
The Entomological Society of Japan

NII-Electronic Library Service

The  EntomologicalSociety  ofJapan
{

.e.,s

'I

Kbntyti,7bkyo,42(4):451-466. December25,1974

The  Embryology of  the Caddisfiy Stenopsyche griseipennis

       MAcLAcHLAN  (Trichoptera, Stenopsychidae)

          IV. Organogenesis: MesodermalDerivatives

          K.ezo MlyAKAWA

Imafuku  1024, Kawagoe  City, Saitama 356, Japan

 Synopsis This paper describes the  definitive coelornic  sacs and  the formation of

thexnesodermalorgansofStenopsychegriseipennisMAcLAcHLAN.  Thecoelomicsacs

are  ill-developed and  the appendicular  coelemic  sacs  Iack the dorsal wal{.  The

lateral parts of  the fat bodles arise  from  the lateral regions  of the coelomic  sacs.

The fbrmation of  the  other  rnesodermal  organs  is basically similar  to these of other

lnsect embryes.

                            Illtroduetion

   In previous papers (MIyAKAwA, 1973, l974a, b), the early  developmental

stages,  changes  in the external  form of  the embryo,  the  formation of  germ layers and

the organogenesis  of  ectodermal  derivatives of  Stenopsyche griseipennis MAc-

LAcHLAN  were  described,

   This paper deals with  the definitive coelomic  sacs  and  the embryogenesis  of  the

mesodermal  organs:  the  muscular  system,  circulatory  system,  fat bodies, suboeso-

phageal bodies and  gonads.
    Concerning the embryogenesis  of  the rnesodermal  derivatives fbr trichopteraR

insects, no  paper has appeared,  so  far as  the author  is aware,  except  that by PA'rTEN

(l884). PATTEN  described the formation ofthe  splanchnic  mesoderm,  heart, blood

cells  of  IVeophalax, and  also  described an  endodermal  cell-mass  corresponding  to

the suboesophageal  bodies. However, he gave no  account  of the formation o.f the

muscular  system  and  gonads  of  the species.

    As the  material  and  method  used,  and  as  the developmental stages  are quite

the same  as those stated  in the previous paper (MiyAKAwA, 1973), these details are

omitted  here.

    The author  wishes  to express  his cordial  thanks to Professor Hiroshi ANDo,

Sugadaira Biological Laboratory of  Tokyo  Kyoiku University, for his constant

guidance and  encouragement,  and  for reading  the manuscript.
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                            Obseryations

l. Coeiemic  saes  (Fig. 1)

   By the end  of  stage  6, coelomic  sacs  ancl  cavities make

labral, the antennary,  the three  gnathal, the  three thoracictheir

 appearance  in the
and  tke first nine  abdo-
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minal  segments  as  previously described (MiyAKAwA, l974a). However, those of

the intercalary and  the  tenth  and  eleventh  abdominal  segrnents  are  vestigial.

a) Coelomic  sacs  in protocephaiic  region

   At the end  of  stage  5, the paired labral rudiments  have a pair of mono-cellular

inner layers at  each  side.  These are  the Iabral coelomic  sacs,  each  containing  a

small  lumen, the coelomic  cavity.  The  coelomic  sacs are  open  at  the bases of

the rudimental  labra and  continuous  medially  to the stomodaeal  inner iayer, latero-

dorsally to those of  the protocerebral lobe 3, and  posteriorly to those of  the antennal

inner layer (MiyAKAwA, 1974 a, fig. 2-7 a). The  cells  of the labraT coelomic  sacs

later differentiate into the clypeo-labral  muscles.
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Fig, l. Distribution of  mesoderm  (dotted part) at early  pre-revolution stage  and  its fate, dia-

   grammatic.  1. Dorsal  view  of  mesoderm  through  anterior  part of  ernbryo.  2,

   Cross sections  of embryo  at  each  part shown  by Ietterings, 3. Fate of  parts ofmeso-

   derm in cross  section  of  right  side of  embryo  at  abdomen  (A), thorax  (B) and  gnathal

   region  (C). AB1and  2, first and  second  abdominal  segments;  AN,  antenna;  APM,

   appendicular  muscles;  CO,  coelom;  COAP,  appendicular  coelom;  DM,  dorsal muscles;

   F, fat bod{es; FC,  paracytes and  blood cells;  G, gonad;  H, heart; INT,  inter¢ alary

   segment;  LB, Iabium; LM,  Iateral muscies;  LR, labrum; MD,  mandible;  MX,  maxilla;

   SPL, splanchnic  niesoderrn;  ST, stoniodaeum;  TH  1 and  3, pro- and  rnetathorax;  VM,

   ventral  muscles.

