rest
the  body  has  a  decidedly  pink  color  ;  in  extension  the  body  is  more
transparent  and  dull  brownish.  This  may  be  seen  by  comparing
the  extended  worm  in  fig.  4  with  figs.  5  and  6.  As  the  pink  color
is  most  pronounced  in  the  contracted  condition,  becomes  less  so  at
rest  and  disappears  in  extension,  it  is  probably  due  to  muscular
contraction.  The  width  varies  in  different  specimens  from
1^3  mm.  ;  it  also  varies  in  the  same  specimen  according  to  the
state  of  contraction.

In  the  living  worm,  PJ.  XL,  figs.  4,  5,  6,  four  different  re-
gions  may  be  distinguished:  (1)  the  head,  (2)  the  anterior  part
of  the  body,  (3)  the  posterior  part  of  the  body,  and  (4)  the
caudicle.

The  head  is  about  6  mm.  long,  not  sepai'ated  from  the  body,
pure  white  and  tapering  to  a  very  fine  point.  There  are  no  lateral
slits,  the  ciliated  pits  of  the  cerebral  organs  opening  directly  to  the
exterior.  The  mouth  is  a  very  small  round  opening  on  the  ven-
tral  surface.  The  shape  and  color  of  the  head,  together  with  the
absence  of  lateral  slits,  are  good  criteria  for  determining  the  genus.

The  anterior  part  of  the  body  is  the  region  extending  from  the
mouth  to  the  beginning  of  the  lobed  middle  intestine.  The  length
is  from  1^3^  cm.,  and  the  color  varies  from  pale  yellow  to  pink-
ish.  It  is  rounded  and  more  or  less  swollen,  owing  to  the  presence
there  of  the  greater  part  of  the  proboscis.

The  posterior  part  of  the  body  is  the  most  extensive.  It  is
somewhat  flattened  in  life  but  is  always  rounded  in  preserved  speci-
mens.  The  color  varies  from  rose  color  to  pale  yellow,  light
brown  and  chocolate  brown,  A  pinkish  median  line  on  the  dorsal
surface  represents  the  rhynchoco}!  ;  the  alternating  cross  lines  of
light  and  dark  on  each  side  of  the  median  line,  fig.  5,  are  the
gonads  and  intestinal  cseca  respectively.

A  series  of  observations  were  made  to  ascertain  if  there  are

any  appreciable  color  variations  corresponding  with  sexual  ma-
turity  or  difference  of  sex.  The  conclusions  reached  are  (1)  that
there  is  no  difference  in  the  color  of  sexually  mature  and  immature
individuals,  except  that  the  increased  size  of  the  gonads  in  the
mature  specimen  causes  the  cross  lines  mentioned  above  to  be  more
pronounced;  (2)  that  the  general  color  of  the  body  is  the  same  for
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males  and  females;  (3)  that  the  color  of  the  inteslinal  cieca  is  de-
pendent  upon  the  amount  and  character  of  the  food  contents.  The
intestine  in  freshly  taken  worms  is  much  darker  in  color  than  in
specimens  that  have  been  kept  in  an  aquarium  for  several  days
without  food.

The  caudicle  in  life  appears  as  a  slender  white  thread  at  the
posterior  end  of  the  body,  figs.  4,  5,  6.  It  is  usually  much
twisted  and  is  easily  broken  oft".  It  should  be  mentioned  here  that
in  none  of  the  four  specimens  that  were  first  obtained  in  1899  was
the  caudicle  preserved,  so  that  the  presence  of  this  appendage  is
not  mentioned  in  my  preliminary  note,  Thompson  (1900  a).

The  wdiite  spots  in  the  posterior  part  of  the  worm,  slightly  exag-
gerated  in  fig.  6,  are  parasites  and  will  be  described  under  that
heading.

On  account  of  its  transparency  the  living  worm  is  a  most  favor-
able  and  interesting  object  for  study  with  the  low  powers  of  the
microscope.  It  should  first  be  slightly  stupefied  to  prevent  exces-
sive  movements  and  contractions,  so  that  when  it  is  placed  on  the
slide  with  a  few  drops  of  sea-water  and  covered,  the  muscles
relax  and  it  lies  quietly  there,  fully  extended.  With  a  magnifica-
tion  of  about  70  diameters,  it  is  possible  to  study  the  brain  lobes  and
commissures,  the  cerebral  organs,  the  blood  vessels  of  the  head,
the  proboscis  and  rhyuchoda}um,  the  alimentary  system  and  the
gonads.  In  only  two  cases  could  the  nephridia  be  distinguished,
but  nothing  was  determined  as  to  their  structure.  Several  attempts
were  made  to  study  the  worm  by  treatment  with  methylen  blue,
after  the  method  of  Burger  (1891,  p.  327,  footnote),  but  without
success.

The  results  obtained  from  the  study  of  the  organs  in  life  will  be
incorporated  in  the  several  sections  relating  to  the  different  organ

systems.

II.  Anatomy.

Body  Wall.—  a.  Body  Epithelium.  —  The  body  epithelium,  fig.
2,  is  a  high  one-celled  layer,  consisting  of  ciliated  supporting  cells,
S.C,  and  gland  cells,  Gl.-i,  GL^,  resting  upon  a  basement  layer,
B.L.  Interstitial  connective  tissue  cells  are  always  present  in
varying  numbers  between  the  bases  of  the  epithelial  elements.

The  supporting  cells,  fig.  1-1,  are  about  .035  mm.  in  height,
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brotul  at  the  free  distal  eiuls  where  the  cilia  are  borne,  and  taper-
ing  proxinmlly  to  a  slender  stalk,  st.,  which  constitutes  about  two-
thirds  of  the  length.  In  fig,  15,  drawn  from  a  sublimate  prepara-
tion,  the  stalk  is  somewhat  shrunken  and  appears  less  than  half
the  length  of  the  expanded  distal  part;  in  fig.  14,  a  Flemming's
fluid  preparation,  the  stalks  are  relatively  longer,  and  probably
more  as  they  appear  in  life.  The  oval  nucleus,  N.,  lies  in  the
tapering  part  of  the  cell,  just  above  the  stalk.  The  chromatin
forms  a  prominent  reticulum.

The  cilia,  CiL,  are  about  as  long  as  the  expanded  distal  part  of
the  cell.  Each  cilium  is  composed  of  several  parts.  The  basal
knob,  fig.  14,  b.k.,  rests  on  the  distal  surface  of  the  cell,  and  is
connected  by  a  fine  thread  with  a  second  smaller  granule,  the
upper  knob,  u.k.,  which  bears  the  terminal  hair  of  the  cilium.
The  cilium  is  continued  into  the  cytoplasm  by  a  line  of  very  fine
granules,  fig.  14,  x.,  which  seem  to  reach  the  nucleus.  This,
however,  can  only  be  seen  with  a  very  high  magnification.

The  gland  cells  are  abundant  in  the  body  epithelium,  and  are
uniformly  distributed  throughout  the  body.  Two  types  may  be
distinguished,  in  the  first  the  secretion  stains  with  eosin,  fig.  2,
Gl.i,  in  the  second  with  hsematoxylin,  fig.  2,  Gl...  In  both  types
a  delicate  cell  membrane  is  present,  the  nucleus  is  small  and  lies  at
the  base  of  the  cell  embedded  in  cytoplasm.  The  relative  amounts
of  cytoplasm  and  secretion  depend  upon  the  phase  of  the  cell.
In  fig.  2  the  blue-  staining  cell  on  the  left  contains  less  secretion
and  more  cytoplasm,  and  is  therefore  in  an  earlier  phase  than  the
blue-staining  cell  to  the  right.  In  like  manner,  the  red-staining
cell  on  the  right  of  the  figure  contains  less  secretion  and  is  in  an
earlier  stage  than  the  red-staining  cell  on  the  left.  The  red-staining
secretion  is  homogeneous,  evidently  fluid  or  viscous  ;  the  blue-
staining  secretion  apparently  contains  flaky  masses  within  a  fluid.
The  latter  cells  are  more  apt  to  assume  the  flask-like  shape,  the
former  are  oftener  rod-  shaped.  Cells  are  frequently  found  with
the  secretion  entirely  discharged  from  the  delicate  cell  membrane,
the  nucleus  remaining  at  the  base.

The  basement  layer,  fig.  2,  B.L.,  separates  the  epithelial  cells
from  the  underlying  musculature.  It  is  not  a  true  basement  mem-
brane,  being  not  the  product  of  the  bases  of  the  epithelial  cells,
but  a  formation  from  the  interlacing  fibres  of  connective  tissue
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cells.  The  nuclei  of  the  component  connective  tissue  cells  are  seen
with  difficulty,  but  occur  here  and  there  embedded  in  the  fibres.
With  a  low  power  the  basement  layer  has  a  homogeneous,  rather
gelatinous  appearance,  but  with  higher  magnification  its  true  fibrous
structure  is  seen.  The  avei'age  height  of  the  basement  layer  in  the
head  region  is  about  .006  mm.,  but  it  is  not  a  layer  of  uniform
thickness,  for  its  outer  surface  is  thrown  into  a  series  of  small  eleva-
tions  and  depressions.  The  ridges  on  the  surface  bear  the  stalks
of  the  supporting  cells,  while  the  gland  cells  are  inserted  into  the
pits  or  _  depressions.  The  basement  layer  does  not  stain  with
hsematoxylin-eosin,  but  takes  a  faint  pink  with  the  Biondi-Ehrlich
stain.

An  epithelial  musculature  of  circular  muscle  fibres,  fig.  2,
Ei^.m.,  is  present  immediately  beneath  the  basement  layer.  It  is
especially  well  developed  in  the  head  region,  consisting  of  a  num-
ber  of  fibres  like  those  of  the  body  wall.  Posterior  to  the  oesopha-
geal  region  the  epithelial  muscle  layer  becomes  very  thin  and  finally
disappears,  but  reappears  at  the  posterior  end  of  the  body.

h.  The  Cutis.  —  The  cutis  is  defined  by  Burger  (1895)  as  the
subepithelial  glandular  layer,  usually  containing  numerous  nmscle
fibres,  which  is  found  in  the  Heteronemerteans.

In  Zygeupolia  any  distinction  between  the  outer  longitudinal
muscle  layer  and  the  cutis  would  be  merely  an  artificial  one.  The
fibres  of  the  outer  longitudinal  muscle  layer  extend  from  the  cir-
cular  layer  out  to  the  epithelium  of  the  body  wall,  and  although
subepithelial  gland  cells  are  present,  frequently  in  great  numbers,
they  are  not  restricted  to  the  peripheral  portion  of  the  layer,  but
often  extend  in  as  far  as  the  circular  muscle.  It  is  thus  evident

that  in  Zygeupolia  the  term  cutis  is  synonymous  with  outer  longi-
tudinal  muscle  layer.  In  this  respect  Zygeupolia  differs  greatly
from  the  genus  Eupolia,  in  which  a  cutis  distinct  from  the  outer
longitudinal  muscle  layer  is  present.

The  finer  structure  of  the  cutis,  or  of  the  outer  longitudinal
muscle  layer,  may  be  seen  in  fig.  2.  Each  longitudinal  muscle
fibre,  L.M.j.,  is  surrounded  by  a  sheath  of  connective  tissue,  com-
posed  of  the  slender  processes  of  the  connective  tissue  cells  which
are  present  between  the  muscle  fibres.  These  cells  are  greatly
branched,  their  nuclei,  Cn.T.N.,  are  oval,  and  contain  a  small
amount  of  chromatin.  Slender  radial  muscle  fibres,  r.m.f.,  trav-
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erse  the  cutis,  aud  here  aud  there  detached  circularly  running
fibres,  M.S.,  occur.

The  subepithelial  gland  cells,  or,  as  Burger  terras  them,  the  cutis
gland  cells,  are  present  throughout  the  body  in  the  outer  longitu-
dinal  muscle  layer.  Two,  and  possibly  three,  types  of  glands  may
be  distinguished.

The  first  type  is  a  multinucleate  structure,  fig.  2,  Cu.Gl.2,  stain-
ing  with  hematoxylin.  Such  a  gland  is  the  probable  result  of  the
fusion,  phylogenetically,  of  several  simple  cells.  The  proximal
portion  resembles  a  bunch  of  grapes,  each  grape  representing  a  cell
with  its  nucleus  ;  the  distal  part  is  a  long,  slender  duct,  opening  to
the  exterior  between  the  epidermal  cells.  The  length  of  the  blue-
staining  cells  varies  in  different  parts  of  the  body.  In  the  head
region,  fig.  2,  they  are  very  long,  extending  in  from  the  epithe-
lium  nearly  to  the  rhynchodajum.  In  the  posterior  part  of  the
body,  fig.  15,  Cu.Gl.2,  their  length  has  diminished  more  than
one-half.

The  second  type  is  a  cell,  staining  red  with  eosin,  having  the
shape  of  a  very  slender  flask  with  a  long  neck,  figs.  2,  15,
CuGl.i.  Only  one  nucleus  is  present,  at  the  basal  end  of  the  cell,
and  a  delicate  cell  membrane  may  be  distinguished.

Two  quite  distinct  appearances  have  been  observed  in  the  red-
staining  cells.  These  may  be  morphologically  different  cells,  or
merely  phases  of  the  one  type.  In  the  one,  figs.  2,  15,  (Ju.Gl.i,
the  granules  are  very  fine,  close  together,  and  stain  a  rose  red  ;  in
the  other,  fig.  15,  Chi.Gl.n,  the  granules  are  large,  rounded  and  a
brighter,  more  metallic  red.  The  facts  that  no  transition  stages
have  been  observed,  and  that  the  two  varieties  have  a  slightly
different  distribution,  may  indicate  that  they  are  morphologically
different.

The  distribution  of  the  cutis  gland  cells  is  a  point  of  some  in-
terest  and,  so  far  as  I  am  aware,  has  not  been  worked  out  in  any
detail  among  the  other  Nemerteans.  In  certain  parts  of  th6  body
the  gland  cells  are  aggregated  into  very  prominent  zones,  and  it
seems  probable  that  these  glandular  areas  have  some  important
physiological  function,  which  is  as  yet  undetermined,  aside  from
the  usual  one  of  producing  the  slime  sheath  for  the  body.

Diagram  1  illustrates  the  distribution  of  the  cutis  gland  cells.



1901.] NATURAL  SCIENCES  OP  PHILADELPHIA. 665

It  is  seen  here  that  the  most

anterior  part  of  the  head  is
entirely  free  from  cutis  gland  cells,
but  that  about  0.5  mm.  behind

the  tip  the  blue-staining  cells
are  very  abundant,  distributed
uniformly  on  all  surfaces  of
the  body.  The  red  -staining
cells  occur  in  small  numbers

and  ax'e  mostly  on  the  ventral
surface;  they  are  of  the  finely
granular  variety.  From  the
mouth  back  to  some  distance  be-

hind  the  nephridia  the  blue-
staining  cells  are  quite  numer-
ous,  interspersed  with  the  red-
staining  cells.  Just  behind  the
great  rhynchoccelomic  expansion,
where  the  circular  muscle  of  the

body  wall  is  considerably  thick-
ened,  comes  a  region  that  might
properly  be  called  a  glandular
zone,  Gl.Z.,  owing  to  the  enorm-
ous  increase  in  the  number  of

the  cutis  gland  cells.  The
whole  outer  longitudinal  muscle
layer  is  so  crowded  with  them
that  in  a  cross  section  the  muscle

fibres  seem  nearly  obliterated.
The  cells  increase  also  in  size,
or  perhaps  are  more  distended
with  secretion.  The  blue-stain-
ing  cells  are  more  abundant
than  the  red.  This  zone  ex-
tends  backward  for  about  3  mm.  ,
then  suddenly  ends,  just  in  front
of  the  two  lateral  grooves,  L.  G.

In  the  lateral  groove  region,  fig.
23,  Ca.Gl.,,  Cu.Gl.,,  the  blue
cells  are  confined  to  two  tracts,  one
on  eacn  side  of  the  body,  above
the  lateral  nerves.  The  red-stain-
ing  cells  are  in  four  tracts,  dorsal

LG

Diagram 1. — The head and part of
the body of ZygeupoUa, illustrating
the  distribution  of  the  cutis  gland
cells.  — The  outline  of  the  alimen-
tary  tract  is  given  as  a  means  of
orientation.  Gl.■^,  red-staining  cu-
tis  gland  cell  ;  Gl..^,  blue-staining
cutis  gland  cell  ;  Gl.Z.,  glandular
zone;  L.G.,  lateral  groove;  M.,
mouth.
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and  veutral  to  the  lilue  tracts.  The  red  -staining  cells  in  this
region  and  in  the  preceding  glandular  zone  are  of  the  coarse  granu-
lar  variety.

After  the  beginning  of  the  middle  intestine  and  its  pouches,  the
l)lue-staining  cells  are  no  longer  present,  except  at  the  most  poste-
rior  end  of  the  body.  The  four  tracts  of  red-staining  cells,  how-
ever,  continue  along  the  entire  length  of  the  intestine.  Owing  to
the  increased  size  of  the  intestinal  cieca  and  the  gonads,  the  body
wall  is  stretched  and  the  muscular  layers  are  thin,  so  that  the  red
gland  cells  can  reach  down  only  a  short  distance,  and  are  conse-
quently  short,  often  appearing  more  like  epithelial  cells.

At  the  extreme  posterior  end  of  the  body  both  red  and  blue
cells  are  present  in  great  numbers  all  around  the  body.  The  red
cells  are  the  more  abundant,  and  are  considerably  larger  than  the
blue  (see  fig.  15).  Both  fine  and  coarse  varieties  occur.

There  is  no  cutis  in  the  caudicle,  so  that  cutis  gland  cells  are
necessarily  absent.

c.  The  Body  Musculature.  —  The  entire  region  of  the  head  in
front  of  the  brain,  Plate  XLI,  fig,  18,  from  the  epithelium,  Ep.,  in
to  the  rhynchodseum,  Rd.,  is  made  up  of  longitudinal  muscle  fibres,
L.M.,  with  interlacing  radial  muscle  fibres,  r.m.J.  Except  for  the
cerebral  nerves,  C.N.,  and  the  cutis  gland  cells,  Cu.Gl.2,  and
probably  some  very  fine  blood  lacunse,  no  other  organs  are  present.
The  wall  of  the  rhynchodieum,  which  will  be  described  under  that
heading,  contains  four  stout  bundles  of  longitudinal  muscle,  Ed.  31.

Just  anterior  to  the  attachment  of  the  proboscis  to  the  body
wall,  the  inner  ends  of  the  radial  fibres  interlace  more
closely  about  the  rhyuchodreum,  until  a  ring  of  circular  muscle,
fig.  18,  CM.,  is  formed,  which  becomes  the  circular  mus-
cle  of  the  proboscis  sheath.  Behind  the  attachment  of  the
proboscis,  fig.  19,  y.,  the  outermost  circular  fibres  separate  off
from  the  rest,  thus  forming  the  circular  muscle  of  the  body
wall,  fig.  19,  CM.,  outside  the  proboscis  sheath.  The  longitu-
dinal  fibres  lying  between,  fig.  20,  i.L.M.,  represent  the  be-
ginning  of  the  inner  longitudinal  muscle.

Both  dorsal  and  ventral  brain  lobes,  fig.  19,  D.L.  and  V.L.,  lie
outside  the  circular  muscle,  CM.,  in  the  outer  longitudinal  layer;
but  the  cerebral  organs,  fig.  21,  C  Org.,  which  are  directly  behind
the  dorsal  lobes  and  receive  their  nerve  supply  from  them,  lie  within
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the  circular  muscle,  in  the  iuuer  longitudinal  layer.  At  the  pos-
terior  end  of  the  dorsal  lobes  the  followiug  changes  may  be  uoted.
The  circular  fibres,  figs.  19,  20,  CM.,  at  first  all  ruu  along  the
inner  surface  of  the  end  of  the  dorsal  ganglion  and  beginning  of
the  cerebral  organ,  then  a  few  fibres  bend  out  and  curve  around
the  sense  organ  on  its  outer  side,  until  finally  all  the  muscle  fibres
lie  ou  the  outside  of  the  cerebral  organ,  fig.  21,  CM.  The  ven-
tral  ganglia  lie  as  before,  outside  the  circular  muscle.

Just  in  front  of  the  mouth  a  strong  baud  of  muscle,  fig.  21,
H.M.,  runs  from  side  to  side,  beneath  the  rhyuchocoel  and  above
the  median  blood  vessel.

In  the  oesophageal  region,  fig.  22,  there  is  nothing  unusual  in
the  structure  of  the  muscle  layers;  the  outer  longitudinal,  o.L.M.,
is  the  thickest,  and  next  the  circular,  CM.  This  arrangement
continues  past  the  nephridia  into  the  region  of  the  expanded  rhyn-
choctel,  where  all  layers  of  the  body  wall  are  greatly  stretched,
and  consequently  very  thin.

A  short  distance  anterior  to  the  middle  intestine  the  rhyncho-
coelomic  dilation  ceases  aud  the  diameter  of  the  rhynchocwl  is  about
equal  to  that  of  the  oesophageal  region,  while  its  walls  are  fre-
quently  folded  and  constricted.  In  this  part  of  the  body  the  cir-
cular  muscle  of  the  body  wall  becomes  greatly  thickened  (see  Plate
XLIV,  fig.  62,  CM.).

Inner  Circular  Muscle.  —  Fig.  23,  Plate  XLI,  is  a  cross  section
of  the  body  just  antecior  to  the  beginning  of  the  middle  intestine.
The  diameter  of  the  body  is  less  than  in  the  (esophageal  region
(of.  fig.  22)j  and  much  less  than  in  the  great  exjianded  portion
which  is  not  figured.  The  outer  longitudinal  muscle  in  fig.  23
needs  no  description  ;  the  circular  muscle  is  relatively  thicker  than
in  the  anterior  part  of  the  body,  but  not  greatly  enlarged.  The
circular  muscle  of  the  proboscis  sheath  has  increased  greatly  in
size  and  some  of  its  outer  fibres  ruu  ventrally,  making  a  baud  of
circular  muscle,  i.CM.,  that  encircles  the  stomach,  S.  Other
fibres,  apparently  from  the  circular  muscle  of  the  body  wall,  join
with  these,  running  dorso-ventrally,  and  crossing  the  inner  longi-
tudinal  layer  dorsal  ly  and  ventrally.  In  short,  an  inner  circular
muscle  layer  is  here  present;  and  muscular  crosses  occur  between
it  and  the  outer  circular  layer,  both  dorsally  and  ventrally  (see
fig.  23,  D.m.cr.,  V.m.cr.).  A  few  sections  posterior  to  the  one
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figured  in  fig.  23,  tl  e  inner  circular  muscle  layer  suddenly  ends
and  the  first  pair  of  cfeca  of  the  middle  intestine  appear.  On
examining  the  sections  anterior  to  fig,  23,  it  is  found  that  the
inner  circular  muscle  extends  forward  for  about  1.8  mm.  as  a  very
thin  layer  of  a  few  fibres  (see  Plate  XLII,  fig.  30,  i.C.M.),
the  thickened  region,  as  in  fig.  23,  only  extending  over  a  few  sec-
tions.

At  its  beginning  the  inner  circular  muscle,  as  seen  in  cross  sec-
tions,  measures  about  .006  mm.  dorso-ventrally;  over  the  greater
part  of  its  extent  the  measurements  range  from  .012—  .017  mm.  ;
then  suddenly  increase  from  .023  to  .06  in  about  five  sections  of
6/x  each;  finally  just  before  the  end,  fig.  23,  the  layer  is  .087  mm.
thick.

The  inner  circular  muscle  encloses  a  band  of  longitudinal  muscle
fibres  on  the  dorsal  side  of  the  stomach,  below  the  rhynchocoel,  Plate
XLII,  figs.  23,  30,  i.L.M.

The  fibres  of  the  inner  circular  muscle  layer  are  direct  continua-
tions  of  fibres  from  the  circular  layer  of  the  proboscis  sheath.
Furthermore,  in  the  anterior  part  of  the  layer,  the  fibres  come
from  the  inner  surface  of  the  proboscis  sheath,  bend  out,  ci'oss  the
outer  fibres  and  then  continue  down  around  the  stomach.  This

bending  out  and  crossing  is  shown  in  fig.  30,  z.  In  a  more  poste-
rior  position,  the  inner  circular  layer  becomes  thicker  and  consists
of  fibres  from  the  outermost  part  of  the  proboscis  sheath,  together
with  fibres  from  ihe  circular  muscle  of  the  body  wall.  It  is  thus
seen  that  the  partial  origin  of  the  inner  circular  muscle  layer  of
Zyge^ipoUa  from  the  proboscis  sheath  circular  muscle  is  beyond  a
doubt.

An  inner  circular  muscle  layer  has  not  been  heretofore  described,
as  such,  for  any  Heteronemertean.  I  have  found  a  very  similar
layer  in  Micrnra  cteca,  with  a  considerable  thickening  at  the  poste-
rior  end,  but  this  has  not  Ijcen  mentioned  in  any  published  work,
so  far  as  I  am  aware.  Coe  (1901)  describes  in  Micrnra  alaskensis
a  structure  that  might  properly  be  called  an  inner  circular
muscle  layer.  He  says,  p.  72:  "  The  delicate  layer  of  circu-
lar  and  longitudinal  muscular  fibers  which  surrounds  the  epi-
thelial  lining  of  the  esophagus  in  most  of  the  Heteronemer-
teans  becomes  remarkably  developed  in  this  species.  At  the
very  posterior  end  of  the  esophagus  —  just  anterior  to  the
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first  intestinal  pouches  —  the  circular  muscles  of  the  esophagus
increase  so  greatly  in  number  that  they  form  a  most  conspicuous
layer.  In  the  region  of  its  maximum  development  this  layer
becomes  nearly  half  as  thick  as  the  circular  layer  of  the  body  walls  in
the  same  section.  In  no  other  species  of  the  Lineidse  has  this
muscle  been  found  of  even  approximately  this  thickness.  Its  fibers
connect  in  part  with  the  circular  layer  of  the  body  walls  and  to  a
lesser  degree  with  the  circular  muscles  of  the  proboscis  sheath.
But  few  fibers  lie  on  the  dorsal  wall  of  the  esophagus,  so  that  this
organ  is  largely  bound  up  with  the  proboscis  sheath  in  a  continu-
ous  layer  of  muscles,  and  one  cannot  fail  to  see  the  striking  resem-
blance  between  this  circular  layer  and  the  inner  circular  muscles
that  are  so  highly  developed  in  precisely  the  same  region  in
Carmoma."

Since,  as  Dr.  Coe  says,  the  I'esemblance  between  this  mus-
cular  layer  and  the  inner  circular  layer  of  Cariiioma  is  so  striking,
why  should  we  not  regard  them  as  one  and  the  same  structure,  that
is,  as  homologous  ?  In  what  particulars  do  they  differ  ?

Biirger  (1895),  p.  234,  gives  the  following  definition  for  the
inner  circular  muscle  layer  of  the  Protonemerteans  and  Carinoma.
*'  Die  Leibesmusculatur.  Zu  dieser  recline  ich  einen  aus  Riugfibril-
len  zusammengesetzten  Muskelschlauch,  welcher  bei  den  Protone.
mertinen,  vor  allem  bei  Cariaina  grata,  und  Carinella  polymorpha,
superha  und  linearis,  und  unter  den  Mesonemertinen  bei  Carinoma
armandi  um  Vorderdarm  und  Rhynchocolom  entwickelt  ist,  diese
beiden  Hohlcylinder  einschliessend.  Diesen  Muskelschlauch  nenne
ich  die  inuere  Ringmuskelschicht."  Biirger  also  states  that  the
fibres  of  the  inner  circular  muscle  differ  in  no  way  from  those  of
the  body  wall.

Biirger  further  speaks,  p.  235,  of  the  crossing  of  fibres  that
frequently  occurs  in  the  dorsal  and  ventral  median  line  of  the
body,  between  the  inner  circular  and  the  outer  circular  layer  of
the  body  wall.  "  Eine  sehr  merkwiirdige  Erscheinung  wird
dadurch  hervorgerufen,  dass  die  innere  Kingmuskelschicht  in
Beziehung  zur  iiusseren  Ringmuskelschicht,  also  der  Ringmuskel-
schicht  des  Hautmuskelschlauchs  tritt.  Das  geschieht,  indem
dorsal  und  ventral  in  der  Medianebene  des  Thierkorpers  von  links
und  rechts  Muskelfasern  aus  dem  Verbande  beider  Ringmuskel-
schichten  heraustreteu,  und,  die  Liingsmuskelschicht  des  Haut-
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rauskelschlauchs  durchdringend,  die  von  der  eiueu  Ringmuskel-
schicht  kommendeu  iiber  Kreuz  an  die  andere  hinantreten."

