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PART  II.  THE  LARVA  (  continued).

The  Muscular  System.

The  muscles  of  the  head.  In  the  preceding  part  of  this  paper
(Journ.  of  Hyg.,  1907,  p.  297)  some  account  was  given  of  the  muscles  of
the  pharynx  and  there  remain  to  be  considered  the  rest  of  the  muscles
of  the head.

These  are  concerned  with  the  movements  of  the  brushes,  the
antennae,  the  mandibles,  the  maxillae,  and  the  labium.

7—2
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The  remaining  muscles  of  the  head  which  have  yet  to  be  dealt
with  are  those  belonging  to  the  mouth-parts  (Fig.  2),  and  the  most
prominent  of  them  are  the  muscles  of  the  mandibles.

Each  mandible  is  moved  by  a  pair  of  stout  muscles,  an  adductor,
which  is  attached  to  its  inner  angle,  and  an  abductor  attached  to  its
outer  angle.  The  adductor  muscle  is  the  stouter  of  the  two  and
consists  of  four  separate  bands  of  fibres  (a.m.).  Three  of  these  arise
from  the  wall  of  the  head-capsule  a  short  distance  behind  and  below
the  eyes,  but  the  fourth  band  arises  separately  at  a  point  somewhat  in
front  of  the  places  of  origin  of  the  former,  and,  moreover,  it  is  ventro¬
lateral  in  position.  The  four  bundles  pass  upwards  and  inwards,
converging  as  they  do  so,  and  are  inserted  into  a  stout  chitinous  process
from  the  mandible.  The  abductor  muscle  similarly  consists  of  four
distinct  bands  or  bundles  of  fibres  (  ci'.vi  '.),  two  of  these  arise  close  to
the  three  dorsal  bands  of  the  adductor  while  the  other  two  take  their
origin  near  to  the  ventral  bundle  of  the  latter.

Attached  to  about  the  middle  of  the  base  of  each  maxilla  are  a  pair
of  muscle  bands  (  mx  .).  If  these  be  traced  backwards  they  are  seen  to
run  in  close  proximity  to  each  other,  and  their  points  of  origin  are
situated  ventro-laterally  on  the  cranial  wall,  near  to  those  of  the  ventral
bands  of  the  abductor  muscle  of  the  mandible.

The  labial  plate  is  provided  with  a  pair  of  depressor  muscles;  they
are  attached  on  either  side  near  to  the  base  of  that  organ  where  it
becomes  confluent  with  the  ventral  surface  of  the  cranium,  and  converge
as  they  pass  forwards  to  their  points  of  insertion.

Owing  to  the  imperfect  transparency  of  the  head-capsule  it  has  not
been  possible  to  fully  study  the  movements  of  the  various  muscles  in  the
living  larva.  Their  functions,  as  implied  by  the  names  here  given,  have
been  largely  inferred  from  a  study  of  their  relations  to  the  different
parts  principally  by  means  of  serial  sections.

The  muscles  of  the  thorax.  In  the  thorax  there  is  a  well  developed
system  of  longitudinal  muscles  arranged  in  a  dorsal  and  a  ventral  series.
The  dorsal  series,  or  longitudinal  tergal  muscles,  lie  a  short  distance
beneath  the  integument  and  occupy  much  of  the  mid-dorsal  area  above
the  digestive  canal.  The  ventral  series,  or  longitudinal  sternal  muscles,
form  two  groups,  one  on  either  side  of  the  nervous  system.  Immedi¬
ately  in  front  of  the  prothoracic  ganglia,  a  transverse  muscle  baud
crosses  over  the  nerve  cord  and  unites  together  certain  of  the  longi¬
tudinal  sternal  muscles.  Tergo-sternal  muscles  are  also  present,  aud
the  most  anterior  of  them  is  a  stout  muscle  which  takes  origin  from
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the  dorsal  integument  in  the  prothoracic  region  on  either  side.  This
muscle  passes  downwards  and  outwards,  and  becomes  attached  to  the
ventral  body  wall,  just  external  to  the  imaginal  prothoracic  leg-bud  of
its  side.  About  the  middle  of  the  thorax  a  second  series  of  such
muscles  are  present;  they  consist  of  several  bundles,  widely  separated
from  one  another,  which  pass  downwards  and  inwards  to  the  sternal
region.  In  the  hinder  part  of  the  thorax  a  third  series  of  tergo-sternal
muscles  are  present;  they  pass  almost  vertically  downwards  on  either
side  between  the  salivary  glands  and  the  cardiac  coeca.

The  musculature  of  the  thorax  exhibits  clear  indications  of  an
arrangement  into  three  segments,  and  it  is  especially  well  seen  in
connection  with  the  longitudinal  sternal  muscles.

In  the  fully  grown  larva  the  developing  imaginal  thoracic  muscles
form  very  prominent  objects;  they  are  disposed  in  a  longitudinal  and
a  vertical  series  on  either  side  of  the  body.  They  are  very  deeply
staining  and  are  in  the  form  of  short  bundles  in  which  are  distributed
great  numbers  of  minute  nuclei,  but  they  do  not  exhibit  any  cross
striation.  The  longitudinal  series  lie  above  the  larval  longitudinal
tergal  muscles  and  take  the  form  of  parallel  cords  situated  on  either
side  of  the  middle  line.  The  vertical  series  are  situated  immediately
external  to  the  salivary  glands,  and  are  arranged  in  an  anterior  and  a
posterior  group  on  each  side.

A  number  of  muscles  are  also  found  in  the  neck,  and  their  action
brings  about  the  remarkable  rotatory  movements  of  the  head.  The
smaller  of  these  muscles  lie  for  the  most  part  in  the  neck  itself  and
pass  in  an  oblique  manner  from  one  side  to  the  other.  There  are,  in
addition,  some  much  stouter  muscles,  which  arise  from  the  prothoracic
region  and  pass  up  through  the  neck  to  be  inserted  into  the  base  of
the head.

The  musculature  of  the  abdomen.  In  the  abdomen  there  is  no
segmentally  repeated  system  of  tergo-sternal  muscles,  such  as  is  present
in  many  insects.  The  longitudinal  muscles  1  ,  however,  are  very  well
developed  and  are  much  stouter  than  those  of  the  thorax,  and  it  is  due
to  the  action  of  these  muscles  that  the  larva  performs  its  vigorous  eel¬
like  movements  as  it  swims  tail  foremost  through  the  water.  The
longitudinal  tergal  muscles  are  grouped  together  on  either  side  of  the
dorsal  vessel,  and  the  sternal  series  have  similar  relations  with  the

1 Grandpre and Charmoy remark (p. 33), <l Les principaux muscles sont les muscles
longitudinaux et circulaires de l’abdomen”; this statement, however, is incorrect as there
are no circular muscles present.



A.  D.  Imms 107

nervous  system  (Fig.  3).  In  the  eighth  and  ninth  segments,  the  dis¬
position  of  the  longitudinal  muscles  is  much  modified,  and  many  of  the
muscles  come  to  lie  nearer  the  digestive  canal.

