
A COMPARATIVE STUDY OF THE STOMODAEAL 

NERVOUS SYSTEM OF INSECTS.

by-,
\ Vr;XW illiam  E i B ick ley , J r ,  *#6

T hesis subm itted  to  the  F acu lty  o f the  Graduate School 
o f the  U n iv e rs ity  of Maryland in  p a r t i a l  
f u l f i l lm e n t  of th e  requirem ents o f  th e  

degree o f  D octor o f Philosophy

1940



UMI Number: DP70071

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

UMI
Dissertation Publishing

UMI DP70071

Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

ProQuest
ProQuest LLC.

789 East Eisenhower Parkway 
P.O. Box 1346 

Ann Arbor, Ml 48106- 1346



ACKNOWLEDGMENT.

This problem  has been undertaken a t  th e  su g g estio n  o f Mr. Robert 

E# S nodgrass. He has been a  co n stan t source of h e lp  and in s p i r a t io n ,  

and I  am g r a te f u l  f o r  the  p r iv ile g e  o f  working under h is  d i r e c t io n .

To alm ost a sco re  of f r ie n d s  and c o lleag u es  a t  th e  U n iv e rs ity  of 

Maryland and th e  Bureau o f Entomology and P la n t Q uarantine I  am 

in d eb ted  f o r  many favors*



TABLE OF CONTENTS

Page
LIST OF FIGURES............................................................................................  i i i

ABBREVIATIONS USED IN FIGURES................................................................  i v

INTRODUCTION................................................................................................... 1

METHODS .............................................................................................................  6

THE STOMODAEAL NERVOUS SYSTEM OF PROTURA (MYRIENTOMATA)
AND COLLEMBOLA..............................................................................................  8

THE STOMODAEAL NERVOUS SYSTEM OF ORTHOPTERA • .   .................  8

THE STOMODAEAL NERVOUS SYSTEM OF ODONATA,
PLECOPTERA, AND ISOPTERA.................................................    16

THE STOMODAEAL NERVOUS SYSTEM OF HOMQPTERA AND HEMIPTERA . 22

THE STOMODAEAL NERVOUS SYSTEM OF COLEOPTERA............................... 27

THE STOMODAEAL NERVOUS SYSTEM OF NEUROPTERA AND
TRICHOFTERA................................................................    31

THE STOMODAEAL NERVOUS SYSTEM OF LEPIDOPTERA..........................  34

THE STOMODAEAL NERVOUS SYSTEM OF HYMENGPTERA.......................... 36

THE STOMODAEAL NERVOUS SYSTEM OF DIPTERA..................................... 42

BIBLIOGRAPHY  ............................................................................................... 48



LIST OF FIGURES

Page
Fig* 1* Stom odaeal Nervous System o f  O rth o p te ra  * .....................   9

Fig* 2* Stom odaeal Nervous System o f O rth o p te ra  • • • • • • •  11

Fig* 3* L a te ra l  View o f Stomodaeal Nervous System
o f S c h is to c e rc a  am ericana (Drury) • • • * • • • * • •  13

Fig* 4* Stom odaeal Nervous System o f P e r ip la n e ta  am ericana L* 15

Fig* 5* Stom odaeal Nervous System o f O r th o p te r a .....................* 17

Fig* 6 .  Stom odaeal Nervous System o f  a Dragon f l y  n a iad
(u n id e n t if ie d ) ;  a o r ta  removed • • • • • • * • * • • •  19

F ig .  7* Stom odaeal Nervous System o f  L ib e l lu la  sp* • • • • • 21

F ig .  8 * Stom odaeal Nervous System o f M agicicada
septendecim  L . • • • * • ........................................... • • * .  24

F ig . 9 • Stom odaeal Nervous System o f  Nezara h i l a r i s  Say. * * 26

Fig* 10* Stom odaeal Nervous System of A rilu s  c r i s t  a t  us L* • • 28

Fig* 11* Stom odaeal Nervous System o f th e  Larva o f
P assa lu s  co m u tu s F a b *  . . . . . . . . * * .  30

Fig* 1 2 . Stomodaeal Nervous System o f C oleop tera  and
N europtera  • • •  ...................................  • • * • • • * • • •  32

Fig* 13* Stomodaeal Nervous System o f th e  Larva o f
P ro toparce  se x ta  Johanssen . ..................  . . . . . . . . 3 5

Fig* 14* Stomodaeal Nervous System o f P rodenia e r id a n ia
Cram* a d u lt  ...............................  • * • • • • • • • • . . • • 3 7

Fig* 15* Stom odaeal Nervous System o f Tremex columba L . . . . .  39

Fig* 16* Stomodaeal Nervous System o f S ce lip h ro n  cementarium
(Drury)  ...........................................   4-0

F ig . 17* Stomodaeal Nervous System of Bombus pennsy l-
van icus Degeer   • • • • • •  41

F ig . 1 8 . Stomodaeal Nervous System o f Larva o f T ipu la
abdom inal!s Say. * .....................     45

F ig . 19* Stomodaeal Nervous System of Erax sp .................................  47



ABBREVIATIONS USED IN THE FIGURES

A, a n te r io r  
Ao, a o r ta  
A nt, a n te n n a l

B r, b ra in
IB r , protocerebrum  
2Br, deutocerebrum  
3B r, tr ito c e re b ru m

CA, corpus a lla tu m  
CCd, corpus cardiacum  
Coe, circum oesophageal 
Com, commissure 
Con, connec tive  
C r, crop

F r ,  f r o n t a l

G, g a s t r ic  
G l, g lan d u la r 
Gng, gang lion

In g , in g lu v ia l

L , l a t e r a l  
Lb, l a b i a l  
Lm, l a b r a l

M, Muscle

Nv, n e rv e , nervous

0 ,  o c e l la r  
Oc, o c c ip i t a l
OE, oesophagus, oesophageal 
Op, o p tic

T9 p o s te r io r
Phy, pharynx, pharyngeal 
Pmp, pump

R, re c u r re n t

S I D, s a l iv a r y  duc t 
Soe, suboesophageal 
S t ,  stomodaeum, stom odaeal 
S tc , stom acal

T r, t ra c h e a

V ent, v e n tr ic u iu s



INTRODUCTION.