The  definition,  then,  of  the  inner  circular  muscle  is  a  layer  of
circular  muscle  fibres  that  encloses  the  rhynchocoel  and  anterior
intestine,  the  individual  fibres  being  just  like  those  of  the  body
wall.

Since  there  is  a  common  agreement  Avith  Burger's  definition
among  the  three  muscle  layers  under  discussion,  namely,  that  in
Mlerura  alaskensis,  that  in  Zijrjeupolia,  fig.  23,  i.C.M.,  and  that  in
Micnira  cceca  ;  and  furthermore,  since  all  three  layers  have  muscu-
lar  crosses  between  themselves  and  the  circular  muscle  of  the  body
wall,  I  can  see  uo  reason  why  each  should  not  with  all  propriety
be  termed  an  inner  circular  muscle  layer,  homologous  with  that  of
the  Proto-  and  Mesonemerteans.

The  only  difference  between  the  inner  circular  muscle  layer  of
Zygeupolia  and  that  of  the  Carinellas  and  Carinoma  is  in  the
amount  of  surrounding  connective  tissue,  the  body  "  parenchym  "
of  Burger.  In  Zygeupolia  this  tissue  is  present  only  around  the
blood  vessels,  so  that  the  inner  circular  muscle  layer  adjoins  the
inner  longitudinal  muscle  layer,  except  where  the  blood  vessels
intervene.  In  this  particular  Zygeupolia  resembles  Carinina,  for
in  Carinina  the  inner  circular  muscle  borders  directly  on  the  longi-
tudinal  muscle,  and  there  is  no  intervening  layer  of  "  Leibes-
pareuchym."

The  presence  of  the  inner  circular  muscle  layer  and  the  muscular
crosses  in  Zygeupolia  and  Micrura  is  important  when  viewed  from
a  phylogenetic  standpoint.  This  peculiar  region  of  the  body,  just
in  front  of  the  middle  intestine,  is  by  far  the  most  interesting  part
of  the  whole  trunk,  for  it  has  unaccountably  remained  in  a  primi-
tive  condition,  as  comparison  with  other  Nemerteans  will  show.

Diagram  2  is  a  representation  of  the  stages,  illustrated  by
living,  more  primitive  genera,  through  which  the  inner  circular
muscle  of  Zygeupolia  and  Micrura  may  have  passed.  A,  represents
the  most  primitive  condition,  found  in  Carinella  annulata,  in
which  the  inner  circular  muscle  is  a  thin  layer  of  uniform  thick-
ness,  extending  throughout  the  body;  in  B,  Carinella  polymorj)ha,
the  muscle  is  co-extensive  with  the  body,  but  is  thickened  in  a
certain  region  ;  in  C,  Carinella  linearis,  the  muscle  ends  shortly
behind  the  thickened  region;  in  D,  Carinoma,  the  muscle  ends
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B
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Diagram  2.  —Showing  the  comparative  extent  of  the  inner  circular  muscle
layer  fn  certain  Nemerteans.—  A,  Carinellu  an/iulata  ;  B,  Carinella  2ioly-
morpha;  C.  Carinella  linearis;  D,  Carinoma  ;  E,  Zygenpoha  and  Mi-
crura  cmca.  The  heavy  lines  represent  the  extent  of  the  inner  circular
muscle,  the  broken  lines  the  outline  of  the  alimentary  tract.
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with  an  enormous  thickening  just  in  front  of  the  middle  intestine;
E,  shows  the  condition  in  Zygeupolia  and  Micrura.  In  the  last  two
forms  the  inner  circular  layer  is  absent  from  the  entire  oesophageal
I'egion,  and  is  represented  merely  by  the  thickened  part  in  front  of
the  middle  intestine,  and  a  short,  thin,  anterior  extension  of  this."

In  this  connection  it  is  interesting  to  note  that  in  Cephalothrix
aliena,  a  new  species  from  the  Maldive  Islands  recently  described
by  Punnett  (1901  a),  a  very  delicate  inner  circular  muscle  layer  is
present  in  the  oesophageal  region.

From  the  facts  just  enumerated  it  is  evident  that  the  inner  cir-
cular  muscle  of  the  Heteronemerteans  may  be  regarded  as  the  rem-
nant  of  a  layer  once  continuous  throughout  the  body.

The  accompanying  table  shows  the  comparative  extent  of  the
inner  circular  muscle  layer  in  the  different  genera  in  which  it

occurs.
The  second  part,  relating  to  the  muscular  crosses  between  inner

and  outer  circular  layers,  shows  that  there  is  great  variation  in
this  respect  in  the  genus  Cavinella.

^  The  facts  in  regard  to  the  .distribution  and  structure  of  the  inner  circu-
lar  muscle  in  the  genus  Carinella  have  been  obtained  from  Burger's  mono-
graph.
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Inner Circular Muscle.

Carinina grata,

CarineUa—
a. superba,
b. annulata,

CarineUa
banyulensis,

CarineUa
rubicunda,

CarineUa
polymorpha,

CarineUa
Unearis,

Structure.

thicker  in  ne-
phridial region

uniform
ness

uniform
ness

lliick-
thick-

thinner  in  ne-
phridial region

thinner posterior
to  uephridial
region

thicker  in  ne-
phridial region,
very thin poste-
rior to nephri
dia

thicker  in  ne
phridial region
thin posterior
to nephridia

CaUinera  thinner  behind
biirgeri Berg., | " rhynchoccel

muscle sack "

Hubrechtia,

Carinoma,

luniformly thin

great thickening
at nephridia

Cephalot.hr ix aU- wery tliin, deli-
oia Punnett, i cate layer

ZygeupoUa,

Micrura,

absent in oesopha-
geal region, ap
pears as a thin
layer about
mm. anterior to
middle  intes
tine, very thick
at posterior end

absent in resopha-
geal region, ap-
pears as a tliin
layer  a  short
distance  in
front  of  the
middle  intes-
tine.quite thick
at posterior end

Extent.

throughout body
(?)

throughout body
throughout body

throughout body

throughout body

throughout body

from the mouth
to  nephridia,
and a short dis-
tance behind
them

from the mouth
to close behind
the "rhyncho-
ccel  muscle
sack"

Crosses between
Inner Circ.

Muscle and Outer
Circ. Muscle.

Position
of

Crosses.

ventral cross only in region posteri-
or to nephridia

dorsal and ven- throughout body
tral

dorsal  only  throughout  body

dorsal cross only in uephridial re-
gion

wanting

dorsal cross faint, throughout body
ventral  cross
wanting

wanting

wanting

throughout body wanting
(?)  '

from mouth to dorsal  and ven- from the mouth
endof nephrid-
ial region

(esophageal re-
gion only

extends forward
for 2 mm. just
anterior to mid-
dle intestine

tral

(?)

dorsal and ven-
tral

extends forward! dorsal and ven
a short distance I tral
in frontof mid-
dle intestine

to end of ue-
phridial region

at posterior end
of the inner cir-
cular muscle

at posterior end
of the inner cir-

j cular muscle

The  question  now  arises,  can  the  so-called  "  oesophageal  mus-
cle  "  (Darmmusculatur,  Burger)  be  correlated  in  any  way  with
the  inner  circular  muscle  ?

43
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Burger  (1895),  p.  257,  speaks  of  a  musculature  ("Darmmuscu-
latur")  that  is  developed  in  the  Meso-,  Meta-  and  Heteroneraer-
teans  around  the  posterior  part  of  the  esophagus,  consisting  of  both
longitudinal  and  circular  fibres,  the  fibres  being  more  slender  than
those  of  the  body  wall.

On  p.  237  the  same  writer  says  that  the  dorso-ventral  fibres  that
occur  so  frequently  between  the  intestinal  cseca,  and  also  in  the  an-
terior  part  of  the  liody,  may  be  regarded  as  parts  of  a  formerly  con-
tinuous  inner  circular  muscle  layer.  "  Wir  konnen  die  dorsoven-
trale  Musculatur  als  eine  innere  Kingmuskelschicht,  welche  in
lauter,  in  gewissen  Abstilnden  aufeinanderfolgende  Ringe  zerlegt
wurde,  vorstellen."  He  adds  that  sections  of  Eupolia  and  Lmeus
geniculatus,  the  latter  figured  on  Taf.  20,  Fig.  V,  strengthen  this
opinion.  In  L.  geniculatus  the  dorso-ventral  fibres  have  bent
around  the  intestine,  on  its  dorsal  as  well  as  on  its  ventral  face,
making  a  continuous  ring  of  circular  muscle,  and  a  crossing  be-
tween  these  fibres  and  the  circular  muscle  of  the  body  wall  takes
place  in  the  median  ventral  line.
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Diagram  3.  —  Cross  section  through  the  body  of  Ccrehratulus  lacteus,
illustrating  the  deflection  of  the  dorso-ventral  muscle  fibres  into  the  inner
circular  muscle  layer  around  the  intestine.  —  P.S.,  proboscis  sheath  ;  o.  CM.,
outer  circular  muscle  ;  Int.,  intestine  ;  i.  CM.,  inner  circular  muscle  ;  I)v.f.,
dorso-ventral  muscle  fibres.

From  my  own  observations  upon  Cerehratulus  lacteus,  Lineus
lacteus  and  a  Lineus  sp.  ,  all  preparations  kindly  lent  by  Dr.  Mont-
gomery,  1  find  there  is  frequently  quite  a  considerable  layer  of
circular  muscle  fibres  beneath  the  intestine,  and  also  on  its  dorsal
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side.  These  fibres  may  he  almost  invariably  traced  out  of  the
circular  sheath  around  the  intestine  into  dorso-ventral  fibres  coming
from  the  circular  muscle  of  the  body  wall,  or  else  into  the  circular
muscle  of  the  proboscis  sheath.  This  is  illustrated  by  Diagrams  3
^nd  4.  The  same  is  true  in  regard  to  the  scattered  fibres  occa-
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Diagram  4.  —  Cross  section  thronoh  the  body  of  Linens  sp.  ;  illustrating
the  deflection  of  the  dorso-ventral  muscle  tibres  into  the  inner  circular  mus-
cle  layer  around  the  intestine.  —  P.S.,  proboscis  sheath;  o.C.M.,  outer
circular  muscle  ;  Int.,  intestine;  i.C'.M.,  inner  circular  muscle;  Dv.f.,
dorso-ventral  muscle  tibres.

sionally  found  above  or  below  the  oesophagus  in  Zygeupolia,  which
come  from  the  body  wall  or  the  proboscis  sheath,  see  Diagram  5.

It  therefore  seems  that,  if  we  accept  the  view  of  Biirger  that  the
dorso-ventral  fibres  are  derived  from  an  original  inner  circular
muscle  layer,  we  may  profitably  go  a  stej)  farther  and  say  that
the  "  Darmmusculatur  "  or  "  esophageal  muscle,"  found  around
the  dorsal  as  well  as  the  ventral  side  of  the  oBSophagus,  is  derived
from  the  dorso-ventral  fibres  which  have  turned  aside  from  their

dorso-ventral  course  and  have  curved  around  the  oesophagus  so  as
to  partially  encircle  it.  If  this  is  accepted  we  may  then  say  that
the  "  oesophageal  muscle"  is  secondarily  derived  from  the  inner
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circular  muscle,  two  steps  being  involved  in  the  phylogeuy:  first,
the  inner  circular  layer  breaks  up  into  detached  groups  of  dorso-
ventral  fibres,  then  the  latter  turn  out  of  their  course  and  bend
around  the  intestine  to  form  the  encircling  "  oesophageal  muscle."

.  o  C  Af
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Diagram  5.  —  Cross  section  through  the  body  of  Zygcupolia,  illustrating
the  deflection  of  the  dorso-ventral  muscle  fibres  into  the  inner  circular
muscle  layer  around  the  intestine  —  P.S.,  proboscis  sheath;  o.C.M.,  outer
circular  muscle;  Int.,  intestine;  i.C.M.,  inner  circular  muscle;  Dv.f.,
dorso-ventral  muscle  fibres.

This  view  is  foreshadowed  by  Hubrecht  (1887),  p.  71,  where
he  says:  "  I  will  not  at  present  attempt  to  decide  whether  any  of
the  muscular  layers  of  the  oesophagus,  noticed  both  in  Eapolia  and
Cerebratulus'  (PI.  VI,  fig.  9,  ce.m.;  PI.  XIII,  fig.  6,  mto.),  may
also  be  looked  ,  upon  as  derivatives  of  this  inner  circular
layer.  .  ,  .;"  and  "Here,  too  [alluding  to  the  Schizonemerteans],
I  would  be  tempted  to  hazard  a  comparison  between  the  absent
inner  circular  layer  and  the  musculature  of  the  proboscis  sheath."

To  briefly  summarize  my  views  in  regard  to  the  presence  and

'The  Cerebratulus  here  alluded  to  is  C.  corrugatm  ^=  Lineu8  corrugatus,
described  by  M'Intosh  (1879).
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origin  of  the  iauer  circular  muscle  layers  iu  the  Heterouemerteans  :
(1)  the  more  or  less  delicate  layer  of  circular  muscle  fibres  encir-
cling  the  alimentary  tract  in  the  oesophageal  region  of  Zygeiqyolia
and  Micrura  is  a  primitive  structure,  the  remnant  of  a  once
extensive  layer;  (2)  further  investigation  will  probably  demon-
strate  the  presence  of  similar  primitive  remnants  of  an  inner
circular  muscle  layer  in  other  Heterouemertean  genera;  (3)  the
*'  oesophageal  muscle  "  fibres  that  frequently  encircle  the  alimen-
tary  tract  in  the  higher  Lineidse  are  continuations  of  deflected
dorso-ventral  muscle  fibres.  They  are  not  primitive  but  of  more
recent  structure,  secondarily  derived  from  the  inner  circular  mus-
cle  layer  by  a  breaking  down  of  the  latter  into  groups  of  dorso-
ventral  fibres.

The  inner  circular  muscle  layer  ends  with  its  great  thickening
just  in  front  of  the  beginning  of  the  middle  intestine,  so  that
posterior  to  this  region  the  body  musculature  consists  of  the  usual
three  layers  —  outer  longitudinal,  circular  and  inner  longitudinal
(see  figs.  24,  25,  26)  —  which  are  very  thin  in  the  region  of  the
gonads.

Histology  of  Muscular  System.  —  Very  little  neel  be  said  in  regard
to  the  histology  of  the  muscle.  Each  muscle  fibre,  as  Burger  first
demonstrated  in  1890,  is  a  single  cell.  The  nuclei  are  long  and
stain  deeply.

In  Plate  XL,  fig.  13  is  shown  a  portion  of  the  circular  muscle
layer  from  the  posterior  end  of  the  body,  drawn  from  a  section
stained  with  iron-haematoxylin.  At  regular  intervals,  dark  areas,
contr.,  are  seen,  alternating  with  light  areas.  The  dark  portions
represent  the  most  contracted  part  of  the  layer,  the  light  a  region
of  less  contraction,  or  of  rest.  In  the  middle  of  the  light  areas,
very  faint  indications  may  be  seen  of  a  smaller  region  of  contrac-
tion.  The  contraction  caused  by  fixation  has  evidently  occurred  in
waves,  as  the  regular  intervals  show.  These  contracted  areas  were
first  noticed  in  the  jS^emerteans  by  Hubrecht  (1887).

Wagener  (1863)  describes  "striated"  muscle  from  a  Nemer-
tean,  the  genus  of  which  is  not  mentioned.  He  says  the  striated
areas  (*'  Querstreifungen  ")  alternate  with  thinner,  lighter  parts,
and  that  the  cross-striping  merges  into  a  non-striated  portion.
A  fibre  separated  from  the  bundle  has  a  series  of  swellmgs
(  "  Ansehwellungen  "  )  on  its  surface.  Wagener's  Fig,  1,  Taf.
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IV,  shows  that  what  he  regards  as  cross  striatious  are  evidently
merely  swollen,  i.e.,  contracted  areas  of  the  fibres.

2.  The  Nervous  System.  —  a.  Anatomy.  —  Burger  (1895)
divides  the  nervous  system  of  the  Nemerteans  into  a  central  and  a
peripheral  system.  The  former  comprises  the  brain  and  lateral
nerve  chords,  which  have  a  thick  investing  layer  of  ganglion  cells;
the  latter,  all  other  nerves  and  nerve  layers,  provided  with  a  thick
ganglion  cell  envelope.  Montgomery  (1897  b),  p.  382,  includes
in  the  central  nervous  system  all  parts  provided  with  ganglion
cells,  namely:  "  (1)  the  dorsal  and  ventral  brain  lobes  and  com-
missures;  (2)  the  lateral  nerve  chords  .  .  .  ;  (3)  the  paired
oesophageal  nerves;  (4)  the  longitudinal  nerves  of  the  probos-
cis  .  .  .  ;  (5)  the  dorsal,  unpaired,  larger  median  nerve  of  the
body  wall;  and  probably  also  (6)  the  lesser,  unpaired  median
nerve. ' '

The  anatomy  of  the  brain  of  ZijgeupoUa  may  be  readily  studied
in  life  from  a  specimen  compressed  beneath  a  cover  glass,  for  the
head  is  so  transparent  that  the  parts  are  easily  distinguished  (see
figs.  1,  16).  The  brain  lies  about  4  mm.  behind  the  tip  of  the
head,  directly  in  front  of  the  mouth,  encircling  the  rhynchocool,
and  consists  of  four  lobes  or  ganglia  of  about  equal  size,  two  dorsal
and  two  ventral.  A^iewed  from  the  dorsal  surface,  the  dorsal
lobes,  fig.  10,  D.L.,  are  most  prominent,  and  at  their  posterior
ends  are  situated  the  pear-shaped  ce/ebral  organs,  C.Org.,  which
are  about  one-third  the  length  of  the  dorsal  lobes  and  about  one-
half  their  width.  The  dorsal  lobes  are  connected  above  the  rhyn
choctel  by  a  slender  commissure,  which  is  very  difficult  to  see  in
life,  figs.  1,  16,  D.Comm.,  but  is  easily  made  out  from  sections.
Its  dorso-ventral  measurements  vary  in  different  specimens  from
.04-07  mm.,  probably  owing  to  diftereut  states  of  contraction,
or  to  the  plane  of  the  section.  In  the  sections  of  one  si^ecimen,
fig.  19,  the  dorsal  commissure  appeared  to  be  composed  of  fibres
coming  from  both  dorsal  and  ventral  lobes,  an  unusual  condition,
and  one  not  previously  described  in  Nemerteans,  so  far  as  I  am
aware.  The  ventral  lobes  are  united  by  a  stout  commissure,  about
14  mm.  measured  dorso-ventrally,  that  in  life  may  be  plainly  seen,
figs.  1,  16,  shining  through  the  rhynchocciel,  which  lies  above  it,
and  extending  backward  posterior  to  the  dorsal  commissure.  Meas-
ured  from  side  to  side,  both  commissures  are  short,  owing  to  the
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close  proximity  of  the  braia  lobes.  The  dorsal  and  ventral  lobes  of
each  side  are  connected  anteriorly,  as  may  be  seen  from  sections,  but
the  conuectiou  ends  just  posterior  to  the  end  of  the  ventral  com-
missure,  and  from  this  point  backward  the  dorsal  and  ventral  lobes
are  quite  separate.  In  life  the  ganglion  cell  layer  appears  distinct
from  the  fibrous  core  of  the  brain  and  lateral  chords,  the  former
as  a  greenish-yellow  investing  layer,  the  latter  as  a  clear  silvery-
gray  central  mass.

From  sections  it  may  be  seen  that  both  dorsal  and  ventral  lobes
are  continued  forward  into  the  tip  of  the  head  as  numerous  slen-
der  nerves,  which  are  approximately  represented  in  Plate  XL,  fig.
1.  No  especial  nerve  endings  have  been  observed.  The  dorsal
lobes  terminate  as  such  just  in  front  of  the  cerebral  organs,  and  from
their  posterior  ends  arise  the  nerves  that  supply  the  cerebral
organs.  Immediately  in  front  of  the  cerebral  organ,  the  dorsal
lobe  gives  off  on  its  dorsal  side  a  horn  or  prolongation  of  the
fibrous  core  surrounded  by  ganglion  cells.  This  horn  ends  shortly
and  is  replaced  posteriorly  by  the  cerebral  organ,  but  there  is  no
connection  between  the  two  structures,  for  the  cerebral  organ  derives
its  nervous  matter  from  the  ventral  part  of  the  dorsal  lobe.  The
cerebral  organ  nerve  enters  the  cerebral  organ  on  the  ventral  side
and  afterward  branches  and  ramifies,  so  that  the  nervous  material
is  well  distributed  throughout  this  sensory  organ.

The  ventral  lobes  are  continued  backward  throughout  the  body
and  caudicle  as  the  lateral  nerve  chords  ("  Seitenstiimme  "),  fig.  1,
L.N.,  but  do  not  unite  posteriorly  in  an  anal  commissure.

The  paired  cesophageaJ  nerves,  fig.  16,  Oc.N.,  arise  from  the  ven-
tral  lobes  in  the  same  frontal  plane  as  the  cerebral  organs,  but  con-
siderably  ventral  to  them.  A  slender  commissure,  fig.  16,  Oe.N.
Comm.,  is  formed  between  them,  .08  mm.  behind  their  origin,  out-
side  the  circular  muscle  layer,  just  anterior  to  the  mouth,  31.
]5ehind  the  commissure  the  nerves  pass  through  the  circular  and
inner  longitudinal  muscle  into  the  tissue  around  the  mouth,  occa-
sionally  giving  off  branches,  and  continue  backward  into  the
oesophageal  region.  Here  they  break  up  into  numerous  fine
branches  which  ramify  in  the  walls  of  the  oesophagus,  not  only  on
the  ventral  side  but  also  laterally,  and  which  are  very  abundant
on  the  dorsal  side.

From  the  dorsal  commissure  arises  the  median  unpaired  upper
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dorsal  nerve,  first  termed  by  Hubrecht  the  "  Riisselsclieidennerv,  "
later  the  "medullary  nerve;"  by  Biirger  denominated  the  "  oberen
Riickennerv.  "  The  dorsal  nerve  extends  throughout  the  body
and  ends  about  .06  mm,  in  front  of  the  anal  opening.  No  con-
nection  could  be  traced  between  the  end  of  the  dorsal  nerve  and

the  lateral  nerves,  but  it  is  probable  that  a  delicate  plexus  exists.
The  position  of  the  dorsal  nerve  is  constant,  just  above  the  circu-
lar  muscle  in  the  median  plane  of  the  body.  A  second  doi*sal
nerve  ("  Riisselscheidenucrv,"  Hubrecht;  "  unterer  Riickennerv,"
Burger),  separates  off  from  the  first  shortly  after  its  origin,  passes
inside  the  circular  muscle  of  the  body  wall  and  lies  just  above  the
proboscis  sheath.  Both  nerves  are  of  fair  size,  about  .017  mm.
in  diameter  in  the  anterior  part  of  the  body,  but  both  become
much  enlarged  in  the  region  of  the  muscular  crosses  between  the
greatly  thickened  inner  circular  muscle  and  that  of  the  body  wall,
Plate  XLI,  fig.  23.  Here  for  a  short  distance  the  diameter  of  the
inner  nerve  reaches  a  thickness  of  .03-.  06  mm.  There  is  consider-

able  variation  in  the  respective  sizes  of  the  two  nerves  in  different
specimens.  Sometimes  the  upper  nerve  is  the  larger  one,  but  more
often  the  lower  nerve  attains  the  greate"  size.  The  greatest  size
observed  was  in  a  specimen  whose  lower  dorsal  nerve  measured
.117  ram.  dorso-ventrally  and  .058  mm.  across;  the  upper  dorsal
nerve  measuring  .017  mm.  iu  both  directions.  This  enlarged  con-
dition  coincided  with  the  thickest  part  of  the  inner  circular  muscle
layer.  The  same  coincidence  has  been  noted  in  the  Protonemerteans
and  OaH/io?Ha  by  Hubrecht  (1887),  who  says,  p.  80:  ''  The  fact  that
in  this  (oesophageal)  region  of  Carinoma  the  proboscidian  sheath-
nerve  comes  into  the  foreground  so  strongly  that  it  might  easily  be
mistaken  for  the  medulla,  may  probably  be  ascribed  to  the  mas-
sive  development  of  the  inuer  circular  muscular  layer  8,  which  iu
Carinina,  Carinella  and  Carinoma  acts  at  the  same  time  as  part  of
the  wall  of  the  proboscidian  sheath.  The  fact  was  already  noticed
as  a  peculiar  feature  of  the  species  by  INI'Intosh  (1875),  when  he
first  described  Carinoma  (under  the  name  of  Valenciniaarmaiidi)."
Posterior  to  the  region  of  the  iuner  circular  muscle  the  two  dorsal
nerves  resume  their  normal  size,  and  then  gradually  decrease  until
they  terminate  near  the  end  of  the  body.

Throughout  the  greater  part  of  the  body  the  lateral  nerves  are
connected  with  each  other  and  with  the  upper  dorsal  nerve  by  a
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nervous  layer  of  fibrous  substance  ("  plexus  "  of  Ilubrecht,  "  Ner-
venschicht  "  of  Burger),  situated  outside  the  circular  muscle.  It
is  especially  strong  in  the  (esophageal  part  of  the  body,  and  in  the
inner  circular  muscle  region,  fig,  23,  n.p.  Posteriorly  the  layer
is  very  thin,  or  may  be  entirely  absent.

In  one  specimen  a  peculiar  condition  of  the  lateral  chords  was
observed,  Plate  XLIV,  fig.  62,  L.N.  A  part  of  the  fibrous  sub-
stance  extends  toward  the  centre  of  the  section  in  between  the  fibres

of  the  circular  muscle,  CM.  :  the  fibres  in  the  same  radial  line  as
the  nerve  are  bent  out  of  their  course,  and  in  the  space  thus
formed  is  the  apparent  branch  of  the  nerve,  running  inward.  This
condition  was  not  confined  to  a  few  sections,  but  extended  over
several  slides,  a  distance  of  at  least  1.5  mm.  It  at  first  seemed
as  if  a  series  of  nerves  was  being  given  oflf  from  the  inner  lateral
face  of  the  nerve  chord,  instead  of  from  tlie  dorsal  and  ventral

sides,  the  usual  method  in  Nemerteans  (Burger),  Several  other
specimens  were  examined,  but  this  peculiarity  was  not  found  in
them,  and  I  am  unable  to  account  for  it.

The  proboscis  is  innervated  by  two  slender  branches  that  arise
from  the  dorsal  surface  of  the  ventral  commissure  and  immedi-

ately  run  dorsally  into  the  proboscis,  which  is  attached  at  this  point
to  the  body  wall.  The  two  proboscis  nerves,  Plate  XLII,  fig.  35,
P.N.,  are  distinct  in  the  anterior  part  of  the  proboscis,  but  in  the
"  middle  region,"  as  will  be  described  in  that  section,  they  become
a  continuous  nervous  layer,  fig.  40,  n.p.,  separating  again  near
the  end  of  the  proboscis  into,  two  distinct  nerves,  fig.  41,  P.N.

h.  Histology  of  Nervous  System.  —  The  brain  lobes,  as  described  by
Burger  (1895)  and  Montgomery  (1897  b),  consist  of  (1)  the
fibrous  core,  (2)  the  inner  neurilemma,  (3)  the  ganglion  cell  layer,
and  (4)  the  outer  neurilemma.

There  is  little  to  be  said  in  regard  to  (1)  and  (2),  as  these
structures  in  Zygeupolia  conform  to  the  usual  Nemertean  type.

In  the  ganglion  cell  layer  of  the  brain  occur  the  three  types  of
nerve  cells,  the  small,  the  medium-sized  and  the  large,  described
by  Burger  and  Montgomery  and  denoted  as  I,  II  and  III.  Mont-
gomery  describes  the  cells  of  the  first  type,  p.  385,  as  "  densely
massed  together  and  of  a  shortened  pyriform  shape.  The  nucleus
is  very  large  in  proportion  to  the  cell  body,  in  fact,  nearly  filling
it  .  .  .  ."  This  de.-cnption  may  also  be  applied  to  the  cells  of
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the  first  type  in  Zijfjeupolia,  figs.  20,  9,  G.C.u  which  are  found
abundautly  on  tlae  dorsal  and  outer  lateral  sides  of  the  dorsal
lobes,  and  on  the  outer  lateral  sides  of  the  ventral  lobes.  They
are  very  numerous  around  and  in  the  cerebral  organs.

The  cells  of  the  second  type,  figs.  20,  10,  G.C.n,  are  elongated
and  pear-shaped.  The  cytoplasm  is  more  abundant  than  in  I,
the  nucleus  is  oval  and  centrally  placed,  containing  relatively  less
chromatin  than  that  of  I.  These  cells  are  arranged  usually  in
radiate  clusters,  and  their  distribution  in  Zygeupolia  agrees  with
that  described  for  other  Nemerteans  by  Biirger  and  Montgomery,
namely,  on  the  ventral  lobes  and  along  the  lateral  chords,  never
in  the  dorsal  lobes.