Just  in  front  of  each  nerve  ganglion,  a  transverse  band  crosses
the  nerve  cord,  and  passes  along  the  line  of  junction  of  two  adjacent
segments  (Fig.  22).

In  the  eighth  abdominal  segment  there  is  a  special  system  of
muscles  in  connection  with  the  supporting  skeleton  of  the  spiracles.  In
order  to  attempt  an  explanation  of  these  muscles  it  is  necessary  to
briefly  consider  first  the  structure  of  this  skeleton.  From  the  posterior
region  of  this  segment  of  the  body  a  median  spiracular  lobe,  as  it  may
be  termed,  projects  backwards  and  very  slightly  upwards  (Fig.  4).  It
stands  out  free  from  the  body,  and  is  supported  basally  by  a  special
chitinised  sclerite  (sc.),  which  is  prolonged  on  either  side  into  a
prominent  plate  provided  with  large  backwardly  directed  teeth  (pi.).
The  plates  of  either  side  are  connected  together  by  means  of  a  trans¬
verse  chitiuous  band  (  t.b  .)  which  passes  beneath  the  median  spiracular
lobe,  and  serves  also  to  maintain  the  latter  in  a  position  so  as  to  project
out  freely  from  the  general  surface  of  the  body.  The  lobe  itself  consists
of  two  thin  lateral  plates  (  c.pl  .)  which  have  their  free  margins  curved
upwards  and  inwards,  and  a  central,  oblong  plate  of  dark  chitin  with
a  curiously  sculptured  surface  (  m.pl  .).  At  the  apex  of  the  lobe  the
two  lateral  plates  are  joined  together  by  means  of  a  median  trans¬
verse  plate  (t.pl.).  The  two  spiracles  (sp.)  are  situated  at  the  anterior
end  of  the  median  lobe  near  to  the  base  of  the  latter  and  where  it
becomes  joined  to  the  segment.  In  front  of  and  between  the  spiracles
is  situated  a  moveable  transverse  plate  standing  more  or  less  at  right
angles  with  the  general  surface  of  the  body  (  fpl  .).  This  plate  is
attached  to  a  stout  hollow  peg  of  very  dark  chitin  (p.)  which  projects
beneath  the  integument  slightly  into  the  cavity  of  the  animal.  To
this  same  peg  is  also  attached  the  median  plate  (m.pl.)  of  the  spiracular
lobe.

There  are  three  paired  sets  of  muscles  in  connection  with  the
respiratory  apparatus  as  follows:  firstly,  a  pair  of  longitudinal  muscles
(  l.musc  .),  which  take  their  origin  from  the  median  peg  (p.),  and  pass
directly  backwards  to  be  inserted  into  the  spiracular  lobe,  in  the  mid-
ventral  line  near  to  the  apex  of  that  organ.  Secondly,  a  series  of
muscles  (i.mus.)  arise  from  the  ventro-lateral  margin  of  the  eighth
abdominal  segment  and,  pursuing  a  backward  and  inward  course,  they
converge  and  pass  between  the  two  longitudinal  muscles  just  referred
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The  Fat-body.

The  fat-body  is  almost  entirely  confined  to  the  thorax  and  the  first
seven  abdominal  segments.  It  consists  of  a  parietal  layer  situated  just
beneath  the  integument,  a  visceral  layer  lining  the  body-cavity,  and
lying  between  the  longitudinal  muscles  and  the  gut-wall,  and  a  peri¬
tracheal  layer  which  invests  some  of  the  principal  tracheal  trunks.  The
limits  of  distribution  of  each  of  these  divisions  varv  according  1  to  the
age  of  the  larvae,  and  a  certain  amount  of  individual  variation  is  also
noticeable  among  specimens  of  as  near  as  possible  the  same  age.

The  visceral  layer  of  the  fat-body  (Figs.  3  and  9although  but
a  thin  sheet  of  tissue,  is  very  conspicuous,  as  its  cells  are  loaded  with  a
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mass  of  minute  dark  olive  coloured  granules  which  are  very  refractive.
It  is  in  this  layer  that  metabolism  appears  to  be  most  active,  for  the
granules  are  much  less  abundant  in  other  parts  of  the  animal.  A  good
deal  of  the  greenish  colour  of  the  larva  is  due  to  the  fat-body  shining
through  the  transparent  integument.  The  fat-body  cells  are  much
vacuolated,  and  the  cell  boundaries  are  only  to  be  distinguished  with
considerable  difficulty.  Their  nuclei  are  for  the  most  part  small  and
inconspicuous,  and  are  irregularly  stellate  in  form.  The  protoplasm  of
the  cells  contains,  in  addition  to  the  granules  just  mentioned,  a  number
of  clear  spherical  globules  which  stain  very  readily  with  Orange  G.
The  structure  of  the  fat-body  agrees  in  all  respects  with  Berlese’s
description  of  the  same  tissue  in  the  larva  of  Gulex  spatlmepalpis  Rond,
and  he  states  that  the  globules  are  of  an  albuminoid  nature  (1901,  p.  98,
and  Tav.  V,  Fig.  60).

The  sub-hypodermal  cells  have  the  general  characters  of  fat-body
cells  and,  moreover,  their  protoplasm  contains  similar  granules.  As
already  stated  in  the  previous  part  of  this  paper  (  Journ.  of  Hyg.,  1907,
p.  296)  Viallanes  concludes  that  they  come  under  the  category  of  this
tissue.

The  various  areas  of  the  fat-body  are  not  to  be  regarded  as  being
quite  separate  and  distinct  from  one  another.  The  divisions  here
adopted  have  been  used  because  they  appear  to  be  convenient  for
descriptive  purposes,  and  in  certain  parts  of  the  body  one  layer  merges
into  the  other.  The  parietal  layer  is  interruped  at  each  segment,  and
in  this  respect  shows  a  metameric  arrangement.  The  visceral  layer,
however,  is  in  the  form  of  a  continuous  sheet  passing  directly  from  one
segment  to  another.

The  Reproductive  Organs.

The  rudiments  of  the  gonads  differ  in  form  in  the  two  sexes,  the
male  rudiment  being  short  and  somewhat  globular,  while  that  of  the
female  is  relatively  longer  and  fusiform.

The  male  rudiment  in  a  larva  measuring  2'5  mm.  1  in  length
(Fig.  14)  consists  of  a  germinal  region,  a  long  anteriorly  directed
terminal  filament  or,  so-called  Muller’s  thread,  and  a  slight  rudiment
of  the  future  generative  duct.  The  organ  is  situated  in  the  sixth
abdominal  segment.  In  larvae  measuring  5’5—7'5  mm.  long,  the
proportions  of  these  three  regions  have  undergone  considerable  altera-

1 The measurements are taken from the tips of the brushes to the extremity of the
abdomen, and do not include the dorsal tuft of setae on the ninth segment.
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The  Nervous  System.

The  nervous  system  consists  of  the  brain  or  cerebral  ganglia,  and  a
ventral  nerve  chain  of  twelve  ganglia  (Fig.  23).