   Antennary coelomic  sacs  localize in the antennary  rudiments  in the saine  way  as

the labral ones,  They lack also  the dorsal wall  and  extend  medio-anteriorly  tojoin

labral coelomic  sacs  and  the stomodaeal  inner layer (MiyAKAwA, 1974 b, fig. 3-1 B).

Consequently, the labral, the antennary  coelomic  sacs  and  the stomodaeal  inner layer

are continuous  to each  other  and  do not  show  any  clear bounclaries. In later stages,
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the cells  of  the sacs  and  the inner layer form the aorta  and  stomodaeal  rnuscles.

The  antennary  muscles  are not  recegnized,  since  the antennae  are  quite ill-developed.

   AIong the distal borders of  these  protocephalic inner layers, the free cells  are

released,  and  they become the paracytes, blood ceils  and  fat bodies.

b) Coelomic  sacs  in intercalary segment

    As  has already  been described (MiyAKAwA, 1974 a, fig. 2-7 b), the coelomic

sacs of  the intercalary seginent  are  vestigial  and  do not  fbrrn the  ordinary  coelomic

cavity. The  jntercalary innerlayer is located along  the ventral  side  of  the stome-

daeum  near  its base and  later forms suboesophageal  bodies.

c)  Coelomic  sacs  in gnathal  region

    In each  anlage  of  appendages,  a iarge sac  of  the inner layer is formed. How-

ever,  these sacs  lack the dorsal wails  as  in the cephalic  coelomic  sacs.  Laterally to

these sacs, the inner layer extends  to lateral margins  of  the embryo.  These lateral

ends  of  the inner layer correspond  to the coelomic  sacs ef  the thoracic afid abdominal

regions  but lack the lumen or cavity, They  are  then cut  off  from the others  and

become the splanchnio  mesoderm  in the max"lary  and  labial segments,  while  in the

mandibular  segment  they fbrm the mandibular  flexor and  extensor  muscles.  The

other  parts of  the inner layer fbrm the muscles  and  the fat bodies.

d) Coelomic  sa ¢ s in thoracic  and  abdominal  regions

    The coelornic  sacs  in the thoracic appendages  are  quite the same  as  in the gnathal
ones.  They are  also  continuous  to the coelomic  sacs  at  the  lateral margins  of  the

segments  (MiyAKAwA, l974  a, fig. 2-6 b).

    At lateral margins  of  each  thoracic and  abdominal  segment,  the coelomic  sacs

are  clearly  fbrmed (Fig. 1, CO). At  first they consist  ofa  single layer ofcells, ellcios-
ingasmail Iumen, i. e., the coelomic  cavity  (MiyAKAwA, 1974 a, fig, 2-6 a). The

formation of  the coelomic  sacs  is retarded  in the posterior abdominal  region,  namely,

the tenth  and  eleventh  <?) abdominal  segments.  In these segments,  the inner layer

does not  form the ordinary  cavity  at all, since zhe  coelem  formation of  these segments

is preceded  by the morphogenetic  mevement  during stage  6 through  which  the

tenth and  eleventh  (?) abdominal  segments  are  squeezed.

    The  fate of  each  part of  the coelomic  sacs Ss schematically  shown  in Fig. 1-3.

The  coelomic  sacs  are  then  dorso-ventraliy divided into two  solid cell-masses,  i, e.,

the splanchnic  and  somatic  mesoderm.  The splanchnic  mesoderm  later loses the

segmental  eharacteristics  and  becomes the enteric  muscles.  The somatic  mesoderm

fbrms the muscles,  heart and  fat bedies. The genital ridges  are  formed between the

somatic  and  the splanchnic  mesoderm.  The coelomic  sacs  in the appendages  or  the

appendicular  coeiomic  sacs are  regarded  as  a  diverticulum ofthe  somatic  mesoderm.
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2. thtseulature

   The muscles  differentiate in the post-revolution period and  they become striated
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and  functional about  the time  of  hatching. For the convenience  of  description the

embryonic  mausculature  is divided into three groups: the abdominal,  the thoracic aRd

the head muscles,

a) Abdominal  muscles

    In stage  7, the coelomic  sacs rupture  and  the somatic  mesoderm  separates  from

the splanchinic  mesoderm  maintaining  the connection  with  the ectoderm,  The

somatic  mesoderm  new  consists  of  two  or  more  layers of  ce]ls  and  occupies  neariy

one  half of  the inner surface  of  the ectodierm,  just laterally to the ganglion

(Fig. 2-l, SOM).