The  cells  of  the  third  type,  figs.  20,  8,  G.  C.  i„,  are  much  larger
than  either  I  or  II,  but  vary  considerably  in  size.  They  are
long,  pear-shaped  cells,  with  the  greatest  diameter  proximally.
The  nucleus  is  lai'ge,  round,  and  centrally  placed,  with  a  large
nucleolus,  and  the  chromatin  distributed  throughout  the  nucleus.
Montgomery  states  that  "  while  the  cell  bodies  vary  considerably
in  size,  their  nuclei  remain  of  nearly  uniform  dimensions."
These  cells  are  found  in  both  dorsal  and  ventral  lobes  and  along
the  lateral  chords.

A  fourth  type  of  cell  has  l)eeu  discovered  and  named  by  Burger
(1894),  namely,  the  colossal  neurochorcl  cells.  Burger  (1899),
p.  105,  states:  "  Neurochordzellen  fand  ieh  bei  alien  von  mir  uuter-
suchteu  Cerebratuleu,  ferner  bei  Lanrjia  formosa.  Das  Gehirn
besitzt  stets  nur  ein  eiuziges  Paar  von  Neurochordzellen,  welches
an  der  medialen  Fliiche  der  ventralen  Ganglien  dort  gelagert  ist,
wo  die  Schlundnerven  entspringen.  Zahlreiche  Neurochordzellen
befindeu  sich  indessen  im  GanglienzellbelagderSeitenstiimme  .  ,  ,  ."
Biirger  also  found  in  the  Metanemerteans  Drepanopliorus  and
Prosadenoporus  one  pair  of  neurochord  cells  in  the  braiu,  but
none  along  the  lateral  chords.  The  presence  of  neurochord  cells
in  Cerebratalus  lactem  has  been  demonstrated  by  jNIoutgomery
(1897  6),  who  found  that  "  the  colossal  ganglion  cells  (IV)  of
Cerebndidas  are  present  in  three  pairs  in  the  ventral  brain  lobes,
and  are  distributed  irregularly  along  the  lateral  chords,  but  are
wholly  absent  in  both  ends  of  the  latter  (namely,  in  the  oesopha-
geal  region  and  in  the  caudicle)."

In  ZijgeupoUa  a  pair  of  large  cells  is  found  on  the  median  sides
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of  the  ventral  braiu  lobes,  about  .00  mm.  behind  the  ventral  com-
missure.  Both  cells  lie  in  the  same  transverse  plane.  In  one
very  favorable  specimen  the  nerve  tubule  of  one  coll  could  be
traced  into  the  fibrous  core  of  the  ventral  lobe.  These  cells  are

elongated,  with  the  greatest  diameter  at  the  rounded  proximal
end,  and  surrounded  by  a  sheath  of  connective  tissue  fibres,
Plate  XL,  fig.  3,  Cn.  T.  S.  The  length  of  the  cell  body  is  about
.058  mm.,  the  greatest  width  about  .029  mm.,  the  diameter  of  the
nucleus  .012  mm.  The  cytophism  stains  a  pale  violet,  htematoxy-
lin  and  eosin  stain,  and  has  a  slightly  granular  appearance.  The
somewhat  oval  nucleus  is  proximally  placed,  the  chromatin  is  dis-
tributed  around  the  periphery,  and  one  large  nucleolus  is  present.

From  the  position,  size  and  structure  of  these  cells  it  seems  not
unfitting  to  term  them  neurochord  cells.

Biirger  has  observed  that  neurochord  cells  occur  in  those  forms
that  swim  freely,  and  he  thinks  there  may  be  some  correlation
between  the  occurrence  of  neurochords  and  the  swimming  habit.
While  it  would  be  hasty  to  say  that  Zjgeupolia  has  not  the  power
of  free  swimming,  it  has  not  been  observed  swimming,  either  in
nature  or  in  captivity.  In  its  native  habitat  it  is  always  found
below  the  surface  of  the  sand,  and  while  in  an  aquarium  it  never
rises  to  the  surface,  but  remains  on  the  bottom,  burrowing  in  the
sand,  if  there  is  any  present,  and  surrounds  itself  as  soon  as  possi-
ble  with  a  slime  sheath  to  which  particles  of  sand  adhere.  When
placed  in  a  shallow  dish  of  water  the  head  is  usually  kept  erect
and  continually  swaying  about,  but  there  is  little  or  no  movement
of  the  body  as  a  whole.

It  should  be  mentioned  here  that  one  pair  of  large  ganglion
cells,  from  their  structure  and  position  evidently  neurochord  cells,
has  lately  been  observed  by  the  writer  in  Micrura  caxa.  It  is  not
improbable  that  the  occurrence  of  these  cells  among  the  Nemer-
teans  is  more  common  than  is  generally  supposed.

The  outer  neurilemma  is  but  slightly  developed  in  Zijgeupolia  .
It  is  found  around  the  ventral  lobes,  but  does  not  occur  to  any
extent  around  the  dorsal  lobes  or  along  the  lateral  chords.

3.  Sense  Organs.  —  a.  The  Cerebral  Organs.  —  The  cerebral
organs  appear  in  life,  Plate  XL,  figs.  1,  16,  ('.  Org.,  as  rather  pear-
shaped  bodies  situated  at  the  posterior  ends  of  the  dorsal  brain  lobes,
above  the  ventral  lobes.  They  are  silvery  gray,  except  the  poste-
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rior  ends,  which  are  dark  greenish  and  contain  large  globules  that
have  an  oily  appearance,  the  secretion  from  the  posterior  gland
cells.  The  large  blood  vessels,  in  which  the  posterior  ends  of  the
cerebral  organs  lie,  are  very  noticeable  in  life,  fig.  16,  C.Org.V.
They  are  usually  expanded,  and  the  floating  blood  corpuscles  may
be  seen  even  with  a  low  power.

Each  cerebral  organ  consists  of  the  following  parts:  (1)  the
ciliated  pit,  opening  directly  to  the  exterior;  (2)  the  ciliated  canal,
leading  from  the  jDit  to  the  anterior  end  of  (3)  the  cerebral  organ

proper.
The  ciliated  pit  is  the  most  anterior  part  of  the  cerebral  organ.

It  is  a  flask-shaped  cavity,  lined  with  a  ciliated  epithelium  that  is
differentiated  histologically  into  several  regions  which  will  be  de-
scribed  below.  The  pit  opens  directly  on  the  surface  of  the  head,
there  being  no  lateral  slits,  and  in  life  is  usually  widely  expanded,
the  long  cilia  beaiing  vigorously.  In  fixed  preparations  the  pit
has  a  small  external  aperture,  a  narrow  neck  and  the  inner  flask-
shaped  portion,  Plate  XLI,  fig.  21,  Cil.P.

The  ciliated  canal,  Cil.C,  is  a  narrow  duct,  a  continuation  of
the  inner  end  of  the  ciliated  pit.  It  extends  in  the  transverse
plane  of  the  body  from  the  ciliated  pit  to  the  anterior  end  of  the
cerebral  organ  proper,  then,  making  a  sharp  turn  at  right  angles  to
itself,  it  enters  the  cerebral  organ  and  continues  backward  to  the
posterior  end,  where  it  terminates  blindly.

The  cerebral  organ  proper  is  a,  pear-shaped  structure,  wide  at
the  anterior  end  and  gradually  becoming  narrower  at  the  posterior
extremity.  The  cerebral  organ  nerve,  which  arises  ventrally  from
the  posterior  end  of  the  dorsal  brain  lobe,  enters  the  anterior  end
of  the  cerebral  organ  on  the  dorsal  surface,  just  in  front  of  the
entrance  of  the  ciliated  canal,  and  then  ramifies  throughout  the

organ.
The  basement  layer  of  the  body  epithelium  is  continued  beneath

the  epithelium  of  the  ciliated  pit  and  forms  around  the  cerebral
organ  an  envelope  of  connective  tissue,  fig.  21,  Cn.T.S.,  of  a
thickness  about  equal  to  that  of  the  inner  neurilemma  of  the  brain
lobes.  In  fig.  21  the  thickness  of  the  basement  layer  and  cerebral
organ  sheath  is  slightly  exaggerated.  The  most  anterior  part  of
the  cerebral  organ  is  completely  surrounded  by  muscular  tissue  —
the  inner  longitudinal  muscle  on  the  inner  surface,  the  circular
muscle  on  the  outer  side.
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The  change  in  the  relative  position  of  the  circular  muscle  in
respect  to  the  dorsal  brain  lobes  and  the  cerebral  organs  has
already  been  described,  the  circular  muscle  lying  on  the  inner  side
of  the  dorsal  lobe,  but,  with  the  beginning  of  the  cerebral  organs,
bending  out  so  as  to  adjoin  their  outer  surfaces  (cf.  figs,  19  and
21).

From  fig.  16  it  may  be  seen  that  the  cerebral  organ  vessels,
C.org.  v.,  lateral  branches  from  the  median  vessel,  J/.  V.,  run  for-
ward,  partly  encircling  the  cerebral  organs  and  ending  blindly  near
their  anterior  ends.  The  anterior  part  of  the  cerebral  organ  (see
fig.  21,  right  side)  is  but  partly  surrounded  by  the  blood  vessel,
while  the  posterior  end,*  fig.  21,  left  side,  lies  nearly  free  in  the
blood  vessel,  being  attached  at  the  extreme  tip  to  the  body  wall.  A
noticeable  thinning  of  the  connective  tissue  envelope  accompanies
the  increase  of  the  surface  in  contact  with  the  blood  vessel,  and  at
its  posterior  end  the  cerebral  organ  is  covered  only  by  a  low
epithelium  of  square  flattened  cells,  except  at  the  point  of  attach-
ment  to  the  muscular  wall,  where  a  small  portion  of  the  connective
tissue  sheath  persists,  fig.  21,  left  side.

Histology.  —  The  epithelium  of  the  ciliated  pit  consists  of  three
sharply  differentiated  regions:  (1)  the  epithelium  of  the  outer
part,  or  the  neck  of  the  pit;  (2)  the  epithelium  lining  the  median
jDart  of  the  pit;  (3)  the  innermost  epithelium,  'adjoining  that  of
the  ciliated  canal.  These  three  regions  may  be  seen  in  fig.  21,
Oil.  P.  The  epithelial  cells  have  the  same  general  structure  in  all
three  regions,  except  that  the  cilia  of  the  cells  in  the  median  part
(2)  are  much  longer.  A  cell  from  the  median  part  (2)  is  shown
in  fig.  7.  It  is  a  slender  cell,  with  an  expanded  distal  end  on
which  the  long  cilia,  CiL,  are  borne,  and  tapering  into  a  fine  stalk
at  the  proximal  bae^^al  end;  the  small  nucleus,  N.,  lies  just  above
the  stalk.  Each  cilium  consists  of  a  basal  knob,  an  upper  knob

and  a  ciliary  thread.
Between  the  ciliated  supporting  cells  of  the  outer  (1)  and  inner

(3)  regions,  numerous  large  interstitial  connective  tissue  cells  are
present,  and  their  nuclei,  fig.  21,  Cn.T.N.,  are  very  noticeable  in
sections.  The  median  (2)  region  is  characterized  by  its  longer

*  The  section  drawn  in  fig.  21  is  rather  obliquely  cut,  so  that  on  the
right  the  plane  of  the  section  passes  through  the  ciliated  pit  and  the  begin-
ning  of  the  cerebral  organ,  while  on  the  left  only  the  posterior  part  of  the
cerebral organ is seen.
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cilia  and  the  complete  absence  of  the  interstitial  connective  tissue
cells.  In  a  horizontal  section  of  the  ciliated  pit  the  contrast
between  the  three  regions  is  very  marked.  In  a  preparation
stained  with  hiematoxylin  eosin,  the  outer  and  inner  regions  are
studded  with  the  deep-blue  nuclei  of  the  connective  tissue  cells,
while  the  median  region  appears  pink,  from  the  cytoplasm  of  the
supporting  cells,  their  small  nuclei  being  very  inconspicuous.

The  epithelium  of  the  ciliated  canal  is  a  one-celled  layer.  The
cells  are  much  lower  and  wider  than  those  of  the  pit  and  bear
shorter  cilia.

The  anterior  part  of  the  cerebral  organ  proper,  fig.  21,  right
side,  is  richly  provided  with  gland  cells,  GL-^.  These  are  large
pear-shaped  bodies  with  long  slender  ducts  that  open  into  the
ciliated  canal.  The  cytoplasm  is  abundant,  especially  at  the  base
of  the  cell  where  the  large  spherical  nucleus  is  situated.  The
secretion  is  homogeneous  and  stains  red,  hrematoxylin-eosin  stain.

The  posterior  part  of  the  cerebral  organ,  fig.  21,  left  side,  con-
tains  other  gland  cells  of  a  different  character,  Gl.^.  The  cyto-
plasm  is  inconspicuous,  the  nucleus  is  small,  and  the  secretion  has
the  form  of  large  globules  that  stain  a  faint  bluish-gray.  These
cells  are  prominent  in  life,  evidently  containing  oily  globules.

The  cerebral  organs  are  well  supplied  with  nervous  substance.
Ganglion  cells  of  the  first  type,  fig.  21,  G.  Cu  ^^^  very  numerous.

b.  The  Lateral  Grooves.  —  The  lateral  grooves  are  two  shallow
elongated  pits  extending  horizontally,  one  on  each  side  of  the
body,  above  the  lateral  nerve  chords.  Each  has  a  length  of  about
1.5  mm.

The  grooves  are  constant  in  position  in  the  different  specimens
examined,  always  beginning  at  the  posterior  end  of  the  glandular
zone,  Diagram  1,  Gl.Z.  and  L.G.,  and  ending  about  1.5  mm.  in
front  of  the  great  thickening  of  the  inner  circular  muscle  and  the
beginning  of  the  middle  intestine.

The  lateral  grooves  are  distinctly  seen  in  cross  sections  of  this
region  of  the  body,  appearing  as  small  pits  or  depressions  in  the
epithelium  external  to  each  lateral  nerve  chord,  but  they  are  not
macroscopically  distinguishable  in  cither  living  or  preserved  speci-
mens,  although  they  have  been  repeatedly  sought.  The  shallowness
of  the  grooves  has  probably  rendered  them  indistinguishable
except  by  the  microscope.
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The  lateral  areas  of  sections  of  the  eutire  body  have  beeu  care-
fully  examined,  but  no  indication  of  any  constantly  recurring  de-
pressions  could  be  found  in  any  other  region  of  the  body,  either
anteriorly  or  posteriorly.  Here  and  there,  of  course,  as  in  most
Nemerteans,  are  small  depressions  of  the  surface  due  to  contrac-
tion  and  shrinkage,  but  their  extent  is  very  limited,  and  they  may
occur  in  any  position,  dorsal,  ventral  or  lateral.

Fig.  62  is  a  cross  section  of  a  portion  of  the  body  wall  through
one  of  the  lateral  grooves.  It  shows  that  the  lateral  groove,
L.G.,  is  a  depression  both  of  the  body  epithelium,  Ep.,  and  of
the  outer  longitudinal  muscle  layer,  o.L.M.  The  epithelial  cells
in  the  groove  are  rather  closely  crowded  together,  and  the  indi-
vidual  cells  are  not  distinguishable  with  the  magnification  used.
With  a  higher  magnification,  it  may  be  seen  that  the  epithelium  is
composed  of  supporting  cells,  gland  cells  and  interstitial  connec-
tive  tissue  cells,  just  like  the  rest  of  the  body  epithelium.  There
is  no  differentiation  of  the  epithelial  cells  in  the  groove.  Culis
gland  cells  of  the  blue-staining  type,  Cu.Gl.^,  are  present  in  the
outer  longitudinal  muscle  layer  around  the  lateral  nerve  chord
below  the  groove,  and  their  ducts  open  between  the  epithelial
cells  of  the  groove.

The  peculiar  appearance  of  the  lateral  nerve,  as  shown  in  fig.
62,  has  already  been  discussed.

The  question  now  to  be  considered  is,  What  are  the  lateral
grooves  ?  Are  they  the  result  of  contraction  —  i.e.,  artifacts  —  or
are  they  organs  of  the  body  ?

The  question  whether  the  lateral  grooves  are  merely  contractions
seems  to  me  to  be  disposed  of  by  the  facts  of  their  constant  posi-
tion,  extent  and  regular  occurrence  in  several  individuals.  The
alternative,  then,  is  that  they  are  paired  organs  of  the  body  ;  but
with  what  function  ?

When  these  grooves  were  first  observed,  I  believed  that  they
were  sense  pits,  comparable  to  the  lateral  sense  organs  ("Seiten-
organe")  of  the  Protonemerteans,  and  I  hoped  that  further  study,
both  upon  living  worms  and  sections,  would  demonstrate  the  pres-
ence  of  sensory  cells  and  possibly  of  nerves.

The  careful  study  of  sections  has  not  revealed  any  differentia-
tions  of  the  epithelial  cells  of  the  lateral  groove,  although  no
especial  nerve  technique,  such  as  the  Golgi  or  methylen  blue
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methods,  has  been  employed.  The  possibility  remains  that  under
such  treatment  nerves  and  sensory  cells  may  yet  be  demonstrated.

The  strongest  evidence  in  favor  of  considering  the  lateral  grooves
as  sense  organs  is  the  fact  that  dermal  sense  organs  —  aside  from
the  well-known  lateral  sense  organs  (  "  Seitenorgane"  )  of  the  Pro-
tonemerteans,  and  the  frontal  organs  of  other  forms  —  have  lately
been  discovered  in  certain  Nemerteans.

In  the  anterior  part  of  the  body  of  ParapoUa  aurantiaca  Coe^
there  occur  paired  structures,  resembling  the  lateral  grooves  of
Zygeupolia,  and  in  the  same  relative  position  —  that  is,  in  the  sides
of  the  body  posterior  to  the  nephridia  and  anterior  to  the  middle
intestine.  Plate  XLIV,  fig.  03,  represents  a  transverse  section  of
a  part  of  the  body  wall  of  ParapoUa  through  one  of  the  lateral
grooves.  From  this  it  may  be  seen  that  the  outer  longitudinal
muscle,  just  outside  the  lateral  nerve  chord,  contains  an  abundance
of  large  swollen  cutis  gland  cells,  Ca.  Gl..>.  These  cells  stain  blue
with  hfematoxylin  and  are  present  only  in  the  vicinity  of  the  lat-
eral  nerves,  being  absent  from  the  rest  of  the  cutis.  The  section
figured  shows  that  the  "  lateral  groove"  is  elevated  above  the
general  surface  level,  but  in  other  sections  it  is  depressed  into  a

groove.
This  elevation  and  depression  of  the  "groove"  is  interesting

when  one  recalls  that,  according  to  Burger  (1895),  the  Protone-
mertean  lateral  sense  organs  and  the  Metanemerteau  frontal  organs
may  be  both  invaginated  and  everted.  ]N"o  differentiated  sense
cells  or  nerves  are  distinguishable  in  the  "  grooves  "  of  ParapoUa.

The  length  of  the  groove  of  ParapoUa  is  about  the  same  as
that  of  ZijgeupoUa,  and  they  are  probably  homologous  structures.

In  the  twelve  dermal  sense  organs  of  the  head,  lately  described
by  me  (1900  b)  for  Carinoma  tremaphoros,  although  undoubted
sensory  cells  are  present,  only  in  one  case  could  a  nerve,  running
to  the  pit,  be  demonstrated.

The  recent  discovery  of  a  pair  of  lateral  sense  organs  in  the
new  Ileteronemertean  Micrella  rufa  Puunett  (1!)01  b)  is  of  great
interest  and  value.  Punnett  describes  "  a  lateral  sense  organ  on
either  side  (fig.  2)  shortly  behind  the  excretory  pore.  In  the  pre-

^  Dr.  Coe  has  very  kindly  allowed  me  to  exaiiine  the  slides  of  his  tj'pe
specimen  of  ParapoUa  and  to  make  drawings  of  the  sense  organs.  One  of
these  is  shown  on  PI.  XLIV,  fig.  63.
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served  animal  it  is  conspicuous  as  a  small  longitudinal  slit  (fig.  5)
about  .75  mm.  long  on  either  side.  It  is  lined  with  characteristic
glandular  epithelium,  resembling  that  found  in  the  head  slits
(fig.  6)-"

These  facts  suggest  the  possibility  that  the  lateral  grooves  of
ZijgeupoUa  may  be  sense  organs  that  are  cither  in  process  of  forma-
tion,  or  that  have  degenerated  and  lost  their  sensory  character.

There  remains  one  other  interpretation  of  the  lateral  grooves,
which  has  been  suggested  by  the  presence  of  the  great  glandular
zone  in  front  of  the  grooves  and  the  situation  of  the  gonads  poste-
rior  to  them.  The  glandular  zone  may  have  a  function  like  the
clitellum  of  the  Annelids,  and  the  lateral  grooves  may  be  like  the
grooves  found  along  the  sides  of  the  body  of  an  earthworm,  and
serve  to  conduct  the  mucous  secretion  to  the  Qgg  cells.  This  last
hypothesis  could  be  substantiated  only  by  a  careful  study  of  the
habits  of  Zygeupolia.

4.  The  Rhynchod.eum.  —  Immediately  behind  the  tip  of  the
head  on  the  ventral  surface  may  be  found  a  very  small  opening,
the  proboscis  pore  ("  Rtisseloffnung  "),  which  is  the  external  open-
ing  of  the  rhynchodieum.

The  rhynchodseum  is  the  rather  cylindrical  cavity  that  extends
through  the  head  from  the  point  of  attachment  of  the  proboscis
with  the  body  wall,  Plate  XL,  fig.  1,  y,  forward  to  the  proboscis
pore,  P.J).,  at  the  tip  of  the  head.  It  is  the  path  of  exit  for  the
evaginated  proboscis.

A  transverse  section  through  the  rhynchodseum  shows  that  its
walls  are  provided  with  four  stronf?  bundles  of  longitudinal  muscle,
seen  in  Plate  XLI,  fig.  18,  Rd.M.,  and  that  it  is  lined  with  a  cili-
ated  epithelium.  This  lining  is  very  delicate  and  liable  to  be  torn
away,  and  usually  can  be  seen  only  at  the  most  anterior  part  of  the
rtiynchodieum.  It  may  persist  farther  back,  but  the  cilia  are
mostly  broken  off  in  the  preparations  that  have  been  sectioned.
The  cilia  of  this  epithelial  lining  are  considerably  longer  than  those
of  the  body  epithelium.

5.  Rhyxchoccel  axd  Proboscis  Sheath.  —  The  proboscis,  fig.
1,  P.,  lies  in  a  spacious  cavity,  the  rhynchocrel.  Be,  the  muscular
walls  of  which  form  the  so-called  "  proboscis  sheath."  The  rhyn-
chocoel  is  cl  jsed  anteriorly  by  the  attachment  of  the  proboscis  to

44
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the  body  wall,  figs.  1,  16,  t/,  and  posteriorly  ends  blindly  about
.8  mm.  in  front  of  the  anus,  fig.  17,  Re.

In  the  brain  region  the  rhynchocoel  i3  very  narrow,  passing
between  the  dorsal  and  ventral  commissures,  fig.  20,  Re.  A  con-
stant  widening  of  the  rhynchoccel  takes  place  in  the  esophageal
region,  fig.  22,  and  the  widest,  most  expanded  part  usually  lies  above
that  portion  of  the  body  extending  from  the  nephridia  to  the
beginning  of  the  middle  intestine  (see  fig.  1).  At  the  latter
point  the  great  increase  of  the  circular  muscle  layer  of  the  probos-
cis  sheath  and  of  the  inner  circular  layer  causes  a  sudden  con-
striction  of  the  rhynchocoel,  fig.  23.  Posterior  to  this  narrowed
region,  which  is  quite  short,  the  rhynchocoel  again  widens,  then
gradually  narrows  more  and  more  until  near  the  end  of  the  body
the  cavity  is  scarcely  demonstrable.

The  rhynchocoel  is  filled  with  a  fluid  in  which  float  numerous
long  narrow  cells,  fig.  43,  the  "  rhynchocoel  corpuscles"  of  Biir-
ger,  "  Navicula  "  of  Quatrefages  (1846)  and  Keferstein  (1862).
These  cells  are  long  and  spindle-sha^Ded,  larger  in  the  middle
where  the  nucleus  lies,  and  tapering  to  a  fine  point  at  each  end.
They  are  flattened  and  ribboulike,  as  may  be  seen  when  the  cell  is
twisted.  Biirger  (1892)  has  described  an  "attraction  sphere"
in  the  cytoplasm  by  the  side  of  the  nucleus.  These  do  not  appear
in  my  preparations  and,  unfortunately,  the  rhynchoca^  corpuscles
were  not  studied  in  life.  In  one  cell,  however,  the  nuclear  mem-
brane  curves  in  on  one  side,  and  a  lighter  zone  in  the  adjoining
cytoplasm  may  be  seen,  but  there  are  no  astral  radiations.  In
another  cell,  fig.  43,  jS\,  two  nuclei  are  present,  probably  the
result  of  amitosis.

A  second,  smaller  type  of  cell,  fig.  42,  is  also  found  in  the
rhynchoc(cl,  resembling  the  free  corpuscles  in  the  blood  vessels.
These  cells  are  rouTided,  with  finely  granular  cytoplasm  and
prominent  nuclei.

The  layers  of  the  proboscis  sheath  are  as  follows  (see  figs.  20,
50;:

1.  The  circular  muscle  layer,  C.M.p.s.
2.  The  longitudinal  muscle  layer,  L.M.p.s.
3.  The  basement  layer,  B.L.
4.  Tli(!  epithelium,  Rc.Ep.
The  muscular  layers  are  rather  thin  in  the  head  region,  except
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when  especially  contracted.  The  basement  layer  is  a  homoj^e-
neous,  gelatinous-looking,  fibrous  connective  tissue  layer,  resem-
bling  that  of  the  proboscis  and  body  epithelia.  The  epithelial  cells
in  the  anterior  part  of  the  rhynchoccid,  Plate  XLllI,  fig.  50,  are
not  in  close  contact  with  each  other  and  do  not  form  a  flattened

endothelium.  They  are  small,  slender,  pear-shaped  cells,  attached
by  their  proximal  ends  to  the  basement  membrane,  with  the  nuclei
at  their  distal  ends,  which  project  freely  into  the  rhynchocoel.
Farther  back  these  cells  become  a  flattened  endothelium.

The  dorsal  blood  vessel  in  this  region  is  bordered  on  its  ventral
surface  by  numerous  bundles  of  longitudinal  muscle,  evidently
derived  from  the  longitudinal  muscle  of  the  proboscis  sheath.

From  the  end  of  the  (esophageal  region  to  the  beginning  of  the
middle  intestine  the  rhynchocoel  is  usually  greatly  dilated,  the  pro  -
boscis  is  intricately  coiled  and  much  of  the  rhynchocoelomic  fluid  is
centred  here.  Frequently  the  entire  proboscis  is  drawn  forward
into  this  region,  leaving  the  posterior  part  of  the  rhynchoco?l  quite
empty.

The  proboscis  sheath  in  the  expanded  region  is  stretched  to  its
greatest  extent,  so  that  it  appears  in  cross  section  as  an  extremely
thin  sheet  of  tissue,  and  its  component  layers  are  scarcely  distin-
guishable.

In  the  posterior  part  of  the  rhynchocrel  —  t.e.,  in  the  part  lying
above  the  middle  intestine  —  the  circular  muscle  is  the  predominating
layer  in  the  proboscis  sheath,  the  longitudinal  muscle  being  repre-
sented  by  a  very  small  number  of  fibres.

A  word  may  be  said  here  in  regard  to  the  comparative  extent
and  character  of  the  rhynchocad  and  proboscis  sheath  in  the  differ-
ent  groups  of  Nemerteaus,  and  of  its  position  in  respect  to  other

organs.
In  the  Protonemerteans  the  rhynchocal  is  short,  its  extent  being

only  about  one-third  that  of  the  body.  It  is  widest  in  the  ne-
phridial  region,  then  l)ecomes  constricted,  owing  to  the  thickening
of  the  inner  circular  muscle,  but  again  widens  somewhat  before  its
termination,  just  in  front  of  the  beginning  of  the  middle  intestine.
In  the  words  of  Burger  (1895),  p.  95  :  **  Das  Rhynchocolom
ist  vor  der  Xephridialregion  am  geriiumigsten,  in  derselben  wird
es  durch  die  miichtig  angeschwollene  innere  Kingmuskelschicht
sehr  beti-iichtlich  eingeengt  und  erweitert  sich  wieder  etwas,  nacli-
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flem  jene  abgenomraeri  hat,  hiuter  den  Nepbridien."  In  Hu-
hrecldia  the  rhynehoca'l  is  short,  ending  just  in  front  of  the  begin-
ning  of  the  middle  intestine.  To  quote  Burger  again,  p.  106:
"  Der  Mitteldarm  von  H,  beginnt  in  der  hinteren  Region  des
Rhynchocoionis.  In  diesera  vordersten  Abschnitt  des  Mitteldarms
erscheinen  die  Taschen  nur  als  flache  seitliche  Ausbuchtungen  des
^ehr  geriiumigen  centralen  Darmrohres.  Sobald  das  Rhyn-
ehocohini  aufhort,  verengt  sich  aber  das  centrale  Rohr,  und  uun-
mehr  werden  die  Taschen  sehr  umfangreich,  sie  erfiillen  die  Korper
fastvollig."