The  brain  alters  considerably  in  shape  and  in  the  relations  of  the
parts,  during  the  growth  of  the  larva,  especially  with  regard  to  the  optic
and  antennary  lobes.  In  the  very  young  larva,  the  optic  lobe  is
separated  from  the  antennal  lobe  by  a  wider  area  than  is  the  case  in
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the  late  larva  and,  as  development  progresses,  they  become  as  it  were
drawn  closer  together.

In  its  general  structure,  the  brain  consists  of  an  outer  sheath  of
ganglion  cells,  which  are  thickly  massed  together  in  the  optic  and
antennal  lobes,  and  an  inner  central  area  consisting  for  the  most  part  of
nerve  fibres.  Paired  nerves  are  given  off  supplying  the  antennae  and
larval  eyes,  together  with  a  frontal  nerve,  which  expands  into  a  frontal
ganglion  lying  anterior  to  the  brain  and  just  above  the  dorsal  pharyn¬
geal  muscles.  The  antennal  nerve  passes  obliquely  outwards,  and
enters  the  imaginal  antennal  bud  where  it  terminates  (Fig.  20).  Ac¬
cording  to  Miall  and  Hammond  a  similar  condition  is  found  in  the
Chironomus  larva  and  in  their  book  on  that  Dipteron  (1900,  p.  130)
they  remark  that  the  imaginal  antenna  encloses  the  larval  antennary
nerve.

The  ventral  nerve  chain  comprises  the  sub-oesophageal  ganglion,
three  thoracic  ganglia,  and  a  series  of  eight  ganglia  in  the  abdomen.
The  sub-oesophageal  ganglion  innervates  the  mandibles,  the  maxillae,
and  the  labium,  and  is  to  be  regarded  as  a  complex  ganglionic  mass
exhibiting  no  traces  of  the  primitive  ganglia  of  which  it  is  composed,
but  its  paired  structure  is  noticeable  in  sections  (Fig.  32).  Histologi¬
cally,  it  consists  of  an  external  investment  of  ganglion  cells  en¬
closing  a  central  medullary  mass  of  nerve  fibres,  which  is  directly
prolonged  outwards  into  the  lateral  nerves  and  connectives.  The
ganglion  cells  are  principally  congregated  along  its  anterior,  ventral,  and
lateral  borders  and  are  much  less  numerous  on  its  dorsal  aspect.  A
structureless  coat  of  connective  tissues  invests  the  exterior  of  the
ganglion.  Posteriorly,  a  pair  of  stout  nerve  cords  are  given  off  which
pass  through  the  occipital  foramen  and  unite  with  the  first  thoracic
ganglion.  The  remaining  ventral  ganglia  have  a  very  similar  histo¬
logical  structure,  and  consist  of  an  outer  layer  of  ganglion  cells  which
enclose  an  inner  core  of  nerve  fibres,  and  the  whole  is  invested  by
a  sheath  or  epineurium.  The  connectives,  though  they  are  in  reality
double,  appear  to  consist  of  a  single  cord.  The  thoracic  ganglia  are
situated  close  together,  the  intervening  connectives  being  very  short,
and  the  abdominal  ganglia  are  placed  anteriorly  in  their  respective
segments  near  to  the  line  of  junction  with  the  segment  in  front
(Fig.  22).  In  the  eighth  segment  the  ganglion  is  larger  than  those  of
the  preceding  segments,  it  is  somewhat  triangular  in  form,  and  it  gives
off  pairs  of  nerves  which  supply  both  the  eighth  and  last  segments.  It
is  therefore  to  be  regarded  as  a  fusion  of  the  two  primitive  ganglia  of
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Circulatory  System.

The  heart  is  a  muscular  tube  which  extends  from  the  posterior
margin  of  the  eighth  abdominal  segment,  and  jDasses  forwards  through  the
thorax  into  the  head,  where  it  terminates  in  the  neighbourhood  of  the
brain.  In  the  region  of  the  abdomen  it  consists  of  a  series  of  consecu¬
tive  chambers,  each  being  provided  with  a  pair  of  lateral  ostia  or  inlets
and,  associated  with  them,  are  the  alary  muscles.  In  the  thorax  the
heart  is  much  reduced  in  diameter,  there  are  no  alary  muscles,  and  it
forms  a  narrow  well-defined  tube  which  is  usually  termed  in  Insects  the
aorta.  The  latter  extends  forwards  through  the  occipital  foramen  and
becomes  enclosed  just  behind  the  brain  in  an  irregular  mass  of  tissue
which  forms  a  kind  of  supporting  collar  or  anneau  de  soutien.

The  abdominal  portion  of  the  heart  consists  of  a  series  of  eight
successive  chambers  and  it  expands  somewhat  at  its  posterior  extremity,
the  last  chamber  forming  a  slight  bulbous  enlargement.  The  intimate
connection  that  exists  between  the  tracheal  system  and  the  terminal
region  of  the  heart  has  already  been  referred  to  (  Journ  .  of  Hygiene,
1907,  p.  311,  PL  V).

The  structure  of  the  wall  of  the  heart  is  entirely  muscular,  and
consists  of  flattened  cells  whose  protoplasm  mainly  takes  the  form  of
striated  fibrillae,  which  are  disposed  more  or  less  parallel  to  one  another
(Fig.  30).  Both  externally  and  inteimally,  the  heart  is  invested  by  a
delicate  transparent  membrane  which  is  to  be  regarded  as  the  sar-
colemma  of  the  muscle  cells  (Fig.  29).  The  striated  fibres  encircle  the
heart  posteriorly  in  a  slightly  oblique  manner,  but  further  forwards
they  become  arranged  in  a  longitudinal  direction  so  that  their  cut  ends
are  only  visible  in  transverse  section  (Fig.  15).  The  nuclei  of  the  cells
are  situated  laterally  and  form  noticeable  bulgings  in  the  heart  wall
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(Figs.  9  and  15)  1  .  In  a  transverse  section  only  two  of  the  cells  are
visible  at  any  given  place:  they  are  crescentic  in  form  and  are  united
with  each  other  along  the  dorsal  and  ventral  lines.

The  lateral  inlets  or  ostia  are  situated  in  pairs  opposite  one  another
on  either  side  of  the  heart  (Fig.  10).  Each  ostium  is  formed  by  a  pair
of  enlarged  cells  which  surround  the  aperture  and  are  noticeable  in
stained  preparations  by  their  nuclei.

The  alary  muscles  (  al.vi.  in  Figs.  9  and  10)  are  markedly  cross-
striated  :  each  muscle  takes  its  origin  from  the  integument  on  either
side  and,  as  it  approaches  the  heart,  it  spreads  out  fanwise  and  divides
and  sub-divides  so  as  to  form  a  network  of  fine  fibrillae.  These  fibrillae
are  arranged  in  the  form  of  a  dorsal  and  ventral  sheet  (Fig.  9),  and  in
the  space  or  interval  left  between  them  are  situated  the  pericardial  cells.
In  addition  to  the  alary  muscles,  the  heart  is  maintained  in  position  by
means  of  delicate  strands  of  connective  tissue  placed  at  different
points.