The s t r u c tu r e ,  development ,  and fu n c tio n  o f th e  nervous system  

o f  in s e c t s  have been s tu d ie d  r a th e r  e x ten siv e ly *  The h is to lo g y  of th e  

b ra in  o f v a rio u s  in s e c ts  has been d escrib ed  in  d e ta i l*  The v e n tr a l  nerve 

cord  has been th e  su b je c t  o f  in v e s t ig a t io n  o f many workers*

I t  has been known f o r  a long  tim e th a t  th e re  a re  th re e  nervous 

system s in  in s e c t s :  c e n t r a l ,  p e r ip h e ra l ,  and stom odaeal. The te rm ,

stom odaeal nervous system , i s  used by Snodgrass (1935) as th e  name fo r  

th e  system  c e n te r in g  in  th e  stom odaeal gang lia  and having nerve f ib e r s  

ex ten d in g  t  o th e  stom odaeal p a r t  o f th e  a lim en ta ry  t r a c t  • The g an g lio n ic  

c e n te rs  a r i s e  d u rin g  embryonic development by an ingrow th from the  d o rs a l  

w a ll  o f th e  stomodaeum. In  th e  e a r l i e r  l i t e r a t u r e  th e  stom odaeal nervous 

system  i s  u s u a l ly  c a l le d  th e  sym pathetic  nervous system* I t  was M uller 

(1828) who f i r s t  o f fe re d  th e  analogy w ith  the  sym pathetic  nervous system  

o f  v e r t e b r a t e s • L a te r  w orkers seemed to  p r e f e r  th e  term s v i s c e r a l ,  

p h ary n g ea l, and s to m a to g as tric *  The French w orkers tend  to  use th e  word 

" s to m a to g a s triq u e " , and th e  Germans, "Schlundnervensystem " • According to  

N abert (1913) S traus-D urkheim  re fe r re d  t o  th e  stom odaeal nervous system  

as th e  "system  nerveux des organes v ita u x  e t  ganglion c o lla te ra u x  ou 

a c c e s s o ire s  du cervau"$ Newport (1832) employed th e  p h ra se , "nerves o f 

in v o lu n ta ry  fu n c t io n " . S e v e ra l o th e r  v a r ia t io n s  a re  to  be found in  the 

l i t e r a t u r e •

Today th e  term , s io m a to g a s tr ic , i s  w idely  used5 bu t i t  i s  not 

s u f f i c i e n t ly  in c lu s iv e ,  s in ce  v a rio u s  p a r ts  of th e  stomodaeum such as 

th e  s a l iv a ry  glands and a o r ta  a re  in n e rv a ted  by f ib e r s  ex tend ing  f  rom 

th e  g an g lio n ic  c e n te rs  o f t h i s  system . In  a d d it io n , th e  a lim en ta iy  t r a c t  

i s  in n e rv a te d  by  a system  o f nerves em anating from the  p o s te r io r  abdominal



gang lion  o f  th e  v e n tr a l  nerve c h a in . B lanchard (1858) ob jec ted  to  th e  

use o f the word, sym pathe tic ; and Ja n e t (1899) used th e  word, stom odaeal*

The v a r ia t io n  in  number and p o s i t io n  of th e  nerves and gan g lia  

o f  th e  stom odaeal nervous system  makes i t  somewhat u se le s s  to  d esc rib e  

t y p ic a l  arrangem ent* There a re ,  however, a  few f a i r l y  c o n s ta n t 

fe a tu re s *  The g a n g lia  always l i e  c lo se  to  th e  d o rsa l  su rfa ce  o f th e  

f o r e - g u t ,  and th e  f r o n t a l  g an g lio n  i s  g e n e ra lly  p resen t*  I t  i s  s i tu a te d  

on th e  d o rs a l  w a ll o f th e  pharynx in  f ro n t  o f  and s l i g h t ly  below th e  

b ra in  w ith  which i t  i s  connected by b i l a t e r a l  c o n n ec tiv es , th e  f r o n t a l  

g an g lio n  connectives*  These have been c a l le d  th e  arched n e rv e s . One o r 

more f r o n t a l  n e rves may extend a n te r io r ly  from  th e  f r o n ta l  ganglion  

tow ard th e  integum ent o f th e  clypeus*

Another f a i r l y  c o n s tan t f e a tu re  i s  th e  re c u r re n t  nerve which 

corresponds to  th e  sym pathicus o f th e  c ra y f is h  f ig u re d  by P la te  (1922)*

I t  i s  th e  ”ruck laufend  N erv  m o f s e v e ra l  German w orkers, and i t  i s  

sometimes c a l le d  th e  sy m p a th e tic , s to m a to g a s tr ic ,  o r  g a s t r i c  n e rv e , 

a lth o u g h  th e se  names a re  more o f te n  a p p lied  to  o th e r  nerves t o  be d escrib ed  

below .