    In stage  8, the somatic  mesoderm  begins to divide itself into several  cell-masses

to fbrm the  muscle  rudiments.  The  middle  part of  the somatic  mesoderm,  at  each

side,  gives rise to the  lateral muscles,  while  the lateral and  median  parts of  each

somatic  mesoderm  form the  dorsal and  ventral  longitudinal muscles,  respectively

(Fig. 2-2). As  development proceeds the mesoderm  extends  dorsaliy with  the

ectoderm  (Fig. 2-3).

    In the  latter half of  stage  9, the  musculature  assumes  a  definitive state  (Fig. 5--4).

The  ventral  longitudinal muscles  ofa  segment  are  well-developed,  consisting  ef  three

pairs of  antero-posterior  bundles (VM l-3) and  two  paiTs of  oblique  bundles (VM
4, 5). The dorsal longitudinal muscles  are  weak,  compared  to the ventral  ones,

and  they consist  ofthree  or fiDur pairs ofbundles  (Fig. 2--4, DM).  The  lateral muscles

are  divided into two  groups, the anterior  and  the posterior, corresponding  to Museuli

lateraies externi  and  M.  I, interni (SNoDGRAss, 1935), respectively. The  anterior

lateral muscles  connect  the velltral body  wall  to the dorsai one  in the anterior  half

of  a  seginent.  They eomprise  fbur or  more  separate  muscle  fibers (Fig. 5ul, ALM).

The posterier lateral muscles  obliquely  connect  the latero-ventral body wall  of  the

posterior border of  a  segment  to the dorso-lateral one  (Fig. 5-4, PLM).

    The  musculature  of  the ninth  abdeminal  segment  differs frorn those of  the

anterior  abdominal  segments  due to the occurrence  ofpygopods  or  anal  appendages.

A  pair ofthe  ventrai  longitudinal muscles  of  the ninth  abdominal  segment  are directly

inserted into the ventro-distal  end  of  the basal segment  of  the pygopods (Fig. 5-5),

In the  ninth  abdominal  segment,  the posterior lateral muscles  are ill-developed.

    The rnusculature  of  the pygopods, other  than  the above-mentioned  muscles,

seems  to be of  the vestigial tenth abdominal  segment  origin.

'l･

b) Thoracicmuscles

   The  arrangement  ofthe  somatic  mesoderm  of  the thorax is regarded  as a  rnodifi-

cation  of  that ef  the abdomen  due to the occurrence  of  legs. Its development is

basically the sarne as  the abdominal  one,  except  the appendicular  region  (Fig. 3).

    In stage  9, the ventral  longitudinal muscles  of  thoracic  segments  appear  in a

quite similar  way  to those in abdominal  segments  (VM 1-3), but in the prothorax
the muscles  corresponding  to VM  3 in other  segments  change  direction, viz. passing
obliquely  outside  the anterior  lateral muscles.  The  dorsal longitudinal muscles  of
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the thorax are somewhat  rnore  ¢ omplicated  than these of  the abdomen.  There then

appear  additional  muscle  fibers which  pass obliquely  at  the lateral side  of  the dorsal

longitudinal muscles  (Fig. 5-3),

Fig. 3. Cross sections  of  embryo  through  mid-mesothorax  at  end  of  stage  7 (Left) and  
at

   beginning of  stage  9 (right). ALM,  anterier  lateral muscle  rudlment;  CB, cardioblast;

   DM,  dorsal muscle  Tudiment;  EM,  ental muscle  rudiment;  FB, fat body; MGE,  
anlage

   of mid-gut  epithelium;  PLM,  posterior lateral muscle  rudknent;  ?N,  peripheral nerye

                                                            ,yolk   rudiment;  SG,  silk  gland; TR,  tracheal anlage;  VM,  ventral  muscle  rudiment;  YC

   cel!.

   The anterior  lateral muscles  are  further divided into two  greups: the anterior

most  and  the rniddle.  The  latter group functions as the promotor ofthe  coxa.  The

posterior lateral muscles  become the remotor  of  the coxa  in the prothorax, while  
in

the meso-  and  metathoraces,  the posterior laterai muscles,  in large part, become the

depressor of  the trochanter, inserting into the  base of  the trochanter, and  the rest

becomes the Temotor,  inserting into the posterior part of  the  coxal  base.

    In the prothorax the dorsal muscles  pass forward and  enter  the  postoccipitai

region  of  the head capsule,  playing part of  the levator of the head (Fig. 5-3).

l

c) lleadmuscles

    As a result of  the morphogenetic  movement  of  the  cephalo-gnathal  region  dur-

ing stages 7 and  8 (Fig. 4), the distal parts ef  the mandibular  segment  grow dorso-

posteriorwards to occupy  the region  dorsal to the  maxillary  segment,  whose  lateral
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ends  also  shift  medio-posteriorwards.  Consequently, the mesoderm  of  each  segment

moves  dorso-pesteriorwards, the mandibular  one  to the position latero-dorsal of  the

maxillary  rudlments  and  the  maxillary  one  to  the  posterior of  them.  In the mean

time, the Iabial anlagen  shift  medially  to localize between the maxillary  rudiments.