The  pericardial  cells  (Figs.  9  and  10)  are  placed  laterally  in  relation
to  the  heart,  and  form  a  chain  of  cells  arranged  in  a  linear  series  on
either  side.  The  cells  are  disposed  with  their  long  axes  parallel  with
the  length  of  the  body,  but  the  chains  are  not  continuous  throughout
their  leugth,  numerous  gaps  or  breaks  in  the  series  being  present.
They  extend  right  through  the  abdomen  to  about  the  middle  of  the
eighth  segment.  The  cells  contain  several  nuclei  and  their  protoplasm
is  much  vacuolated.  In  Sayomyia  the  pericardial  cells  were  described
by  Wagner  (1835)  as  “piriform  bodies”  and  later  by  Dogiel  as  “apolar
nerve  cells”  (1877,  p,  9).  In  the  anterior  part  of  the  thorax,  and
situated  close  to  the  heart  on  either  side,  is  a  longitudinal  cord  of
multinucleated  cells  (Fig.  15).  These  two  cords  occupy  very  much  the
same  position  as  the  pericardial  cells  in  the  region  of  the  abdomen  and
very  possibly  they  are  structures  of  a  similar  nature.

The  aorta  is  a  forward  prolongation  of  the  heart  through  the
thorax  into  the  head.  It  has  stout  walls,  and  the  nuclei  of  the  cells  are
disposed  with  long  axes  parallel  with  the  length  of  the  tube.  No  alary
muscles  are  present.  The  aorta  passes  forwards  between  the  two
dorsally  placed  cardiac  coeca,  and  lies  just  over  the  oesophagus  but,  as
it  approaches  the  occipital  foramen,  it  comes  to  lie  nearer  the  dorsal
integument.  Just  behind  the  brain,  it  becomes  supported  by  an
irregular  mass  of  cells  which  envelops  it  both  ventrally  and  laterally.

1 In the larva of Sayomyia the nuclei project a long way inwards and were termed the
“ stalked cells” by Leydig.
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The Oenocytes.

Oenocytes  are  present  in  the  larva  of  Anopheles  and  belong  to  two
varieties—the  large  and  the  small.  The  large  oenocytes  (Fig.  26)  are
segmentally  arranged  in  clusters,  and  are  present  in  each  of  the  first
seven  abdominal  segments,  but  were  not  observed  either  in  the
eighth  or  ninth  segments,  and  they  are  likewise  wanting  in  the  thorax.
In  each  of  the  segments  where  they  occur,  they  consist  of  two  pairs  of
very  large  cells  ou  either  side,  which  are  situated  a  short  distance
beneath  the  hypodermis  and  towards  the  posterior  margin  of  the
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segment.  Each  cluster  of  these  cells  is  ventro-lateral  in  position.  The
cells  are  rounded  or  somewhat  oval  in  form  with  a  granular  and  very
deeply  staining  cytoplasm,  and  each  cell  is  bounded  by  a  clearly  defined
membranous  investment.  Numerous  large  vacuoles  are  generally
present  and  when  viewed  in  sections  they  give  the  cells  the  appearance
of  being  penetrated  by  intra-cellular  canals.  Each  oenocyte  has  a  very
prominent  nucleus  containing  chromatin  strands  situated  towards  the
periphery,  and  a  deeply  staining  nucleolus  is  also  present.

The  small  oenocytes  are  very  numerous  and,  moreover,  have  no
definite  arrangement  though  they  are  sometimes  found  in  pairs
(Figs.  22  and  27).  They  occur  just  beneath  the  hypodermis  in  the
neighbourhood  of  each  group  of  the  larger  oenocytes,  and  are  mainly
situated  anterior  to  the  latter,  but  they  also  occur  in  some  numbers
along  the  floor  of  each  segment  on  either  side  of  the  nerve  cord.  They
have  a  similar  marked  affinity  for  staining  reagents  and  frequently  each
contains  a  clear  vacuole  (Fig.  22).  A  nucleus  with  a  central  nucleolus
is  present,  and  these  cells  are  easily  distinguished  from  the  surrounding
fat-body  by  their  definite  outlines  and  their  staining  properties.  They
occur  in  the  first  seven  abdominal  segments,  a  few  are  also  present  in
the  eighth  but  none  were  to  be  discovered  in  the  last  segment.

The  embryonic  development  of  the  oenocytes  has  been  studied  by
Graber,  Heymons,  Heider,  and  Wheeler.  They  arise  by  a  proliferation
of  the  ectoderm  just  behind  the  tracheal  invaginations,  and  similar
metameric  cell-clusters  have  also  been  observed  by  Tichomiroff  in  the
embryo  of  the  “silkworm.”

Wielowiejski  (1886)  was  the  first  to  devote  special  attention  to  these
cells  and  the  name  oenocyte  is  due  to  him.  He  pointed  out  their
resemblance  to  the  blood  corpuscles,  to  the  fat-body,  to  the  pericardial
cells,  and  to  the  light-pi’oducing  tissue  of  the  phosphorescent  organs
and  classified  these  different  elements  together  under  the  category  of
blood  tissue.  In  his  paper  he  describes  the  oenocytes  in  various  orders
of  Insects,  but  unfortunately  his  account  is  not  accompanied  by  any
figures.  Among  the  Culicidae,  he  refers  briefly  to  their  occurrence  in
the  larvae  of  Sayomyia  (  Corethra  )  plumicornis  and  Culex  pipiens.  In
the  former  he  mentions  that  they  are  of  two  kinds,  the  large  and
small  oenocytes,  and  that  they  are  situated  between  the  cells  of  the
outer  layer  of  the  fat-body.  They  are  restricted  to  the  abdominal
region  and  are  collected  together  into  segmentally  repeated  groups
(1886,  pp.  516—17).  In  the  Culex  larva  he  describes  their  occurrence
as  follows:  “  Die  kleinen  Oenocythen  liegen  auf  der  der  Leibeshbhle
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1 i.e. the “Fettkorperlappens.”
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Oenocytes  have  been  found  in  almost  all  orders  of  Insects,  but
practically  nothing  is  known  regarding  their  function.  Wielowiejski
believes  that  they  secrete  some  unknown  substance  into  the  blood,  and
Anglas  (p.  405)  is  of  a  similar  opinion.  On  the  other  hand,  Pantel  con¬
cludes  from  the  fact  that  they  absorb  methylene  blue  very  rapidly,  like
the  cells  of  the  Malpighian  tubes,  that  their  function  is  that  of  excretion.
Berlese  (in  Melophagus  )  concludes  that  they  are  urinary  or  excretory  cells
from  the  fact  that  they  become  free  during  nymphosis,  at  a  time  when
the  Malpighian  tubes  are  non-functional,  and  that  they  work  their  way
among  the  cells  of  the  fat-body,  &c.  in  order  to  remove  the  products
of  metabolism  from  them.  After  a  while  the  oenocytes  disappear,
and  it  is  at  this  period  that  the  Malpighian  tubes  are  fully  developed.

