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There  appears  to  be  some  difference  of  opinion  regarding
the  terms  middle  membrane  and  "Grundmembran,"  their  first
formation  and  ultimiate  fate,  and,  at  what  stages  in  the  develop-
ment  of  the  insect's  wing  they  occur.  Semper  (10),  from  whose
paper  the  word  "  Grundmembran  "  comes  chose  for  his  work
the  later  stages  of  some  Lepidoptera  and  found,  between  the
two  hypodermal  layers  of  the  developing  wing,  a  membrane-like
structure  which  he  called  the  "  Grundmembran  "  —  this  name
has  been  adopted  by  others.  Semper's  view  as  to  the  origin  of
this  membrane  from  "  Bildungszellen  "  has  been  followed  by
some;  we  believe,  however,  the  more  widely  accepted  view  to
be  that  of  Schaffer  (9)  who,  speaking  of  the  development  of  the
wing  in  the  Lepidoptera  says:  "Sehr  fruh,  etwas  sobald  die
Schuppen  sich  anlegen,  beginnt  in  ganz  eigenartiger  Weise  die
Verschmelzung  der  Fliigelblatter."  Again:  "Est  is  eine  von
Plasmen  gebildtee  continuirliche  Membran  vorhanden  die  ich
als  '  Grundmembran  '  des  Epithels  bezeichnen  will."  Later  the
same  worker  says:  "die  Grundmembranen  bei  der  Fliigelblatter
sich  bereits  dicht  auf  einander  verschmolzen  sind.  Der  Fliigel
erscheint  so  aus  zwei  Epithelien  zusammensesetzt,  von  denen
gegen  eine  in  der  Mitte  gelengene  Membran  pfeilartige  Fortsatze
auslaufen."

What  one  might  call  the  generally  accepted  view  regarding
the  middle  membrane  is  this  :  The  basement  membrane  covering
the  hypodermis  of  the  young  developing  wing  is  similar  to  that
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on  other  parts  of  the  body  and,  in  the  very  young  wing  bud,  the
continuation  of  the  one  into  that  of  the  other  can  be  easily  seen.
The  young  wing  is  formed  by  a  fold  of  the  hypodermis  which  at
first  remains  unchanged  and  the  two  walls  of  the  fold  come  to
lie  adjacent  to  each  other,  they  finally  come  together  and  the  two
opposed  basement  membranes  fuse  to  form  the  middle  mem-
brane.  This  happens  early  in  the  development  of  the  wing
and  has  been  seen,  clearly  by  some  observers,  indistinctly  by
others.  Later  in  the  development  when  the  hypodermal  cells
have  assumed  their  characteristic  spindle  shape  this  middle
membrane  persisting,  or  a  new  one  forming,  has  been  clearly
seen  as  a  well  marked  layer  passing  through  the  median  portion
■of  the  wing  and  connected  at  either  side  to  the  hypodermal  cells
by  long  strands.  This  is  the  layer  first  described  by  Semper  (10)
and  SchafTer  (9)  and  it  has  been  seen  by  nearly  all  those  who
have  studied  the  development  of  an  insect's  wing  by  means  of
sections.

It  might  be  well  to  give  a  few  views  of  those  who  have
studied  the  development  of  the  wings  of  insects  although  not
trying  to  make  such  a  series  of  quotations  complete.  Comstock
.and  Needham  (1)  working  with  beetles  say:  "It  is  also  impor-
tant  to  note  that  the  basement  membrane  of  the  hypodermis  of
the  wing  differs  in  no  respect  from  that  of  the  hypodermis  of  the
body  wall,  and  is  continuous  with  it.  In  the  thinner  parts  of
the  wing  the  two  basement  membranes  melt  and  fuse,  this
forming  what  has  been  termed  the  middle  membrane  of  the
wing."

Mercer  (G)  in  speaking  of  the  Lepidoptera  says:  "In  sec-
tions  of  the  wing  buds  made  at  this  time  (fifth  larval  stage)  the
so-called  middle  membrane  is  seen  only  with  difficulty.  This
has  given  rise  to  the  belief  that  it  disappears  at  this  time.  Later
when  the  wings  become  more  opaque,  i.  e.,  in  the  pupa  stage,
the  two  basement  membranes  are  again  easily  seen."  Again
the  same  author  says:  "Students  of  the  subject  have  been
confused  by  descriptions  of  three  different  structures,  the  base-
ment  membrane  of  the  hypodermis,  the  middle  membrane  of
the  larval  wing  buds,  and  the  '  Grundmembran  '  of  the  pupal
wing;  when  in  reality  there  is  only  a  single  structure,  the
basement  membrane."

Mayer  (5),  who  worked  with"  Lepidoptera,  says:  "The
middle  membrane  has  disappeared  as  such,  and  in  its  place  one
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finds  a  delicate  membrane  lining  the  whole  interior  of  the  wing
bags.  This  is  the  '  Grundmembran  '  of  Semper."  The  figure
to  which  Mayer  refers  for  illustration  of  the  middle  membrane
is  taken  from  what  he  labels  a  mature  larva;  it  is  very  similar
to  what  we  have  shown  in  figure  eight  which  is  of  an  early  pupa,
this  does  not  show  any  thing  so  membrane-like  as  Mayer  has
drawn  and  called  the  '  Grundmembran  '  in  several  of  his  later
figures.  Again  he  says:  "The  inner  ends  of  these  spindle-
shaped  cells  are  often  seen  to  be  fused  to  a  double  membrane
(middle  membrane)  ,  occupying  the  space  between  the  two  walls
of  the  wing  pad.  In  very  old  larvce,  however,  this  membrane  is
usually  absent,  and  the  inner  portion  of  the  cells  which
constitute  the  wing  tissue  end  free."