The re c u r re n t  nerve (nervus re c u rre n s )  ex tends p o s te r io r ly  

from  th e  f r o n t a l  ganglion  and, fo llo w ing  th e  d o rsa l  w a ll o f the  pharynx 

and oesophagus, runs under th e  b ra in  and in to  the  o c c ip i t a l  ganglion 

s l i g h t l y  caudad o f  th e  b r a in .  The o c c ip ita l  ganglion  has been term ed th e  

h y p o c e reb ra l, th e  p h ary n g ea l, th e  oesophageal, th e  su b -c e re b ra l , and the  

a n te r io r  v i s c e r a l  gang lion  by v a rio u s  au thors*  The word, o c c ip i t a l ,  

should  be r e s t r i c t e d  to  th e  median gang lion  ?riiich i s  p e n e tra ted  a n te r io r ly  

by th e  f ib e r s  o f  th e  r e c u r re n t  nerve and which o f te n  appears as a sw ell

in g  o f the  re c u r re n t  n e rv e . The p a ire d  nerves ex tending  from  th e  p o s te r io r  

lo b es  o f th e  b ra in  do no t u su a lly  connect w ith  the  o c c ip i ta l  gang lion ,



b u t "with th e  bod ies th a t  i n  th e  l i t e r a t u r e  a re  c a lle d  most f re q u e n tly  th e  

a n te r io r  oesophageal o r  pharyngeal gang lia*  These s t r u c tu r e s ,  which a re  

u s u a l ly  in  c lo se  a s s o c ia t io n  w ith  the  o c c ip i t a l  gang lion , a re  c a l le d  

pharyngeal bod ies (c o rp i f a r in g e i)  by de Lerrna (1933* 1937) and co rpo ra  

c a rd ia c a  by P f lu g fe ld e r  (1937 A, 1938)* These w orkers conclude from 

h i s to lo g ic a l  ev idence th a t  th e  s t r u c tu r e s  a re  p a r t ly  o r  w holly  g lan d u la r 

in  n a tu re *  There i s  no experim ental p roo f t h a t  a  s e c re t io n  i s  produced 

by th e  co rpo ra  c a rd ia c a , no r do we have any id e a  as to  i t s  p o s s ib le  

fu n c tio n ;  neverthe3e s s  th e  term  co rpora  c a rd ia c a  seems accep tab le  and 

i s  adopted  in  th e  p re s e n t paper in  a n t ic ip a t io n  o f f u r th e r  work along 

t h i s  l in e  and because i t  i s  more s u i ta b le  th an  marry of the  o ld e r  nam esi

The co rpo ra  a l l a t a  a re  u s u a l ly  lo c a te d  s l i g h t l y  below and

p o s te r io r  to  th e  o c c ip i t a l  gang lion  w ith  which th e y  are  connected by

sh o r t  nerves* The many v a r ia t io n s  in  shape, h is to lo g y , lo c a t io n  and

arrangem ent of th e s e  bod ies have been d e sc rib e d  in  the  e x c e lle n t  paper

o f N abert (1913)* The g lan d u la r n a tu re  of th e se  s t r u c tu r e s ,  fo rm erly

b e s t  known a s  th e  p o s te r io r  pharyngeal o r oesophageal g a n g lia , was f i r s t
2

suggested  hy M einert (I860) ,  Pawlowa (1895) and by C a rrie re  and Burger 

(1897) and confirm ed by Heymons (1899), de S in e ty  (1899), Ja n e t (1894, 

1899) and o th e rs  th ro u g h  h is to lo g ic a l  and embryo lo g ic a l  s tu d ie s .  The 

s ig n i f ic a n t  ex p erim en ta l work o f  Kopec (1922, 1924) e s ta b l is h e d  th e  

fu n c tio n  o f th e  s e c re t io n  o f  the  corpora  a l la ta *  The e f f e c t s  o f t h i s  

s e c re t io n  on metamorphosis have been th e  su b je c t o f in v e s t ig a t io n  by 

many w orkers in  th e  p a s t  few y e a r s ,  n o tab ly  W igglesworth (1934 A, 1934 B,

-^ P fe iffe r (1939) has adopted the  te rm  corpora c a rd ia c a .

2This p a p e r, quoted by Holmgren (1904), appears in  volume 5 o f 
N a tu rv idenskabelige  og M athematiske A fhand linger, a jo u rn a l  unob ta inab le
i n  th e  U nited S p a te s •
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1939 A ), P f lu g f  e ld e r  (1937 A, 1937 B, 1938 A, 1938 B, 1938 C) and 

Bounhiol (1937, 1938)* Summaries o f t h i s  experim en ta l work a re  ab ly  

su p p lie d  by K o lle r  (1938) and Hanstrom (1939)*

The oesophageal nerve usuaL ly  ex tends p o s te r io r ly  from th e  

o c c ip i t a l  g a n g lio n , and i t  o f te n  ends i n  th e  in g lu v ia l  gang lion  on the  

p o s te r io r  w a ll  o f  th e  c ro p .  There are  u s u a l ly  s e v e ra l  sh o r t nerves 

runn ing  from  th e  in g lu v ia l  ganglion* The oesophageal nerve i s  o fte n  

p a ir e d ,  and th e r e  may o r may n o t be two in g lu v ia l  ganglia*  F re q u en tly , 

where th e re  i s  a  s in g le  oesophageal n e r v e , i t  sim ply  branches a t  i t s  

p o s te r io r  e x tre m ity , and th e  in g lu v ia l  ganglion  i s  n o t in  ev id en ce .