Koschevnokov  (1900)  from  his  studies  on  the  honey  bee  also
concludes  that  they  are  urinary  cells.

The  Imagined  Buds.

The  larva  of  Anopheles  forms  an  excellent  subject  for  the  study  of
the  imaginal  buds  since  they  occur  in  this  type  in  a  very  generalised
condition.  It  is,  however,  beyond  the  scope  of  the  present  paper  to  deal
with  this  subject  in  any  detail  as  it  needs  a  much  more  prolonged  study
than  I  have  been  able  to  give  to  it.

Swammerdam  appears  to  have  been  the  earliest  observer  to  correctly
interpret  certain  of  the  imaginal  buds,  and  he  discovered  those  of  the
wings  and  legs.  Culex  was  among  the  types  he  studied,  and  since  his
time  Weismann  (1866)  has  studied  the  imaginal  buds  of  the  larva  of
Sayomyia.  A  few  unpublished  observations  on  those  of  the  former  genus
were  made  by  Hurst,  and  are  mentioned  by  Miall  and  Hammond  (1892),
and  Thompson  has  described  the  buds  of  the  mouth-parts  in  that  same
genus  (1905).  I  am  not  aware  that  there  are  any  further  accounts
which  deal  with  these  structures  among  larval  Culicidae.

I.  The  imaginal  _  buds  of  the  head.  The  largest  and  most
prominent  of  the  head  buds  are  those  belonging  to  the  antennae.  The
antennal  buds  (Figs.  2  and  20)  are  placed  at  the  bases  of  the  larval
antennae,  but  are  not  in  any  way  enclosed  by  the  latter  and  are,  moreover,
rather  deeply  situated  within  the  head.  In  an  Anopheles  larva  about
three-fifths  grown  each  imaginal  antennal  bud  is  a  well  developed
structure  and,  owing  to  the  growth  of  the  organ  within  a  limited  space,
the  basal  joints  are  somewhat  folded  and  telescoped  into  one  another.
As  the  appendage  enlarges,  its  outer  sheath  or  peripodial  membrane
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the  thoracic  buds  are  relatively  very  large  in  size,  and  are  superficial  in
position,  lying  just  beneath  the  integument.  At  first  they  each  have
the  structure  of  simple  buds  (Fig.  19)  of  thickened  hypodermis,
enclosing  a  small  amount  of  “mesenchymatous”  tissue,  but,  by  the  time
the  larva  has  become  fully  grown,  they  are  seen  to  exhibit  a  high  degree
of  specialisation.  The  dorsal  prothoracic  buds  have  become  the  com¬
pletely  formed  respiratory  trumpets;  those  of  the  mesothorax  are
highly  complex  organs  (Fig.  25),  and  are  much  folded  and  plicated.
They  already  exhibit  a  wing-like  character,  the  hypodermal  cells  being
greatly  drawn  out  at  right  angles  to  the  surface  of  the  bud,  assuming  a
pillar-like  form,  and  the  upper  and  lower  hypodermal  layers  meet  and
fuse  with  one  another.  In  places  they  are  excavated  into  hollow  tube¬
like  spaces  which  are  forerunners  of  certain  of  the  future  nervures  ;  the
dorsal  metathoracic  buds  remain  in  a  more  generalised  condition,  being
the  smallest  and  least  advanced  of  the  series.  The  leg-buds  are  at  this
period  long  tube-like  organs  which  are  bent  upon  themselves.

III.  The  imagined  buds  of  the  abdomen  comprise  a  dorsal  and
ventral  pair  situated  on  either  side,  near  the  hinder  extremity  of  the
body.  The  dorsal  pair  of  buds  form  the  pupal  tail  fins;  they  are  placed
one  on  either  side  of  the  eighth  abdominal  segment,  and  lie  within  the
cavity  of  the  supporting  skeleton  of  the  larval  spiracles  (Figs.  7  and  8).
They  exhibit  very  much  the  same  structure  as  the  buds  of  the  wings,
the  hypodermal  cells  being  enormously  drawn  out  at  right  angles  to  the
surface  of  the  organ  and  the  protoplasm  reduced  to  narrow  strands  in
which  are  distributed  extremely  small  nuclei.  They  are  greatly  folded,
on  account  of  being  confined  within  a  limited  space,  and  investing  the
free  surfaces  of  the  folds  is  a  well  developed  cuticle.  They  are  situated
within  the  lateral  plate  (sc.)  of  the  spiracular  skeleton,  and  project  freely
backwards  reaching  to  the  transverse  chitinous  band  (  t.b  .),  and  thus  lying
beneath  the  spiracular  lobe.  They  appear  to  differ  from  the  other  buds
in  being  directly  formed  by  modification  of  the  hypodermis,  without  the
latter  being  previously  invaginated  to  form  a  pocket,  and  from  the
bottom  of  which  the  buds  arise  usually  as  finger-like  evaginations.  On
this  account,  the  buds  of  the  pupal  fins  are  not  enclosed  within  an  outer
wall  or  peripodial  membrane.

The  second  pair  of  buds  (Fig.  28)  are  ventral  in  their  position,  and
placed  close  to  the  points  of  origin  of  the  outer  vertical  muscles
(o.mus.  in  Fig.  5)  of  the  spiracular  apparatus.  These  buds  like  the
rest  lie  immediately  beneath  the  hypodermis,  and  maintain  a  free
communication  outwards  by  means  of  the  mouth  of  the  original
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by  their  nut-brown  colour,  whereas  the  already  existing  ones,  owing  to
their  greater  amount  of  pigment,  appear  dense  black  (Fig.  24  a).
These  are  the  rudiments  of  the  future  imaginal  compound  eye
(“  Hauptauge  ”).  As  development  proceeds,  each  of  the  small  pig¬
mented  elements  increases  in  size,  with  the  result  that  it  becomes  in
close  contact  with  its  neighbours,  and  in  a  larva  about  7  mm.  long
they  collectively  form  a  conspicuous  black  crescentric  shaped  tract  on
either  side  of  the  head  (Fig.  §4  b).  The  subsequent  extension  of  the
organ  is  effected  by  new  elements  being  added  around  its  periphery.

A  short  optic  nerve  is  present  on  either  side  in  relation  with  the
larval  eye  ;  in  larvae  about  7  mm.  long  a  nerve  from  the  imaginal
ocular  rudiment  is  distinguishable,  and  the  two  nerves  of  aside  combine
to  form  the  main  optic  nerve  (b.  and  c.).

When  viewed  in  sections,  the  larval  eye  consists  of  a  central
densely  pigmented  area  bordered  by  elongated  cells  whose  narrower
inner  ends  are  directed  towards  the  centre  of  the  organ  (c.).  The  eye
is  densely  loaded  with  pigment  of  a  rust-brown  colour  which  appears
black  when  viewed  in  thick  layers.