Tannreuther  (11),  working  with  Lepidoptera  found  that
"the  basement  membrane  of  the  larval  hypodermis  is  contin-
uous  over  the  sides  of  the  evaginated  cavity,  which  in  later
stages  of  development  becomes  the  middle  membrane  of  the
larval  wing.  The  hypodermal  cells  with  their  long  fibre-like
threads  remain  attached  to  the  basement  membrane  which  is
continuous  with  that  of  the  hypodermis."  Again,  in  speaking
of  the  larva  in  the  fourth  instar,  he  says:  "The  basement
membrane  is  not  so  distinct,  as  the  larva  (e)  at  this  stage  differ
in  the  sharpness  of  this  membrane.  In  some  individuals  it  is
scarcely  visible,  in  others  it  can  only  be  determined  by  the  ends
of  the  hypodermis  cells  or  fibres."  In  speaking  of  the  prepupal
wing  he  says:  "The  basement  membranes  of  the  evaginated
cavity  become  united  to  form  the  middle  membrane  of  the
adult  wing."

The  following  quotations  are  from  Kriiger  whose  work  was
principally  with  Coleoptera.  "  Dort  wo  die  beiden  Fliigella-
mellen  aneinanderstossen,  zeigt  sich  schon,  wie  bemerkt,  die
erste,  schwache  Bildung  einer  Grundmembran.  Sie  geht  offen-
bar  aus  den  Zellen  der  Hypodermis  hervor,  was  allerdings  erst
in  spateren  Entwicklungsstadien  klar  erkannt  wurde.  Die
Grundmembran  ternnt  noch  als  deutliche  Scheidewand  bei  die
Flugellamellen.  '  '

Powell  (7)  in  his  work  on  the  development  of  the  wings  of
certain  beetles,  speaking  of  the  larvae  shortly  before  pupation.
"The  basement  membrane  which  throughout  the  development
of  the  wing  is  very  thin  and  not  easily  discernable,  becomes
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more  or  less  degenerated  during  the  prepupal  period  and  in
places  the  bases  of  the  cells  either  end  free  or  become  fused  and
anastomosed  with  each  other."

It  might  also  be  well  to  give  a  very  brief  account  of  the
early  development  of  the  wings  of  Plat  yphy  lax  taken  from  an
earlier  paper,  Marshall  (4),

In  the  earliest,  newly  hatched,  larvae  sections  through  the
thorax  fail  to  show  any  modifications  of  the  hypodermis  at
those  areas  where  the  wing  rudiments  will  later  appear.  Very
soon,  probably  in  the  second  instar,  four  small,  disk-like  thick-
enings  can  be  seen;  they  are  formed  by  the  elongation  of  a  few
cells  of  the  hypodermis  (Text-figure  I,  A)  and  are  found  on  each
side  of  the  wing-bearing  segments,  dorsal  to  the  legs.  These
disks,  which  remain  continuous  with  the  hypodermis,  soon
invaginate  and  each,  sinking  below  the  surface,  forms  a  small
pocket,  the  peripodial  cavity,  at  the  bottom  of  which  the  disk
is  situated  (Text-figure  I,  B).  The  hypodermis  consists  of  a
single  layer  of  cells  with  a  basement  membrane  along  its  inner
surface,  this  membrane  is  the  same  on  the  disk  and  on  the  sur-
rounding  hypodermis  both  of  the  peripodial  cavity  and  that
covering  the  thorax.  The  disks  never  recede  far  from  the  sur-
face  from  which  they  invaginated  and  soon  commence  to  evag-
inate  (Text-figure  I,  C).  The  peripodial  cavity  remains  in
communication  with  the  exterior  through  the  peripodial  pore,
the  opening  formed  by  the  original  invagination.  At  first  the
invaginated  disk  was,  from  a  surface  view,  circular,  it  gradually
elongates  and  when  evagination  takes  place  the  wing  rudiment
is  like  a  flattened  sack  ;  each  wall  of  this  sack  consists  of  a  single
layer  of  hypodermal  cells  and  a  basement  membrane  which
forms  the  inner,  adjacent,  part  of  each  wall.  In  this  way  the
basement  membrane  of  each  wall  comes  to  oppose  and  lie
adjacent  to  that  of  the  other  wall,  and,  as  the  walls  come  closer
and  closer  together,  the  two  basement  membranes  lie  against
each  other,  touch,  and  apparently  fuse.  This  is  not  true  over
the  entire  inner  surface  as  here  and  there  this  fusion  of  the  two
layers  has  not  occurred  and  certain  elongated  free  spaces  remain,
these  are  the  developing  wing  veins.

The  wing  rudiment  increases  in  size  and  a  slight  bending  is
necessary  in  order  that  it  may  remain  within  the  peripodial
cavity;  the  expulsion  from  this  cavity  takes  place  shortly  after
the  larva  has  closed  its  case  preparatory  to  pupation  and  the
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young  developing  wings  become  external  (Text-figure  I,  D).
The  wing  veins  become  clearly  discernable  from  a  surface  view
and  in  section  they  appear  as  empty  spaces  alternating  with
those  parts  where  the  two  layers  of  the  wing  remain  connected.
While  still  within  the  last  larval  skin  the  wings  become  so  large
that,  confined  as  they  are  by  this  covering,  a  second  folding
becomes  necessary  ;  during  this  period  the  wings  attain  their
greatest  thickness.  When  the  last  larval  skin  splits  and  the
pupa  is  free  the  wings  straighten  and  grow  much  thinner.  The
cuticular  covering  now  formed  by  the  wings  soon  becomes  too
small  for  their  growth  and  another  period  of  folding  ensues,  the
wings  remain  thus  folded  until  the  emergence  of  the  imago  when
they  unfold  and  assume  their  definite  form  and  shape.