During  this morphogenetic  movement  the labral region  remains  near  the original

Iocation.

Fig.
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4. Morphogenetic

5. 2. Stage
mandibular,  maxillary  and  labial anlagen.

phogenetic movement,  ,
mandibular  segment;  MX,  rr]axillary  segrnent;  ?C,  protocephalon  ; ST, stomodaeum,

                     3 LB six Mb

       eephale-gnathal  region,  diagrammatic, 1.Stage

         8, Pentagons show  positlons and  directions- of

             Arrows  indicate directioRs of  grewth  or  mor-

A,  antennal  anlage  ; LB, aabial segment;  LR, labral anlage;  MD,

    In the  meanwhile,  the developing ectodermal  invaginations connect  with  the

corresponding  mesoderms,  i. e. the mandibular  apodemes  with  the  rnandibular  meso-

derm and  the anterior  tentorial arms  with the maxillary  mesoderm.  At stage  8, the

mandibular  mesoderm  at Iateral ends  assumes  conspicuous  cell-masses  along  the

laterai ectoderm  near  the  brain and  is divided into two  groups, the  anterior  small

ones  and  the posterior large ones.  In all the gnathal appendages  the mesoderrnal

cells begin to arrange  themselves into a  pattern of  definitive muscle  fibers (Fig, 5-1).

    In stage  9, the head muscuiature  is completed.  The  {abra] mesoderm  gives rise

to the labral flexor and  extensor  muscles  and  also  the dilator muscles  of  the stomo-

daeum, ranging  from the labrum to  the  frons (Fig. 5-2,1 to I1). The  mandibular

mesoderm  gives rise  to the strong  fiexor and  weak  extensor  muscles  of  the mandibles.

The fiexor muscles  pass from the mandibular  apodemes  to the  lateroposterior end

of  the head capsule,  and  the extensor  muscles  pass outsides  the former (Fig, 5-2,

12 and  13).

    The  maxillary  and  labial mesoderms  give rise  to the muscles  which  govern the

movernent  of  maxillo-Iabial  parts. Most  of  them  are  connected  to the maxillary

base, passing inside the mandibular  muscles,  with  the posterior end  of  the head

(Fig. 5-2, 14, 16 and  17). In addition,  a  muscle  bundle passes transversely from the

rnedio-posterior  base ofthe  maxillae,  crossing  at  the  inside ofthe  mandibular  muscles,

to the kead capsule  near  frons. This muscle  may-  be hemologous to  a  maxillo-

tentorial muscle  of  other  insects (Fig. 5-2, l5). In the Iabium the mesoderm  fbrms

the three strong  pairs of  dilator and  depressor muscles  of  the silk glands (Fig. 5-2,

l8).
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5 (oll pp. 458-459), Reconstruction of muscular  system  of  embryo,  lateral view  from

outer  side, sernidiagrammatic,  1. Head  and  anterior  thorax at  stage  8. 2. Head

muscles  at stage  9, 3. Pro- and  mesethoracic  inuscles  at stage  9. 4. Mid-

abdominal  muscles  at  stage  9, 5. Muscles of  posterlor  end  of  abdomen  and  pygopod

ef  newly  hatched larva, A  5 to 9, fifth to ninth  abdominal  segments;  AG  5, fifth

abdominal  gang]jen; AI..M, anterior  lateral muscles;  APMD,  mandibular  apodeme;  BR,

l{I'1

3, SPlanchnie mesoder}n

    In stage  6, when  the coelomic  sacs  are  fbrmed, the dorsal wall  of  the coelemic

sacs  comes  in contaci  with  the yolk sac.  This occurs  in the segments,  from first

maxillayy  to the ninth  or  tenth abdominal.

    In stage 7, the coelemic  sacs loosen and  liberate the fat bodies from the median

part and  also  from the  lateralmost part of  their dorsal wall.  The solid parts of  the

dQrsal walls  of  the coelomic  sacs are  the splanchnic  ]nesoderm.  It now  assumes  a

pair of  continuous  longitudinal strands  connected  firmly to the yolk membrane  and

consists  of  two  ]ayers of  cells in cress  section  (Fig. 2-1, SPL). In the second  to the

seventh  abdominal  seginents, the splanchnic  mesoderm  is yentrally  connected  to the
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     brain; CX,  coxa;  DM,  dorsal rnuseEe;  EXMD  and  FLMD,  anlagen  of  mandibular

     extensor  and  fiexor muscles;  FG, Erontal ganglion; G, rectal  gllEs; GO,  gonad;  H,  head

     capsule;  LB, labium; LR, Iabrum; MD,  mandible;  MX,  maxllia;  PLM,  posterior

     lateral muscles;  PTG,  protheTacic gland;  PY,  pygepod;  SCX,  subcoxa;  SG,  silk  gland;

     SOB,  suboesophageal  body; SOG,  suboesophageal  ganglion; SPL, splanchnic  rnesoderm;

     ST, stomodaeum;  TRC,  trochanter; VM,  ventral  muscles  of  mesothorax;  VM  1-5,

     ventral  muscles  of  mid-abdomen;  l-17, head  muscles.

genital ridge.