Cur'nioma  has  the  rhynchoca>l  extending  throughout  the  body,
but  the  character  of  the  proboscis  sheath  is  very  diverse.  In  no
other  Nemertean  is  the  inner  circular  muscle  so  highly  developed,
and  as  this  muscle  layer  increases  in  thickness,  the  muscle  of  the
proboscis  sheath  becomes  thinner  and  finally  disappears  altogether.
But  with  the  ending  of  the  inner  circular  muscle  in  the
nephridial  region,  the  proboscis  sheath  again  acquires  a  muscula-
ture  of  its  own.  This  region  is  also  the  beginning  of  the  middle
intestine  —  "  Sowie  der  Vorderdarm  aus  dera  inneren  Ringmuskel-
schlauch  herausgetreten  ist,  beginnt  der  Mitteldarm,"  Burger
(1895),  p.  113.  In  Callinem  hurgeri,  Bergeudal  (1900  a),  the
rhynchoecx;!  ends  in  the  anterior  part  of  the  middle  intestinal  region
by  a  great  muscular  swelling  of  its  lateral  and  ventral  walls.
Bergendal,  p.  314,  describes  this  as  follows:  "  Das  Rhyncho-
coelom  besitzt  schwache  Wiinde,  bis  dasselbe  sich  dem  zweiten

Drittel  des  Korpers  nlihert.  Da  erhiilt  es  zuerst  eine  sehr  starke
Grundschicht,  die  bald  weiter  nach  liiuten  wieder  verdiinnt  wird
und  in  einen  miichtigen  Muskelsack  eindriingt  Die  dor-
sale  Wand  des  Rhynchocoeloms  schwindet  und  bosteht  nur  in  einer
etwas  verstiirkten  Gi'undschicht.  Die  seitliche  und  ventrale  Wand

wird  um  so  dicker  und  besteht  aus  sehr  schonen  bogenformigen
^luskelbiindern  ....  diese  Schicht  ist  beinahe  so  niiichtig  wie
die  halbe  Dicke  des  Kurpers.  "

From  these  daia  it  is  seen  that  in  Nemerteans  with  a  short  rhyn-
chocoel,  the  termination  of  the  latter  is  near  the  end  of  the  nephri-
dial  region  and  the  beginning  of  the  middle  intestine,  and  usually
ooinciding  with  the  thickening,  when  present,  of  the  inner  circular
tnuscle.  Carlnoma  is  no  exception  to  this,  for  we  may  regard  its
long  rhynchocffil  as  merely  a  secondary  development  backward
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behind  the  usual  point  of  termination.  The  same  may  be  said  of
Zygeupolla.  The  exjianded  rhynchoca-l  is  constricted  in  the  region
of  the  inner  circular  umsclc  at  the  beginning  of  the  middle  intes-
tine,  and  instead  of  ending  here,  as  may  have  been  the  case  primi-
tively,  has  secondarily  developed  backward  through  the  whole
length  of  the  body.

6.  The  Proboscis.  —  The  proboscis,  Plate  XL,  tigs.  1,  16,  P.,
is  attached  to  the  body  vrall  in  the  brain  region,  just  anterior  to
the  dorsal  commissure.  It  lies  in  the  rhynchoctel,  Re,  bathed  by
the  rhynchocoelomic  fluid.  The  posterior  end  is  not  attached  to  the
wall  of  the  rhynchoc«d  but  is  entirely  free,  there  being  no  retractor
muscle.

In  regard  to  its  histology  the  proboscis  may  be  divided  into
three  regions,  which,  however,  pass  very  gradually  into  one  an-
other.  These  parts  are  (1  )  the  anterior  region,  which  is  compara-
tively  short,  being  of  about  the  same  length  as  the  (lesophagus,
above  which  it  lies;  (2)  the  middle  region,  comprising  the  greater
part  of  the  proboscis;  and  (3)  the  extreme  posterior  region,  only
a  few  millimeters  in  length.

In  the  following  description  the  nomenclature  of  Burger  (1895)
will  be  followed,  by  which  in  the  unevaginated  proboscis  the  layers
nearest  the  central  cavity  are  termed  the  inner  layers,  those  toward
the  periphery  the  outer.

The  Anterior  lieyiou.  —  This  part  of  the  proboscis  is  usually
straight  and  the  average  diameter  is  0.116  mm.  A  cross  section,
Plate  XLII,  fig.  85,  has  the  following  layers:

1.  The  outer  epithelium,  o.Ej).
2.  The  subepithehal  layer  of  circular  muscle  fibrils,  Ep.M.J.
3.  The  outer  basement  layer,  o.B.L.
4.  The  longitudinal  muscle  layer,  L.M.
5.  The  lateral  nerves,  P.N.
6.  The  inner  basement  layer,  l.B.L.
7.  The  inner  epithelium,  i.Ep.
The  outer  epithelium,  fig.  44,  o.Ep.,  in  the  most  anterior  part

of  the  anterior  region,  consists  of  low,  rather  brick-shaped  cells,
in  which  the  cytoplasm  is  quite  abundant,  and  whose  nuclei  are
large  and  prominent.  Farther  back  the  cells  are  lower  and
finally  form  a  flattened  endothelium,  that  is  frequently  toi-n  away
in  my  preparations.
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Just  beneath  the  outer  epithehum  is  a  layer  of  very  fine  muscle
fibres,  Ep.m.f.,  running  circularly  around  the  proboscis.  These
may  be  termed  the  subepithelial  circular  muscle  layer''  of  the  pro-
boscis.  In  a  cross  section  of  the  proboscis,  fig.  35,  these  fibrils
are  in  longitudinal  section,  but  in  a  longitudinal  section  of  the
proboscis,  fig.  38,  they  are  cut  transversely,  ana  it  may  be  seen
that  the  layer  is  only  one  fibril  thick.

The  basement  layer,  or  ground  substance,  is  a  homogeneous,
gelatinous-looking  structure  of  considerable  thickness.  It  is  a  pro-
duct  of  the  fibres  of  connective  tissue  cells,  and  their  nuclei  may
be  found  scattered  here  and  there  among  the  fibres.  The  thick-
ness  varies  considerably  in  different  specimens.  It  may  be  most
favorably  studied  in  a  specimen  fixed  with  Gilson's  fluid,  one  of
the  best  fixatives  for  connective  tissue.  The  region  of  the  greatest
thickness  is  always  in  the  anterior  part  of  the  proboscis  and  rapidly
diminishes  toward  the  middle  region.

The  longitudinal  muscle  layer,  L.M.,  consists  of  bundles  of  fibres,
about  eight  to  ten  fibres  in  each.

The  two  jiroboscis  nerves,  P.N.,  are  distinct  from  one  another,
each  surrounded  by  a  sheath  of  connective  tissue.

The  structure  of  the  inner  basement  layer,  i.B.L.,  is  similar  to
that  of  the  outer  layer  but  is  only  about  one-third  as  thick.  The
inner  epithelium,  i.Ep.,  is  a  one-celled  layer.  The  cells  are  square
in  cross  section,  the  cell-membranes  distinct  and  the  nuclei  large
and  rounded.  Between  the  epithelial  cells  are  numerous  gland
cells,  Gl.^,  the  contents  of  which  stain  dark  blue  with  hsematoxy-
lin.  The  central  cavity  of  the  proboscis  is  quite  large  in  this
region.

The  transition  stages  between  the  anterior  and  middle  regions
are  characterized  by  the  decrease  in  thickness  and  the  almost  total
disappearance  of  the  outer  basement  layer.  Its  diminution  is
coincident  with  the  establishment  of  a  circular  muscle  layer  on
the  axial  side  of  the  longitudinal  muscle.  A  considerable  amount
of  connective  tissue  appears  Avithin  the  new  circular  muscle  layer,
forming  the  core  of  the  papilhc  into  which  the  inner  surface
of  the  proboscis  is  now  raised.  A  considerable  increase  in  the

®  The  subepithelial  muscle  fibrils  are  uot  seen  in  fig.  14,  which  represents
a  portion  of  the  proboscis  only  a  few  sections  behind  its  point  of  attach-
ment,  but  they  begin  a  short  distance  farther  back  and  I'orni  a  continuous
layer  to  the  posterior  tip  of  the  proboscis.
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height  of  the  inner  epithelial  cells  may  be  noticed,  and  gland  cells
are  becoming  more  numerous.

The  Middle  Region.  —  The  proboscis  is  usually  greatly  twisted
and  coiled,  and  the  maximum  diameter  is  found  here,  about
0.4  mm.  The  layers  are  as  follows  (see  figs.  38,  40)  :

1.  The  outer  epithelium,  o.Ep.
2.  The  subepithelial  layer  of  circular  muscle  fibrils,  Ep.m.f-
3.  The  outer  basement  layer,  o.B.L.
4.  The  longitudinal  muscle  layer,  L.M.
5.  The  circular  muscle  layer,  CM.
6.  The  nervous  plexus,  n.-p.
7.  The  connective  tissue  of  the  papillse,  Gn.  T.
8.  The  inner  epithelium,  i.Ep.
1,  2,  3,  4  and  7  have  essentially  the  same  structure  as  in  the

transition  stages.  The  notable  features  of  this  region  are  found  in
the  circular  muscle  and  the  inner  epithelium.  Shortly  after  the
appearance  of  the  circular  muscle  layer,  there  is  a  crossing  of  the
circular  ^fibres  at  one  point  out  through  the  longitudinal  layer.

DX

JDX

yx

Diagram  6.  —  Zygcupolin,  cross
section  of  "middle  region"  of  pro-
boscis,  with  one  muscular  cross  —
D  X,  dorsal  muscular  cross  ;  i.Ep.,
inner  epithelium.

Diagram  7.  —  ZygeiipoUa,  cross
section  of  "middle  region"  of  pro-
boscis,  -with  strong  dorsal  and  faint
ventral  muscular  cross  —  D.X.,  dor-
sal  muscular  cross  ;  V.X.,  arm  of
ventral  cross  ;  i.Ep.,  inner  epithe-
lium  ;  Ji.,  abnormal,  enlarged  region
of  longitudinal  muscle.

The  fibres  of  the  cross  are  very  thin,  and  after  crossing  are  appar-
ently  continued  as  the  subepithelial  circular  layer  of  fibrils  before
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described.  It  is  a  fact  worthy  of  note  that  although  the  crossing
of  the  circular  fibres  takes  place  first  in  the  middle  region,  the
subepithelial  layer  of  circular  fibrils  extends  almost  to  the  anterior
end  of  the  proboscis.

In  some  specimens  the  muscular  cross  is  present  on  the  dorsal
surface  only  (see  Diagram  6,  D.X.),  in  others  there  is  a  weaker
cross  on  the  ventral  side,  fig.  40,  and  in  still  other  specimens  the
two  arms  of  the  ventral  cross  are  very  faint,  and  lie  about  120°
apart  (see  Diagram  7,  V.X.).  In  this  latter  case  there  is  an
exceptional  arrangement  of  the  longitudinal  muscle  fibres  of  the
proboscis.  The  dorso-ventral  diameter  is  about  .145  mm.,  and
almost  one-half  of  the  area  of  the  proboscis  is  occupied  by  the
circular  muscle  of  the  ventral  side,  Diagram  7,  K.  The  muscle
fibres  have,  increased  enomiously  on  this  side,  and  spaces  filled
with  a  connective  tissue  reticulum  separate  the  wide  part  of  the
layer  from  the  narrower,  normal  part.  Through  these  connective
tissue  areas  run  the  fibres  of  the  ventral  cross.

The  lateral  nerves  are  separate  at  the  beginning  of  the  middle
region,  I)ut  farther  back  they  spread  out  into  a  thin  nervous  layer,
fig.  40,  n.p.,  which  forms  a  continuous  ring  around  the  proboscis,
along  the  inner  surface  of  the  circular  muscle.

The  glandular  inner  epithelium  of  the  middle  region  is  charac-
terized  by  a  structure  that  will  be  termed  the  glandular  ridge,
Plate  XLTI,  fig.  40,  Gl.B.  The  dorsal  surface  bears  an  eleva-
tion  consisting  of  a  core  of  connective  tissue,  C'n.  T.,  which  is  con-
tinued  throughout  the  middle  region.  The  epithelium  clothing  the
ridge  is  very  specialized.  The  entire  surface  of  the  ridge  is  thrown
into  a  series  of  lesser  elevations,  or  knobs,  covered  by  masses  of  rod-
shaped  bodies  that  are  aggregated  in  clusters,  each  cluster  on  a  small
papilla.  With  hiematoxylin-eosiu  these  rods  stain  a  bright  red,
and  are  evidently  glandular  secretions.  Biii-ger  (1895)  has
descril)ed  and  figured,  from  the  probosces  of  living  worms,  very
similar  structures,  which  he  has  termed  rhahdites.  Burger  con-
siders  each  rhabdite  as  the  product  of  a  single  cell.  As  the  red-
staining  bodies  in  Zijgeupolla  bear  a  close  resemblance  to  the  rhab-
dites  of  Biirger,  they  will  receive  the  same  term.  Unfortunately
the  proboscis  of  Zygeupolla  was  not  studied  in  life,  so  that  the  de-
scriptions  here  given  are  based  wholly  on  sections.'

'  The  best  fixation  for  the  rhabdites  is  95  per  cent,  alcohol  ;  their  structure
is  also  shown,  but  not  so  well,  with  corrosive  sublimate  and  50  per  cent.
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Fig.  36  shows  a  small  branch  of  the  glandular  ridge,  on  the  sur-
face  of  which  are  several  clusters  of  rhabdites.  The  section  has

passed  through  the  centre  of  the  branch,  exposing  the  central
connective  tissue  core,  the  lightly  shaded  area,  Cn.  T.  No  nuclei
have  been  seen  in  the  rhabdite  cells,  probably  owing  to  the  great
number  and  the  close  proximity  of  the  glandular  secretions.

The  inner  epithelium  of  the  ventral  surface  is  of  quite  a  different
character.  A  certain  amount  of  interstitial  connective  tissue  is

present  at  the  base,  but  there  are  no  elevations.  The  most  promi-
nent  constituents  of  the  epithelium  are  the  large  pink-staining
(hrematoxylin-eosin)  gland  cells,  fig.  40,  GL^.  These  cells  are
quite  elongated,  the  distal  ends  are  large,  and  the  proximal  ends
are  narrowed  into  a  slender  stalk.  The  cell  body  is  entirely  filled
with  the  granular  secretion,  and  the  nucleus  lies  just  above  the
stalk.  Between  the  gland  cells  are  very  slender  cells,  somewhat
resembling  epithelial  supporting  cells  in  shape.  The  nucleus  is  at
the  base  of  the  slender  cell  body,  and  in  the  distal  cytoplasm  may
be  found  one,  or  sometimes  two,  rods  shaped  like  a  thorn,  with
flat  base  and  pointed  end.  The  base  is  embedded  in  the  cyto-
plasm,  the  pointed  ends  project  beyond  the  cell.  These  structures,
fig.  40,  Th.,  stain  a  deep  blue,  hrematoxylin-eosin  ;  brownish  with
the  Ehrlich-Biondi  stain.

The  Posterior  Region.  —  The  diameter  of  the  proboscis  in  the
posterior  region,  fig.  41,  is  constantly  decreasing,  until  at  the
extreme  tip  it  measures  only  .04  mm.

The  outer  epithelial  cells,  fig.  39,  o.Ep.,  like  those  of  the  ex-
treme  anterior  region,  are  ratlier  brick-shaped  cells  with  abundant
cytoplasm,  and  do  not  form  a  flattened  endothelium.  The  muscle
layers  have  decreased  relatively  to  the  other  tissues;  and  instead  of
the  nervous  plexus  of  the  middle  region,  there  are,  again,  two
separate  lateral  nerves,  P.X.  The  amount  of  connective  tissue,
Cn.  T.N.,  has  increased,  and  as  the  nuclei  of  these  cells  are  large,
with  but  little  cytoplasm,  the  effect  produced  is  that  of  a  layer  of
undifferentiated  tissue.  The  glandular  ridge  has  disappeared,  and
the  inner  epithelium  is  of  a  uniform  character,  consisting  of  pink-
staining  gland  cells,  GV.j,  like  those  in  the  ventral  epithelium  of
the  middle  region.

alcohol  ;  while  they  are  ewollen  and  quite  unrecognizable  with  Flemming's
fluid.
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At  the  extreme  tip  of  the  proboscis  the  muscular  layers  ahnost
disappear,  the  couuective  tissue  cells  become  even  more  abundant,
and  the  gland  cells  of  the  inner  epithelium  are  replaced  by  low,
flattened  endothelial  cells.

7.  The  Blood  Vascular  Svstem.  —  The  anterior  part  of  the
head  of  Zijgeujjolla  differs  from  that  of  most  Nemerteans  in  being
quite  devoid  of  blood  vessels,  and  even  of  blood  spaces  that  are
large  enough  to  be  seen,  although  there  is  no  doubt  a  network  of
capillaries  too  fine  to  be  distinguishable  either  in  life  or  in  fixed
preparations.

Tlie  blood  system  makes  its  first  appearance  in  the  brain  region,
just  behind  the  insertion  of  the  proboscis,  Plaie  XL,  fig.  16.

In  the  blood  system  the  following  parts  may  be  found  (see  figs.
16,  17):

(1)  The  fine  paired  head  vessels,  H.V.,*  which  unite  to  form
(2)  the  unpaired  median  vessel,  M.  F.;  (3)  the  paired  cerebral
organ  vessels,  C.  Org.  V.;  (4)  the  unpaired  dorsal  vessel,  D.  V.;
(5)  the  paired  lateral  vessels  of  the  body,  L.  V.;  (6)  the  ventral,
connectives  of  the  lateral  vessels  (fig.  22),  V.bl.con.;  (7)  the
paired  dorso-lateral  vessels  at  the  posterior  end  of  the  body,  derived
from  the  forking  of  the  unpaired  dorsal  vessel,  DI.  V.,  and  (8)  the
central  blood  lacuna  in  the  caudicle,  Bl.L.

In  sections  of  the  brain  region,  fig.  19,  H.  Y.,  the  head  vessels
appear  as  two  irregular  clefts  running  dorso-ventrally,  one  on  each
side  of  the  proboscis,  just  behind  its  insertion.  These  narrow  slits
lie  in  the  limited  area  between  the  proboscis  sheath  and  the  circular
muscle  of  the  body  wall,  and  in  the  vicinity  of  the  veurral  brain
commissure  their  ventral  ends  coalesce,  forming  an  unpaired  cres-
cent-shaped  vessel,  the  median  vessel,  which  encircles  the  lower
half  of  the  proboscis  sheath,  fig.  20,  M.  Y.

The  median  blood  vessel  extends  from  this  point  backward  as  far
as  the  mouth.  In  its  course  it  becomes  considerably  deeper  dorso-
ventrally,  and  is  very  noticeable  in  sections  of  this  region.  It
assumes  a  horseshoe  shape,  with  the  apex  pointing  ventrally  and
the  two  long  slender  arms  prolonged  dorsally.  In  the  vicinity  of
the  cerebral  organs,  fig.  21,  the  arms  are  cut  off  by  a  horizontal
band  of  muscle  fibres,  H.M.,  that  lies  beneath  the  cerebral  organs

'  The  reference  line  from  H.V.,  in  fig.  16,  should  extend  in  as  far  as  the
red lines indicAtin"; the head vessel.
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and  the  rhyuchocwl,  so  that  only  the  triangular  middle  part  of
the  median  vessel  now  remains.

Immediately  behind  the  ventral  brain  commissure  the  unpaired
dorsal  blood  vessel  arises  from  the  median  vessel,  figs.  16,  21,  D.  V.
It  passes  up  through  the  muscle  layers  of  the  proboscis  sheath  into
the  rhynehoccel,  and  continues  in  this  position  —  on  the  floor  of  the
rhynchoca?l  in  the  median  line,  but  bounded  dorsally  by  the  rhyn-
chocoilomic  epithelium  —  until  about  the  middle  of  the  nephridia}
region,  fig.  22.  Here  the  dorsal  vessel  passes  down  through  the
proboscis  sheath  and  out  again  into  the  tissue  that  is  just  beneath
the  rhynchociel  and  above  the  alimentary  canal;  and  this  position
is  retained  throughout  the  remainder  of  its  course,  figs.  23,  24.

In  ihe  anterior  tesophageal  region  the  lateral  blood  vessels  are
united  beneath  the  oesophagus  by  ventral  connectives.  In  one  speci-
men  the  connectives  are  broad  and  dilated,  fig.  22,  V.hl.con.,  in
others  they  are  almost  entirely  shrunken  together.  The  ventral  con-
nection  of  the  lateral  trunks  is  continued  throughout  the  ffisopha-
geal  region,  forming  a  network  of  fine  anastomosing  branches.  It
is  probably  further  continued,  in  the  remainder  of  the  body,  but
I  have  been  unable  to  follow  it  in  my  specimens.

In  the  oesophageal  region  the  lateral  trunks  he  on  the  dorso-lateral
side  of  the  alimentary  canal;  in  the  middle  intestinal  region  they
have  moved  ventrally  and  lie  on  the  ventral  side  of  the  intestine.

No  connection  between  the  dorsal  vessel  and  the  lateral  trunks

has  been  observed,  except  at  the  extreme  posterior  end  of  the
body.  Some  little  distance  in  front  of  the  end  of  the  body
proper  (see  fig.  17)  the  dorsal  vessel  divides  into  two,  which  for  a
time  lie  side  by  side,  their  walls  adjoining.  They  then  move  apart,
and  lie  in  about  the  same  relative  distance  from  one  another  as  do

the  two  ventral  lateral  trunks,  so  that  in  a  section  of  this  region,
fig.  26,  four  vessels  ai-e  present,  symmetrically  placed.

Just  anterior  to  the  anal  opening  the  two  dorsal  vessels,  or  rather
the  dorso-lateral  vessels,  descend  and  unite  with  their  ventral  fellows
in  a  large  blood  lacuna,  fig.  27,  Bl.L.  This  lacuna  now  occupies
most  of  the  area  inside  the  body  musculature,  for  the  intestine  curves
dorsally  and  shortly  opens  to  the  exterior  on  the  dorsal  surface
of  the  body.  The  large  lacuna  passes  on  into  the  caudicle,  fig.
17,  Bl.L.,  and  continues  throughout  its  length.  It  has  no  definite
walls,  but  is  bounded  bv  the  muscular  wall  of  the  caudicle,  on  the
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inner  surface  of  which  are  irregular  groups  of  large  raesenchym
cells,  figs.  27,  28,  mes.,  many  of  which  become  detached  and  float
freely  in  the  lacuna.

Hidolocjii.  —  The  wall  of  the  median  blood  vessel  is  a  one-celled
layer,  fig.  29,  of  low,  somewhat  flattened  cells  that  are  wider  than
high.  The  nuclei  are  oval  and  vather  prominent  and  the  cyto-
plasm  clear  and  hyaline.  In  places  the  wall  becomes  a  flattened
endothelium,  often  appearing  in  cross  section  like  a  thin  membrane,
along  wh'ch  the  nuclei  lie.

The  lining  of  the  cerebral  organ  blood  vessels  is  of  a  similar
character.

The  dorsal  blood  vessel,  as  already  mentioned,  lies,  in  the  ante-
rior  part  of  its  course,  in  the  mid-ventral  wall  of  the  rhynchocoel,
and  posteriorly,  beneath  the  rhynchoccel.

Fig.  50,  a  section  through  the  dorsal  blood  vessel  shortly  behind
its  origin,  shows  that  the  vessel  is  surrounded  ventrally  and  later-
ally  by  bundles  of  longitudinal  fibres,  which  are  more  numerous
here  than  on  the  other  surfaces  of  the  rhynchoco?l  wall,  and  proba-
bly  take  part  in  the  contractions  of  the  vessel,  while  the  dorsal
surface  of  the  vessel  is  bounded  by  the  epithelial  lining  of  the  rhyn-
chnccel,  Rc.Ep.

The  wall  of  the  dorsal  vessel  consists  of  an  endothelium.  End.,
of  low,  rather  brick-shaped  cells  with  large  nuclei.  The  cells  of
the  ventral  part  of  the  wall  are  very  regularly  arranged,  Plate
XLIIl,  fig.  50,  but  the  regularity  of  the  dorsal  wall  is  interrupted
by  the  proliferation  of  numerous  blood-forming  cells,  Bl.f.  C,  that
project  into  the  lumen  of  the  vessel  and  remain  for  some  time  at-
tached  to  the  dorsal  wall  by  their  slender  stalks.

The  boundary  between  the  dorsal  wall  of  the  blood  vessel  and
the  epithelium  of  the  rhynchocud  is  marked  by  a  fine  line,  Bl.M.,
that  varies  in  distinctness  in  different  preparations.  After  the
luematoxylin-eosin  stain  it  appears  pink,  after  iron-hrematoxyliu,
black,  so  that  it  is  probable  that  a  few  muscle  fibres  are  present
here,  forming  a  very  delicate  circular  layer  around  the  dorsal  side
of  the  vessel.  This  line  might  also  represent  a  deeply  stained
connective  tissue  layer,  but,  since  the  dorsal  vessel  after  leaving  the
rhynchocfel  has  a  well-defined  muscle  slieatli,  it  seems  more  likely
that  this  is  the  beginning  of  a  muscle  layer.

The  blood-forming  cells  are  evidentlv  enlarged  endothelial  cells.
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that  gradually  separate  off  and  become  free.  At  first  pear-shaped,
with  a  slender  stalk,  they  later  become  rounded  and  are  frequently
amoeboid  in  outline,  fig.  51,  Bl.f.  C.  The  cytoplasm  is  finely  granu-
lar  in  appearance  and  quite  f)rominent.  In  the  anterior  (rhyn-
choca?lomic)  part  of  the  dorsal  vessel  the  blood-forming  cells  arise
only  from  the  dorsal  side,  but  posteriorly  from  all  sides  of  the
dorsal  vessel  (cf.  figs.  50,  51).

The  dorsal  blood  vessel  after  leaving  the  rhynchoccel  lies  beneath
it  and  above  the  intestine,  figs.  22,  2S,  immediately  surrounded  by
a  network  of  connective  tissue  cells.  The  wall,  fig.  51,  consists  of
an  inner  endothelium,  End.,  and  an  outer  circular  muscle  layer,
BLM.,  that  in  this  region  is  continued  around  the  entire  vessel,
and  is  not  confined  to  the  dorso-lateral  surface,  as  in  the  anterior
region.  The  muscle  fibres  are  very  fine,  but  are  clear  and  distinct,
and  are  especially  well  seen  in  tangential  sections  of  the  vessel.
The  endothelium.  End.,  is  very  irregular,  being  interrupted  by  the
proliferation  of  cells  from  all  sides  of  the  vessel.  In  places,  many
consecutive  sections  of  the  vessel  may  be  examined  without  finding
a  single  true  endothelial  cell,  while  numerous  blood-forming  cells
are  present  in  each  section.  Two  explanations  for  this  are  possible:
either  all  the  endothelial  cells  have  been  changed  into  blood-
forming  cells,  or  the  endothelium  has  been  rubbed  or  torn  off.  The
latter  is  supported  by  the  fact  that  a  thin  lining  of  cytoplasm  may
nearly  always  be  seen  on  the  inner  side  of  the  muscular  layer,  even
though  no  nuclei  are  present.

The  two  dorso-lateral  vessels  at  the  posterior  (:nd  of  the  body,
figs.  26,  49,  have  the  same  histological  structure  as  the  dorsal  ves-
sel  —  the  outer,  circular  muscle  layer,  and  the  inner,  more  or  less
interrupted  endothelium  and  numerous  blood-forming  cells.