A. B. a

Text-Figure  I.
Four views of the young developing wing of Platyphylax designatus. A, thicken-

ing  of  the  hypodermis;  B,  after  invagination  of  this  same  thickened  portion;  C,  the
wing  rudiment  has  evaginated,  but  still  lies  within  the  peripodial  cavity;  D,
soon  after  the  wing  rudiment  has  left  the  peripodial  cavity  and  become  external.
In  all  figures  the  external  surface  of  the  larva  is  to  the  right;  the  hypodermis
only  is  represented,  the  cuticulanot  drawn.  Figs.  A,  B  and  C,  X  220;  D,  X  105.

After  evagination  of  the  imaginal  disk  each  wing  rudiment
consists  of  two  layers  of  hypodermal  cells  folded  down  into  the
peripodial  cavity  and  each  wall  of  the  fold  is  a  layer  of  cells
similar,  except  in  its  greater  thickness,  to  the  continuous  hypo-
dermal  layer  forming  the  wall  of  this  cavity.  The  two  layers
of  the  rudiment  lie  close  to  each  other  but  in  the  early  stages  of
development  do  not  touch  along  any  part  of  their  opposing
surfaces  (Fig.  1,  A).  Each  layer  is  seen  in  section  to  be  com-
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posed  of  a  single  row  of  cells  with  ovoid  nuclei  which  are
arranged  in  two  or  three  apparent  rows.  The  long  narrow  cells
are  so  crowded  together  that  the  nuclei  have  lost  their  regular
linear  arrangement  and  have  been  pushed  towards  one  end  in
the  cell  to  which  they  belong.  The  nuclei  are  situated  more  in
the  basal  half  of  each  layer  so  that  there  is  a  thicker  portion  of
protoplasm  along  the  free  surface  of  the  hypodermis  than
between  the  nuclei  and  the  basement  membrane.  In  the  spec-
imens  of  Platyphylax  examined  the  cell  boundaries,  which  have
been  figured  by  other  observers  in  different  insects,  could  not  be
found  with  any  great  regularity  and  only  here  and  there  could
traces  of  any  boundaries  separating  the  cells  be  seen.  The
hypodermis  covering  the  thorax  and  that  forming  the  peripodial
membrane  has  a  distinct  basement  membrane,  this  can  also  be
seen  on  that  part  of  the  hypodermal  layer  forming  the  wing
rudiment  although  in  this  last  place  it  is  not  distinct  (Fig.l.B.m).

The  two  layers  of  the  wing  rudiment,  as  its  development  pro-
ceeds,  approach  each  other  and  pass  through  a  stage  in  which
there  is  but  a  narrow  open  space  separating  them  from  each
other;  here  and  there  this  open  space  is  wider  forming  large
openings,  the  developing  wing  veins.  Narrow  open  spaces  are
also  noticed  between  the  cells  of  each  layer,  these  do  not  as  yet
entirely  separate  the  cells  but  appear  only  in  the  basal  region;
this  is,  however,  the  beginning  of  that  separation  of  the  cells
which  finally  results,  with  the  migration  of  the  nucleus  and
protoplasm  to  one  end,  in  the  formation  of  the  elongated,  spin-
dle-like  cells  which  have  been  described  in  the  developing  wings
of  a  number  of  insects.  An  endeavor  to  find  a  basement  mem-
brane  in  the  wing  rudiment  shows  that  it  is  not  distinct  and
continuous,  it  can  sometimes  be  seen  but  cannot  be  traced  for
any  considerable  distance  along  the  basal  surface  of  either
layer.  Other  workers  have  observed  the  basement  membrane
at  this  stage  in  different  insects  although,  as  quoted  in  the
introductory  remarks,  all  have  not  seen  it  with  equal  distinctness.

■  As  the  development  of  the  wing  goes  on  its  two  layers  finally
approach  each  other  and  their  inner  surfaces  touch  except  where
the  developing  wing  veins  are  present.  The  two  basement
membranes  should  now  lie  adjacent  to  each  other  and  fuse  to
form  the  middle  membrane.  An  examination  of  sections  at  this
stage  shows  however,  that  a  continuous  median  membrane
separating  the  two  layers  of  the  wing  from  each  other  cannot
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with  certainty  be  found.  One  does  however  find,  running
through  the  middle  of  each  section,  a  continuous,  narrow,  Hghter
zone  which  is  connected  with  and  separates  the  two  layers  of
hypodermis  from  each  other  (Fig.  3).  This  zone  is  without
definite  boundaries,  and,  from  the  darker  protoplasm  of  the
adjacent  hypodermal  layers,  there  are  numerous  small  processes-
extending  into  it  so  that  it  is  impossible  to  trace  any  definite  line
which  might  separate  the  parts  from  each  other.  Another
change  one  notices  at  this  stage  is  in  the  gradual  moving  of  the
nuclei  of  each  layer  towards  the  outer  surfaces  of  the  wing  ;  most
of  these  nuclei  are  no  longer,  as  formerly,  grouped  in  the  basal
half  of  each  layer  but  are  now  fairly  well  scattered  in  all  its
parts.  This  is  well  shown  by  comparing  figures  one  and  three.