    In stage'  8, the  splanchnic  mesoderm  abandons  the connection  with  all the meso-

dermal components  except  the fat bodies, but maintains  the initial appearance.

Later it differentiates into the outer  le"gitudinal and  the inner circular  muscles  of  the
mid-gut,  viz  the enteric  rnuscies  (Figs, 2 and  3, CM,  LM  and  EM).

4. Circuftztony systein
a)  Heart

   At  first the cardieblasts  are discriminated from
their position and  their diflbrentiatien is retarded.other

 mesodermal  cells  only  in
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    In stage  7, the cardioblasts  are  situated  at  lateral ends  of  the coelomic  sacs

throughout  thorax and  abdomen.  In cross  section,  the ¢ ardioblasts  appear  as  the

outermost  cells  of  the solid  mesoderm  conneeted  with  the ectoderm,  while  there

appear  several  fat body cells  lateral to them  (Figs. 2-1 to 3, CB). There are about

fbur cardioblasts  in a Iongitudinal line at each  side of  a  segment.

    Early in stage  9, the cardioblasts  maintain  the connection  with  the ectoderm  but

are  cut  off  from the splanchnic  mesoderm  (Fjg. 2-3).

   As  development proceeds, both the outer  srdes  of  the ectoderm  grow  dorsal-

wards  finally perfbrming the dorsal closure.  Consequently, the cardioblasts  in both

the sides approach  and  unite  to each  other  (e£  Figs. 2-2  and  2-3). This morpho-

genetic movement  begins first at the posterior abdomen  and  then proceeds fbrwards,

finishing at the prothoracic segment.  Thus the heart is fbrmed (Fig. 2-4, H).

    In cross  section,  the pericardial diaphragm is observed  as  a  pair of  thin mem-

bralles cennected  to the ventral  or  inner side  of  the heart and  spread  ventrally  aleng

the inner side of  the other  mesodermal  tissues covering  the definitive circumintestinal

blood sinus.  The  pericardial diaphragm closely  resembles  the reticula  produced by

£he fat body cells  (Fig. 2-4, PCD).

b) Aorta
   The  aorta  arises ftom  the labro-antennal mesoderm  on  the  dorsal side  of  the

stomodaeum.  The  aorta  makes  its appearance  at  the beginning of  stage 9 as a

tubular structure  along  the mid-dorsal  ]ine of  the stomodaeum,  ranging  from the
anterior  part of  the intercerebral region  to  the  posterior end  of  thc stomodaeum

(MiyAKAwA, 1974 b, fig. 3-3 A, ae).  Near thejunctien  of  the stomodaeum  to the

mid-gut  at the  posterior end  ofthe  head, the aorta  continues  to the heart.

i']jiI.I

ll

c)  Blood  cells

   In stages  4 and  5, the free cells  are  liberated from the median  mesoderm  through

the entire length of  the embryo.  A  Iarge number  of  them  migrate  into the yolk as

the  paracytes as  described previously (MiyAKAwA, l974 a), and  the  remainder  stay

as  free cells  in the epineural  sinus. These cells  are  the precursors ofblood  cells.

    In stage  9, when  the heart is fbrmed, the blood cells are  fbund in it, assuming  the

definitive appearance  quite similar  to those of  other  insects, i. e, the nucleus  wjth  a

large amount'  of  chromatins  and  the cytoplasm  with  vacuoles,

5. Ftit bodies or.fZii4?  tissues (Figs. 2 and  3, FB)

    In stage  6, the fat bodies arise from the mesoderm  throughout  the entire length of

the embryo,  i. e. from the labral to the ninth  abdominal  segment.  Its appearance  in

the  pesterior abdomen  is retarded,  Each  fat body cell  has a  degenerating nucleus  and

a specialized  cytoplasm  involving large vacuoles.  Consequently, during its develop-

meiit, the ceil size  increases to many  times as  large as  the  ordinary  one.