The  lateral  vessels,  figs.  46,  47,  L.V.,  and  their  ventral  con-
nectives,  V.  hi.  con.,  are  lined  anterioi'ly  by  low,  brick-shaped  cells
like  those  of  the  median  vessel,  with  prominent  nuclei  and  hyaline
cytoplasm.  This  endothelium  soon  becomes  more  flattened  and
membraneous.  Here  and  there  a  blood-forming  cell  is  given  off,
fig.  46,  Bl.f.C,  but  there  is  no  abundant  proliferation  of  these
cells  as  in  the  dorsal  vessel.  In  the  nephridial  region  the  endo-
thelium  of  the  lateral  blood  vessels  is  discontinuous,  being  absent
from  the  surfaces  of  the  terminal  bulbs.  Xo  muscular  layer  is
present  in  the  anterior  part  of  the  lateral  vessels,  the  wall  consist-
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Ing  merely  of  the  endothelium.  Outside  of  the  membraneous  en-
dothelium,  in  the  more  posterior  part  of  the  lateral  vessels,  fine
librils  are  seen.  These  may  be  either  fine  muscular  fibrils,  or  the
end  processes  of  the  branched  conpective  tissue  cells  that  are  so
numerous  around  the  blood  vessels.  From  their  general  appear-
ance,  and  from  the  absence  of  muscle  fibres  in  the  more  anterior
part  of  the  lateral  vessels,  I  am  inclined  to  regard  them  rather  as
connective  tissue  fibres.

8.  The  Excretory  System.  —  The  paired  nephridia,'  fig.  1,
Nph.,  lie  in  the  anterior  part  of  the  body,  about  6-7  mm.  behind
the  mouth,  bordering  on  the  ventral  surface  of  the  lateral  blood
vessels  and  running  parallel  with  them;  they  are  about  2.5  mm.
in  length,  and  there  is  no  communication  between  the  two  nephri-
dia.  Each  nephridium  may  be  briefly  described  as  a  slightly  con-
voluted  tube  (the  main  duct)  that  opens  to  the  exterior  by  a  nar-
row  duct  (excretory  duct)  at  its  posterior  end,  and  which  ante-
riorly  gives  off  a  number  of  slender,  thin-walled  branches  (the
ductules),  each  of  these  ending  blindly  in  a  group  of  specialized
cells,  known  as  a  terminal  l)alb  ("  Eudkiilbcheu,  "  Burger).

The  most  anterior  part  of  the  nephridial  system,  consisting  of
the  terminal  bulbs,  fig.  47,  T.B.,  and  their  ductules,  Nph.d.,  is
found  along  the  ventral  surface  of  the  lateral  blood  vessels,  L.  V.,
and  their  ventral  connectives,  Plate  XLI,  fig.  22,  Y.  hi.  con.  No
main  duct  is  present  in  this  region,  and  the  irregular  network  of
the  fine  ductules  and  their  blind  ends  at  first  seemed  a  hopelessly
confused  mass  of  tissue,  but  by  the  careful  study  of  serial  sections
the  relative  arrangement  of  the  parts  has  been  made  out.

The  terminal  bulb,  Plate  XLIII,  fig.  47,  T.B.,  is  the  blind  en-
larged  end  of  the  fine  ductule,  N2)h.d.,  coming  from  the  main  duct.
fig.  46,  Npli.D.  Each  bulb  consists  of  a  number  of  cells,  probably
eight  to  ten  or  more,  but  it  is  difiicult  to  determine  this  exactly  as  a
bulb  does  not  always  lie  wliolly  in  one  section.  The  cells  of  the  bulb
are  placed  side  to  side  about  a  central  lumen,  so  that  the  walls  of
the  bulb  are  one  cell  thick.  The  height  of  the  cells  —  that  is,  the

'Several  attempts  were  made  to  study  the  nephridia  in  life,  but  they
could  be  seen  in  two  specimens  only.  In  these,  merely  the  presence  of  the
main  duct  was  made  out,  and  in  one  case  the  excretory  dnct.  The  methy-
leu  blue  metliod,  employed  ])y  Biirger  (1892,  p.  327,  Ibotuote)  for  the  study
of  the  nephridia  of  Eapoliu  and  various  Metanemerteaus,  was  tried  ])ut
without  success,  so  that  the  following  description  is  based  entirely  upon  the
study of sections.
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distance  faora  the  lumen  to  the  periphery  of  the  bulb  —  is  greater
than  their  width.  The  peripheral  ends  are  considerably  enlarged
and  often  irregular  in  outline;  the  luminal  ends  are  frequently
produced  into  long  slender  processes  that  seem  to  take  some  part  in
the  formation  of  the  stem  of  the  bulb.  The  cytoplasm  of  the
peripheral  (proximal)  end  takes  a  bright  pink,  hsematoxylin-eosin
stain;  the  distal  processes,  however,  stain  very  faintly.  The  nu-
cleus  is  large  and  fusiform,  but  appears  round  in  cross  section,  and
is  situated  in  the  expanded  proximal  end  of  the  cell.

After  finding  the  terminal  bulb  cells  so  well  preserved  in  sec-
tions,  it  seemed  most  probable  that  the  long  branches  of  vibratile
cilia,  the  "  ciliary  flames  "  ("  WimperQammen,  "  Burger),  present
in  the  terminal  bulbs  of  other  Nemerteans,  might  also  be  found;
but  although  they  have  been  carefully  looked  for,  they  have
net  been  seen.  Cilia,  fig.  46,  Cil.,  are  found  on  the  cells  of
the  nephridial  duct  and  of  the  ductules,  and  generally  in  a  good
state  of  preservation,  so  that  it  seems  improbable  that  the  cilia  of
the  bulbs  should  have  been  destroyed  by  fixation.  On  the  other
hand,  the  analogy  with  the  terminal  bulbs  of  those  Nemerteans  that
have  been  exhaustively  studied  is  in  favor  of  their  presence  in  Zy-
f/eujjolia  also.

The  bulbs  project  freely  into  the  blood  vessel  all  along  its  ven-
tral  surface,  and  in  one  case  a  ductule  was  observed  that  passed
through  the  vessel,  so  that  its  bulb  came  to  lie  on  the  opposite,
dorsal,  surface.  The  epithelial  lining  of  the  blood  vessel  is  fre-
quently  broken  and  discontinuous  in*'  the  region  of  the  bulbs,  figs.
46,  47,  and  in  no  place  are  the  bulbs  covei'ed  by  it,  so  that  the
ends  of  the  bulbs  are  directly  bathed  by  the  blood.  The  absence
of  the  blood  vessel  epithelium  from  the  ends  of  the  bulbs  may  fa-
cilitate  the  absorption  of  waste  substance  from  the  blood,  and  this
may  account  for  the  disappearance  of  the  lining  from  around  the
bulbs  of  the  nephridia.

No  internal  openings  between  the  nephridium  and  the  blood
vessel,  such  as  Oudemans  describes  in  Carinoma  armandi,  have
been seen.

The  nephridial  ductules,  figs.  46,  47,  Npli.d.,  the  slender  tubes
that  connect  the  terminal  bulbs  and  the  main  duct,  are  very  sinu-
ous,  and  it  is  probable  that  several  terminal  bulbs  may  connect
with  one  ductule.  Some  ductules  are  quite  long,  especially  those
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that  run  along  the  ventral  blood  connectives.  The  wall  of  the
ductule  is  a  one-celled  layer  and  encloses  a  narrow  lumen.  The
cells  are  wider  than  high,  with  but  little  cytoplasm  and  elongated
nuclei.  The  cell  surface  turned  toward  the  lumen  bears  cilia.  No

basement  membrane  is  present.
About  3-4  mm.  behind  the  first  appearance  of  the  terminal  bulbs

the  main  nephridial  duct  begins,  fig.  46,  Nph.D.  It  is  situated  on
the  ventral  side  of  the  lateral  blood  vessel,  in  the  angle  made  by
the  junction  of  the  ventral  connective  with  the  lateral  vessel;  the
main  duct  does  not  project  into  the  blood  vessel,  but  merely  adjoins
it  with  one  surface,  the  other  surfaces  being  surrounded  by  the  fibres
of  the  inner  longitudinal  muscle  layer.  The  main  duct  is  about  2
mm.  long  and  composes  the  greater  part  of  the  nephridium.  Into  its
anterior  end  for  some  little  distance  the  ductules  open,  but  behind
that  there  are  no  diverticula  until  the  excretory  duct  at  the  pos-
terior  end  is  reached.  The  main  duct  is  thick-walled,  fig.  46,  and
slightly  convoluted  throughout  its  length.  The  cells  of  the  wall
are  considerably  higher  than  wide,  with  quite  sharply  defined  cell
membranes.  The  nuclei  are  prominent  and  are  situated  near  the
outer  or  basal  side  of  the  cell,  i.e.,  away  from  the  lumen  of
the  duct.  The  outer  surfaces  of  the  cells  are  usually  irregular,
and  often  bear  amoeboid  processes,  no  basement  membrane  being
present.  The  surface  bordering  on  the  lumen  is  ciliated,  and  the
liasal  knobs  of  the  cilia  are  very  distinct.

In  the  cells  of  the  main  duct  and  ductules  of  one  specimen
that  had  been  fixed  in  a  solution  of  sublimate  in  50  per  cent,
alcohol,  and  stained  with  hjeraatoxyliu  and  eosin,  were  found
numerous  prominent  red-staining  bodies  of  the  same  size  as  the
nucleus,  but  neither  larger  nor  smaller  ones.  Wherever  these  red
bodies  occurred  they  were  found  one  to  a  cell,  and  at  first  it  seemed
as  if  they  were  degenerating  nuclei.  Careful  examination,  how-
ever,  detected  the  nucleus  in  each  cell,  of  normal  size,  but
staining  less  deeply  than  usual.  It  is  possible  that  these  bodies
may  be  excretory  masses,  but  their  absence  from  the  lumen
of  the  duct  and  the  fact  that  no  intermediate  stages  in  their  for-
mation  have  been  seen  would  discredit  this  view.  Burger  (1890),
p.  93,  describes  in  the  uephridia  of  Carinella  what  may  be  simi-
lar  masses:  "  Schon  in  den  Zellen  der  ....  Endkaniilchen  und

Eudkolben,  fielen  mir  bis  kerngrosse  glunzende  griine  Konkremente
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auf.  Ueber  ihre  Natiir  musste  ich  im  Unklareu  bleibeu  ;  niemals
beobachtete  ich  solche  im  Excretioiisgcfassliiinen  selbst."

The  excretory  duct,  figs.  1,  45,  Exc.d.,  is  the  small,  thin-walled
tube  that  connects  the  main  duct  with  the  exterior.  Its  course  is

in  a  plane  at  right  angles  to  the  plane  of  the  main  duct,  and  it
opens  to  the  exterior  just  dorsal  to  the  lateral  nerve  chord.  Since
the  excretory  duct  runs  in  a  direct  line  to  the  epidermis  with  but
little  turning  or  twisting,  its  length  is  merely  the  distance  from  the
main  duct  to  the  surface  of  the  body  wall.  The  cells  composing
the  wall  are  much  lower  than  those  of  the  main  duct,  and  are
wider  than  high,  the  height  being  about  .006  mm.  Cilia  are
borne  on  the  ianer  surface.  No  basement  membrane  is  present.
The  cells  of  the  excretory  duct  meet  those  of  the  body  epithelium
at  the  surface  of  the  body,  there  being  little  or  no  invagination  of
the  epidermis.

A  good  deal  of  evidently  foreign  matter  from  the  exterior  is
usually  found  in  the  excretory  duct.

9.  The  Alimentary  System.  —  The  alimentary  canal  of  the
Heteronemerteans  is  usually  divided  into  the  following  regions:
(1)  The  mouth;  (2)  the  a^sophagus,  or  anterior  intestine  ("  Vor.
derdarm,"  Biirger),  a  straight  tube  without  lateral  diverticula;  (8)
the  middle  intestine  ("  Mitteldarm,"  Burger),  with  lateral  out-
growths  or  cieca  throughout  its  length;  (4)  the  anal  portion  of  the
intestine  ("Enddarm"),  a  short  region  where  the  lateral  cceca  ar
no  longer  present,  terminating  in  (5)  the  anal  opening.  Burger
(1895),  p.  240,  says:  "  Wir  nennen  den  uugegliederten  vorderen
Darmabschnitt  Vorderdarm,  den  gegliederten,  welcher  der  mittleren
und  hinteren  Korperregion  characteristisch  ist,  den  Mitteldarm.
Wir  bezeichnen  feruer  am  Mitteldarm  den  rohrenformigen  Theil
als  axiales  Rohr,  die  peripheren  Ausstiilpuugeu  desselben  als  Darm-
taschen."

According  to  Biirger,  the  (esophagus  (Vorderdarm)  has  fre-
quently  two  regions,  an  antei'ior  and  a  posterior,  that  differ  histo-
logically  from  one  another.  In  Garinella  Biirger  finds  the  epithelium
of  the  anterior  part  of  the  "Vorderdarm"  very  rich  in  gland
cells,  while  the  posterior  part  consists  mostly  of  supporting  cells
with  a  few  scattered  gland  cells;  and  in  Cerebratulus  marginatas
he  finds  the  same  differentiation  of  anterior  and  posterior  parts?

45
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only  in  this  genus  the  anterior  glandular  part  is  more  extensive
than  Ihe  posterior  part.  Burger's  own  words,  p.  250,  are:  **  Im
Vergleich  mit  Carinella  setzt  sich  das  Driisenepithel  der  j\Iund-
hohle,  welches  dort  ja  ganz  ahnlich  wie  bei  Cerehratulus  marginatus
beschaffen  ist,  aber  nur  die  Mundhohle  und  den  allervordersteu
Abschnitt  des  Vorderdarnis  auskleidet,  bei  den  Ccrebratulen  weit
nach  hinlen  fort  Aber  es  fehlt  auch  nicht  jener  zweite
Abschnitt  des  Vorderdarnis  bei  Cerehratulus,  welcher  sich  durch
seine  Driisenzellen  wesentlich  von  dem  ersten  unterscheidet  und  den

Uebergang  in  den  bei  den  hoheren  Formen  durch  die  Darmtaschen
auch  morphologisch  von  dem  vorderen  Darmabschuilt  differenzirten
Mitteldarm  bildet  Es  giebt  also  bei  Cerehratulus,  just  wie
bei  Carinella,  einen  iiusserst  driisenreichen  vorderen  und  einen
auffalleud  driisenarmen  hinteren  Vorderdarmabschnitt.  "

In  Zygeupolla  the  differences  between  the  anterior  and  the  pos-
terior  parts  of  the  tube-like  portion  of  the  alimentary  canal
(Vorderdarm)  are  so  great  that  in  this  description  the  two  parts
will  be  termed  respectively  the  oesophagus  and  the  stomach.  My
reasons  for  this  are  partly  for  the  sake  of  brevity  and  clearness,
since  the  expressions  "anterior  part  of  anterior  intestine"  and
"  posterior  part  of  anterior  intestine"  are  lengthy  and  awkward
to  use;  and  partly  to  emphasize  the  very  considerable  differences  in
the  structure  of  the  two  regions.  It  is  my  belief  that  while  the
oesophagus  is  evidently  derived  from  the  ectoderm,  the  stomach,
together  with  the  middle  intestine,  owes  its  origin  to  the  entoderm.
The  term  stomach  is  not  altogether  a  happy  one,  since  it  at  once
suggests  the  "  Magendarm"  or  stomach  intestine  of  the  Metanemer-
teans,  which  may  have  a  different  embryological  history;  and  yet,
on  the  other  hand,  the  function  of  both  is  evidently  digestive,
and  the  resemblances  in  the  histology  very  striking.  Both  have  a
truly  glandular  epithelium,  as  will  be  seen  by  comparing  the  sec-
tion  of  the  epithelium  of  the  "  Magendarm"  oi  Drepanophorus  latus,
figured  by  Burger  (1895),  Taf.  27,  Fig.  17,  with  the  epithelium
of  the  stomach  of  Zygeupolia,  Plate  XLII,  figs.  32,  33.

Thei'efore,  in  Zi/geupolia  the  alimentary  canal  will  be  subdivided
into  the  following  regions  (see  fig.  1):  (1)  The  mouth,  31.;  (2)
the  oesophagus,  Oes.;  (3)  the  stomach,  S.  ;  (4)  the  middle  intes-
tine,  3I.I.;  (5)  the  end  intestine,  E.L  (Enddarra),  and  (6)  the
anus,  fig.  17,  A.
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The  mouth,  figs.  1,  16,  31.  ,  is  situated  on  the  ventral  surface  of
the  body,  shortly  behind  the  brain,  and  about  5  mm.  from  the  tip
of  the  head.  lu  a  passive  condition  the  mouth  is  a  small  round
opening,  with  crinkled  edges  forming  a  kind  of  circular  lip,  but
it  is  capable  of  great  ex])ansion,  enabling  the  worm  to  swallow  prey
nearly  as  large  as  itself.  The  tissue  immediately  encircling  the
mouth  is  conspicuous  in  life  by  its  greenish  hue,  caused  by  the  secre-
tions  of  the  numerous  gland  cells,  figs.  16,  31,  w.,  that  are  situated
in  the  subepithelial  tissue  of  the  anterior  oesophageal  region.

A  cross  section  of  the  body  through  the  mouth  opening  shows
that  the  mouth  is  lined  with  an  epithelium  of  ciliated  suj^porting
cells  resembling  those  of  the  body  epithelium,  but  with  longer
cilia.  No  gland  cells  could  be  distinguished  in  the  epithelium  of
the  mouth-opening  proper,  nor  in  the  cutis  beneath  it.

In  the  semi-transparent  living  Zygeupolia  the  oesophagus  and  the
stomach  may  be  easily  seen  under  a  low  power  in  a  slightly  com-
pressed  specimen.  The  diflEerenl  degrees  of  refraction  of  the  two
parts  makes  them  easily  distinguishable.  The  oesophagus,  fig.  1,
Oes  ,  appears  rather  light,  while  the  stomach,  *S'.,  is  darker,
denser  tind  of  a  more  granular  appearance.  It  will  be  seen  from
fig.  1  that  the  oesophagus  is  rather  shorter  than  the  stomach.  These
two  regions  do  not  pass  gradually  into  one  another,  but  there  is  a
sudden  transition  which  might  be  indicated  by  a  straight  line
drawn  at  right  angles  to  the  long  axis  of  the  alimentary  canal  (see
fig.  1),  and  sections  show  that  there  is  an  abrupt  change  in  the
cell  elements.  In  life  there  is  an  appearance  of  a  fold  at  the  be-
ginning  of  the  stomach,  which  probably  serves  as  a  valve.

Fig.  33  is  a  somewhat  oblique  cross  section  of  the  alimentary
canal  through  the  line  of  division  of  oesophagus  and  stomach.  The
slight  obliquity  takes  the  section  through  both  oesophagus  and
stomach;  the  oesophageal  epithelium,  Oe.Ep.,  being  present  on  the
ventral  surface,  the  stomach  epithelium,  S.Ep.,  on  the  dorsal  sur-
face.  In  the  upper  right  hand  part  of  the  figure  indications  of  a
fold,  /.,  are  seen,  where  the  oesophageal  epithelium  apparently
passes  over  the  stomach  epithelium.

The  beginning  of  the  stomach  has  a  constant  relative  position,
occurring  always  in  the  same  frontal  plane  with  the  anterior  neph-
ridial  region  (see  fig.  1).  This  fact  is  helpful  in  trying  to  find
the  nephridia  in  life.
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The  oesophagus  extends  backward  from  the  mouth  a  distance  of
about  9-12  ram.,  according  to  the  size  of  the  worm.  The  wall
of  the  oesophagus,  figs.  31,  33,  consists  of  an  epithelium  oE  ciliated
supporting  cells,  S.C.,  and  gland  cells,  GL^,  about  .023  mm.  in
height,  very  similar  to  that  of  the  epidermis  (cf.  figs.  2  and  31).
The  supporting  cells  are  like  those  of  the  epidermis,  only  more
slender.  The  gland  cells  are  flask-shaped,  with  finely  granular
contents  that  stain  a  bright  pink,  htematoxylin-eosin  staiu.  Blue-
staining  gland  cells  are  entirely  absent.  Both  supporting  and
gland  cells  rest  on  a  delicate  basement  membrane,  B.M.,  and
some  interstitial  connective  tissue  cells  are  found  between  the

bases  of  the  epithelial  cells.
At  the  extreme  posterior  end  of  the  oesophagus  some  of  the  epi-

thelial  cells  become  much  higher,  but  otherwise  their  structure  is
the same.

The  subepithelial  gland  cells,  that  have  been  described  above  as
giving  the  greenish  color  in  life  to  the  circular  "lip"  of  the
mouth,  are  present  in  great  numbers  immediately  around  the  mouth,
and  less  abundantly  throughout  the  greater  part  of  the  oesophagus.
A  group  of  these  cells,  w.,  is  shown  in  fig.  31,  from  the  anterior
part  of  the  oesophagus.  The  gland  cells  are  large,  the  cell  body-
containing  a  secretion  that  is  probably  fluid  in  life,  but  appears
finely  granular  in  the  fixed  preparations  and  stains  rose  red,
hsematoxylin-eosin  stain.  Some  cells  seem  to  have  but  one  nucleus,
others  more  than  one,  but  the  latter  case  may  be  due  to  the  crowd-
ing  together  of  the  cells  or  to  the  presence  of  the  adjacent  connec-
tive  tissue  nuclei,  so  that  this  point  has  not  been  definitely  settled.
The  ducts,  dt,  are  long  and  slender,  and  open  into  the  oesophagus
between  the  epithelial  cells.  Farther  back  in  the  oesophagus  these
subepithelial  gland  cells  entirely  disappear.

The  inner  surface  of  the  oesophagus  is  usually  thrown  into
numerous  high  papillre,  especially  the  ventral  surface  (see  fig.  33).
The  papillse  are  formed  chiefly  of  hmgitudinal  muscle  fibres,  but
contain  also  connective  tissue  cells  and  the  subepithelial  gland
cells,  when  they  are  present.  The  papilla)  come  to  an  end  together
with  the  oesophagus  (cf.  the  dorsal  and  ventral  surfaces  of  fig.  33).

A  few  isolated  strands  of  circularly  running  muscle  fibres,  fig.
33,  M.S.,  are  frequently  found  beneath  the  papilla),  partly  encir-
cling  the  oesophagus,  but  no  continuous  "  oesophageal  "  muscle
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layer  is  formed.  The  origin  of  these  strands  has  been  traced  in
some  cases  to  the  circular  muscle  of  the  proboscis  sheath,  in  other
cases  to  dorso  -ventral  fibres  coming  from  the  outer  circular  muscle
of  the  body  wall.

The  change  between  the  oisophagus  and  stomach  is  not  only  a
sudden  but  a  very  marked  one  (see  fig.  33).  Instead  of  the  oesoph-
agus,  with  its  low  epithelium  and  its  great  extent  of  surface
caused  by  the  high  papillte,  there  is  the  stomach,  without  folds  or
papillse  and  consisting  of  a  very  high  epithelium,  about  four
times  higher  than  that  of  the  oesophagus,  in  which  the  large  gland
cells  are  the  principal  element.  The  ciliated  supporting  cells,
S.  C.  ,  are  present,  apparently  in  equal  numbers  with  the  gland
cells,  but  are  so  small  and  inconspicuous  that  they  are  easily  over-
looked.  In  fact,  four  specimens  were  studied  before  their  presence
was  detected,  and  they  were  seen  for  the  first  time  in  an  over-
stained  specimen,  where  the  deep  blue  stain  taken  by  their  cyto-
plasm  and  their  ciliary  bases  was  in  strong  contrast  to  the  pink  of
the  adjacent  gland  cells.

The  gland  cells  of  the  stomach,  fig.  32,  Gl.-i,  are  large,  measur-
ing  .087  mm.  in  height  and  .011  mm.  in  width.  The  distal  end
is  slightly  narrowed  into  a  neck,  and  the  basal  end  into  a  slender
process  that  is  inserted  into  the  basement  membrane,  -B.il/.  The
cell  membrane  is  very  distinct,  and  the  cell  body  is  filled  with  a
network  of  cytoplasm,  in  which  are  embedded  large  homogeneous
secretion  globules  that  stain  pink  with  eosin.  Some  slight  color
differences  seem  to  indicate  difierent  phases  in  the  secretion,  and  a
few  cells  appearing  lighter  in  color  had  evidently  discharged
most  of  their  secretion.  The  rather  small  oval  nucleus,  N.,  lies
near  the  base  of  the  cell,  not  far  above  the  basal  process.

Alternating  with  the  gland  cells  are  the  small  ciliated  supporting
cells,  fig.  32,  S.  C.  They  have  a  small  cell  body,  about  .004  mm.
in  width,  cm  a  very  long  stalk,  *S'^.,  the  basal  ends  of  which  are
inserted  into  the  basement  membrane.  The  cilia  are  short  and
their  structure  could  not  be  determined.  A  surface  view  of  these
cells  shows  that  there  is  one  stout  cilium  in  the  middle  of  the  cell,
while  the  other  more  slender  ones  ax'e  arranged  in  a  ring  around
the  periphery  of  the  upper  surface.  The  stouter  cilium  may  occa-
sionally  be  seen  in  sections,  and  then  appears  slightly  longer  than
the  peripheral  ones.  A  few  small  interstitial  connective  tissue
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cells  are  present  among  the  bases  of  the  gland  and  supporting
cells,  and  are  demonstrable  chiefly  by  their  nuclei.

The  basement  membrane  of  the  stomach  rests  directly  upon  the
inner  longitudinal  muscle  of  the  body  wall.  The  stomach  is  fre-
quently  greatly  flattened  by  the  pi*essure  exerted  by  the  expanded
rhynchocoel.  For  the  study  of  this  region,  a  specimen  from  which
the  proboscis  has  been  cast  out  is  the  most  favorable.

The  middle  intestine,  M.I.,  according  to  definition,  begins  with
the  first  pair  of  lateral  intestinal  creca,  but  the  cells  that  are  pecu-
liarly  characteristic  of  the  middle  intestine  are  not  found  in  the
most  anterior  caeca  or  pouches,  which  are  lined  by  cells  similar  to
those  of  the  stomach.  In  other  Avoi'ds,  the  most  anterior  pouches
of  the  middle  intestine  belong  histologically  to  the  stomach.

The  transition  from  the  gland  cells  and  ciliated  supporting  cells,
exactly  similar  to  those  of  the  stomach,  that  are  found  in  the
most  anterior  pouches,  to  the  absorptive  cells  characteristic  of  the
middle  intestine  is  a  very  gradual  one,  and  varies  in  different  in-
dividuals.  In  some  specimens  the  transition  begins  in  the  second
pair  of  cicca,  in  others  it  takes  place  farther  back.  There  is  no
abrupt  line  where  gland  cells  end  and  absorptive  cells  begin,  like
the  sharp  line  between  the  end  of  the  (esophagus  and  the  beginning
of  the  stomach,  but  the  gland  cells  and  their  companion  support-
ing  cells  gradually  become  less  numerous  and  are  replaced  by  the
absorptive  cells  that  belong  to  the  middle  intestine.  Throughout
the  course  of  the  middle  intestine,  here  and  there  are  found  gland
cells,  fig.  34,  Gl.i,,  just  like  those  of  the  stomach  and  the  anterior
pouches.

It  is  the  presence  of  these  gland  cells,  characteristic  of  the
stomach,  in  the  anterior  pouches  and  scattered  through  the  rest  of
the  middle  intestine,  that  has  led  me  to  believe  that  probably  the
stomach  and  the  middle  intestine  have  a  common  origin  from  the
entoderm.  The  fact  that  there  is  not  a  well-defined  histological
dividing  line  between  the  cell  elements  of  the  two  regions,  but  a
gradual  replacement  of  the  gland  cells  by  the  absorptive  cells,  is  in
confirmation  of  this  opinion.  And  furthermore,  to  return  to  the
difterences  between  (esophagus  and  stomach,  here  we  do  find  a
sharply  defined  and  sudden  transition  from  an  epithelium  resem-
bling  that  of  the  outside  of  the  body  to  a  truly  glandular  epithe-
lium;  also,  the  opening  to  the  stomach  provided  with  a  primitive
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valvular  fold.  Here  is  certainly  the  division  line  between  ectoder-
mal  and  entodermal  derivatives.

The  characteristic  absorptive  cells  of  the  middle  intestine,  fig.
34,  Abs.C,  are  long  slender  cells,  about  .14  mm.  high,  rather
flattened  at  the  base  and  inserted  by  slender  lateral  processes  into
the  basement  membrane,  B.M.,  and  bearing  several  very  long  cilia,
CIL,  on  the  distal  surface.  The  cilia  are  about  as  long  as  the  cell,
and  are  inserted  on  a  basal  knob.  The  nucleus  is  rather  elon-

gate,  and  is  situated  near  the  base  of  the  cell.  The  cell  contents
are  of  a  variable  nature;  usually  the  cell  is  filled  with  a  finely
granular  pink  -staining  substance,  h?ematoxylin-eosiu  stain,  in
which  are  numerous  spherical  masses  that  stain  a  dark  red.  Other
cells  present  a  vacuolated  appearance,  as  if  filled  with  a  foamy
fluid  substance.  Since  the  function  of  these  cells  is  absorption,
the  different  appearance  of  the  contents  should  correspond  to  the
different  stages  in  the  absorptive  process.  Throughout  the  greater
part  of  the  middle  intestine  the  cells  are  swollen  with  the  food  con-

tents,  and  so  closely  pressed  together  that  it  is  impossible  to  make
out  the  details  of  a  single  cell.  All  cell  walls  have  apparently
disappeared,  and  the  result  is  a  chaotic  mass  of  cytoplasm  filled
with  globules  and  granules  of  food,  bordered  by  cilia  on  the  side
toward  the  intestinal  lumen,  and  with  a  row  of  nuclei  along  the
base,  above  the  basement  membrane.