It  is  apparent  that  this  light  median  zone  remains  for  but  a
short  time  during  the  development  of  the  wing.  Slides  through
wings  a  little  older  than  the  last  described  fail  to  show  any
median  zone  which  can  be  recognized  as  lighter  in  shade  than
the  rest  of  the  wing,  but,  in  the  same  median  position,  one  can
still  see  the  same  zone  but  it  is  now  darker  than  the  rest;  the
sections  showing  this  were  prepared  and  stained  in  the  same
way  as  the  slides  showing  the  lighter  median  zone.  The  two
layers  of  the  hypodermis  no  longer  lie  close  against  this  median
zone  but  have  moved  slightly  away  from  it,  not  leaving  a  clear
entirely  open  space,  but  each  layer  of  the  hypodermis  is  con-
nected  with  the  median  zone  by  numerous  protoplasmic  strands
separated  from  each  other  by  vacuoles  which  are  irregular  in
outline.  This  makes  each  side  of  the  median  zone  much  lighter
and  this  contract  coupled  with  a  probable  increase  in  the  density
of  the  protoplasm  of  the  middle  zone,  might  account  for  its  now
appearing  darker  than  the  other  parts  of  the  slide  (Fig.  4).
There  are  now,  excepting  the  cuticular  covering,  five  layers
shown  in  each  section  of  the  wing:  1,  two  outer  layers,  the
original  hypodermis,  which  have  decreased  in  width  and  now
form  but  a  part  of  the  entire  section;  2,  along  the  inner  surface
of  each  of  these  is  a  lighter  layer  composed  of  numerous  vacuoles
separated  from  each  other  by  protoplasmic  strands  which  con-
nect  the  two  outer  layers,  1,  with  3,  a  median  layer  which
appears  slightly  darker  than  the  other  parts  of  the  section.
None  of  these  layers  has  a  distinct  boundary.  This  last  median
layer  is  present  in  the  developing  wing  of  Platyphylax  and
forms  what  is  commonly  known  as  the  middle  membrane;  this,
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as  will  be  shown,  disappears  and  is  replaced  by  a  second  one
which  is  Semper's  "Grundmembran."  The  accepted  name,
middle  membrane,  is  so  well  established  that  the  introduction
of  a  new  term,  such  as  middle  lamella  or  middle  layer,  would  be
futile  ;  the  old  term  will  be  adopted  both  for  the  earlier  and  the
later  layer  although  we  cannot  see  in  PlatypJiylax  that  there  is
a  true  membrane  present  in  the  median  part  of  the  developing
w4ng.

In  many  sections  at  this  age,  and  later,  there  can  be  found
running  through  this  middle  layer  small  darker  dots  and  short
lines  which  would  correspond  to  the  middle  membrane  of  other
observers  (Fig.  5).  These  are  more  or  less  distinct  in  different
sections  but  do  not  show  continuously  for  any  great  distance  in
any  section  and  we  are  unable  to  find  any  regular  structure
strictly  homologous  to  a  membrane.  The  strands  of  proto-
plasm  which  connect  this  middle  layer  to  the  outer  layers  will
be  spoken  of  as  the  perpendicular  strands.

All  the  stages  so  far  described  can  be  found  in  the  developing
wing  while  it  is  still  within  the  peripodial  cavity,  in  fact  many
internal  rudiments  show  stages  more  advanced  than  these.  We
also  find  in  these  stages  as  well  as  later  ones  a  number  of  dividing
nuclei,  the  mitotic  figures  were  nearly  all  found  near  the  outer
surface  of  the  developing  wing  and  away  from  that  portion
where  the  nuclei  are  most  crowded  together.

The  middle  membrane  can  be  recognized  when  the  perpen-
dicular  strands  and  the  vacuoles  between-  them  first  become
clearly  differentiated  as  layers  of  the  wing.  With  the  growth
of  the  wing  changes  take  place  in  the  relative  thickness  of  the
different  layers,  the  two  original  hypodermal  layers  decrease  in
thickness  and  the  layers  just  inside  of  them,  composed  of  the
perpendicular  strands  and  vacuoles,  increase  in  thickness  to
finally,  as  will  be  seen  later,  occupy  by  far  the  largest  part  of  the
wing.  The  perpendicular  strands  are  not  straight  but  branch
and  divide  and  are  generally  curved  for  part  of  their  length,  such
irregularities  are  more  noticeable  in  the  older  stages  when  the
strands  are  longer.  Each  strand  appears  to  pass  from  the  mid-
dle  membrane  to  a  nucleus  in  the  hypodermal  layer  (Fig.  6).
In  sections  such  a  connection  is  not  always  discernable  but  no
doubt  holds  true  for  a  great  majority  of  the  strands.  Mayer  (5)
says:  "Each  of  the  hypodermis  cells  gives  rise  to  one,  and  only
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one,  of  these  processes";  and  later,  "occasionally  a  hypodermis
cell  is  seen  without  any  such  process."