    In the Iabral, antennal  and  mandibular  regions,  the connection  of  cells  compris-

ing the dorsal wail  of  the coelorni ¢  sac  loosens and  the cells  are  converted  into fat



The Entomological Society of Japan

NII-Electronic Library Service

The  EntomologicalSociety  of  Japan

ttt..

Embryology  of Stenopsyche griseipennis, IV 461

bodies. In the segments,  from the maxillary  to the posterior abdominal,  the fat
bodies appear  first at iateral ends  ofthe  coelomic  sacs and  then at  a  median  part ofthe
dorsal wall  of  the  coelomic  sacs, just inside the splanchnic  mesoderm.

   As  develepment proceeds, the fatty tissues fill up  all the interspaces of  the organs
with  the exception  of  the circumintestinal  regions  and  the iRsSdes of  appendages.

6. Gonacis

   The genital ridges  or  rudimental  gonads appear,  in stage  7, at each  side of  the
second  to the seventh  abdominal  segments  as  a  bridge between the spianchnic  and  the
somatic  mesoderm.  Inside the genital ridge,  one  or  two  germ cells  are  found at
each  side  of  a segment  (Fig. 2-1). The germ cells  have a large nucleus  with  a  cen-

spicuous  large nucleolus  and  transparent  nucleic  fiuid. The  author  fa"ed to detect
the germ celis  until  this stage.

   As developmellt proceeds, the genital ridges  are  cut  off  from the  splanehnic

mesoderm.  They  assume  a somewhat  depressed columnar  shape  and  Iie at  each

inside of  the fatty tissue ventrally  to the cardioblasts  (Fig. 2-2, GO).  In stage  8,
the rudimental  gonads  range  from the third to the seveRth  abdominal  segment.

   According to  the revolution  of  the embryo,  the anlagen  of  the gonads  decrease
in length and  in stage  9 they come  to range  from the fourth to the fifth abdofninal
segment  and  finally condense  within  the  fifth abdominal  segment  (Figs. 2-2, -4, and
5-4, GO). This state  js maintained  until  an  early  stage  of  the pupa.

7. SZtboesophtrgeal bodies

   The  suboesophageal  bodies arise  from the mesoderm  of  the intercalary segment

l
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Fig. 6, Cross section  (l) and  parasagittal  section  (2) of  embryo  at  stage  6 through  anJage  of

   suboesophageal  body. GMD,  mandlbular  ganglion; MD,  inandible;  M6E,  anlage  of

   mid-gut  epithelium;  MX,  maxilla;  SOB, suboesophageal  body; ST, stemodaeum;  TE,
   tentoriai rudiiment.
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alld  maintain  their existenee  throughout the embryonic  period.

   In stage  6, when  the stomodaeal  invagination deepens and  the proliferation of

ce]ls  of  anterior  mid-gut  epithelium  has begun, the mesoderm  ef  the illtercalary seg-

ment  fbrms a  laterally elongated  cell-mass  just behind the stomodaeum  and  just
beneath the rnid-gut  epithelium.  This cell-mass  is the anlage  of  the  suboesophageal

bedies, The  constituent  cel]s  increase in height andi  their cytoplasm  becomes pale,
assuming  an  appearance  different from that of  the surrounding  cells  (Fig. 6, SOB).

   As development proceeds, the  anlagen  of  the suboesophageal  bodies detach from

the ectoderm  and  attach  to the ventral  side  of  the posterlor half of  the stomodaeum.

Consequently, the suboesophageal  bodies move  backwards with  the development of

the stomodaeum  (Fig. 5-1, SOB)  and  in stage  9, they  reach  the posterior end  of  the

head capsule.  This position is maintained  at  ieast until  the first instar larval stage.

Discussion

1. Coelomic sacs  and  cavities

    JoHANNsEN  and  BuTT  (1941) ciassified  the types  of  fbrmation of  the coelomic

cavAties in insect embryos  as  foliows : l) by clefts  appearing  in the solid mesoderm,

2) by folding over  of  the lateral margin  of  the inner layer and  3) by diverticulation

of  the  primitive groove, i-. e. the archenteron.

    According to EAsTHAM  (1930, in Pieris, Lepidoptera) the coelomi ¢  cavities of  the

thorax are  fbrmed by the £olding  Qver  of  the lateral margin  of  the inner layer, and

those  of  the abdomen,  except  the first abdominal  segment,  are  formed by clefts  in

the solid twe-cell-layered inner Iayer. In the thorax of  Pieris `the
 subsomitic  meso-

derm' forms a  cavity  in the hollow of  an  appendage  medially  to the ordinary  coelom  of

the Iatero-dorsal part of  the germ  band. Conceming  this phenomenon  JoHANNsEN

and  BuTT  state  that among  more  highly specialized  insects the  coelomic  cavlty  does

not  extend  te the  appendages.