The oesophageal nerve has been c a l le d  th e  pharyngea l, th e  v e n t r i c u la r ,  

th e  g a s t r i c ,  th e  s to m a to g a s tr ic , th e  vagus, and th e  sym pathetic  nerve j 

and i t  has been r e fe r r e d  to  a s  a p a ire d  o r unpaired  c o n tin u a tio n  o f th e  

r e c u r re n t  nerve*  The in g lu v ia l  ganglion  has been c a l le d  th e  vagus, th e  

sp la n c h n ic , th e  v i s c e r a l ,  and th e  stom achic ganglion* The nerves 

b ranch ing  from th e  in g lu v ia l  g a n g lia  have been c a l l e d  s to m a to g as tric  

nerves*

In  i t s  more complex form th e  p o s t-c e re b ra l  c e n te r s  o f th e  

stom odaeal nervous system  c o n s is t  o f th e  o c c ip i t a l  gang lion  and two 

in g lu v ia l  gang lia*  Two p a ire d  s t r u c tu r e s  a re  a s so c ia te d  w ith  th e  

o c c ip i t a l  ganglions th e  co rpo ra  c a rd ia c a  and th e  corpora  a l l a t a *  P a r ts  

o f  th e  form er a re  p robab ly  nervous t i s s u e .  Imms* (193-4) concept o f two 

ty p e s  o f system s i s  based p r in c ip a l ly  on w hether th e  oesophageal 

( r e c u r re n t)  nerve i s  p a ire d  o r  u n p a ire d . This id e a  was p re v io u s ly  s e t  

f o r t h  by Pawlowa (1895)* But th e re  a re  so many o th e r  v a r ia t io n s  in  th e  

p a t te r n  o f  in n e rv a tio n  which a re  o f equal s ig n if ic a n c e  t h a t  any 

c l a s s i f i c a t i o n  i s  o f l i t t l e  v a lu e .



The e lu c id a t io n  o f th e  v a r ia t io n s  i n  th e  arrangem ents o f th e  

p a r t s  o f  th e  stom odaeal nervous system  i s  t  he prim ary  purpose o f  t h i s  

paper* Much o f  what i s  p re sen te d  has been gathered  piecem eal from th e  

l i t e r a t u r e  and combined w ith  o r ig in a l  o b se rv a tio n s*  The stom odaeal 

nervous system  has been a s o r t  o f s te p - c h i ld ; our knowledge of i t  has 

come in c id e n ta l ly  from  such sou rces as in v e s t ig a t io n s  o f th e  co rpo ra  

a l l a t a ,  th e  h is to lo g y  o f th e  b r a in ,  and em bryolog ical s t u d i e s .  U nless 

o therw ise  in d ic a te d ,  th e  f ig u re s  accompanying t  h i s  paper a re  from  

o r ig in a l  draw ings made from d is s e c t io n s  perform ed under a b in o c u la r  

m icroscope•



METHODS

The p a r t s  o f th e  stom odaeal nervous system  a re  always c lo se  to  

th e  a lim en ta ry  t r a c t ,  and many p a r t s  o f th e  l a t t e r  a re  o f te n  h e a v ily  

s c l e r o t iz e d .  Thus i t  i s  n e a r ly  im possib le  t o  o b ta in  microtome se c tio n s  

u n le s s  th e  v a rio u s  n erves and g an g lia  a re  f i r s t  removed* A ttem pts to  

o b ta in  s e r i a l  s e c t io n s  g iv in g  a  p ic tu re  o f th e  e n t i r e  system were no t 

su c c e ss fu l*  In  some case s  th e  p o s tc e re b ra l  n e rv es and g a n g lia  were 

removed and se c tio n e d  so as to  con firm  the  r e la t io n s h ip  o f  th e  o c c ip i t a l  

g an g lio n , th e  co rpo ra  c a rd ia c a , and th e  co rp o ra  a l l a t a .  This was done 

i n  th e  a d u lt  d ra g o n fly , and th e  c e l l  s t r u c tu r e  o f  th e se  bod ies was

s tu d ie d .  I t  was found t h a t  m a te r ia l  f ix e d  in  Bovin*s f l u id  o r  in

Cam oy-Lebrun f ix a t iv e  y ie ld e d  good r e s u l t s .  S tandard  haem atoxylin  

s t a in  was s a t i s f a c to r y ,  though o th e rs  were t r i e d .  Some specim ens were 

imbedded i n  c e l lo id in ,  b u t th ey  were o f  l i t t l e  va lue  •

Some m a te r ia l  f ix e d  in  Bouin*s s o lu t io n  was dehydra ted  and 

imbedded in  th e  u su a l way, a f t e r  which th ic k  s e c t io n s  were made w ith  a 

r a z o r  b la d e . These s e c t io n s ,  w hich were approxim ately  one m ill im e te r  

i n  th ic k n e s s ,  were c le a re d , s ta in e d  i n  s tan d ard  haemat o x y lin , and 

p rese rv ed  in  10% a lc o h o l .  They were th e n  d is s e c te d  under a w id e - f ie ld  

b in o c u la r .  T h is method made p o ss ib le  a b e t t e r  q u a l i ty  o f s e c tio n  th a n  

cou ld  be ob ta ined  w ith o u t im bedding.