At  first  the  increase  in  width  of  the  clearer  layers,  that  is  the
elongation  of  the  perpendicular  strands  and  the  clear  spaces
between  them,  causes  no  appreciable  changes  except  in  the
relative  width  of  the  different  layers.  In  certain  slides  one  can
see  that,  scattered  rather  irregularly  in  the  middle  membrane,
there  are  a  number  of  small  ovoid  bodies  not  well  stained  but
clearly  marked  off  from  the  surrounding  protoplasm.  At  first
it  was  difficult  to  understand  just  what  these  small  bodies  were
but  from  a  study  of  difi^erent  stages  of  development  it  became
apparent  that  they  were  nuclei  of  the  hypodermal  layers  which
had  wandered  into  the  middle  membrane.  In  wings  of  about
the  age  we  are  now  considering,  (Fig.  6),  one  can  see  that  many
of  the  nuclei  of  the  hypodermis  lie  along  its  inner  margin,  some
are  noticed  protruding  into  the  adjacent  clear  layer  and  a  few
are  seen  on  the  perpendicular  strands.  Those  nuclei  occupying
the  two  first  mentioned  positions  and  some  of  those  on  the
strands  are  similar  in  size  and  structure  to  the  normal  nuclei  of
the  hypodermal  layer,  some  of  those  on  the  strands  however  are
seen  to  be  much  smaller  and  lighter  stained  than  normal  but  are
still  easily  distinguished  by  their  rather  distinct  boundaries
which  mark  them  sharply  off  from  the  surrounding  cytoplasm
(Fig.  7).  This  enlarged  view  will  show  more  clearly  what  hap-
pens  during  this  wandering  and  that  many  of  the  hypodermal
nuclei  pass  from  their  original  position  to  the  middle  membrane
going  from  one  layer  to  the  other  along  the  perpendicular
strands.  During  this  change  in  their  position  they  lose  their
characteristic  nuclear  appearance  and  become  much  reduced  in
size.  In  this  last  figure  (7)  one  sees,  to  the  right,  the  inner  ends
of  a  few  normal  nuclei  (entire  nuclei  not  drawn)  that  are  still
within  but  at  the  inner  edge  of  the  hypodermal  layer,  adjacent
to  these  are  two  entire  nuclei  that  have  started  to  move  towards
the  middle  membrane;  the  latter  nuclei  are  as  yet  normal  in
appearance  and  size.  Along  some  of  the  perpendicular  strands
can  be  seen  other  nuclei  that  have  already  decreased  in  size  and
lost  their  nuclear  characteristics  in  a  breaking  up  and  disap-
pearance  of  their  reticulum  and  in  their  failure  to  stain.  Finally,
in  the  middle  membrane,  can  be  seen  many  of  the  nuclei  which
have  wandered  from  the  hypodermal  layers,  these  have  entirely
lost  their  nuclear  appearance  but  can  be  distinguished  by  the
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rather  definite  boundary  with  which  each  is  surrounded;  they
persist  as  smah,  fairly  regular  ovoid  bodies  within  the  middle
membrane,  remaining  visible  until  a  considerably  later  stage,
continually  decreasing  in  size  to  finally  disappear.

Comstock  and  Needham  (1)  give  a  difi'erent  origin  for  the
nuclei  in  the  middle  membrane.  They  say:  "In  later  stages,
when,  after  the  expansion  of  the  wing,  it  (basement  membrane)
contains  distinct  nuclei,  there  is  evidence  that  some  of  these  at
least  are  derived  from  the  hypoderm  cells  whose  nuclei  once
crowded  up  to  this  level,  have  remained  stranded  here  after  the
expansion  of  the  wing."  Later  in  the  same  work  they  say:
"When  through  excessive  crowding,  some  of  the  innermost
nuclei  have  come  into  contact  with  the  basement  membrane  at
the  subsequent  expansion  of  the  wing,  these,  seem  instead  to
remain  where  they  are,  and  to  attract  to  themselves  the  slender
prolongations  of  the  neighboring  cells."

In  the  stages  which  have  already  been  described  (Figs.  1  to
7),  the  wing,  except  in  the  earliest  stage,  (Fig.  1),  remains  of
about  the  same  thickness  and  any  changes  taking  place  during
the  formation  of  the  middle  membrane  and  of  the  perpendicular
strands  go  on  during  a  partial  rearrangement  of  the  contents  of
the  wing  and  an  increase  of  its  area.  Before  the  larva  closes  its
case  preparatory  to  pupation  the  wing  has  grown  down  against
the  base  of  the  leg  and  subsequent  growth  in  a  ventral  direction
is  checked;  covered,  externally,  by  the  cuticular  layer  the  wing
is  confined  within  a  limited  area  which  it  finally  fills,  it  then
starts  to  fold  and  this  is  noticed  in  both  small  and  large  folds
along  the  surface  (Fig.  8),  giving  it  a  fluted  appearance,  Verson
(13).  During  this  period  and  also  after  the  larval  case  has  been
closed  a  surface  view  will  show  another  system  of  very  much
larger  folds;  these  start  at  the  anterior  margin  of  the  wing  and
finally  extend  entirely  across  it,  at  first  there  are  but  one  or  two
but  an  increase  in  their  number  soon  occurs  and  gives  to  the
wing  a  complicated  folded  appearance  Marshall  (4,  Fig.  23).
This  is  now  that  stage  in  the  development  of  the  wing  when  it
has  reached  its  maximum  width  and  the  perpendicular  strands
their  greatest  length.