The  developing  imaginal  eye  consists  of  a  number  of  deeply
pigmented  fusiform  bodies,  placed  at  right  angles  with  the  surface  of
the  head.  These  elements  are  the  ommatidia  of  the  compound  eye,
and  they  each  consist,  as  seen  in  transverse  section,  of  a  central  axis
or  rhabdom  surrounded  by  a  circlet  of  densely  pigmented  cells  (the
retinulae).  Intervening  between  the  ommatidia  and  the  external  cuticle
is  a  layer  of  but  little  modified  hypodermal  cells  (/i).  It  is  destined  to
form  on  the  outside  the  corneal  facets  of  the  imaginal  eye,  and  on  its
inside  the  crystal  cells.

The  cells  of  the  hypodermis  immediately  bordering  on  the  imaginal
ocular  rudiment  are  markedly  columnar  in  form,  and  in  places  it  is
folded  or  invaginated  into  small  pit-like  areas,  which  are  the  very  early
stages  in  the  development  of  new  ommatidia.

In  addition  to  the  Culicidae,  certain  other  families  of  nemocerous
Diptera,  having  eucephalous  larvae,  are  remarkable  in  that  the
imaginal  eye  develops  in  close  l’elation  with  that  of  the  larva  and  at  an
early  stage  in  the  larval  life-history.  A  short  comparative  study  of
the  eyes,  in  both  the  larvae  and  pupae  of  such  Diptera,  has  recently
been  made  by  Zavrel  (1907).
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General  Remarks  on  the  Larvae  of  the  Gulicidae.

The  larvae  of  the  Culicidae  may  be  defined  as  being  aquatic,
eucephalous,  and  with  the  first  three  post-cephalic  segments  fused
together  to  form  an  evident  and  greatly  enlarged  thoracic  mass.
Although  there  is  but  little  difficulty  jn  identifying  typical  Culicid
larvae,  the  greatly  enlarged  thorax  affords  the  most  evident  constant
morphological  character,  which  is  common  to  all  the  larvae  of  the
family,  and  by  means  of  which  they  may  be  readily  separated  from
those  of  the  allied  Nemocerous  families  Dixidae,  Psychodidae,  Tipulidae
and  Chironomidae.  It  is  true  that,  in  the  latter  family,  the  first  three
post-cephalic  segments  become  greatly  swollen  towards  the  end  of
larval  life,  in  consequence  of  the  developing  imaginal  organs  contained
within  them.  In  the  larval  Chironomidae,  however,  there  is  no  fusion
into  a  compact  thorax  though  the  limits  between  the  second  and  third
segments  may  become  partially  obliterated.  That  the  thorax  of  the
Culicid  larvae  is  composed  of  the  first  three  post-cephalic  segments  is
evident  from  the  fact  that  it  contains  three  of  the  ventral  nerve  ganglia,
together  with  three  double  series  of  buds  of  the  imaginal  thoracic
appendages,  and  moreover  its  musculature  retains  to  some  extent
a  trisegmental  arrangement;  externally,  however,  its  composition  is
not  by  any  means  obvious.  In  Gorethrella  brakeleyi  Coq.  according
to  Johannsen  (p.  401,  pi.  40),  the  three  segments  can  be  perfectly
clearly  made  out,  since  they  have  not  undergone  the  same  degree  of
fusion  seen  among  other  Culicid  larvae.  As  a  rule,  the  only  external
indication  is  to  be  seen  in  the  principal  hairs  being  arranged  in  three
main  transverse  series.  In  all  Culicid  larvae  the  abdomen  consists  of
nine segments.

Three  principal  types  of  modification  are  to  be  seen  among  Culicid
larvae,  viz.

(1)  The  Anopheles  type  where  the  tracheal  system  communicates
with  the  exterior  by  means  of  a  pair  of  spiracles  situated  on  the  dorsal
aspect  of  the  eighth  abdominal  segment,  and  the  respiratory  siphon  is
not  developed.  Palmate  hairs  are  present  on  a  variable  number  of  the
abdominal  segments  1  ,  and  the  comb  scales  are  replaced  on  either  side  by
a  chitinous  plate  bearing  a  series  of  posterior  teeth.

1 In some species (A. fluviatilis and A. culicifacies) a pair are present on the thorax
and on each of the abdominal segments except the last (James, p. 25).
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(2)  The  Gidex  type,  in  which  the  spiracles  are  situated  at  the
extremity  of  a  siphon  formed  as  a  drawing  out  or  prolongation  of  the
dorsal  region  of  the  eighth  abdominal  segment.  The  two  main
longitudinal  tracheal  trunks  are  usually  of  a  much  greater  diameter
than  in  the  Anopheles  type,  and  apparently  function  to  some  extent  as
“air  reservoirs.”  There  are  no  palmate  hairs,  and  the  comb  almost
always  consists  of  a  variable  number  of  scale-like  spines.

(3)  The  Sayomyia  type  is,  on  the  whole,  the  most  modified  among
the  Culicidae.  The  spiracles  and  respiratory  tube  are  absent  and  the
tracheal  system  is  greatly  reduced  and  mainly  consists  of  two  pairs  of
air  vesicles  which  are  situated  respectively  in  the  thorax  and  seventh
abdominal  segment.

Theobald  (1905)  recognises  eight  sub-families  among  the  Culicidae
viz.  the  Anophelinae,  Megarhininae,  Toxorhynchitinae,  Culicinae,
Joblotinae,  Aedomyinae,  Heptaphlebomyinae  and  Corethrinae.

The  Anophelinae  form  a  tolerably  natural  group  and  exhibit  a
great  similarity  among  their  larvae.  The  most  obvious  differences
that  are  to  be  found  are  seen  in  the  characters  of  the  frontal,  plumose,
and  palmate  hairs,  the  antennae,  the  form  of  the  comb  and  the  labial
plate.

The  Megarhininae  comprise  the  single  genus  Megarhinus.  The
larva  is  of  the  Gulex  type,  but  is  remarkable  in  having  the  comb
represented  by  a  large  chitinous  plate  and  in  the  pecten  being  absent.
It  is  said  to  possess  a  rudimentary  spiracle  on  the  last  abdominal
segment  (Felt,  1905,  p.  445).  The  larva  of  Toxorhynchites  very  closely
resembles  that  of  Megarhinus  and  it  has  been  pointed  out  by
Christophers  (1906,  p.  13)  that  they  agree  very  closely  in  the  shape  of
the  head  and  clypeus,  in  having  the  brushes  modified  into  “clasping
organs  ”  for  seizing  their  prey  and  in  the  anal  gills  being  reduced  to
stump-like  papillae.

In  T.  immisericors  (Walk.)  according  to  Theobald  (vol.  iii.  p.  118)
and  Green  (1905,  p.  159)  the  siphon  is  excessively  short,  and  there  are
no  anal  gills  and  the  larva  rests  very  nearly  parallel  to  the  surface
film.