Gross d is s e c t io n  has been th e  p r in c ip a l  means o f  t r a c in g  th e  

n erves and o f o b ta in in g  a p ic tu re  o f th e  whole stom odaeal nervous 

system . The specim ens were p reserv ed  in  85% a lco h o l and d is se c te d  under

a  w id e -f ie  Id  b in o c u la r  m icroscope w ith  a maximum m ag n ifica tio n  o f 30

d ia m e te rs . M a te r ia l  f ix e d  in  Camoy-Lebrun so lu tio n  can be s a t i s f a c to r i l y  

used  f o r  g ross d i s s e c t io n s .  O ccasiona lly  specimens were s ta in e d  in



t o to  w ith  m ethylene b lue o r  w ith  e o s in , b u t t h i s  i s  no t n ecessa ry  i f  the  

background o f  th e  f i e l d  i s  changed from  w h ite  to  b lack  and v ice  v e rs a , 

depending upon th e  n a tu re  o f the  s t ru c tu re  under c o n s id e ra tio n . A more 

c a r e f u l  s tu d y  o f  n e rv es and gan g lia  can  o f te n  be made i f  th e y  a re  

removed from th e  specimen and p laced  i n  g ly c e r in e  s l i g h t ly  t  h inned w ith  

a lc o h o l*  Such a  p rocedure makes i t  p o ss ib le  to  examine the  p a r t s  under 

th e  compound m icroscope i n  which case  d i r e c t  l i g h t  i s  u s u a lly  h e lp f u l .

A v e ry  s tro n g  l i g h t  i s  needed f o r  any type  o f g ross d i s s e c t io n .  A u s e fu l  

d is s e c t in g  need le  was made by in s e r t in g  a m inu tin  p in  in  a s u i ta b le  

wooden h a n d le .

Most o f  th e  specim ens used were c o lle c te d  a t  W ashington’s 

B ir th p la c e , V ir g in ia .



THE STOMODAEAL NERVOUS SYSTEM 

OF PROTURA (MYRIEN TOMATA) AND COLLEMBOLA.

B e rle se  (1909) d e sc rib e d  th e  f r o n ta l  g an g lio n , the r e c u r re n t  

n e rv e , and th e  co rp o ra  a l l a t a  in  p ro tu ra n s . The ending o f  th e  re c u r re n t  

nerve  and th e  un ion  o f  th e  co rpo ra  a l l a t a  w ith  a nerve c e n te r  a re  s t i l l  

obscure#

The f r o n ta l  g an g lio n  and th e  unpa ired  corpus a l i a  turn o f  

Collem bola were observed by Hoffmann (1911)* No o th e r  in fo rm a tio n  in  

t h i s  group i s  a v a i la b le .

THE STOMODAEAL NERVOUS SYSTEM OF ORTHOPTERA.

M ention i s  made o f  some p a r t s  o f  th e  stom odaeal nervous

system  i n  v a rio u s  O rthop tera  by I .  F . B randt (1831) j i n  th e  o r i e n ta l

cockroach by  Newton (1879) and by  K o e s tle r  (1883); i n  B la t ta  by Hofer

(1887)3 ^  phasm ids by Heymons (1899) and by de S in e ty  (1899); i n

th e  phasxnid, B a c i llu s  r o s s i i  F . and o th e r  O rth o p te ra  by P o lic e  (1910);

i n  th e  phasm id, D ixippus morosus B r . ,  by G iersberg  (1928) and by

P f lu g fe ld e r  (1938 A, 1938 0)3  and in  th e  m ig ra to ry  lo c u s t  by Roonwal

(1937)# Most o f th e se  papers d e a l  p r im a r ily  w ith  th e  n a tu re  o f  the

c o rp o ra  a l l a t a .  From the  p ap ers  which a re  concerned w ith  phasm ids,

i t  i s  p o s s ib le  to  o b ta in  a  f a i r l y  com plete p ic tu re  o f  th e  stom odaeal

nervous system  i n  th ese  i n s e c t s .  The re c u r re n t  nerve u n i te s  th e  f r o n ta l  
gan g lio n  and th e  o c c ip i t a l  (oesophageal) gang lion  from which sh o r t

n e rves ex tend  to  p a ire d  a n te r io r  pharyngeal g a n g lia  and p o s te r io r  
pharyngeal g a n g lia  which a re  w ith o u t doubt the  corpora c a rd iac a  and 

th e  co rp o ra  a l l a t a  r e s p e c t iv e ly .  There i s  some d isagreem ent as to  the  

connec tion  o f th e  a n te r io r  pharyngeal g an g lia  w ith  th e  b r a in .  A median
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F ig .  1 .  S tom odaeal Nervous System  of O r th o p te ra ; a l l  
f ig u r e s  redraw n from  B ordas.

A. T ru x a lis  u n g u ic u la ta  ^amb.
B« C alo p ten u s i t a l i c u s  L*
C. A edipoda c o e ru le sc e n s  L.
D. P la ty p h y llu s  g ig  a n t urn L . o r  

P seudophy llanax  i n s u l a r i s  t a l k e r
E . S c h is to c e rc a  peregrinum  O liv .



J . U «

oesophageal nerve ex tends p o s te r io r ly  from the  o c c ip i t a l  ganglion  and 

ends i n  an in g lu v ia l  (stom achic) g an g lio n . The p ic tu re  thus a cq u ired  

i s  v e ry  l ik e  th a t  g iven  by Bordas (1900) f o r  th e  m an tid , H ierodu la  

b io c u la ta  Burm. (F ig . 2B ).