Sections  through  the  wing  at  this  period  of  its  greatest
thickness  show  that  there  has  been  a  considerable  change  in  its
internal  structure.  The  outer  layers  which  have  been  very
distinct  since  the  beginning  of  the  formation  of  the  clear  layers
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have  nearly  disappeared  and  are  now  seen  restricted  to  a  narrow
layer  along  the  surface  of  the  wing  just  under  the  cuticula.  It
is  seen  from  this  section  (Fig.  8)  that  the  earlier  clear  layers
now  form  nearly  all  of  the  wing,  the  long  clear  spaces  still  sep-
arating  the  perpendicular  strands  which  extend  nearly  to  the
cuticula.  The  middle  membrane  is  much  narrower  than  in  the
last  stage  but  occupies  the  same  median  position  and  still  shows
a  number  of  the  nuclei  which  have  wandered  into  it.

During  the  growth  of  the  wing  in  the  latter  part  of  larval  life
and  while  the  insect  is  in  a  period  in  which  the  wings  would  be
of  about  the  ages  found  in  figures  six  and  eight  the  middle  mem-
brane  shows,  in  some  specimens,  traces  of  what  might  be  taken
for  the  remains  of  a  membrane.  Running  through  the  center  of
the  middle  membrane  there  can  often  be  seen  small  dark  dots
and  rods  which  may  in  some  specimens  be  so  numerous  as  to
show  a  more  or  less  linear  arrangement  (Fig.  8),  this  is  only
continuous  for  a  short  distance.  Most  of  the  slides  examined
did  not  show  this  central  linear  arrangement  of  dark  dots  and
rods  and  one  could  see  only  a  few  darkened  dots  in  its  place  ;  in
most  of  the  sections  examined  nothing  of  the  kind  could  be
found.  We  do  not  believe  that  this  corresponds  to  a  membrane
although  it  occupies  exactly  the  position  in  which  the  basement
membrane  would  be  found  if  present.

The  meaning  of  the  wandering  of  some  of  the  nuclei  from
the  hypodermal  layers  to  the  middle  membrane  is  not  clear.  As
will  be  shown  later  these  nuclei  finally  disappear  and  there  is  no
apparent  reason  why  they  should  leave  those  parts  of  the  wing
where  the  other  nuclei  are  found  and  wander  to  a  portion  of  the
wing  in  which  it  is  impossible  to  see  that  they  are  of  any  use.
The  crowding  of  the  nuclei  due  to  the  increase  in  width  and
folding  of  the  wing  might  necessitate  a  decrease  in  their  number
but  at  this  s'tage  there  still  remains  a  thin  outer  layer  along  the
surface  of  the  wing  which  is  nearly  free  from  nuclei  (Fig.  6)  and
into  which  other  nuclei  might  be  pushed.  That  an  accretion  to
the  mass  of  the  middle  membrane  is  needed  and  supplied  in  this
way  is  not  possible  as  the  middle  membrane  soon  after  the  nuclei
have  wandered  into  it,  begins  to  decrease  in  thickness  and  to
ultimately  disappear.  During  the  stages  already  described
dividing  nuclei  can  often  be  seen  within  the  hypodermal  layer
so  that  nuclei  are  both  being  formed  in  this  layer  and  also  lost  to
it  from  this  change  in  their  position.
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The  wings,  after  the  last  larval  skin  has  finally  been  cast,
remain  for  a  short  time  in  their  folded  condition;  they  then
unfold,  decrease  in  thickness  with  an  increase  in  their  area.  As
a  result  of  this  the  old  hypodermal  layers,  just  under  the  cuti-
cula,  are  spread  as  a  continuous  layer  in  this  position  and  have
apparently  received  a  considerable  amount  of  the  cytoplasm
which  was  formerly  in  the  perpendicular  strands  when  these
became  shorter  and  thinner  (Fig.  9).  The  nuclei,  which  in  the
last  stage  were  all  in  the  perpendicular  strands,  have  nearly  all
wandered  into  the  layers  under  the  cuticula;  a  few  still  remain
in  the  strands  from  which  they  later  disappear.  The  middle
membrane  has  become  much  thinner  and,  instead  of  being  a
fairly  continuous  layer,  it  here  and  there  now  assumes  a  zigzag
shape;  along  its  course  can  be  seen  very  small  and  somewhat
ovoid  bodies,  these  are  all  that  remain  of  those  nuclei  which,  at
an  earlier  stage,  wandered  into  this  layer  from  the  hypodermis.

During  that  period  in  the  life  of  the  pupa  in  which  its  body
contracts  and  shortens  the  changes,  noted  in  the  last  paragraph,
are  continued  and  become  more  marked.  The  nuclei  of  the
perpendicular  strands  have  all  passed  from  these  into  the  old,
outer,  hypodermal  layers  in  which  they  now  are  arranged  in  a
fairly  even  layer.  The  protoplasm  does  not  in  these  layers
become  even  but  in  many  places  surrounds  each  nucleus  in  a
triangular  mass,  these  at  the  base  are  connected  with  each
other  but  the  apex  of  each  points  towards  what  remains  of  the
middle  membrane  and  is,  in  most  cases,  extended  out  into  one
of  the  perpendicular  strands  (Fig.  10).  The  perpendicular
strands  have  become  thinner  and  most  of  the  protoplasm  that
they  contained  has  entered  the  outer  layers  of  the  wing.  The
middle  membrane  no  longer  extends  as  a  continuous  layer
through  the  median  part  of  the  wing  but  its  zigzag  course
becomes  more  marked  until  finally  it  separates  into  a  number  of
strands  and  can  no  longer  be  followed  continuously  as  in  all  the
earlier  stages.  This  disappearance  of  the  middle  membrane
becomes  more  marked  until  all  traces  of  it  are  lost,  the  perpen-
dicular  strands  then  either  pass  across  the  wing  from  one  surface
to  the  other  or  they  end  blindly  at  some  place  along  such  a
course.  The  failure  to  see  all  of  the  strands  connected  with
both  layers  of  the  hypodermis  is  undoubtedly  in  part  due  to  a
study  of  thin  sections.  Many  of  the  nuclei  which  earlier  wan-
dered  into  the  middle  membrane  from  the  hypodermal  layers
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are  still  present  but  now  restricted  to  the  perpendicular  strands
(Fig.  11).