The  Culicinae  exhibit  a  wide  range  of  variation  in  their  larval
structure.  The  most  striking  and  variable  organ  is  the  siphon  which
differs  greatly  in  its  length  and  general  shape  among  various  genera.
Stephens  and  Christophers  obtain  what  they  term  the  “siphonic  index”
by  dividing  the  length  of  the  tube  by  its  maximum  breadth.  This
index  is  useful  for  comparative  purposes  and  appears,  on  the  whole,  to
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be  very  constant  in  certain  genera.  According  to  Christophers  in
Stegomyia  the  siphonic  index  varies  between  1  -  G  and  2;  in  Desvoidea
it  is  17;  in  Culex,  however,  it  varies  very  greatly  being  43  in  Culex
fatigans  Wied.,  while  in  C.  mimeticus  Noe,  according  to  Theobald’s
figure  (1903,  vol.  iii.  p.  157)  it  is  at  least  145  on  account  of  its
extremely  narrow  diameter;  in  Theobaldia  it  is  6,  while  in  Taenio-
rhynchus  it  is  13.  In  addition  to  the  characters  afforded  by  the  siphon,
numerous  other  structural  variations  occur,  and  some  of  which  are
proving  of  great  utility  in  the  specific  determinations  of  the  various
larvae.  The  general  form  of  the  head,  the  characters  of  the  antennae
and  the  position  of  insertion  of  the  antennal  tuft,  the  form  of  the
mouth-parts  and  especially  of  the  labial  plate  are  all  of  utility  in  the
identification  of  species.  Less  useful  characters  are  afforded  by  the
variations  in  colour  (very  rarely)  and  in  the  form  and  arrangement  of
the  cephalic  and  body  setae.  The  anal  gills  present  some  degree  of
variation,  being  exceptionally  long,  according  to  Christophers,  in
a  species  of  Stegomyia  which  mainly  frequents  the  bottom  of  the  water;
in  Desvoidea  they  are  large  and  broad  (Theobald,  vol.  iii.  pi.  XVI),
and  in  most  of  the  known  larvae  of  this  sub-family  they  are  well
developed,  though  in  Gidex  tigripes  Grand,  et  Charm,  and  Acartomyia,
according  to  Theobald’s  figures,  they  appear  to  be  wanting.  A  wide
variation  is  exhibited  in  the  pecten,  or  rows  of  teeth  situated  on  the
siphon  and,  similarly,  much  variability  is  seen  in  the  group  of  scale¬
like  structures  which  are  collectively  termed  the  comb,  and  situated  on
either  side  of  the  eighth  abdominal  segment.

Perhaps,  the  most  divergent  larvae  of  the  genus  Gidex  are  those  of
C.  mimeticus  which,  in  addition  to  the  features  of  the  siphon  already
mentioned,  are  remarkable  on  account  of  the  large  curved  pecten
spines  (Christophers,  p.  10),  and  the  cannibalistic  species  C.  concolor
Robin.  Des.  and  G.  tigripes.  Both  of  the  latter  are  highly  modified,
showing  but  little  relationship  with  the  Gidex  larvae  and  whose
affinities  are  with  Megarhinus  and  Toxorkynchites.  Christophers
suggests  provisionally  the  enlargement  of  the  sub-family  Megarhininae
so  as  to  include,  in  addition  to  Megarhinus  ,  Toxorkynchites  (thus  doing
away  with  the  sub-family  this  genus  represents),  Mucidus,  Psoropliora
together  with  Gidex  concolor  and  G.  tigripes,  and  possibly  Janthinosoma
and  Lutzia.  All  these  forms  are  specially  modified  for  cannibalistic  and
carnivorous  habits  in  general.  Their  brushes  are  transformed  into
clasping  organs  for  seizing  their  prey,  the  mouth-parts  are  also  specially
modified  and  the  shape  of  the  head  and  clypeus  is  very  characteristic.
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The  anal  gills  are  either  reduced  to  mere  stumps  or  are  completely
absent,  and  the  attitude  of  these  larvae  in  relation  to  the  surface  film
is  much  more  horizontal  than  is  usual  among  larvae  of  the  Culieinae.
The  two  species,  G.  concolor  and  G.  tigripes,  Christophers  proposes  to
place  in  a  new  genus  Jamesia,  and  provided  the  larval  characters  are
corroborated  by  sufficiently  important  differences  in  the  imago,  this
procedure  is  fully  warranted.  Furthermore,  the  remarkable  larva  of
G.  mimeticus  suggests  the  possibility  that  a  new  genus  may  be
desirable  in  this  instance  also.

It  seems  highly  probable  that,  as  our  knowledge  of  the  Culicidae
becomes  more  extended,  a  rational  classification  of  the  family  will  have
to  be  based  on  a  combination  of  both  larval  and  imaginal  characters,
and  in  no  other  family  of  Diptera  do  the  larvae  apparently  exhibit  such
exceptionally  well-defined  features,  among  both  genera  and  species,  for
this  purpose.  At  present  however,  until  the  morphology  and  ethology
of  the  larvae  have  been  more  critically  studied  and  how  far  any
particular  modification  may  be  correlated  with  a  certain  mode  of  life,  it
seems  very  nearly  impossible  to  discriminate  between  those  characters
which  have  been  developed,  perhaps  recently,  by  adaptation  and  those
which  are  to  be  regarded  as  phylogenetic  or  morphological  characters.
Until  this  distinction  is  clearly  recognised  the  application  of  larval
characters  for  the  purposes  of  classification  loses  much  of  its  value.
Dyar  and  Knab  (1906)  have  recently  contributed  an  important  paper
in  which  they  classify  the  larvae  of  the  New  World  mosquitoes
independently  of  the  imagines.  It  remains  to  be  seen,  however,  how
far  this  scheme  will  fit  in  with  any  system  of  classification  founded
on  imaginal  characters.

Of  the  Joblotinae  our  knowledge  of  the  larval  stage  is  based  on  a
very  brief  description  given  by  Theobald  (1903,  vol.  iii.  p.  334)  of  the
young  larva  of  Joblotia  niveipes  and  the  later  account  of  Goeldi
(1905,  p.  120).  It  appears  to  be  an  extremely  divergent  form  with
stout  blunt  antennae  and  a  pair  of  remarkable  “  frontal  processes.”
The  latter,  however,  seem  to  be  really  the  maxillae.  There  is  a  short
respiratory  siphon  of  very  unusual  form,  but  there  seem  to  be  no
lateral  comb.

In  the  Aedomyinae  the  larval  stages  are  very  little  known.  In
Aedes  fuscus  Osten-Sac.  the  larva  is  of  the  general  Cidex  type  and
possesses  four  narrow  lanceolate  gills  and  a  very  short  siphon
(Dyar,  1902,  p.  197).  According  to  Felt  (1904,  p.  340)  it  so  nearly
resembles  the  larvae  of  G.  Sylvestris  Thed.  and  G.  impiger  Walk,  that  it
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Sayomyia  and  a  typical  Culicid  larva.  The  intermediate  condition  is
especially  well  indicated  in  the  tracheal  system  which,  although  it  has
undergone  some  amount  of  reduction,  is  much  better  developed  than  in
Sayomyia  and,  moreover,  spiracles  are  present.  They  are  situated  at
the  extremity  of  a  short  respiratory  siphon  arising  from  the  eighth
abdominal  segment.  Gorethra  resembles  Sayomyia  in  the  form  of  the
antennae  but  the  head  is  not  prolonged  anteriorly  (Meinert,  Tab.  II).
The  larva  of  G.  Karnerensis  is  remarkable  in  having  the  extremity  of
the  last  segment  bordered  by  a  whorl  of  numerous,  short,  recurved
fleshy  processes  (Felt,  1904,  p.  353).