P ie ra n to n i (1901, 1902) in v e s tig a te d  the  stom odaeal nervous 

system  in  two sp e c ie s  o f s a l t a t o r i a l  O rth o p te ra  (P a c h y tilu s  c in e ra sce n s
*1

and Epacromia th a la s s in a ) • In  t  hem he found th e  o c c ip i t a l  ganglion  

(median gut gang lion ) and th e  fo u r  s t r u c tu r e s  u n ite d  w ith  i t  w hich he 

term ed a n te r io r  and median p a ire d  g a n g lia . E xtending p o s te r io r ly  from 

th e  o c c ip i t a l  gang lion  a re  two p a ir s  o f n e rv e s , and the  p o s te r io r  

p a ire d  g a n g lia  a re  a t  th e  ends o f  one p a i r  o f th e se  oesophageal n e rv e s .

The arrangem ent i s  s im ila r  to  th a t  observed by Bordas (1900) in  

S c h is to c e rc a  peregrinum  O liv . (F ig . IE ) .  In  both  cases  the  connection  

o f th e  so -c a l le d  a n te r io r  p a ire d  g an g lia  w ith  th e  b ra in  i s  n o t shown.

Although th e  work o f Bordas (1900) does no t tak e  in to  account 

th e  g lan d u la r n a tu re  o f th e  co rpora  a l l a t a ,  i t  i s  n e v e r th e le s s  of 

c o n sid e rab le  v a lu e .  I t  i s  confined  t o  one o rd e r , but t h i s  paper c o n ta in s  

more d e ta i le d  in fo rm a tio n  about th e  stom odaeal nervous system  th a n  any 

o th e r  except th a t  of N abert (1913)# Bordas g ives f ig u re s  o f th e  stomo

d a e a l nervous system  in  a c r id id s ,  t e t t i g o n i i d s ,  c r i c k e t s ,  ro ac h es , and 

m an tid s . Some o f th e se  a re  redrawn In  F igu res 1 , 2A and B, and 5B. The 

names o f  th e  re s p e c tiv e  p a r t s  have been t r a n s la te d  l i t e r a l l y  and r e ta in e d .  

The oesophageal connec tive  o f Bordas i s  the  circum oesophageal connective  

o f Snodgrass (1935) and o th e r s .

^ P ie ra n to n i om itted  th e  au th o rs  o f th ese  s p e c ie s .
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F ig .  2 . S tom odaeal N ervous System  o f  O r th o p te ra .
A. G ry llu s  c a m p e s tr is  L a t r . j  redraw n from  B ordas.
B. H ie ro d u la  b iocuH ata  Burm ., redraw n from  B o rd as .
C. A n te r io r  D e ta i l  o f  Stom odaeal Nervous System  

o f  S c h is to c e rc a  am srican a  (D ru ry ) .



Among th e  a c r id id s  i t  w i l l  be seen th a t  th e re  a re  two p a ir s  of 

' l a t e r a l  pharyngeal g an g lia "  and th a t  th e  c h ie f  v a r ia t io n  i s  in  th e  s iz e ,  

sh ap e , and r e la t iv e  p o s i t io n  of th e se  s t r u c tu r e s  and of th e  "oesophageal 

gang lion" and th e  f r o n t a l  ganglion* In  C aloptenus i t a l i c u s  L . (F ig . IB) 

th e  f r o n t a l  g an g lio n  i s  p re s e n t but i s  n o t shown* In  Aedipoda co eru lescen s 

L . (C) th e  "stom acal g a n g lia"  were n o t d isc o v e re d . In  S c h is to c e rc a  

peregrinum  O liv . (E) th e  n erves jo in in g  th e  " l a t e r a l  a n te r io r  pharyngeal 

g a n g lia "  w ith  th e  b ra in  were n o t found*

An in v e s t ig a t io n  o f  th e  stom odaeal nervous system  of S c h is to c e rc a  

am ericana (Drury) (Fig* 2C, F ig . 3) has shown th a t  th e  co rpo ra  c a rd ia c a  

( l a t e r a l  a n te r io r  pharyngeal g a n g lia )  a re  jo in e d  to  th e  pro tocerebrum  by 

s h o r t  nerves*  These b o d ie s , however, a re  n o t connected by s e p a ra te  nerves 

w ith  th e  co rp o ra  a l l a t a  (p o s te r io r  l a t e r a l  pharyngeal g an g lia )*  There 

a re  many s i m i l a r i t i e s  In  th e  two grasshoppers*  B ordas1 f ig u re s  in d ic a te  

th a t  th e  "p a ire d  pharyngeal g an g lia"  a re  in  th e  same p lane  w ith  o r v e n tr a l  

o f th e  "oesophageal g a n g lio n " . In  r e a l i t y  th e  co rpo ra  c a rd ia c a  a re  dorsad  

and th e  c o rp o ra l  a l l a t a  a re  v e n tra d  o f th e  o c c ip i ta l  g a n g lio n .