The  gland  cells  that  have  been  mentioned  as  occurring  occa-
sionally  in  the  middle  intestine,  fig.  34,  Gl.i,  cannot  be  distin-
guished  from  the  absorptive  cells  —  except  by  their  absence  of  cilia  —
in  preparations  stained  with  iron-hsematoxylin,  since  with  this  stain
both  the  secretion  globules  and  the  absorptive  particles  stain  black.
With  the  hi3ematoxylin-eosin  staia,  howev^er,  the  differences  are
strongly  brought  out,  the  food  granules  staining  a  brighter  red,
and  having  a  different  degree  of  refraction  from  that  of  the  gland-
ular  secretion  globules.

It  has  already  been  mentioned  that  the  two  anterior  pouches
consist  of  different  histological  elements  from  the  subsequent  ones.
They  are  also  somewhat  smaller  and  are  deflected  slightly  forward
(see  fig.  1).  In  the  more  anterior  part  of  the  middle  intestine,  the
ca?ca  are  but  little  deeper  than  the  axial  part  of  the  canal,  but
farther  back  the  cseca  increase  in  depth  at  the  expense  of  the  axial
portion.
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In  the  breeding  season,  when  the  gonads  are  swollen  and  en-
larged,  the  intestinal  ctcca  are  under  such-  pressure  that  their
opposite  walls  are  frequently  in  contact.  Wilson  (1900)  believes
that  the  lateral  ca^ca  do  not  function  under  these  conditions,  and
quotes  the  statement  of  M'Intosh  (1873),  that  "  the  glandular
elements  in  the  wall  of  the  digestive  tract  undergo  a  certain
amount  of  atrophy  during  the  period  of  reproductive  perfection."
Wilson  adds,  in  respect  to  (Jerebratulus  ladeus,  p.  115:  "  For  a
long  time,  therefore,  these  intestinal  pouches  can  function  very
little,  if  at  all,  and  so  they  contribute  nothing  to  the  nourishment
of  the  body."  I  should  be  unwilling  to  state  that  the  lateral
pouches  in  Zygeupolia  take  no  part  in  the  absorption  of  food,  for
I  have  found  some  cells  of  the  lateral  cseca  that  evidently  con-
tained  food  vacuoles,  in  spite  of  the  fact  that  the  ctecum  was
greatly  pressed  by  the  adjoining  gonads;  but  the  cells  of  the  creca
are  certainly  under  great  disadvantages  at  this  period.
•  Toward  the  posterior  end  of  the  body  (see  fig.  17),  the  lateral

cseca  decrease  more  and  more  in  size,  until  finally  the  intestine  is
once  more  a  simple  tube,  Plate  XLI,  fig.  26,  E.I.  This  portion
of  the  alimentary  tract  is  variously  termed  the  "anal  portion  of
the  intestine,"  the  "  end  intestine"  ("Enddarm,"  Burger)  and
the  "rectum"  (Coe,  1895  a).

The  end  intestine,  as  it  will  here  be  termed,  in  Zygeupolia  is
about  .8  mm.  long.  The  cells  are  the  same  absorptive  cells  that
are  found  in  the  middle  intestine,  with  an  occasional  gland  cell,  so
that  histologically  the  end  intestine  is  the  same  as  the  middle  intes-
tine,  and  may  be  regarded  as  merely  the  terminal  portion  of  that
region.

At  the  junction  of  the  caudicle  and  body,  fig.  27,  the  intestine
curves  dorsally  and  opens,  by  the  anus,  to  the  exterior  on  the  dor-
sal  surface  of  the  body.  The  anal  opening,  fig.  17,^1.,  is  small,
and  the  edges  are  clothed  with  cilia.

10.  The  Reproductive  System.  —  Zijgeupolia  is  dioecious.
The  gonads,  figs.  1,  24,  25,  are  found  between  the  pouches  of
the  middle  intestine,  metamerically  arranged,  throughout  its
length,  the  first  pair  of  gonads  occurring  between  the  first  and
second  pairs  of  intestinal  CiTca,  and  so  on  regularly,  the  gonad  of
one  side  lying  between  two  consecutive  intestinal  ca^ca,  and  oppo-
site  to  its  fellow  of  the  other  side.  Near  the  end  of  the  middle
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intestine,  about  7  mm.  anterior  to  the  anus  (see  fig.  17),  where
the  caeca  become  more  and  more  shallow  and  finally  disappear
altogther,  leaving  the  simple  tube  of  the  end  intestine,  the  gonads
terminate  (cf.  fig.  26).

The  Testis.  —  The  testis  is  a  simple  sac,  the  wall  consisting  of  a
one-celled  layer  of  large,  rather  flattened  cells  with  prominent
nuclei.  In  cross  section,  Plate  XLI,  fig.  24,  the  wall  of  the  gonad
appears  like  a  membrane,  along  which  the  nuclei  are  placed;  in  tan-
gential  section,  Plate  XLIII,  fig.  53,  the  cells  appear  elongated,
dovetailing  into  one  another,  with  strong  cell  walls  which  are  wavy
in  outline,  and  granular  cytoplasm  that  stains  pink  with  the  haema-
toxylin-eosin  stain.  Each  testis  has  a  single  duct,  figs.  24,  55,  T.d.,
opening  on  the  dorsal  surface  of  the  body,  very  near  the  side  of  the
rhynchoca'l.  The  duct  passes  dorsally  from  the  testis  through  the
inner  lougitudinal  and  circular  muscle  layers,  and  then  expands  into
a  bulb-like  portion  with  slightly  thickened  walls,  fig.  55,  h,  and  again
narrows  before  opening  to  the  exterior.  The  duct  meets  the  body
epithelium  at  the  surface,  and  no  bending  in  of  the  latter  has  been
observed.

The  youngest  male  cells  are  found  at  the  margin  of  the  testis,
attached  by  their  bases  to  the  gonad  walls,  figs.  24,  57.  The
youngest  cells  are  the  largest  —  .023  mm.  long,  .005  mm.  wide.
They  are  rather  pear-shaped  cells,  fig.  57,  with  the  distal  end  rounded
and  the  basal  end  prolonged  into  a  slender  stalk.  The  nuclei,
N.,  are  large,  with  a  prominent  chromatin  reticulum  and  one
nucleolus,  n.  The  cytoplasm  is  finely  granular  and  no  cell  mem-
branes  are  present.  From  their  size  it  is  probable  that  these  cells
are  spermatogonia.  They  form  a  layer,  one  or  two  deep,  around
the  periphery  of  the  testis,  and  are  occasionally  found  far  in  toward
the  middle.

On  the  median  side  of  the  spermatogonia  comes  a  zone  of  smaller
cells,  arranged  in  radial  rows.  These  are  probably  spermatocytes.
Many  of  them  are  in  division  stages,  and  the  tiny  spindles  are  very
distinct,  but  are  too  minute  for  any  exact  study.

In  the  innermost  part  of  the  testis  the  spermatozoa,  Plate  XLI,
fig.  24,  Spz.,  are  found,  and  near  them  very  small  cells  that  are  no
doubt  the  spermatids.  The  spermatozoa  are  about  .06  mm.  long,
and  three  parts  may  be  distinguished  in  them,  the  head,  the  middle
piece  and  the  tail,  Plate  XLIII,  figs.  58,  50.  The  head  is  longer
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than  wide,  and  is  slightly  broader  at  its  posterior  end.  It  stains
deep  black  with  iron-ha3matox3'lin,  and  blue  with  hieraatoxylin-eosin.
In  some  iron-hsematoxylin  preparations  that  had  been  strongly  de-
stained,  the  head  appeared  ashy  gray  with  a  minute  black  point  at
the  tip,  fig.  58.  The  middle  piece,  m.b.,  is  a  four-lobed  etructure.
In  fig.  59  there  is  a  middle  piece  that  has  been  detached  from  a
spermatozoan  and  which  resembles  four  small  spheres.  In  side  view
only  two  of  the  lobes  are  seen.  The  middle  piece  stains  black  with
iron-hfematoxylin,  and  red  with  hsematoxylin-eosin.  The  tail  is  a
slender  filament,  in  which  no  structure  could  be  made  out,  many
times  longer  than  the  head.

The  Ovary.  —  The  wall  of  the  ovary,  like  that  of  the  testis,  is  a
flattened  epithelium,  fig.  54,  Gon.  W.

No  ovarian  duct  has  been  found,  although  several  specimens  of
different  ages  have  been  examined.  It  is  possible  that  a  duct  may
form  in  an  older  stage  than  those  studied,  but  it  seems  more  prob-
able  that  the  eggs  are  discharged  by  rupture  of  the  wall.  The
latter  view  is  supported  by  the  fact  of  the  difficulty  in  keeping
the  body  wall  intact  while  studying  living  females  with  large
ova.  When  a  perfect  specimen  was  placed  on  a  slide  with  sea
water  and  covered,  a  method  that  was  repeatedly  used  without
difficulty  for  males,  and  for  females  with  smaller  ova,  the  posterior
part  of  the  body  would  almost  invariably  fragment.  It  was  also
difficult  to  fix  and  harden  a  mature  female  without  rupturing  the
body  wall.  No  especial  importance  was  attached  to  these  facts  at
the  time,  but  since  finding  from  the  study  of  sections  that  there  is
no  preformed  ovarian  duct,  I  am  inclined  to  believe  that  the
fragmentation  observed  in  the  female  specimens  w^as  caused  by  the
rupture  of  the  body  wall  above  the  gonads,  the  break  then  extend-
ing  farther  around  the  body  wall.

Closely  pressed  against  the  wall  of  the  ovary  and  attached  to  it
by  their  broad  bases  are  the  youngest  egg  cells."  Fig.  54  is  a  cross
section  of  a  portion  of  the  wall  of  one  of  the  youngest  ovaries.
Although  most  of  the  smallest  ova  are  distinct  cells,  here  and  there
several  are  seen,  so  close  together  that  their  boundaries  cannot  be
distinguished,  and  it  is  therefore  probable  that  the  ova  arise  from  a

'"As  all  the  material  exainineil  was  quite  advanced  in  age,  I  liave  had  no
opportunity  to  study  the  youngest  stages  of  the  ova,  so  that  therefore  the
cells  that  are  here  describe!  as  the  youngest  are  probably  well  on  in  their
development.
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cell  syncytium.  The  smallest  separate  egg  cells,  O.,,  are  rather
square,  having  as  yet  no  stalk.  The  cytoplasm  is  clear  and  slightly
granular,  with  no  yolk  granules,  and  there  is  a  delicate  cell  mem-
brane.  The  nucleus  is  round,  about  .0058  mm.  in  diameter;  a
small  nucleolus  is  present,  but  no  chromatin  is  demonstrable,  proba-
bly  on  account  of  admixture  with  plastin,  and  the  whole  nucleus
takes  a  plasma  stain,  pink  with  hsematoxylin-eosin.

In  the  next  stage,  the  young  ovum,  0..,,  has  lengthened,  the
distal  end  is  somewhat  rounded  and  the  proximal  end  more
slender,  so  that  the  whole  cell  is  now  pear-shaped.  The  proximal
end  constricts  more  and  more  until  it  becomes  a  slender  stalk,  by
which  the  rounded  distal  end  or  cell  body  remains  attached  to  the
gonad  w'all.  The  nucleus  has  enlarged,  measuring  about  .023  mm.
in  diameter,  likewise  the  nucleolus,  in  which  scattered  vacuoles  are
forraiug.  Yolk  granules  are  beginning  to  appear  in  the  cytoplasm.

After  the  appearance  of  the  yolk  the  cytoplasm  has  quite  a
difierent  look,  being  denser  with  the  fine  yolk  granules  scattered
throughout.  The  nucleus  of  this  stage,  O.3,  is  much  larger,  .035
mm.  The  nucleolus  has  not  increased  much  in  size,  but  the  small
scattered  vacuoles  have  fused  into  one  large  disk-shaped  vacuole,
n.vac,  at  the  periphery  of  the  nucleolus.

The  ovum  is  now  surrounded  by  two  egg  membranes,  the  outer
of  which,  o.O.mh.,  is  considerably  thicker  than  the  inner  and
stains  blue,  while  the  inner  takes  a  faint  pink,  ha3matoxylin-eosin
stain.  The  formation  of  the  egg  membranes  has  not  been  fol-
lowed  with  any  exactness,  but  I  believe  that  both  membranes  are
formed  by  the  egg.  Bohmig  (1898)  believes  this  is  the  case  in
Stichostemma  gravense.  Montgomery  (lo95)  states  that  in  S.
eilhardl  only  the  inner  egg  membrane  is  a  "  yolk  membrane,"  the
outer  being  derived  from  the  germinal  epithelium  and  is  therefore
a  true  chorion.

The  oldest  stage  found,  figs.  25,  52,  is  that  of  a  free  ovum  iu
the  centre  of  the  gonad,  no  longer  attached  to  the  wall  by  its
stalk.  Both  membranes  are  present,  the  outer  one,  fig.  52,
0.  O.mb.,  being  often  broken  and  discontinuous,  as  if  it  were  about
to  be  sloughed  off.  This  appearance,  however,  may  be  an  artifact,
as  the  specimen  from  which  it  is  drawn  was  badly  shrunken.  At
this  stage  the  gonad  contains  twenty  or  more  ova  of  equal  size,  in
such  close  contact  with  each  other  that  they  assume  a  polygonal
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form.  This  is  seen  in  fig.  56,  a  slightly  younger  stage,  drawn
from  life.  It  is  likely  that  several  or  many  ova  ripen  in  one  gonad
tit  once,  and  not  one  at  a  time  as  in  many  Nemerteans.

The  cytoplasm  of  this  oldest  stage  stains  a  bright  pink  with  the
hiematoxylin-eosin  stain,  and  is  charged  with  yolk;  the  nucleus  is
very  large,  its  diameter  being  about  half  that  of  the  cell,  the  greater
part  of  its  contents  still  taking  the  plasma  stain.  The  nucleolus  is
either  one  large  rounded  body,  usually  placed  peripherally,  or  it  is
broken  up  into  numerous  small  fragments,  which  lie  around  the
periphery  near  the  nuclear  membrane,  fig.  61,  n.  Several  vacuoles
of  varying  size  are  present  in  the  nucleolus.

The  attempt  has  been  made  to  determine  whether  there  is  any
priority  in  the  ripening  of  the  sexual  products  of  either  end  of
the  body.  No  difference  in  the  respective  ages  of  the  gonads  of  the
two  ends  has  been  observed  in  the  specimens  studied.  In  any  one
immature  gonad  different  stages  may  be  found,  the  youngest  cells
lying  pei'ipherally,  attached  to  the  gonad  wall,  the  older  cells
toward  the  centre  and  free.

11.  The  Caudicle.  —  The  caudicle,  a  term  suggested  by  Mont-
gomery  (1897  a)  as  a  translation  of  Burger's  "Schwanzchen,"  may
be  defined  as  the  slender,  thread-like  process  at  the  posterior  end  of
the  body  of  certain  Heteronemerteans."

The  caudicle  of  Zygeiipolia  in  life,  figs.  4,  5,  6,  appears  as  a
slender  white  filament,  and  a  low  magnification  reveals  a  ciliated
surface  and  what  seems  to  be  a  quite  regular  segmentation.  A
closer  examination,  however,  shows  that  the  apparent  annular
constrictions  are  merely  the  result  of  muscular  contractions,  and
are  constantly  varying  in  size  and  position.  A  light  area  along
the  mid-line,  bordered  by  denser  areas,  indicates  the  presence  of  a
central  cavity  —  the  blood  lacuna.

In  connection  with  the  caudicle,  a  description  of  the  position  of
the  organs  in  the  extreme  posterior  end  of  the  body  may  be  of
interest.  The  division  of  the  dorsal  blood  vessel  into  two  has

already  been  mentioned,  and  the  subsequent  fusion  of  the  four
vessels  into  a  central  blood  space;  the  termination  of  the  rhyn-
choccel;  the  disappearance  of  the  gonads  and  the  dorsal  opening  of
the  anus.  A  short  distance  in  front  of  the  anus  the  lateral  nerves

^^  It  will  be  shown  in  the  historical  review  of  the  literature  of  the  caudicle,
that  the  structure  described  as  a  caudicle  by  Montgomery  (1897  «)  is  in
reality  a  regenerating  posterior  end.
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assume  a  more  ventral  position,  finally  lying  on  the  ventral  surface
of  the  body,  Plate  XLI,  i\g.  27.  In  this  position  they  pass  over
into  the  caudicle.  In  the  caudicle,  fig.  28,  C.L.N.,  the  nerves  lie
latero-ventrally,  and  extend  to  the  posterior  end.

The  transition  from  the  end  of  the  body  to  the  caudicle  is  also
marked  by  the  sudden  disappearance  of  the  cutis  and  outer  longi-
tudinal  muscle  layer.  This  is  seen  in  fig.  27,  a  slightly  oblique
cross  section,  that  passes  through  the  wall  of  the  body  dorsally  and
the  wall  of  the  caudicle  veutrally.

A  cross  section  through  the  caudicle,  fig.  28,  shows  that  it  is
a  hollow  tube  with  the  following  structure:  (1)  the  epithelium,
(2)  the  two  lateral  nerves  in  the  epithelium,  (3)  the  circular  mus-
cle,  (4)  the  inner  longitudinal  muscle,  and  (5)  mesenchyme  cells
bordering  on  the  central  blood  space.

The  epithelium  is  composed  of  ciliated  supporting  cells,  fig.  12,
«S'.  C,  very  similar  to  those  of  the  body,  but  with  a  smaller  cell  body
and  longer  stalk  (cf.  figs.  2  and  12)  ;  large  gland  cells,  fig.  11,  lying
mostly  on  the  dorsal  surface,  the  secretion  staining  red  with  eosin,
with  very  large  nuclei  at  the  base  and  abundant  cytoplasm  enclosing
the  secretion  ;  and  very  numerous  interstitial  connective  tissue  cells
between  the  bases  of  the  epithelial  cells,  above  the  basement
membrane.  The  epithelium  of  the  caudicle  as  a  whole  is  slightly
higher  than  that  of  the  body,  measuring  about  .04  mm.  in  height.
The  nuclei  of  the  connective  tissue  cells,  fig.  28,  Cii.T.N.,  are  so
prominent  and  the  cells  so  numerous  that  the  effect  is  like  that  of
undifferentiated  tissue.  Biirger^-  (1895),  p.  239,  .says  in  this  con-
nection:  "  Es  lasst  der  Reichthum  an  Kernen  wohl  keinen  an-
deren  Schluss  zu,  als  dass  die  Zellelemente  der  Gewebsschichteu
und  des  Parenchyms  des  Scliwiinzchens  im  Vergleich  zu  denen  des
Korpers  ganz  ausserordentlich  klein  sind."

The  lateral  nerves,  fig.  28,  C.L.N.  ,  lie  in  the  epithelium  outside
the  circular  muscle  layer,  latero-ventral  in  position.  No  ganglion
cells  could  be  detected  around  the  fibrous  core.  The  circular  muscle

layer,  CM.,  is  reduced  to  a  very  thin  layer  of  two  or  three  fibres;
the  longitudinal  muscle,  i.L.M.,  is  also  a  layer  of  but  little  thick-
ness.  The  central  blood  space,  Bl.L.,  is  bordered  by  scattered
mesenchym  cells,  mes.,  large  pear-shaped  cells,  attached  at  first  to
the  muscular  wall,  but  later  floating  freely  in  the  lacuna.

'-  For  the  sake  of  clearness  the  great  numbers  of  the  connective  tissue  cells
in  the  epidermis  are  not  represented in  fig.  28.
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It  is  thus  seen  that  the  caudicle  of  Zygeupolia  is  a  structure
from  which  many  organs  of  the  body  are  absent,  namely:  the  ali-
mentary  canal,  the  gonads,  the  rhynchocoel,  the  outer  longitudinal
muscle  layer  and  the  cutis.

The  significance  of  the  caudicle,  however,  is  not  clear,  and
several  explanations  may  be  suggested  :  (1)  The  caudicle  has
remained  in  a  simple,  primitive  or  embryonic  condition,  while  the
rest  of  the  body  has  become  differentiated.

(2)  The  caudicle  is  a  degenerate  structure,  the  degeneration  of
certain  organs  having  begun  at  the  posterior  end  and  continued
gradually  forward.

(3)  The  caudicle  is  a  coenogeuetic  structure,  with  a  certain
physiological  function.

Of  these  views,  no  positive  proof  can  be  brought  forward  in
regard  to  the  first  two.  The  varying  complexity  of  the  caudicles
of  different  genera  —  for  example,  that  of  Zygeupolia  and  the  caudi-
cle  described  by  Burger  (1895;  for  Cerebratulus  marginatus,  con-
taining  all  the  organs  of  the  posterior  end  of  the  body  —  might  sup-
port  the  view  of  degeneracy,  but  this  argument  may  hardly  be
used  until  we  know  more  of  the  origin  and  phylogeny  of  the  cau-
dicle.

It  seems  much  more  probable  that  the  caudicle  of  the  Nemer-
teans  has  arisen  coenogenetically,  and  an  explanation  of  its  mode
of  origin  has  been  suggested  by  the  comparison  with  a  Rhabdocoel
Turbellarian,  Macrostoma  hystrix  Oe.,  described  by  Graff  (1882),
and  figured  on  Taf.  IV,  Fig.  1.  In  this  worm  the  posterior  end  is
expanded  laterally  and  provided  with  abundant  gland  cells,  making
an  adhesive  surface.  Graff  says,  p.  240,  the  body  is  "  hinten  in
einen  platten  spatelformig  erweiterten  Schwanz  ausgezogen.  "  It
would  not  be  difficult  to  imagiue  this  posterior  end  becoming  elon-
gated  and  more  slender,  until  it  is  finally  a  thin  filament.  In  a
similar  way  the  Nomertcan  caudicle  may  have  arisen  from  a  pos-
terior  end,  originally  differentiated  as  au  adhesive  surface.  The
observations  of  Johannes  Muller  (1854)  and  M'Intosh  (1869)
show  that  at  the  present  time  the  end  of  the  caudicle  frequently
acts  as  a  sucker.

M'Intosh  (1869)  believes  that  the  central  space  in  the  caudicle
of  Micrura  purpurea  is  connected  with  the  -circulatory  system.
This,  as  stated  above,  is  certainly  true  in  Zygeupolia.  The  fact
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that  the  large  hlood  lacuna  occupies  the  entire  space  within  the
muscular  wall  of  the  caudicle  of  Zijgeupolia,  and  that  the  mesen-
chym  —  blood-forming  —  cells  are  very  abundant,  suggests  that  one
function  of  the  caudicle  may  be  the  formation  of  new  blood  cells.
This,  however,  also  takes  place  throughout  the  blood  vessels  of  the
body.  The  large  blood  lacuna  of  the  caudicle  is  probably  a
means  of  aerating  the  blood,  making  respiration  another  possible
function  of  this  jiroblematical  structure.

Literature  of  the  Caudicle.  —  The  caudicle  has  been  known  in
literature  under  various  other  names,  and  considerable  confusion
has  arisen  from  the  multiplication  of  terms,  and  from  the  fact  that
the  caudicle,  which  is  an  adult  structure,  has  been  confounded
^vith  the  regenerating  "  papilla"  so  frequently  found  at  the  poste-
rior  end  of  Nemerteans  that  have  been  broken.

For  this  reason  an  account  of  the  history  and  synonymy  of  the
caudicle  and  the  differences  between  the  true  caudicle  and  the

regenerating  posterior  end  will  be  given,  at  perhaps  greater  length
than  the  importance  of  this  small  structure  demands.

The  following  papers  will  be  separated  under  two  headings  I,
those  describing  the  true  caudicle;  II,  those  in  which  other  struc-
tures  have  been  mistaken  for  the  true  caudicle.^'

I.  Ehrenberg  and  Hemprich  (1831)  describe  the  new  genus
Micrura  with  "  anus  sub  caudo,"  and  Micrura  fasciolata  nov.
sp.  ,  "  .  .  .  .  anus  terminalis  sub  processu  caudali  parvo,  albo."

Busch  (1851)  (cited  by  J.  Miiller,  1854)  mentions  and  figures,
Taf.  II,  Fig.  8,  a  Nemertean  with  a  caudicle  ("  Schwanzan-
hang").  The  worm  is  described  under  the  name  of  Alardus
caudatus.

Diesing  (1851)  refers  to  Micrnira  Hemp,  et  Ehr.  =  Nemertes
Oersted,  as  with  a  "  processu  terminali  postico  filiformi  brevis-
simo.  "  He  describes  the  new  species  Meckelia  Knerii  Diesing,
'  '  corpus  depressuni  retrorsum  parum  augustatum  processu  brevis-
simo  filiformi."

Dalyell  (1853),  Vol.  II,  (cited  by  Krohn,  1858),  describes
under  the  name  Gordius  four  Nemerteans  that  would  now  be

'^  lu  this  review  of  the  history  of  the  caudicle  some  of  the  earliest  and
some  of  the  most  important  papers  in  Nemertean  literature  are  referred  to,
but  no  attempt  has  been  made  to  give  a  complete  list  of  all  the  observations
on the subject.
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recognized  as  Micrurce.  They  are  G.  viridis  spinifer,  G.  purpureii»
spinifer,  G.  frarjUls  spinifer  and  G.  fasciahis  spinifer.

Johannes  Miiller  (1854)  reports  finding  a  young  worm  within
the  larva  Pilidium  gyrans,  and  also  others  in  the  water  which
have  a  "  Schwanzanhaug,  "  'and  resemble  the  Alardus  caudatus
Busch.  The  latter  is  figured,  after  Busch,  on  Taf.  IV,  Fig.  2.
Miiller  says  "  Mit  dem  Schwanzauhang  kann  sich  das  Thierchen
auf  dem  Glase  anhalten  und  wie  festleimen  und  ist  dann  schwer

von  der  Stelle  zu  bringen."  He  believes  that  the  young  worm
within  the  larva,  resembling  the  Alardus  of  Busch,  is  the  same  as
Micrura  faseiolata  Ehr.  et  Hemp.  Miiller  also  quotes  a  letter
from  A.  Krohn,  dated  November  19,  1851,  in  which  Krohn  speaks
of  finding  at  Naples  a  young  worm  within  the  Pilidium  yyrans:
"  Der  Leib  desselben  ist  liinglich  oval,  nach  voru  zu  etwas  ver-
schmiichtigt.  Mitten  am  hinteren  Ende  findet  sich  ein  ganz  kurzer
cylindrischer  Anhang,  der  durch  wenige  aufeinander  folgende
Querwiilste  wie  gegliedert  erscheint.  Die  Oberfliiche  des  Leibes,
so  wie  audi  die  des  Anhanges  ist  wie  bei  den  Turbellarien  dicht
mit  schwingenden  Cilieu  besetzt.  "

Krohn  (1858),  referring  to  the  young  worm  within  the  Pilidium
gyrans,  says:  "  In  Helgoland  sah  ich  1854  mehrere  arteu  von
Pilidium  Der  Schwanzauhang  wird  an  den  mehrsten
Nemertinen  von  Pilidien  beobachtet,  und  wird  nur  selteu  ver-
misst  Die  Nemertinen  mit  Schwanzauhang  gehoren  zu
der  Gattung  Micrura  Ehr.,  vioxmt  Alardus  Busch  identisch  ist."
On  p.  300,  Krohn  gives  a  list  of  the  Micrurce  found  in  the  North
Sea,  and  an  account  of  the  synonymy  of  the  genus.

Leuckart  (1858)  summarizes  the  work  done  on  Neraerteans.
On  p,  186  he  mentions  the  "  Anwesenheit  eines  retractilen  Schwanz-
fadens  "  in  a  Nemertean.