    In Stenopsyche, the gnathal, thoracic coelomic  cavities  at  the lateral ends  of  the

segments  are  incompleteiy fbrmed. Kowever, the lateral margin  of  the inner layer

tends to curl  dorsally, representing  a  transitional phase to the second  type, i. e. tke

fblding ever  type. The  appendicular  coeiornic  cavities  develop well  and  coincide

with  those of  Pieris (EAsTHAM, l930), In the abdomen  the coelomic  cavities are

fbrmed at the lateral ends  as  clefts  appearing  in the inner layer, i. e. the first type,

similar  to other  insects.

    The  antennal  coelomic  cavities  jn lower insect embryos  are  distinctly deyeloped

and  are  independent  of  the adjacent  labral ones  (e. g., ANDo,  1962; MALzAcHER,

1968; ScHoLL, 1969). In Pieris the antennal  coelomic  cavities  also  appear  in-

dependent of  other  cephalic  ones,  though  all of  the preoral coeiomic  cavities  are  ill-

develeped,

    In Stenopyche the  antennal  coelomic  cavities  are  so  incompiete that they  are  open

at  the  dorsal side  and,  moreover,  their sacs or  walls  are continuous  to the labral
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coelomic  sacs,  lacking any  clear  boundary between them. Accordingly, it is dif

ficult to decide accurately  the segmental  origin  of  the stomodaeal  mesederm  and

the aorta.

2. Musculature

    Though  the distribution of  the muscles  varies considerably  according  to the

insect group, their embryonic  origin  is undoubtedly  attributed  to the somatic  meso-

derm. The  general plan of  the muscle  distribution of  the insects was  described by

SNoDGRAss (1935) and  that of  the odenate  embryos  was  iilustrated by ANDo  (l962).
EAsTHAM  described the early  development of  muscles  of  Pieris. Recently ScHoLL

(1969) gave a detailed account  of  the development of  the  head  rnuscles  in Carausius

(Phasmida).
   The rough  feature of  the deve]opment of  the muscles  of  Stenqpsycke coin ¢ides
with  that of  other  insects but it may  be noted  here that, first, in Stenopsyche the

mandibular  fiexor and  extensor  muscles  originate  from  the  mandibular  mesoderm,

not  from the maxillary  mesederm,  supporting  the view  of  ScHoLL  (1969, in

Clarausius); second,  in Stenopsycke there is a  muscle  connecting  the median  base
of  the maxilla  with  the dorsal head wall  at each  side,  which  is homologous to the
muscle  of  other  insects connecting  the maxillary  base with  the  tentorium;  third, in

Stenopsyche the ventral  longitudinal muscles  of  the thorax  and  abdomen  strongly

deve]op in contrast  to the dorsal ones;  and  fburth, the appendicular  muscles  seem  te

be only  a variation  of  the lateral muscles  of  segments  which  lack appendages.

3. SPIanchitic nzesocterm

    There are  a few diflbrences aceording  to insects in the erigin  of  the anterior  and

posterior ends  of  the  splanchnic  mesoderm.  According  to RooNwAL  (1937, in
Loeusta) the splanchnic  mesoderm  arises in the segments  posterior to the labial,
ANDo  (l962, in Odonata)  says  that  it is formed  in the  segrnents,  from  the mandi-

bular to  the  sixth (or seventh  ?) abdominal,

    In Stenopsyche, the splanchnic  mesoderm  originates  in the  segments,  from the

maxillary  to the ninth  abdominal.

4. Circulatory system

   Concerning the heart forrriation fbr IVI?ophalax, PATTEN (1884) describes that a

solid cord  efcells  is fbrmed in the median  dersal region  by the fusion of  the edges  of

the  mesodermic  folds and  the  cord  becomes hollow and  fbrms the  heart,

   In Stenopsyche the author  failed to observe  such  a  solid  cord.  The heart of

Stenqpsyche is fbrmed in the usual  way  in the insect embryos.  However, it must  be
noted  that the cardioblasts  of  Stenqpsyehe differentiate much  later than in other

insects, and  also  they lie at  first medial  to the laterally distributed fat body cells, as

described previously.
   The  blood cell formation of  Stenopsyche is quite the  same  as  in IVeqphalax
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(PATTEN, l884) and  other  insect orders  (e. g., ToyAMA,  1902; SAiTo, 1937; OKADA,
1960; NELsoN, 1915; HEyMoNs,  1895; ANDo,  1962). EAsTHAM  (l930) says  that the

blood cells  of  Pieris, at first resembling  normal  insect blood cells, quickly take on  a

characteristic  appearance.  In Stenopsyche the blood cells at first do not  show  any  de-
finitive characteristics  but assume  an  appearance  quite similar  to that of  the

paracytes.