In  th e  k a ty d id , P la typhy llum  gigantum L* (F ig . ID ), Bordas 

assumes th a t  th e  " l a t e r a l  a n te r io r  oesophageal g an g lia"  have become fu sed  

w ith  t h e  "oesophageal" g a n g lio n . A pparen tly  t h i s  i s  no t the  case*  For 

d is s e c t io n s  o f  M icrocentrum  rhomb i f  olium  (S aussure) in d ic a te d  th a t  th e se  

b o d ies  a re  s e p a r a te .  In  f a c t ,  th e  e n t i r e  stom odaeal nervous system  in  

t h i s  k a ty d id  was found to  be so s im ila r  t o  th a t  o f th e  grasshopper t h a t  

i t  i s  n o t f ig u red *

In  th e  c id c k e t ,  G ry llu s cam p estris  L a t r .  (F ig . 2A) th e  f r o n ta l  

gang lion  i s  l a r g e r  th a n  in  a c r id id s  and t e t t i g o n i i d s ;  bu t i f  i t  i s  

assumed th a t  th e  nerves ex tend ing  a n te r io r ly  from the  " l a t e r a l  a n te r io r
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F ig .  3» L a te r a l  View o f  Stom odaeal Nervous System o f 
S c h is to c e rc a  am ericana (D rury)*



oesophageal g an g lia "  u n i te  w ith  th e  b r a in ,  th e  p a t te r n  i l l u s t r a t e d  by 

Bordas i s  o th erw ise  s im ila r  in  g rasshoppers and c r ic k e ts *

A ccording t o  Bordas th e  stom odaeal nervous system  o f th e  m antid , 

H ie ro d u la  b io c u la ta  Burm. (Fig* 2B), resem bles c lo s e ly  t h a t  o f  phasm ids, 

and d i f f e r s  from  th a t  o f  a c r id id s  p r in c ip a l ly  w ith  regard  t o  the  nerves 

ex ten d in g  p o s te r io r ly  from th e  o c c ip i t a l  (oesophageal) g an g lio n . In  

m antids and phasmids th e re  i s  a s in g le  oesophageal nerve and a s in g le  

in g lu v ia l  (stom acal) ganglion* In  grasshoppers th e se  s t r u c tu r e s  are  

p a ire d *  The un ion  of th e  " a n te r io r  oesophageal ganglion" and th e  b ra in  

i n  th e  m antid i s  obscure*

A diagram  o f  th e  stom odaeal nervous system  of th e  o r ie n ta l  

cockroach , based  on th e  work o f K o e s tle r  (1883) i s  given by Mi a l l  and 

Denny (1 8 8 6 ). There i s  no o c c ip i t a l  ganglion  shown, but in  o th e r  re s p e c ts  

th e  arrangem ent i s  s im ila r  t o  t h a t  given by Bordas (1900) f o r  Eflabera 

a tro p o s  S t o l l .  (Fig* 5B)* A sem ischem atic drawing o f th e  pharyngeal 

bo d ies  and th e  co rpo ra  a l l a t a  o f th e  o r i e n t a l  cockroach i s  reproduced 

from  th e  work o f de Lerma (1937) in  F igu re  5C# The p a ire d  pharyngeal 

b o d ie s , which a re  th e  l a t e r a l  a n te r io r  pharyngeal g a n g lia  o f Bordas, a re  

t ic k e n e d  a t  t h e i r  median p o s te r io r  e x tre m it ie s  where th ey  jo in  th e  

r e c u r r e n t  nerve* T his a re a  forms th e  oesophageal ganglion  o f B ordas.

But Bordas shows two nerves ex tend ing  l a t e r a l l y  from t h i s  c e n te r  to  th e  

co rp o ra  s i  l a t a  ( l a t e r a l  p o s te r io r  pharyngeal g a n g lia )* These nerves 

a re  n o t p re s e n t i n  th e  American cockroach (F ig . 4 )*  Here the  arrangem ent 

a g re es  w ith  t h a t  o f de lerm a excep t th a t  th e  co rpo ra  c a rd ia c a  (pharyngeal 

b od ies a re  p laced  in  a more p o s te r io r  p o s i t io n ,  and th e  o c c ip i t a l  

g an g lio n  i s  more d i s t in c t*  F igu re  5C should  serve to  e x p la in  de Lermafs



15

F ig .  4* S tom odaeal Nervous System  o f P e r ip la n e ta  
am erican a  L .



id e a  o f  th e  s e c re to ry  fu n c tio n  o f th e  ’’pharyngeal bodies"* E xperim ental 

work i s  needed t o  s u b s ta n t ia te  h is  h is to lo g ic a l  ev id en ce•

The co rpo ra  c a rd ia c a  and co rpo ra  a l l a t a  in  many O rthop tera  

a re  re p o r te d  to  be somewhat asym m etrical by Bordas (1900) and o thers*

THE STOMODAEAL NERVOUS SYSTEM OF ODONATA, PLECOPTERA, AND

ISOPTERA.

The on ly  m ention of any p a r t  o f th e  stom odaeal nervous system 

o f Odonata to  be found in  th e  l i t e r a t u r e  i s  t h a t  made by Baldus (1924) •

He f ig u r e s  th e  f r o n t a l  gang lion  o f a  d rag o n fly , b u t does no t show the 

e x a c t p o in t  o f  un ion  w ith  th e  b ra in *  Up to  th e  p re se n t tim e , no 

ev idence o f th e  e x is te n c e  o f any o th e r  g an g lia  has been g iv en .

In  a d rag o n fly  n a iad  (Fig* 6) th e  f r o n ta l  ganglion  connec tives 

a r i s e  from  t r i t o c e r e b r a l  lo b es  o f th e  b ra in  which ex ten d  a n te r io r ly  to  

th e  labrum* The re c u r re n t  nerve runs back under th e  b ra in  on th e  d o rs a l  

w a ll  o f th e  pharynx to  th e  o c c ip i t a l  g a n g lio n . From t h i s  ganglion th e  

c o rp o ra  c a rd ia c a  b ranch  a n te r io r ly  and th e  co rpo ra  a l l a t a ,  p o s te r io r ly *  