Leuckart  and  Pagenstecher  (1858)  describe  a  new  Pilidium,
P.  auriculatum:  "  Ein  Schwanzfortsatz,  wie  er  so  hiiufig  bei  den
in  Pilidien  gebildeten  Nemertinen  gefunden  wird  und  nach  J.
Miiller  auch  bei  dem  Sprosslinge  eines  Helgoliinder  Pilidium
vorkommt,  fehlt  unserm  Thier.  "

Metschnikoff  (1809)  mentions  the  presence  of  a  caudicle  on  the
young  worm  within  the  pilidium.  This  is  figured  on  Taf.  X,
Fig.  15.  On  p.  55  he  says:  "  Es  bildet  sich  am  liinterrande  der
jungcn  Nemertine  ein  kleines  konisches  Schwiinzchen,  welches
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einen  einfachen  Auswuchs  der  Korperwaud  darstellt,  uud  wie
diese  mit  Flimmerhaaren  bedeckt  erscheiut.  "

M'Intosh  (1869)  desci'ibes  the  following  structure:  "  The  pos-
terior  end  of  the  body  in  Micrura  {Stylus)  requires  special  mention,
since  there  is  superadded  a  peculiar  elongated  and  contractile  style.
This  appendage  seems  to  be  formed  by  a  prolongation  of  the  cuta-
neous  and  part  of  the  muscular  (longitudinal  and  circular)  textures
of  fhe  body  wall  of  the  animal.  The  entire  organ  in  contraction
has  a  granular  appearance,  the  coarsest  granules  and  occasionally
a  few  circular  masses  of  brownish  pigment,  being  at  the  tip.
Within  these  coats  is  a  circular  chamber,  which  undergoes  various
alterations  in  size,  and  contains  a  transparent  fluid.  This  cavity
is  not  connected  with  the  digestive  tract,  which  opens  by  a  termi-
nal  pore  at  the  base  of  the  process,  nor  can  proboscidian  discs  be
seen  therein  its  connection  with  the  circulatory  [system]
appears  most  probable."

M'Intosh  (1874)  says  that  the  genus  Micrura  has  "  a  soft  fili-
form  caudal  process,  capable  of  attachment."  He  further  alludes
to  "  a  pale  caudal  filament"  and  "  a  slender  styliform  process
attached  to  the  tail  "  which  "  can  be  elongated  to  an  extreme
degree. ' '

Hubrecht  (1887)  used  the  term  "  caudal  papilla  "  throughout
his  description  of  the  caudicle.

Verrill  (1893),  in  defining  the  genw?,  Micrura,  says:  "Poste-
rior  end  of  the  body  provided  with  a  median  slender  cirrus,  above
the  anus.  This  genus,  as  here  defined,  differs  from  Lineus  in  little
else  than  the  presence  of  a  well-marked  contractile  anal  cirrus,
which  may  often  be  distinguished  even  in  alcoholic  specimens.
From  Cerebratuhis,  which  also  has  the  anal  cirrus,  it  differs  in  the
form  and  muscular  structure  of  the  body  posteriorly.  "  In  other
parts  of  this  work  the  terms  "  anal  papilla,"  "  caudal  papilla"
and  "  caudal  filament  "  are  indiscriminately  used.

Verrill  (1895)  employs  the  expression  "  caudal  cirrus."

Burger  (1895)  describes  "  ein  diinnes  5-15  mm.  langes,  meist
borstenartig  starres,  weissliches  Anhiingsel,"  which  he  terms  "  das
Schwanzchen."  On  p,  24,  in  reviewing  the  work  of  Dalyell,
Burger  employs  another  term,  saying  that  Dalyell  "  den  Appendix
beobachtet  und  gut  gezeichnet  hat."

46
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Coe  (1895  a),  in  regard  to  Cerehratulus  lacteus,  says  :  "  The  amis
is  at  the  end  of  the  body,  just  beneath  the  caudal  papilla."

Coe  (1901)  gives  as  one  of  the  generic  characters  of  Cerebratu-
lus,  ".  .  .  .  the  posterior  end  extremely  flattened  and  provided
with  a  delicate  caudal  cirrus,  which  extends  beyond  the  opening
of  the  intestine."

Wilson  C.B.  (1900)  uses  Hubrecht's  term  "anal  papilla"
for  the  caudicle  of  Cerehratulus  lacteus.

Punnett  (1900)  speaks  of  a  "  caudal  appendage."

11.  O.  F.  Muller  (1788)  describes  and  figures,  p.  38,  tab.  68,
figs.  18,  20,  a  Planaria  filaris  :  "  Planaria  linearis  cauda  filiformi
contractili."  The  length  of  the  "  cauda  filiformis  coutractilis  "
in  fig.  20,  equal  to  the  length  of  the  body,  suggests  the  thought
that  it  may  be  the  evaginated  proboscis.  Burger  (1895),  p.  8,
says  that  this  worm  is  probably  a  Tetrastemma.

Grube  (1855)  describes  two  new  species  of  Mechelia.  The
first,  M.  annulata,  resembles  the  31.  Knerii  Diesing.  Grube
thinks  that  the  "  processus  terminalis  "  described  by  Diesing  is  more
probably  a  regenerating  end  ;  he  says  :  '  '  Der  processus  brevissimus
filiformis  konnte  ein  reproducirtes  noch  junges  Schwanzeude  sein."
The  second  species,  M.  aurantiaca,  has  the  following  character-
istics:  "  Der  Korper  verschmalert  sich  nach  hinten  sehr  allmah-
lich,  und  endete  bei  einem  Exemplare  in  ein  viel  diinneres,  war-
scheinlich  vor  kurzem  reproducirtes  Schwiinzchen."

Montgomery  (1897  a),  Taf.  2,  Fig.  16,  has  described  as  a  cau-
dicle  what  is  evidently  a  regenerating  posterior  end."  The  char-
acters  that  make  the  structure  described  by  Dr.  Montgomery  in
Cerehratulus  lacteus,  and  figured  by  him  on  Taf.  2,  Fig.  16,  a
regenerating  posterior  end  rather  than  a  true  caudicle  are  (1)  the
size,  (2)  the  presence  of  the  alimentary  canal,  (3)  the  presence
of  the  outer  longitudinal  muscle  layer,  and  (4)  the  presence  of  the
three  distinct  blood  vessels  with  definite  walls.

The  chief  external  differences  between  the  true  caudicle  and  the

regenerating  papilla  of  Cerehratulus  lacteus  are  in  size  and  general

"My  attention  was  called  to  this  error  by  Dr.  Montgomery  himself,  who
has  suggested  that  it  be  rectified.  Dr.  Montgomery  has  kindly  lent  me  his
own  preparations  upon  which  the  observations  were  made,  so  that  I  have
been  able  to  compare  them  with  slides  of  my  own,  made  from  a  Cerehratu-
lus  lacteus  found  in  life  with  a  good  -sized  regenerating  papilla,  which  bore  a
short  caudicle  at  its  posterior  end.
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appearance.  The  true  caudicle  is  slender  and  thread-like,  contrac-
tile  and  usually  twisted;  the  regenerating  papilla  is  stouter  and
rod-like,  and  does  not  twist  and  contract  like  the  caudicle.  C.  B.
Wilson  (1900)  contrasts  the  two  structures  as  follows.  On  p.
116,  alluding  to  the  regenerating  end,  he  says:  "  Such  a  papilla
is  slender  and  almost  pure  while  in  colour.  At  first  it  it  is  difficult
to  distinguish  it  from  the  true  anal  papilla  with  which  the  body
normally  terminates,  but  it  may  be  recognized  by  the  fact  that  it
always  possesses  a  very  broad  base  which  fades  gradually  into  the
body  wall,  while  the  anal  papilla  is  narrow  and  ends  abruptly  at
the  emargination.  '  '

The  papilla  on  the  Cerehraiulus  found  by  the  writer  was  about  7
mm.  long,  light  in  color  and  rather  rounded,  not  yet  having  assumed
the  typical  flattened  shape  of  the  body.  At  its  posterior  end  a
short,  but  in  all  respects  a  true  caudicle  was  borne.  A  cross  sec-
tion  through  this  true  caudicle  shows  that  it  consists  merely  of  a
thin  body  wall  enclosing  ia  central  blood  space.  The  body  wall  is
composed  of  the  epidermis,  in  which  the  two  lateral  nerves  lie,  and
of  the  circular  and  inner  longitudinal  muscle  layers.  The  blood
lacuna  has  no  definite  lining,  but  is  bordered  by  numerous  mesen-
chym  cells.  From  the  caudicle  of  Cerebratulus  lacteus,  like  that
of  Zygeupolia,  the  alimentary  canal,  the  gonads  and  the  rhyn-
choccel  are  absent.

A  cross  section  through  the  regenerating  papilla  of  my  Cerebra-
tulus  has  the  same  structure  that  is  found  in  the  section  figured  by
Dr.  Montgomery.  The  outer  longitudinal  muscle  layer  and  the
alimentary  canal  are  present,  and  three  blood  vessels  —  one  dt^rsal
and  two  lateral  —  instead  of  the  central  blood  lacuna.  This  proves
finally  that  the  structure  observed  by  Dr.  Montgomery  is  a  regen-
erating  posterior  end  and  not  a  caudicle.

In  both  worms  the  end  of  the  body  tapers  quite  gradually  into
the  regenerating  portion,  and  it  would  be  difficult  to  say  where  the
old  tissue  ends  and  the  new  begins,  as  differentiation  has  evidently
gone  on  for  some  time  in  the  anterior  part  of  the  new  tissue.  The
most  posterior  sections  of  Dr.  Montgomery's  worm  show  that  a
true  caudicle  had  likewise  begun  to  form  there,  but  had  subse-
quently  been  broken  off  just  at  its  base.  It  is  seen  from  the  meas-
urements  of  the  two  worms  that  there  is  an  abrupt  change  in  size
between  the  end  of  the  body  proper  and  the  caudicle,  the  caudicle
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measuring  less  than  half  the  width  of  the  body.  The  diminution
in  size  is  due  to  the  sudden  disappearance  of  the  outer  longitudinal
muscle  layer,  and  to  the  ending  of  the  alimentary  canal  with  the
body.

A  word  must  be  said  here  in  regard  to  the  relative  position  of
the  anus  and  the  caudicle.

Verrill  (1893)  states  that  the  caudicle  of  the  genus  Mlcrura  is
above  the  anus,  and  Coe  (1895)  says  the  same  in  regard  to  Cere-
hratulus  lacteus.  From  my  study  of  sections  of  Micrura  coeca  and
Cerebratulus  lacteus  I  find  that  the  anus  undoubtedly  opens  dor-
sally  above  the  caudicle,  Nothing  is  easier  than  to  confuse  the
dorsal  and  ventral  surfaces  of  a  living  worm,  but  in  serial  sections,
with  definite  structures  for  orientation,  there  can  be  no  such  diffi-
culty.  The  anus  in  Zygeupolia  hkewise  opens  dorsally  above  the
caudicle,  and  Burger  (1895)  states  that  the  dorsal  position  of  the
anus  is  usual  in  Nemerteans.  From  these  data  it  seems  likely  that
a  thorough  investigation  of  all  species  with  caudicles  will  prove  that
the  dorsal  position  of  the  anus  is  of  general  occurrence.

Burger  (1895),  p.  238,  says  in  regard  to  the  caudicle  of  Cerebra-
tulus,  Micrura  and  Langia:  "  Morphologisch  stellt  das  Schwanz-
chen  uichts  anderes  dar  als  das  stark  und  meist  plotzlich  verjiingte
hintere  Korperende,  in  das  sich  von  Organen  der  Darmtractus,
die  drei  Blutgefiissstamme,  die  Genitaltaschen  und  die  Seiten-
starame  fortsetzten,  und  in  welchem  wir  auch  alle  Schichten  der
Korperwand  bis  auf  die  Cutis,  welche  giinzlich  verschwunden  oder
in  ihrer  Ausbildung  fast  unterdriickt  ist,  antreff^en."  According
to  this  all  the  organs  of  the  posterior  part  of  the  body  are  repre-
sented  in  the  "  Schwanzchen,"  except  the  rhynchoccel,  and  even
this  organ,  Burger  states,  is  present  in  the  anterior  part  of  the
caudicle  of  Cerebratulus  marginatus.

The  observations  of  M'Intosh  (1869)  in  regard  to  Mici-ura
purpurea^  those  of  Verrill  (1893)  on  the  whole  genus  Mier-ura,
and  my  own  upon  M.  cceca  are  contradictory  to  the  above  state-
ment  of  Burger.  In  like  manner  Coe's  work  upon  the  American
species  of  Cerebratulus  and  my  own  upon  the  one  species  Cerebra-
tulus  lacteus  show  that  the  caudicles  of  these  forms  cannot  be

regarded  as  merely  "  verjiingte  hintere  Korperenden."  From  the
very  limited  space  devoted  to  the  subject  of  the  caudicle  in  Burger's
great  monograph,  it  is  likely  that  his  study  of  this  structure  was
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hasty,  aiid  the  question  has  arisen  in  my  mind,  could  Burger  have
mistaken  a  regeneratin<)j  posterior  end  for  a  true  caudicle  ?

Without  wishing  to  criticise  the  statement  of  this  distinguished
investigator,  it  seems  probable  that  a  further  investigation  of  the
caudicles  of  the  European  species  of  Mlcrura  and  Cerebratulus
will  result  in  an  agreement  with  the  structure  of  the  American
species.

III.  Parasites.

A  monocystid  Gregarine  in  its  adult  form  is  frequently  present
in  the  middle  intestine  of  Zijgeupolla.  Large  cysts,  surrounded
by  a  thick  cuticle  and  containing  various  developing  stages,  are  also
found  in  the  iutestiue.  From  their  proximity  to  the  adult  Grega-
rines,  and  from  their  resemblance  to  the  stages  figured  by  different
authors,  it  seems  likely  that  these  are  Gregarine  cysts.  Outside
of  the  cyst,  in  the  lumeii  of  the  intestine,  are  small  amoeboid
masses,  resembling  some  of  the  stages  within  the  cyst.  These
amoeboid  masses  also  penetrate  between  or  into  the  cells  of  the
intestinal  wall  and  probably  into  the  gonads.

In  some  living  specimens  large  white  spots  may  be  noticed
among  the  gonads,  fig.  6.  They  are  so  large  that  they  are  easily
seen  with  the  unaided  eye.  They  appear  stalked,  like  the  ova,  and
have  a  large  nucleus  with  one  or  more  nucleoli.  Fig.  56,  a  hori-
zontal  optical  section  drawn  from  life,  shows  one  of  these  structures
in  a  gonad  together  with  several  ova.  In  life  the  cytoplasm  appears
denser  and  darker  than  that  of  the  small  ova,  and  the  conclusion
first  reached  after  studying  these  living  bodies  was  that  they  were
the  oldest,  nearly  mature  ova.

The  examination  of  sections  in  which  these  large  bodies  are
present  has  shown  that  the  first  conclusion  was  erroneous  and
has  proved  that  they  are  the  encysted  stages"  of  some  parasites
within  the  cytoplasm  of  the  ovum.  Fig.  60  is  a  transverse  section
through  the  body  wall  and  the  wall  of  the  gonad,  showing  the
cyst,  surrounded  by  egg  cytoplasm,  ey.,  and  attached  to  the
gonad  wall,  Gon.  W.  The  cyst  is  surrounded  by  a  striated  cuticle,  "
CtL,  and  outside  the  cuticle  is  a  delicate  membrane  staining  like
the  cell  membrane.  In  the  cytoplasm  of  the  base  are  two  egg

'''  The  reference  line  from  CtL,  fig.  60,  only  extends  as  far  as  the  egg  mem-
brane,  instead  of  to  the  cuticle  within.
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nuclei,  N.  The  cytoplasm  of  the  cyst  has  a  very  diSerent  staining
reaction  from  that  of  the  egg,  staining  a  faint  violet  with  hoema-
toxylin-eosiu,  and  having  a  finely  granular  appearance.  The
nucleus  of  the  cyst,  N.par.,  is  irregular  in  outline,  in  some  speci-
mens  with  amoiboid  processes.  It  stains  homogeneously  a  bright
red,  hajmatoxylin-eosin,  while  the  nucleoli  are  darker  and  fre-
quently  vacuolated.

The  presence  of  the  additional  egg  nuclei  in  the  cytoplasm  at
the  base,  of  the  cyst  render  it  probable  that  the  parasite  entered
the  cytoplasm  when  the  ovum  was  in  a  syncytium.  The  presence
of  the  parasite  may  have  caused  an  abnormal  growth  of  the  egg
cytoplasm,  or  the  latter  may  have  merely  expanded  with  the  growth
of  the  cyst.  In  its  appearance  the  cytoplasm  around  the  cyst  is
like  that  of  the  normal,  uninfected  eggs.

Figs.  48,  61,  show  two  infected  egg  cells  from  a  different  indi-
vidual,  with  amoeboid,  probably  earlier  stages  of  the  parasite,
Par.  In  tiiis  particular  worm  almost  every  Qgg  has  been  infected.

As  a  rule,  the  gonads  of  the  male  specimens  that  were  studied
were  not  infected,  but  in  a  few  worms  the  testes  contained  large
bodies  that  were  evidently  parasites,  and  that  resembled  some  of
the  stages  found  in  the  ovaries.

The  relation,  if  any  exists,  between  the  amoeboid  masses  found
in  the  intestine  and  those  within  the  egg  cells  has  not  as  yet  been
worked  out,  as  it  is  not  within  the  scope  of  the  present  jjaper,
but  in  consideration  of  the  prominence  of  these  parasites  and  of
their  position  in  the  ova,  this  brief  description  has  been  given.  If
sufficient  material  can  be  obtained  for  the  intermediate  stages,  this
subject  may  later  be  studied  in  detail.

The  presence  of  adult  Gregarines  in  Nemerteans  has  been
known  for  a  long  time,  and  they  are  mentioned  and  described  by
several  of  the  earlier  Nemertean  writers  —  Frey  and  Leuckart
(1847),  Kolliker  (1848)  and  Johnston  (1865),  Appendix,  p.  290.

I  have  found  no  references  in  literature  to  any  structures  quite
similar  to  those  found  in  the  ova  of  Zygeupolia.  M'Intosh  (1867)
and  Wheeler  (1896)  describe  parasites  that  have  a  certain  degree
of  likeness.

M'Intosh  found  adult  Gregarines  in  Borlasia  octoculata  =  Lineus
sanguineus  and  Borlasia  olivacea  =  Lineus  gesserensis.  Besides
the  adult  Gregarines,  M'Intosh  found  what  he  called  "  certain
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ova  that  accompany  the  Gregarines.  "  The  "ova"  measured
about  5^(j  inch  in  diameter  and  each  contained  an  "embryo"
that  made  evident  movements.  They  have  two  coats,  an  inner
faintly  striated  and  an  external  without  markings.  The  con-
tained  "  embryo  "  is  finely  granuhxr  and  has  a  large  pale  nucleus.
M'  Intosh  regards  these  '  '  ova  '  '  as  altogether  diSerent  from  the
true  ova  of  the  Borlasia.

Wheeler  found  in  the  body  cavity  of  the  Annelid  Myzostoma
glabrum  great  numbers  of  amoeboid  masses  that  he  regards  as  pos-
sibly  the  young  stages  of  some  Gregarine.  The  body  cavity  was
distended  with  ova,  and  among  them  occurred  the  parasites.  He
says:  "  In  most  cases  the  uniformly  staining  and  rather  shrunken
body  of  the  parasite  was  produced  into  a  long  fine  point  which
had  penetrated  the  cytoplasm  of  an  ovum.  In  a  few  instances  a
single  amoeba  had  two  points,  each  entering  the  body  of  an  adja-
cent  ovum  (fig.  54).  '  The  cytoplasm  of  the  ova  thus  attached
contained  large  granules  which  took  up  the  hsematoxylin  with
avidity.  These  granules  were  larger  and  more  numerous  than
those  which  occur  in  normal  ova  of  about  the  same  size."  The
amoebae  are  also  found  outside  the  ova.

IV.  General  Conclusions.

The  description  of  the  organs  of  Zygeupolia  given  in  the  ana-
tomical  section  of  this  paper  makes  it  evident  that  this  genus  is  a
primitive  one  and  that  it  has  affinities  with  both  Proto-  and  Hetero-
nemerteans.

The  questions  now  to  be  discussed  are  (1)  the  relationship  of
Zygeupolia  to  other  orders,  especially  the  Protonemerteans  ;
(2)  the  position  of  Zygeupolia  within  its  own  order.

The  following  characters  undoubtedly  entitle  Zygeupolia  to  a
place  in  the  order  of  the  Heteronemerteans:  the  position  of  the
lateral  nerves,  outside  the  circular  muscle  layer;  the  presence  of
the  cutis  and  outer  longitudinal  muscle  layer  ;  the  situation  of  the
mouth  behind  the  brain;  the  absence  of  stilets  in  the  proboscis
and  of  a  blind  intestine.

The  alimentary  system  of  Zygeupolia  conforms  with  the  general
Heteronemertean  plan,  which,  however,  is  essentially  the  same  as
that  of  the  Mesonemerteans  and  such  Protonemerteans  as  Cari-
nina  and  Hubrechtia.
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The  blood  system  of  Zygeupolia  is  of  the  Heteronemertean  type,
Huhreclitia  being  the  only  Protonemertean  that  approaches  it  ia
any  way,  namely,  in  the  presence  of  a  dorsal  blood  vessel.

In  the  structure  of  the  nervous  system  and  the  cerebral  sense
organs  Zygeupolia  is  again  a  Heteronemertean  ;  but  by  no  means
the  highest  tj'-pe  of  brain  or  sense  organ  is  represented,  Zygeupolia
having  a  very  simple  Heteronemertean  brain  and  cerebral  sense

organ.
The  presence  of  muscular  crosses  in  the  proboscis  and  its  general

structure  are  further  characters  in  common  with  certain  Hetero-
uemerteans.

The  absence  of  lateral  slits  is  a  primitive  character,  and  one
common  to  all  the  Protonemerteans  and  to  the  more  primitive
Heteronemerteans.  This  character,  as  we  know,  is  possessed
by  Zygeupolia.  The  inner  circular  muscle  layer  of  Zygeupolia  is,
in  my  belief,  a  primitive  character,  and  the  short  extent  of  the
layer  is  explicable  on  the  grounds  that  the  thickened  region  in
front  of  the  middle  intestine  is  only  the  remnant  of  a  layer  that
was  once  continuous  throughout  the  body.

The  presence  of  this  muscle  layer  in  a  limited  region  in  Micrura
ccBca,  and  of  a  similar  layer  in  M.  alaskensis,  Coe  (1901),  shows
that  an  inner  circular  muscle  layer  exists  in  two  genera  of  the
Heteronemerteans.  The  dorso-ventral  fibres  of  the  Hetero-

nemerteans,  regarded  by  Burger  as  derived  from  an  inner  circular
layer,  and  the  so-called  "oesophageal  muscles"  ("Darmrauscu-
latur")  which,  according  to  my  view,  are  derived  from  the  deflec-
tion  and  bending  around  of  dorso-ventral  fibres,  are  other  evi-
dences  of  the  remains  of  an  inner  circular  muscle  among  the
Heteronemerteans.

The  lateral  grooves  of  Zygeupolia,  if  they  are  sense  organs,  may
possibly  be  homologized  with  the  side  organs  of  Carinella.  Their
position  in  the  median  lateral  line  of  the  body,  and  their  charac-
ter  as  epithelial  grooves,  both  agree  with  the  side  organs;  but
until  their  undoubted  sensory  character  is  proved,  the  comparison
should  not  be  emphasized.

A  brief  summary  of  the  structure  of  Zygeupolia  shows  that  it  is
a  Heteronemertean,  on  account  of  the  presence  of  the  outer  longi-
tudinal  muscle  layer,  the  position  of  the  lateral  nerves,  the  struc-
ture  of  the  alimentary  system,  of  the  blood  system,  of  the  nervous
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system  and  cerebral  sense  organs,  and  of  the  proboscis;  while  the
affinities  with  the  Protonemerteans  —  and  certain  Heteronemerteans

—  are  in  the  absence  of  lateral  slits,  in  the  presence  of  an  inner  cir-
cular  muscle  layer  and  of  crosses  between  this  layer  and  the  outer
circular,  and  in  the  lateral  grooves,  if  souse  organs.

The  general  simphcity  of  its  Heteronemertean  structure  and  the
several  Protonemertean  characters  bring  Zijgeiqjolia  very  near  to
the  Protonemerteans,  and  through  Zygeupolia  the  whole  Hetero-
nemertean  ordex  is  more  closely  connected  with  the  Protonemer-
teans.

The  question  now  arises,  To  which  of  the  families  of  the  Hetero-
nemerteans  does  Zygeupolia  belong  —  to  the  Eupoliida?,  or  to  the
Lineidie  ?'*

The  chief  characteristics  of  the  two  families  Avill  now  be  giv^en,
according  to  Biirger  (1895):

The  Eupoliidce.  —  (1)  No  lateral  slits  in  the  head,  the  cerebral
canal  opening  directly  outward  or  into  shallow  ventral  furrows.

(2)  No  muscular  crosses  in  the  proboscis.
(3)  The  proboscis  musculature  consists  of  two  layers,  an  outer

circular  and  an  inner  longitudinal  muscle  layer.
(4)  A  head  gland  is  prominent,  the  gland  cells  reaching  back

into  the  oesophageal  region.

The  Lineida'.  —  (1)  The  canal  of  the  cerebral  organ  opens
usually,  not  directly  outward,  but  into  deep,  or  sometimes  shallow,
lateral  slits  in  the  head."

(2)  Two  muscular  crosses  in  the  proboscis.
(3)  The  proboscis  musculatur  consists  of  three  layers  —  longitu-

dinal,  circular  and  longitudinal  muscle  layers;  if  any  one  of  these
layers  is  absent  it  is  the  inner  longitudinal  one.

(4)  The  head  gland  is  represented  by  a  few  gland  cells,  and
does  not  extend  posterior  to  the  brain.

^^In  my  preliminary  note  upon  ZygenjJoUa  ''1900  a)  this  genus  is  placed
in  the  Enpoliidse,  on  account  of  the  absence  of  lateral  slits  and  the  supposed
absence  of  muscular  crosses  in  the  proboscis.  As  I  have  since  found  muscu-
lar  crosses  in  the  proboscis,  I  wish  to  correct  this  error.

"  Biirger's  own  words  in  regard  to  the  lateral  slits  are  here  given  (1895,
p.  613):  ''Der  Canal  des  Cerebral  organs  miindet  in  der  Kegel  nicht  direct
nach  aussen,  sondern  in  tiefe  laterale  hoiiznntale  Taschen,  welche  durch  die
Kopfspalten  gebildetslnd.  Die  Kopfspalten  sind  wechselnd  tief  :  sie  schnei-
den  haufig  bis  auf  das  Hirn  ein,  aber  sie  sind  auch,  obwohl  in  seltenen
Fallen,  nur  durch  flache  laterale  Langsbuchten  angedeutet."
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The  Lineidse  are  subdivided  into  the  Araicrurse,  forms  without
a  caudicle,  and  the  Micrune,  forms  with  a  caudicle.

Zygeupolia  agrees  with  the  above  description  of  the  Eupoliidse  in
one  point  only,  i.e.,  in  the  absence  of  lateral  slits  iu  the  head.
The  number  of  the  muscle  layers  of  the  proboscis  is  the  same  iu
both,  but  the  position  of  the  layers  is  reversed  in  Zygeupolia,  the
longitudinal  muscle  being  the  outer;  the  circular,  when  present,
the  inner.  It  will  be  recalled  that  the  circular  layer  is  absent
from  the  "  anterior  region  "  of  the  proboscis  of  Zygeupolia.

The  structure  of  the  proboscis  musculature  of  the  "  middle
region"  in  Zygeujiolia  agrees  with  what  Biirger  evidently  regards
as  the  less  common  condition  in  the  Lineidte,  namely,  in  the
absence  of  the  innermost  of  the  three  muscle  layers.

Muscular  crosses  are  found  in  the  proboscis  of  Zygeupolia  ;  but
this  is  a  very  variable  character,  for  different  individuals  may
have  a  dorsal  and  ventral  cross  of  equal  size,  a  strong  dorsal  with
a  faint  ventral  cross,  or  a  dorsal  cross  only.

The  absence  of  a  definite  head  gland  and  the  presence  of  a  cau-
dicle  are  common  to  both  Zygeupolia  and  the  Micruran  Lineidse.

The  neurochord  cells  of  Zygeupolia  are  an  evidence  of  speciali-
zation,  for  hitherto  these  cells  have  been  found  only  in  highly
organized  genera.

It  is  evident  that  Zygeupolia  agrees  best  with  the  exceptional
members  of  the  Lineidre  —  i.e.,  with  those  Lineidse  whose  cerebral
canals  open  directly  to  the  exterior,  and  from  whose  probosces
the  inner  longitudinal  muscle  layer  is  absent.