The  larvae  of  both  Eucorethra  and  Corethrella  resemble  Gorethra
much  more  closely  than  Sayomyia.  Both  possess  a  well  developed
tracheal  system  resembling  that  of  Culex  and  opening  at  the  extremity
of  a  short  siphon.  The  antennae  in  Eucorethra  resemble  those  of  the
two  preceding  genera  while  those  of  Corethrella  are  curiously  folded
back  against  the  head  (Felt).

Pelorempis  is  a  recently  discovered  form  and  very  imperfectly
known.  It  resembles  Sayomyia  and  Gorethra  in  the  elongated  antennae
which  are  provided  with  stout  spines  set  at  an  angle  with  their  long
axes.  It  has  the  general  shape  of  the  head  of  Gorethra  but  the
maxillae  rather  resemble  those  of  Sayomyia.  In  its  respiratory  system
it  comes  closer  to  the  Anophelinae  than  to  any  other  of  the  Culicidae.
There  is  no  siphon  and  the  spiracles  are  supported  by  a  chitinous
skeleton  resembling  very  closely  that  of  Anopheles  (Johannsen,  p.  404).
Pelorempis  seems,  therefore,  to  be  a  synthetic  type  as  regards  its
larval  characters,  since  it  exhibits  features  belonging  to  both  Corethrinae
and  Anophelinae.

The  relationships  of  the  larvae  of  the  Corethrinae  appear  on  the
whole  to  come  nearest  to  the  Culicinae.  The  fact  that  they  are
predaceous,  feeding  on  larvae  of  their  own  and  other  species,  and  small
Entomostraca,  &c.,  might  suggest  the  possibility  of  their  having  arisen
from  the  Megarhininae  (  sensa  latiore  of  Christophers)  which  are
similarly  carnivorous  (and  cannabalistic).  Such  a  view,  however,
would  not  be  tenable  since,  in  the  Corethrinae,  the  antennae  are  the
organs  which  are  specially  modified  for  seizing  the  prey,  while  in  the
latter  group,  it  is  the  feeding  brushes  that  have  become  modified  for  the
same purpose.

Rondani  in  1856  appears  to  have  been  the  earliest  writer  to
separate  the  Corethrinae  from  the  rest  of  the  Culicidae  and  elevate
them  to  family  rank.  More  recently  Coquillett  and  others  have  also
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i. mus.
1. d.
P. d 1 .

L e.
1. muse,
l.pl.
l. t. m.
in.
in. b.
m. c.
m. g.
m. n.
in. pi.
in. s.
VI. x.
ner.
o.
oen.
o. VlllS.
o. n.
V •
p. c.
ph.
ph. ic.
pi.
p. in.
p. s.
r.
sc.
s. col.
S. col. ]).
s. d.
s. g.
sp.
sup. g.
t.
t. b.
t\ b\
t.f.
t. f. m.
t'.f.
t. f. d.
th. (j. i.
t. pi.
tr.
w. d.
x- - - y

Hypodermis.
Inner vertical muscle of spiracular lobe.
Imaginal bud of left middle leg.
Imaginal bud of labium ; left of the paired elements (section some¬

what oblique).
Larval eye.
Longitudinal muscles of spiracular lobe.
Lateral plate of spiracular lobe.
Longitudinal tergal muscles.
Muscle attached to supporting collar of heart.
Striated muscle bands (in section).
Mother cells.
Mid-gut.
Median nerve.
Median plate of spiracular lobe.
“ Mesenchyme. ”
Muscle of maxilla.
Lateral nerve.
Ommatidia.
Oenocytes (smaller).
Outer vertical muscles of spiracular lobe.
Optic nerve.
Glutinous peg.
Pericardial cells.
Pharynx.
Wall of pharynx.
Lateral toothed plate.
Peritrophic membrane.
Peripodial space.
Beetum.
Basal supporting plate of spiracular skeleton.
Supporting collar of heart (anneau de soutien).
Posteriorly directed prolongations of the supporting collar.
Median salivary duct.
Sub-oesophageal ganglion.
Spiracles.
Brain.
Tracheal trunk to anal gills of its side.
Transverse chitinous band.
Transverse intersegmental band.
Larval “tail-fin.”
Muscles of larval “ tail-fin.”
Terminal filament.
Imaginal bud of pupal “ tail-fin.”
Prothoracic ganglion.
Terminal plate of spiracular lobe.
Trachea.
Imaginal bud of wing.
Direction of the transverse section Fig. 2.
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DESCRIPTION  OF  THE  PLATES.

PLATE  IX.

Fig. 1. Dorsal aspect of the head of a larva of Anopheles maculipennis showing certain of
the muscles.

Fig. 2. Transverse section through the head across the line x—y in the preceding
figure.

Fig. 3. Typical transverse section through the abdomen and passing through one of the
ventral nerve ganglia.

Fig. 4. Lateral view of the spiracles and their supporting skeleton.
Fig. 5. Transverse section through the eighth abdominal segment together with the

spiracular lobe. (Reconstruction from several sections.)
Fig. 6. Transverse section through the ninth abdominal segment showing the muscles

of the “ tail-fin.” (Reconstruction from several sections.)
Fig. 7. Longitudinal and horizontal section through the spiracular lobe passing some

distance below the level of the spiracles.
Fig. 8. Do. passing just beneath the spiracles.
Fig. 9. Transverse section through the heart and associated structures ; 6th abdominal

segment.
Fig. 10. Dorsal aspect of a portion of the heart showing alary muscles and pericardial

cells ; 6th abdominal segment.
Fig. 11. Rudiment of the male gonad from larva measuring 6'5 mm. long.
Fig. 12. Rudiment of the female gonad from a larva measuring 6'75 mm. long. The

numbers in this and the preceding figure represent the respective segments in which
the organ lies, and the horizontal lines indicate the boundaries between those
segments.

Fig. 13. Transverse sections through three separate regions of the male gonad of a larva
about 6 mm. long : (a) through the base of the terminal filament; (h) through the
middle of the gonad ; (c) through the developing duct.

Fig. 14. Outline figure of the rudiment of the male gonad in a larva 2'3 mm. in length.
Fig. 15. Transverse section through the heart and associated cellular cords; anterior part

of the thorax.
Fig. 16. Do. through the heart and posterior prolongations of the supporting collar ;

commencement of oesophagus.
Fig. 17. Do. through the middle of the supporting collar together with the heart.
Fig. 18. Do. through the cerebral commissure and the anterior termination of the

heart.
Fig. 19. Section of imaginal buds of wing and second leg of left side at an early stage in

development.
Fig. 20. Section through imaginal antennal bud and passing through the opening of the

primitive invagination.
Fig. 21. Longitudinal and vertical section passing through the cerebral commissure

together with the terminal portion of the heart and the associated supporting
collar.
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