The  wings  reach  their  maximum  thickness  after  the  con-
traction  of  the  pupa  and  they  then  lie  stretched  over  and  at  the
sides  of  its  body;  this  chitinous  case  which  now  encloses  them
while  ample  in  extent  for  the  wings  in  their  present  condition  is
not  sufficient  to  allow  of  the  next  growth,  that  of  an  increase  in
surface  area.  When  this  occurs  it  is  necessary  for  the  wings  to
decrease  in  thickness  and  become  very  much  folded  which
folding  continues  until  the  imago  is  ready  to  issue  from  the
pupal  skin.  To  the  perpendicular  strands  that  pass  across  the
wing  from  one  surface  to  the  other  Mayer  (5)  has  assigned  a
probable  contractile  power  and  to  this  attributed  the  drawing
together  of  the  two  surfaces  of  the  wing.  This  would  account
for  the  decrease  in  thickness  and  the  limited  area  of  the  cuticular
sack  which  now  encloses  the  wings  would  necessitate  the  folding
which  becomes  so  marked  during  the  remainder  of  pupal  life.
The  narrowing  of  the  wing  is  noticeable  before  its  folding  has
commenced.

During  the  process  described  above  certain  changes  take
place  in  the  different  layers  of  the  wing,  of  these  the  most
noticeable  is  the  reforming  of  the  middle  membrane  which
again  occupies  its  old  place  in  the  median  part  of  the  wing
(Fig.  12)  and  is  now  thinner  and  more  membrane  like  than
during  the  earlier  stages  before  its  disappearance.  The  per-
pendicular  strands  again  pass  from  the  hypodermis  to  the  mid-
dle  membrane  and  are  irregular  and  branched.  The  degen-
erated  nuclei  which  earlier  wandered  from  the  hypodermal
layers  to  the  middle  membrane  and  which,  upon  the  disappear-
ance  of  the  latter,  remained  on  the  perpendicular  strands  (Fig.
11)  are  again  found  in  the  middle  membrane.  In  the  hypo-
dermal  layers  many  nuclei  are  seen  which  have  wandered  away
from  the  outer  surfaces  of  the  wing  and  come  to  lie  between  the
hypodermis  and  the  middle  membrane.  These  are  the  nuclei
of  those  cells,  trichogens,  from  which  later  will  develop  the  hairs
upon  the  surface  of  the  wings.  It  is  at  once  noticed  that  these
trichogens  are  more  abundant  upon  one  side  of  the  sections  than
upon  the  other;  this  fact,  knowing  that  there  are  many  more
hairs  upon  the  dorsal  than  upon  the  ventral  surface  of  the  wing,
enables  one  to  distinguish  these  surfaces  from  each  other  rather
early  in  pupal  life.
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The  wing,  as  this  last  folding  continues,  decreases  more  and
more  in  thickness  (Fig.  13)  but  structurally  there  is  no  notice-
able  change.  Here  and  there  places  are  seen  in  the  sections
where  the  hypodermis  and  middle  membrane  have  increased  in
thickness  (Fig.  14)  but  such  places  are  apt  to  be  near  the  margin
of  the  wing.  The  cause  of  this  is  not  known  unless  it  can  be
due  to  the  folding  of  the  wing  which  may  push  the  hypodermis
and  the  middle  membrane  in  such  a  way  as  to  increase,  at
certain  places,  the  thickness  of  each.

After  the  folding  of  the  wing  has  reached  its  maximum
(Fig.  15)  certain  changes  have  taken  place.  Most  noticeable  of
these  is  the  final  disappearance  of  the  middle  membrane  and  of
the  small  degenerated  nuclei  which  it  contained.  After  this  has
occurred  the  perpendicular  strands  again  pass  entirely  across
the  wing  and  directly  connect  the  two  hypodermal  layers  with
each  other.  These  layers  are  now  thinner  and  their  nuclei  are
so  arranged  that  the  longitudinal  axis  of  each  lies  parallel  to
the  surface  of  the  wing.

No  marked  change  is  noticeable  in  the  wing  after  the  adult
insect  has  emerged  (Figs.  16  and  17).  The  wing  has  become  a
little  thinner  and  the  hypodermal  layers  show  a  decrease  in
amount  and  their  nuclei  are  smaller.  The  activities  of  the  dif-
ferent  layers  have  ended  and  there  is  little  left  within  the  wing
of  what  was  present  during  the  early  stages  of  its  development
and  growth.

From  the  foregoing  account  it  can  be  seen  that  in  Platyphylax
the  term  middle  membrane  cannot  be  used  to  designate  a  true
membrane  but  rather  as  the  name  for  the  thin  layer  of  proto-
plasm  occupying  a  median  position  within  the  wing.  As  has
been  noted  by  others  this  la3'er  is  not  continuous  during  the
entire  development  and  growth  of  the  wing  but  disappears  and
is  reformed  in  the  same  place.  Of  these  two  structures  the
latter  is  the  more  membrane  like.