When  we  therefore  consider  the  position  of  Zygeupolia  in
respect  to  the  Eupoliidse  and  the  Lineidse,  it  seems  to  belong
entirely  to  neither,  but  to  have  affinities  with  both.  It  possesses
the  leading  characteristic  of  the  Eupoliidse,  but  all  the  other  attri-
butes  of  that  family  are  greatly  modified.  In  general  structure
Zygeupolia  comes  nearest  to  the  Micruran  Lineidse,  although  it  is
evident  that  it  must  be  regarded  as  an  aberrant  member  of  that
family.

But  is  Zygeupolia  a  retrograde  member  of  the  Lineidse,  or
merely  a  more  simple,  primitive  form  in  process  of  becoming  more
complex  ?

It  is  generally  accepted  that  the  Eupoliidre  are  more  primitive
than  the  Lineidre.  Now  Zygeupolia,  in  the  absence  of  the  lateral



1901.]  NATURAL  SCIENCES  OF  PHILADELPHIA.  731

slits,  possesses  a  character  that  is  general  in  the  Eupoliidse  and
exceptional  in  the  Liueid^e;  the  number  and  arrangement  of  the
muscular  layers  of  the  proboscis  make  a  second  character  only
occasional  in  the  Lineidu>,  and,  finally,  variations  occur  in  the  num-
ber  of  the  proboscis  crosses  in  ZijgeupoUa,  a  character  that  is  con-
stant  in  the  Lineidie.  Therefore  Zygeupolia,  with  one  primitive
character,  a  second  corresponding  to  a  reduced  number  of  parts
in  the  Lineidte,  and  a  third  that  varies  in  different  individuals,
is  undoubtedly  a  form  in  transition  from  a  more  simple  and  primi-
tive  condition  to  a  complex  state.  It  may  be  regarded  as  the
most  primitive  member  of  the  Lineidse  yet  described."

In  general  external  characters,  Zygeupolia  comes  nearer  to  the
genus  Mierura  than  to  any  of  the  other  genera  of  the  Lineidse.
The  generally  small  size,  the  body  more  or  less  rounded  poste-"
riorly  and  the  presence  of  a  caudicle  are  characters  common  to
both.  To  Mierura  caca,  Zygeupolia  bears  a  most  striking  resem-
blance  in  size,  shape  and  color,  and  the  two  can  scarcely  be  distin-
guished  except  with  a  hand  lens,  which  reveals  the  presence  of
lateral  slits  in  the  former  and  their  absence  in  the  latter.

The  relation  of  the  Heteronemerteans  to  the  Protonemerteans

is  an  interesting  question.  The  position  of  the  lateral  nerve
chords  is  relatively  the  same  in  both,  the  outer  longitudinal  muscle
layer  of  the  Heteronemerteans  being  merely  a  later  formation  from
the  ectoderm  (Burger,  1894),  and  the  cutis  glands  being  formed
by  the  sinking  beneath  the  surface  of  certain  epithelial  gland  cells.
Lateral  slits  are  absent  among  the  more  simple  Eupoliidse,  and  I
hope  to  have  shown  in  this  paper  that  an  inner  circular  muscle
layer,  or  its  derivatives,  is  quite  common  among  the  Heterone-
merteans.

It  seems  to  me  that  the  Heteronemerteans  are  very  closely  related
lo  the  Protonemerteans,  the  Lineidai  being  connected  by  forms  like
Zygeupolia,  the  Eupoliidse  and  HuhrechUa,  and  that  the  Metane-
merteans  and  the  Mesonemertean  Cephalothrix  are  widely  divergent
forms.

'*  Since  the  above  was  written  the  new  Heteronemertean,  jll/tcre??a  ?•«/«
Punnett  (1901  6),  has  been  described  as  the  most  primitive  member  of  the
Lineida-.  But  Zygeupolia,  in  entering  the  family  of  the  Lineida%  must
assume  the  lowest  position  until  an  even  more  primitive  form  is  discovered.
Within  the  last  few  years  so  many  new  Nemertciin  genera  have  been  found
that  we  may  look  confidently  lor  further  additions  to  the  group.
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lu  regard  to  Carinoma,  I  agree  with  the  view  recently  advanced
by  Bergendal  (1900  b)  that  it  is  more  of  a  Protouemerteau  than
a  Mesonemertean,  for  its  points  of  agreement  with  the  Protone-
raerteans  are  far  more  numerous  than  with  Cephaloihrix.  Bergen-
dal's  suggestion  to  retain  Hubrecht's  broader  order  of  the  Palseo-
nemertini,  including  the  four  families  of  the  Cariuellidce,  Carino-
midoe,  Hubrechtidse  and  Cephalotliricidse,  seems  a  very  excellent
one.  This  suggestion  is  based  upon  a  comparative  study  of  Carinoma
and  upon  the  discovery  of  the  interesting  form  Callinera  burgeri,
a  true  Protouemerteau,  in  which  the  cerebral  organs  are  absent.

In  all  zoology,  as  our  knowledge  advances  and  more  and  more
new  forms  are  discovered,  the  gaps  between  old  and  once  widely
separated  families  and  groups  are  gradually  filled  and  the  results
tend  toward  a  more  elastic  and  broader  classification.

The  view  is  held  by  some  zoologists  that  the  Kemerteans,  on
account  of  their  general  uniformity,  are  a  comparatively  recent
group,  so  that  a  large  number  of  the  members  are  probably  still  in-
existence.  If  this  is  true,  we  may  expect  some  day,  when  our
present  species  are  better  known  and  all  the  intermediate  forms
have  been  added  to  them,  to  see  our  existing  lines  of  classification
laid  aside,  and  in  their  place  one  broad  comprehensive  group.
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1900.  Wilson,  C.  B.  The  Habits  and  Early  Development  of  Cerebratulns
lacteus  (Verrill).  Quart.  Jour.  Micr.  Sci.  Vol.  43.

EXPLANATION  OF  PLATES  XL-XLIV.

All  figures,  except  fig.  63,  refer  to  Zygeupolia.  The  outlines  of  all
figures,  except  figs.  1,  4,  5,  6,  have  been  drawn  with  the  camera  lucida  of
Zeiss.

The  following  reference  letters  are  used  in  the  figures  :

A.,  anus.
Abs.C,  absorptive  cell.
b.,  swollen  portion  of  testis  duct.
B.L,,  basement  layer.
P.M.,  basement  membrane.
PI.  31..  muscle  of  blood vessels.
P.  W.,  body  wall.
b.k.., baoal knob.
Pl.f.  C,  blood-forming  cell.
Pl.L.,  blood  lacuna.
C,  caudicle.
C.  W.,  caudicle  wall.
C.L.N.,  caudicle  nerve.
Cn.T.,  connective  tissue.
Gn.T.N.,  count'ctive  tissue  nucleus.
Cn.T.S.,  connective  tissue  sheath.
Contr. , contracted area.
Chr.,  chromatin.
Gil.,  cilia.
Ctl.,  cuticle.

Cu.Gl.-i,  red-staining  cutis  gland
cell — coarse type.

Cu.  Gl-iy,  red-staining  cutis  gland
cell — fine type.

Cu,.  Gl.2,  blue-staining  cutis  gland
cell.

Gy.,  cytoplasm.
C.-V.,  cerebral  nerve.
G. Org., cerebral organ.
G.  Org.  v.,  cerebral  organ  blood  ves-

sel.
CM.,  circular  muscle.
C.M.p.s.,  circular  muscle  of  probos-

cis sheath.
Gil.  C,  ciliated  canal.
Cil.P.,  ciliated  pit.
D.  Comni.,  dorsal  commissure.
D.L.,  dor.sal  lobe.
D.N.,  dorsal  nerve.
D.V.,  dorsal  blood  vessel.
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D.m.cr.,  dorsal  muscular  cross.
Dl.  V-,  dorso-lateral  blood  vessel.
(It., duct.
E.I.,  end  intestine.
Ep.,  epithelium.
Ep.3I.,  epithelial  muscle.
Bp.p.s.,  epithelium  of  proboscis

sheatb.
Ep.m.f.,  epithelial  muscle  fibrils.
End..,  endothelium.
Exc.d.,  excretory  duct.
G.  C,  ganglion  cell.
O.C.i,  ganglion  cell  I.
G.  Cii,  ganglion  cell  II.
G.  Cm,  gang  ion  cell  III.
Gl-i,  red  staining  gland  cell.
01.2,  blue-staining  gland  cell.
Gl.R.,  glandular  ridge.
Gon., gonad.
Gon.W.,  gonad  wall.
H.M.,  horizontal  muscle.
H.  v.,  head  blood  vessel.
i.  CM.,  inner  circular  muscle.
i.L.M.,  inner  longitudinal  muscle.
i.B.L.,  inner  basement  layer.
i.Ep.,  inner  epithelium.
i. O.mb., inner egg membrane.
f. Cce., intestinal caecum.
L.O.,  lateral  groove.
L.M.,  longitudinal  muscle.
L.M.f.,  longitudinal  muscle  fibre.
L.M.p.s.,  longitudinal  mu.?cle  of

proboscis sheath.
L.N.,  lateral  nerve.
L.  F.,  lateral  blood  vessel.
I.D.N.  ,  lower  dorsal  nerve.
mes., mesenchym.
M., mouth.
m.b.,  middle piece.
M.  v.,  median  blood  vessel.
M.I.,  middle  intestine.
M.S.,  muscle  strand.
N.J  nucleus.
N.^,  nucleus  that  has  divided  ami-

totically.
N.Par.,  nucleus  of  parasite.
n.,  nucleolus.
n.tiac.,  nucleolar  vacuole.
n.p.,  nerve  plexus.
Nph.,  nephridia.
Nph.D.,  nephridial  main  duct.
NpJi.d.,  nephridial  ductule.
Oes., oesophagus.
Oe.N., oesophageal nerve.

Oe.NComm.,  oesophageal  nerve
commissure.

Oe.Ep.,  cesophageal  epithelium.
Oo., ovary.
0., ovarian egg.
<7 ,, youngest ovarian egg figured.
0.2,  slightly  older  than  0,.
0.3.  slightly  older  than  O^.
0. O.mb. , outer egg membrane.
o.Ep.,  outer  epithelium.
0.  CM.,  outer  circular  muscle.
O.B.L.,  outer  basement  layer.
P., proboscis.
P.N.,  proboscis  nerve.
P.S.,  proboscis  sheath.
P.p., proboscis pore.
Par.,  parasite.
Pc,  rhynchoccel.
Rd.,  rhyncbodajum.
Rd.m.,  rhynchodseum  muscle.
Rc.Ep.,  rhynchocoel  epithelium.
Rhb.,  rhabdites.
r.m.f.,  radial  muscle  fibres.
8., stomach.
S.Ep.,  stomach  epithelium.
S.  C,  supporting  cell.
Sec, secretion.
St., stalk.
Spff., spermatogonia.
Spz., spermatozoa.
1\, testis.
T.d.,  testis  duct.
Th.,  secretions  (?)  of  proboscis  epi-

thelial  cells.
T.B.,  terminal  bulb.
U.D.N.,  upper  dorsal  nerve.
it.k.,  upper  knob.
V.  Comm.,  ventral  commissure.
V.L.,  ventral  lobe.
V.bl.con.,  ventral  blood  connective.
V.m.cr.,  ventral  muscular  cross.
w.,  subepithelial  cesophageal  gland

cells.
.v.,  intracellular  ciliary  prolongations.
A'(/., dorsal muscular cross of probos-

cis.
Xv.,  ventral  muscular  cross  of  pro-

boscis.
y.,  attachment  of  proboscis  to  body

wall.
yk.,  yolk.
s.,  bending  out  of  fibres  from  inner

part of proboscis sheath.

Plate  XL,  Fig.  1.  —  Diagrammatic  horizontal  optical  section  of  the
anterior  part  of  the body.

Fig.  2.  —  Combined  drawing  of  parts  of  a  cross  section  of  the  body  epi-
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thelium  and  the  outer  longitudinal  muscle  layer,  from  the  brain  region.
Gilsoa's  fluid.  X  601.

Fig.  3.  —  Ganglion  cell  IV  (ueurochord  cell),  from  the  ventral  brain  lobe.
X 1120.

Fig.  4.  —  Sketch  of  living  worm,  natural  size  and  color.  This  represents
the  appearance  of  the  worm  in  extension;  the  posterior  end  is  thin  and
flattened  and  the  colors  are  dull.  The  light  colored  median  line  represents
the rhynchoccel.

Fig.  5.  —  Sketch  of  living  worm,  natural  size.  The  worm  is  at  rest,  but
not  contracted,  and  the  colors  are  brighter  than  in  the  extended  s'ate.  The
cross  lines  in  the  posterior  part  indicate  the  intestinal  caica  and  the  gonads.

Fig.  6.  —  Sketch  of  living  worm,  natural  size,  at  rest.  The  white  spots  in
the posterior  part  represent parasites.

Fig.  7.  —  Supporting  cell  from  the  epithelium  of  the  ciliated  pit  of  the
cerebral  organ.  X  1120.

Fig.  8.—  Ganglion  cell  III,  from  the  brain.  X  1120.
Fig.  9.  —  Ganglion  cell  I,  from  the  brain.  X  1120.
Fig.  10.  —  A  cluster  of  ganglion  cells  of  type  II,  from  the  ventral  brain

lobe.  X  1120.
Fig.  11.  —  Two  gland  cells  from  the  epidermis  of  the  caudicle,  in  an  early

phase  of  secretion.  X  1120.
Fig.  12.  —  Portion  of  a  cr<)ss  section  of  the  caudicle  epidermis.  X  604.
Fig.  13.  —  A  part  of  the  circular  muscle  layer  from  the  posterior  end  of  the

bo  ly,  in  longitudinal  section.  Flemming's  fluid,  iron-haematoxylin.
Gontr.  represents  the  contracted  fibrillar  areas  which  occur  at  regular  inter-
vals,  with  light  non-contracted  regions  between.  Smaller  contracted  streaks
may  be  seen  half-way  between  the  larger  ones.  X  320.

Fig.  14.  —  Two  supporting  cells  from  a  cross  section  of  the  body  epithe-
lium.  Flemming's  fluid,  saffronin,  gentian  violet  and  iodine.  The  stalks
are  relatively  longer  than  in  preparations  from  different  fixatives,  x.  indi-
cates  the  intracellular  ciliary  prolongations.  X  32U0  circ.

Fig.  15.  —  Cells  of  the  body  epithelium  and  cutis  gland  cells,  from  poster-
ior  end  of  the  body.  The  blue-staining  cutis  glands  of  this  region  are  much
shorter  than  the  red-staining  glands,  and  both  are  smaller  than  the  similar
glands  of  the  anterior  end.  Gilson's  fluid.  X  604.

Fig.  16.  —  Optical  horizontal  section  of  the  brain  and  mouth  region.  The
main  outlines  drawn  from  life  and  diagrammatized.  The  blood  system  (in
red)  and  the  oesophageal  nerve  commissure  are  reconstructed  from  sections.
X29.

Fig.  17.  —  Optical  horizontal  section  of  the  posterior  end  of  the  body  and
the  caudicle.  The  main  outlines  drawn  from  life  and  diagrammatized.
The  blood  system  (in  red)  is  reconstructed  from  sections.  X  29.

Plate  XLT,  Fig.  18.  —  Part  of  a  cross  section  through  the  head,  anterior  to
the  brain.  The  rhynchodajum,  Rd.,  surrounded  by  four  bundles  of  longi-
tudinal  muscle,  lid.  in.,  occupies  the  centre  of  the  section.  From  the  interlac-
ing  of  the  radial  muscle  fibres,  r.itif.,  a  layer  of  circular  muscle,  CM,  is
formed,  which  becomes  the  circular  muscle  of  the  proboscis  sheath,  x  70.

Fig.  19.  —  Part  of  a  cross  section  of  the  brain  through  the  dorsal  comtnis-
sure,  showing  that  the  dorsal  commissure  in  this  ."pt-cimen  is  composed  of
fibres  coming  from  both  dor.*al  and  ventral  lobes.  The  attachment  of  the
proboscis  to  the  body  w.ill  is  also  shown.  X  70.

Fig.  20.  —  Part  of  a  cross  section  of  the  body  through  the  ventral  brain
commissure.  The  section  is  rather  obliquely  cut,  so  that  the  right  and  left
sides  are  not  quite  similar.  X  70.

Fig.  21.  —  Part  of  a  cro.ss  section  of  the  body  through  the  cerebral  organs.
The  section  is  quite  oblique,  so  that  its  plane  paKSses  through  the  anterior
part  of  the  cerebral  organ  and  the  ciliated  pit,  Oil.P.,  but  through  the  pos-
terior  end  of  the  left  cerebral  organ.  X  70.
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Fig.  22.  —  rart  of  a  cross  .section  of  the  body  through  the  oesophageal
region.  The  anterior  end  of  tlie  uephiidial  main  diut,  NjiIlD.,  is  shown,
and  the  large  expanded  \eutral  blood  connectives,  V.bl.con.,  are  very  prom-
inent.  X  70.

Fig.  23.  —  Part  of  a  cro«s  section  of  the  body  immediately  in  front  of  the
beginning  of  the  middle  iutestine,  showing  the  inner  circular  muscle  layer,
i.O.M.,  and  the  dorsal  and  ventral  nni.scular  crosses,  D.m.cr.,  V.m.cr.,
between  the  inner  and  outer  circular  muscle  layers.  The  much  enlarged
upper  and  lower  dorsal  nerves,  u.D.N.,  I.B.N.,  are  very  prominent.
X 70.

Fig.  24.  —  Part  of  a  cross  section  of  the  body  of  a  male  in  the  region  of  the
gonads.  The  plane  of  the  section  passes  througli  one  of  the  intestinal  cscoa,
I.Cae.,  and  the  narrower  part  of  the  testis.  The  duct  of  the  right  band
testis  is  shown,  T.d.  The  sexual  products  of  this  individual  are  only  partly
mature,  most  of  the  cells  being  in  the  spermatogonic  stage,  Spg.  X  70.

Fig.  25.  —  Part  of  a  cross  section  of  the  body  of  a  female  in  the  region  of
the  gonads.  The  oldest  ova,  0.,  are  free  in  the  centre,  the  youngest  are
attached  to  the  wall  of  the  gonad.  Two  encj'sted  parasitic  bodies,  Far.,  are
present  in  the  left-hand  ovary.  X  70.

Fig.  26.  —  Cross  section  through  the  posterior  region  of  the  body,  showing
the  simple  end  intestine,  E.I.,  without  lateral  caeca,  and  the  two  dorso-
lateral  blooil  vessels,  DL  V.,  that  have  resulted  from  a  forking  of  the  dorsal
vessel.  The  gonads  are  absent  from  this  region.  X  70.

Fig.  27.  —  Cross  section  through  the  junction  of  the  caudicle  with  the  body;
the  upper  part  of  the  figure  belongs  to  the  body,  the  lower  part  to  the  cau-
dicle.  The  different  character  of  the  walls  of  the  two  parts  is  very  evident.
The  end  intestine,  -£'./.,  has  a  dorsal  position,  and  is  about  to  open  into  the
anus.

Fig.  28.  —  Cross  section  through  the  caudicle,  showing  the  caudicle  wall
and  the  central  blood  lacuna,  Bl.L.  The  great  numbers  of  connective  tissue
cells,  Cii.T.N.,  actually  present  are,  for  the  sake  of  clearness,  only  approx-
imately  represented.  X  320.

Plate  XLII,  Fig.  29.  —  Portion  of  a  cross  section  of  the  epithelium  of  the
median  blood  vessel.  X  604.

Fig.  30.  —  Part  of  a  cross  section  of  the  proboscis  sheath,  about  1.8  mm.  in
front  of  the  beginning  of  the  middle  intestine,  showing  the  origin  of  the  in-
ner  circular  muscle  layer  from  circular  fibres  of  the  proboscis  sheath.  The
innermost  circular  fibres  of  the  proboscis  sheath  bend  outward  at  z.  and  run
beneath  the  stomach,  thus  forming  the  inner  circular  muscle  layer,  x  240.

Fig.  31.—  Part  of  a  cro~s  .section  of  the  epithelium  of  the  oesophagus,  from
the  anterior  region,  showing  the  subepithelial  gland  cells,  w.  X  604.  •

Fig.  32.  —  Portion  of  the  epithelium  of  the  stomach,  from  a  cross  section.
X 604.

Fig.  33.  —  Half  of  a  cross  secetion  of  the  alimentary  tract  through  the
junction  of  the  oesophagus  and  the  stomach.  The  upper  part  of  the  figure
shows  the  epithelium  of  the  stomach,  S.Ep.;  the  lower  part  that  of  the
oesophagus,  (Je.JEp.  A  fold,  /.,  probably  represents  a  primitive  valve.
X 320.

Fig.  34.  —  Part  of  a  cross  section  of  the  epithelium  of  the  middle  intestine
from  the  posterior  region.  The  cilia  are  slightly  diagrammatic,  being
usually  massed  together  in  fixed  preparations.  X  604.

Fig.  35.  —  Cross  section  through  the  "anterior  region"  of  the  proboscis.
X 320.

Fig.  36.  —  Cross  section  through  a  portion  of  the  "glandular  ridge"  of  the
proboscis,  showing  several  aL'gregations  of  rhabdiies,  lihb.  X  604.

Fig.  37.  —  Tangential  section  of  a  portion  of  the  proboscis  from  the  "  mid-
47
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die  region,"  showing  the  longitudinal  muscle,  L.M.,  with  the  subepithelial
muscle  fibrils  above,  running  transversely.  X  004.

Fig.  38.  —  Part  of  a  longitudinal  section  of  the  proboscis,  from  the  "mid-
dle  region,"  showing  the  subepithelial  muscle  fibrils  in  transverse  section.
The  outer  flattened  epithelium  is  extremely  thin.  X  1120.

Fig.  39.  —  Part  of  a  longitudinal  section  of  the  proboscis,  from  the  "  poster-
ior  region."  The  outer  epithelium,  o.Ep.,  is  composed  of  cells  of  consider-
able  height,  with  abundant  cytoplasm.  The  subepithelial  muscle  fibres,
Ep.m.f.,  are  thickened  in  this  region.  X  1120.

Fig.  40.  —  Cross  section  through  the  "middle  region"  of  the  proboscis,
showing  both  dorsal  and  ventral  muscular  crosses,  Xcl.,  Xc.  The  lateral
nerves  form  a  continuous  plexus,  n.p.  The  glandular  ridge  of  the  dorsal
surface  is  very  prominent,  Gl.R.  X  330.

Fig.  41.  —  Cross  section  through  the  "  posterior  region  "  of  the  proboscis,
some  distance  anterior  to  its  termination.  The  proboscis  nerves  are  again
separate,  P.N.  X  320.

Fig.  42.  —  Small  "rhynohocoel  corpuscles."  X  1120.
Fig.  43.  —  Large  cells  from  the  fluid  of  the  rhynchocoel,  "rhynchocffil  cor-

puscles."  The  two  nuclei,  N.,  are  probably  the  result  of  amitosis.
X 1120.

Fig.  44.  —  Portion  of  a  cross  section  of  the  proboscis  immediately  poster-
ior  to  its  insertion,  showing  the  regular  brick-shaped  cells  of  the  outer
epithelium,  o.  Ep.  The  subepithelial  muscle  fibrils  are  absent  from  this,  the
most  anterior,  region.  X  604.

Plate  XLIII,  Fig.  45.  —  Portion  of  a  cross  section  through  the  body  wall,
showing  the  excretory  duct  of  the  left  nephridium.  Excel.  X  128.

Fig.  46.  —  Portion  of  a  cross  section  of  the  body,  showing  the  left  lateral
blood  vessel,  L.  V.,  with  the  adjacent  nephridial  main  duct,  Nph.D.,  and  a
ductule,  Nph.d.  X  320.

Fig.  47.  —  Portion  of  a  cross  section  of  the  body,  showing  the  right  lateral
blood  vessel,  L.  V.,  into  which  project  two  terminal  bulbs  of  the  nephridia,
T.B.  The  epithelium  of  the  blood  vessel  is  not  continued  around  the  ends
of  the  terminal  bulbs.  X  604.

Fig.  48.  —  Cross  section  of  an  ovum  infected  with  a  stage  of  a  parasite
older  (?)  than  that  shown  in  fig.  (Jl.  X  604.

Fig.  49.  —  Cross  section  of  one  of  the  dorso-lateral  blood  vessels.  X  604.
Fig.  50.  —  Portion  of  a  cross  section  through  the  anterior  part  of  the

rhynchocoel,  showing  the  dorsal  blood  vessel.  The  endothelium.  End.,  of
the  ventral  wall  of  the  vessel  is  very  distinct,  but  that  of  the  dorsal  wall  is
interrupted  by  the  proliferation  of  blood-forming  cells,  Bl.f.  C.  X  604.

Fig.  51.  —  Cro-ss  section  of  the  dorsal  blood  vessel  after  it  has  left  the
rhynchocoel.  A  network  of  connective  tissue  cells,  Cii.T.N.,  surrounds  the
blood  vessel.  X  604.

Fig.  52.  —  Cro.ss  section  of  the  oldest  stage  of  an  immature  ovum,  free  in
the  centre  of  the  gonad.  The  thick  outer,  o.  O.mb.,  and  the  thin  inner,
i.  O.mb.,  egg  membranes  are  shown.  X  604.

Fig.  53.  —  Surface  view  of  the  gonad  epithelium.  X  604.
Fig.  54.  —  Portion  of  a  cross  section  through  an  ovary,  containing  only

young  stages.  O.j  represent  the  youngest  ova  figured,  O.j  and  0.^  older
forms.  X  240.

Fig.  55.  —  Portion  of  a  cross  section  of  the  body  wall,  showing  a  testis
duct,  T.d.,  with  an  expanded  distal  portion,  h.  The  longitudinal  muscle
layers  of  the  body  wall  are  not  indicated.  X  320.

Fig.  56.  —  Horizontal  optical  section  of  a  portion  of  the  posterior  body
region.  Drawn  from  life,  showing  gonads  filled  with  ova  between  the
intestinal  caeca.  The  large  body,  Par.,  in  the  middle  gonad  is  the  cyst  of  a
parasite.  X  70.
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Fig.  57.  —  Portion  of  a  cross  section  through  the  testis,  showing  the  mar-
ginal  spermatogonia.  X  6()4.

Fig.  58.  —  Spermatozoa,  the  middle  piece  seen  in  side  view  and  appearirg
bilobed.  A  minute  point  is  present  at  the  tip  of  the  head.  Iron-haima-
toxyliu,  strongly  destaiued.  X  1120.

Fig.  59.  —  Spermatozoan,  and  a  detached  middle  piece,  m.h.,  which  is  four-
iobed.  Iron-hiBniatoxyliu,  not  strongly  destaiued.  X  1120.

Fig.  60.  —  Portion  of  a  cross  section  through  the  body  wall  and  ovary,
showing  an  encysted  stage  of  a  parasite,  P*^?'.  The  stiiated  cuticle,  Ctl.,  is
surrounded  by  a  delicate  membrane.  Two  egg  nuclei,  N.,  are  to  be  seen  in
the  cytoplasm  at  the  base  of  the  cyst.'^  The  nucleus  within  the  cyst,  N.Far.,
is  amcEboid.  X  320.

Fig.  Gl.  —  Cross  section  of  an  ovum  infected  with  a  young  (?)  stage  of  a
parasite,  Par.  x  604.

Plate  XLIV,  Fig.  62.  —  Part  of  a  cro^s  section  of  the  body  wall  through
one  of  the  •'  lateral  grooves,"  L.  G.  The  individual  cells  of  the  groove  are
not  clearly  distinguishable  with  this  magnification.  95  per  cent,  alcohol.
X 320.

Fig.  63.  —  Portion  of  a  cross  section  through  the  body  wall  of  Partipolia
mii'antiaca  Coe,  showing  the  "lateral  gioove."  The  "  lateral  groove  "  is
here  everted,  and  appears  as  an  elevation  above  the  general  surface  level.
The  cutis  glands,  C>i.G[.„  of  the  "groove"  are  large  and  ai  e  not  found  in
other  parts  of  the  section.  X  40.

^'The  reference  line  from  Ctl.  only  extends  as  far  as  the  egg  membrane,
instead  of  to  the  cuticle  within.



Thompson, Caroline Burling. 1901. "Zygeupolia Litoralis, a New
Heteronemertean." Proceedings of the Academy of Natural Sciences of
Philadelphia 53, 657–739. 

View This Item Online: https://www.biodiversitylibrary.org/item/38485
Permalink: https://www.biodiversitylibrary.org/partpdf/84668

Holding Institution 
MBLWHOI Library

Sponsored by 
MBLWHOI Library

Copyright & Reuse 
Copyright Status: NOT_IN_COPYRIGHT

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 9 July 2023 at 05:40 UTC

https://www.biodiversitylibrary.org/item/38485
https://www.biodiversitylibrary.org/partpdf/84668
https://www.biodiversitylibrary.org