5. futbodies

   The  fat bodies ef  Stenopsyche are  well-developed.  It is probably  of  interest to

note  that, in the trunk region,  the fat bodies arise  not  oRly  from the medio-dorsal

part but also  frem the lateral side of  the coelomic  cavities.  Censequently, there

appears  a considerable  space  occupied  by the fat bodies iateral to the cardioblasts,

genital ridges  and  splan ¢ hnic mesoderm  until  the dorsal clos"re  occurs.  So far as
the  author  is aware  there has been no  description of  such  an  occurrence  of  the fat
bodies.

6. Gonads

   The  origin  of  the  gonads varies  according  to  the insects. The  gonads arise  in

the  abdominal  segments,  frofn the  second  to the seventh  in Apis (Hymenoptera)
and  Ryrrhocoris (Hemiptera) (NELsoN, 1915; SEiDEL, l924), from the third to the
fifth ill Chaiicocloma (Hymeneptera) (CARRiSRE and  BtiRGER, l897), and  from the

fburth to the ninth  in Bombyx  (Lepidoptera) (MiyA, 1959).
   The  definitive Iocation of  the  embryonic  gonads is also  variable.  The gonads
in the abdominal  segments,  from the fourth to the seventh  in Apis (NELsoN, 1915),

fi:om the second  to the  third in Ryrrhocoris (SEIDEL, 1924), and  in the  eighth  in

Bombyx  (MIyA, l959).

   In Stenopsyehe, the gonads  originate  in the second  to the seyenth  abdominal

segment,  and  by the end  of  the revolution  of  the embryo  they corne  to lie in the

fifth abdominal  segment.  
'This

 location of  the gonads  is maintained  until  the pre-

pupal stage.  The  same  observations  have been inade  by several authors  (MAKiNo
and  KIcHwo, 1934, in Stenopsyche ]arvae; DoDsoN,  l935, in PhJlyganea larvae;

GLAsGow,  l936, in Hydropsyche Jarvae ; STiTz, I904, in adult  caddisfiies).

7. Syboesophagealbodies

   The suboesophageal  bodies in IVbophalax has been  described by PATTEN (l884),
though  he did not  use  the term  suboesophageal  bodies. According to him  it is

endodermal  in origin  (vide his fig. 36, a)

   The suboesophageal  bodies occur  in a Iarge number  of  insect orders  and  they

are  regarded  as  the deriyative of  the  mesoderm  of  the intercalary segment  (e. g.,
EAsTHAM,  l930; JoHANNSEN and  BVTT, 1941; OKADA,  1960). The  sarne  is true  fbr

stenopsycke. Some  authors  describe that the suboesophageal  bodies proliferate
the blood cells  (To\AMA, 1902; WADA,  1955, in BoFnbyx), but in Stenopsyche the
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                              Summary

    1) The  organogenesis  of  the mesodermal  derivatives of  Stenopsyeke grisei-

pennis MAcLAcHLAN  was  described.

    2) The  ceelomic  sacs  in the cephalo-gnathal  region  are  ill-developed;the labral

and  antennal  coelomic  sacs  are  contiRuous  mutually  and  they lack dorsal walls, and

the intercalary mesoderm  does not  form  the coelomic  cavities.  The  thoracic and  the

abdominal  coelomic  cavities  are alse ill-developed.

    3) The  splanchnic  mesoderm  arises  in all the segments,  from the maxillary  to

the  ninth  abdominal.

    4) The  fat bodies originate  in all the body segments,  from the labral ba¢ kward,
except  the lntercalary segment.  They  differentiate also  from the lateral sides  of  the

coelornie  sacs.

    5) The  heart is fbrmed from  the cardioblasts  in a  way  similar  to other  insects,

but in a  different manner  from that in IVleophalax.

    6) The  blood cells  origlnate  in the  rnedian  mesoderm  at  an  early  stage.simul-

taneously with  the  paraeytes.

    7) The suboesophageal  bodies are  formed from the mesoderin  ofthe  intercalary

segment.  The proliferation of  the bloed cells from the suboesephageal  bodies was

not  obseTved

    8) The gonads  arise as  the genital ridges  in the second  to the seventh  abdominal

segment  and  finally come  to lie in the fifth abdominal  segment

    9) The origin  and  formation of  the muscles  were  described and  discussed.

   10) The  mandibular  fiexor and  extensor  muscles  arise  from the mesoderm  of

mandibular  segment,  not  from that  of  maxillary  segment.

   1l) A  longitudinal muscle  of  the ninth  abdominal  segment,  at each  side, inserts

in the  distal part of  the basal segment  of  the pygopods.
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