In  the  preparation  of  the  material  two  or  three  of  the  com-
moner  sublimate,  acetic  acid  fixitives  were  used  and  the  slides
.stained  with  Delafield's  haematoxylin  or  with  alum  carmine.
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EXPLANATION  OF  PLATES  XX-XXII.
All  figures  drawn  with  a  camera  lucida.

B. M., basement membrane.
Cu., cuticula.
Hyp., hypodermis.
M. m., middle membrane.
Per.  cav.,  peripodial  cavity.
Per. mb., peripodial membrane.
Pp. s., perpendicular strands.
Tr., trichogens.
Figures eight to seventeen inclusive have been drawn with the same magnifica-

tion  to  allow  an  easy  comparison  of  the  relative  thickness  of  the  wing  at  these
different  stages  of  development.

Plate  XX.
Fig.  1  .  Section through one of  the two layers of  hypodermis that  form the internal

wing  rudiment.  This  figure  shows  the  position  of  the  crowded  nuclei
as  more  in  the  basal  part  of  the  layer.  X875.

Fig.  lA.  Transverse  section  of  the  entire  wing  rudiment  from  which  the  pre-
ceding  figure  was  taken.  X  105.

Fig.  2.  The  middle  part  only  of  a  section  through  an  internal  wing  rtidiment.
The  outer  part  of  each  layer  of  the  hypodermis  is  not  drawn.  The  two
layers  have  nearly  come  together  and  only  a  slight  open  space  can  be
seen  between  them.  The  separation  of  the  cells  along  their  sides  has
started  and  a  few  of  the  narrow  spaces  between  them  can  be  seen.
X 1100.
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Fig.  3.  Section  through  a  wing  rudiment  after  the  two  layers  have  come  together
and  a  narrow,  lighter  zone  has  appeared  between  them.  X  875.

Fig.  3A.  Transverse  section  of  entire  wing  rudiment  from  which  preceding  figure
was  drawn.  X  105.

Fig.  4.  Median  part  only  of  a  section  through  a  wing  rudiment.  This  shows  the
early  formation  of  the  middle  membrane  and  of  the  perpendicular
strands.  X  1100.

Fig.  5.  Section  through  a  voung  external  wing,  lateral  stage  than  preceding
figure.  X  1100.

Plate  XXI.
Fig.  6.  Section  of  a  wing  at  a  later  stage  showing  the  wandering  of  many  of  the

nuclei  to  the  middle  membrane  in  which  a  number  of  these  nuclei,
much reduced in size and clearness, can be seen; other nuclei are visible
on  the  perpendicular  strands.  To  the  right  a  small  outer  portion  of
the  hypodermis  and  the  cuticula  have  not  been  drawn.  X  1100.

Fig.  7.  A  small  part  of  the  same  section  more  highly  magnified  to  show  the
wandering  of  the  nuclei  from  the  hypodermis  to  the  middle  membrane.
Only  the  inner  edge  of  one  layer  of  hypodermis  is  drawn  and,  in  it,  the
ends  of  five  nuclei.  Opposite  this  is  shown  a  part  of  the  middle  mem-
brane  and  between  these  two  the  perpendicular  strands  on  which  are
seen  some  of  the  wandering  nuclei.  The  position  of  this  view  is  shown
by the space between the two lines at a,  in the preceding figure.  X 1700.

Fig.  8.  vSection  of  a  wing  at  a  later  stage,  shortly  before  the  casting  of  the  last
larval  skin.  All  the  nuclei  in  the  middle  membrane  are  reduced  in
size  and  the  perpendicular  strands  greatly  elongated.  X  740.

Fig.  9.  Section  of  a  wing  at  a  still  later  stage  of  development.  The  middle
membrane  in  which  are  seen  a  few  of  the  nuclei  that  have  wandered
into  it  from  the  hypodermis  is  narrow  and  much  more  membrane  like
than  in  the  preceding  figures.  X  740.

Pl.\te  XXII.
Fig.  10.  Section  of  a  wing  from  a  pupa  after  the  last  larval  skin  has  been  cast,

the  body  contracted  and  the  wings  straightened.  The  nuclei  of  the
hypodermis  are  nearly  all  arranged  in  a  single  row  along  the  surface
and  many  of  the  perpendicular  strands  extend  entirely  across  the
wing.  The  middle  membrane  is  no  longer  continuous.  X  740.

A  little  later  stage  showing  that  at  this  part  of  the  section  the  middle
membrane  has  entirely  disappeared.  Cuticula  not  drawn.  X  740.

Section from the wing of  a  pupa before its  final  folding has commenced.
The  middle  membrane  has  again  formed  as  a  continuous  layer.  X  740.

Section  of  a  pupal  wing  after  the  last  folding  has  started.  Cuticula
not  drawn.  X  740.

Section  of  another  wing  of  about  the  same  age.  Cuticula  not  drawn.
X 740.

Section  through  the  wing  of  an  old  pupa.  The  wing  of  this  specimen
is  much  folded  and  shows  the  entire  and  final  disappearance  of  the
middle  membrane.  The  perpendicular  strands  again  pass  across  the
wing.  Cuticula  not  drawn.  X  740.

Section  of  the  wing  of  an  imago  shortly  after  its  emergence.  The  old
hypodermis  is  now  represented  by  a  thin  layer  of  protoplasm  con-
taining  a  few  shrunken  nuclei.  X  740.

Section  through  the  wing  of  an  adult.  X  740.
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