These f iv e  s t r u c tu r e s  a re  v e ry  c lo s e ly  a s so c ia te d  w ith  each o ther*  A 

s h o r t  nerve  connects each corpus cardiacum  w ith  th e  p ro tocerebrum . The 

median oesophageal nerve runs p o s te r io r ly  to  th e  in g lu v ia l  gang lion  

which l i e s  on th e  d o rs a l  w a ll o f th e  oesophagus where th e  l a t t e r  beg ins 

to  e n la rg e  and form  th e  crop* A nerve from th e  in g lu v ia l  ganglion  

runn ing  p o s te r io r ly  s to p s  n ea r th e  hind end of th e  c ro p . The corpora 

c a rd ia c a  a re  s l i g h t l y  dorsad  o f th e  o c c ip i t a l  gang lion , and th e  a o r ta  

runs between them and s to p s  j u s t  behind th e  b ra in*
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F ig .  5« S tom odaeal Nervous System  o f C r th o p te ra .
A. F r o n ta l  view  o f  b ra in  and f r o n t a l  g an g lio n  of 

th e  Am erican ro a c h , F e r ip la n e ta  am ericana L.
B. S tom odaeal nervous system  of B lab era  a tro p o s  S t o l l . ,  

redraw n from  B ordas.
C. P h ary n g ea l b o d ie s  and c o rp o ra  a l l a t a  o f o r i e n ta l  

co ck ro ach , ^ l a t t a  o r i e n t a l i s  L . ,  sem i-sc h em atic , 
redraw n from  de Lerma.



In  th e  a d u lt  d rag o n fly  (F ig . 7) th e  f r o n t a l  ganglion  i s  

e x c e p tio n a l ly  c lo se  t o  th e  b ra in  and th e  f r o n t a l  ganglion  connec tives 

a re  u n u su a lly  t h i c k .  In  c o n tra s t  to  t h e i r  p o s i t io n  in  th e  na iad  the  

co rp o ra  c a rd ia c a  a re  s l i g h t l y  v en trad  o f th e  la r g e r  p a r t  o f the  

o c c i p i t a l  g a n g lio n , and th e  a n te r io r  p a r ts  o f  them are  s i tu a te d  under 

th e  b r a in  w ith  w hich th e y  a re  connected by s h o r t ,  t h in  nerves* The 

co rp o ra  a l l a t a  a re  a ls o  lo c a te d  under th e  b ra in *  ^hey a re  much f a r th e r  

from  th e  o c c ip i t a l  gang lion  in  th e  a d u lt th a n  in  th e  naiad* The median 

oesophageal nerve connects th e  o c c ip i t a l  gang lion  w ith  th e  in g lu v ia l  

gang lion  w hich i s  lo c a te d  on the d o rs a l  w a ll  o f th e  a n te r io r  p a r t  of 

th e  crop* The f r o n t a l  g an g lio n , th e  o c c ip i ta l  g an g lio n , and th e  corpora  

c a rd ia c a  a re  r a th e r  la rg e  in  the  d rag o n fly  as compared w ith  most o th e r  

i n s e c t s •

Microtome se c tio n s  were made o f th e  co rpora  c a rd ia c a  and 

o c c ip i t a l  g a n g lia  o f s e v e ra l  d rag o n fly  a d u lts*  But th e  r e s u l t s  gave no 

ev idence  w ith  re g a rd  to  t h e i r  g lan d u la r na tu re*  A ll o f th ese  s t ru c tu re s  

appear to  c o n s is t  o f nervous t i s s u e ,  b u t se c tio n s  o f th e  co rpo ra  a l l a t a  

were in d ic a t iv e  o f t h e i r  g la n d u la r  na tu re*

N abert (1913) s t a t e s  t h a t  in  th e  s to n e - f ly ,  F e r la  maxima Scop*, 

th e  p a ire d  co rpo ra  a l l a t a  l i e  behind th e  o c c ip i t a l  (pharyngeal) ganglion  

and a re  connected  w ith  i t  by th e  "nervus c o rp o ris  a l l a t i " • He makes no 

m ention o f  the  r e c u r re n t  nerve  no r o f any o th e r  p a r ts  of the  stom odaeal 

nervous system*

The stom odaeal nervous system  o f te rm ite s  was in v e s tig a te d  by 

Holmgren (1 8 9 6 ), N abert (1913) 9 e s s e n t i a l l y  c o rro b o ra tin g  h is  f in d in g s , 

s t a t e s  t h a t  th e  MSchlundnervensystem" c o n s is ts  o f th re e  s t r u c tu r e s :  th e

f r o n t a l  g an g lio n , th e  p a ire d  "g an g lia  p o s tc e r e b ra l ia " , and the p a ired  

co rp o ra  a l l a ta *  The p a ire d  gan g lia  a re  s a id  to  tak e  t h e i r  o r ig in  from
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Fig* 6* Stom odaeal Nervous System of a D ragonfly Naiad 
( u n id e n t i f ie d ) ;  a o r ta  rem oved.



"the b r a in ,  b u t th e  r e c u r re n t  nerve i s  n o t mentioned* The em bryolog ical 

s tu d ie s  o f  S tr in d b e rg  (1913) do n o t e x p la in  th e  p o s t c e re b ra l  in n e r

v a t io n  o f  th e  stomodaeum, bu t th e y  show t h a t  an o c c ip i t a l  gang lion  may 

e x i s t  i n  some s p e c ie s .  Thompson (1916) d e sc r ib e s  an unpaired  re c u rre n t  

ne rve  ex ten d in g  p o s te r io r ly  from th e  f r o n ta l  gang lion  b u t does n o t 

c l a r i f y  th e  d e t a i l s  o f th e  p o s tc e re b ra l  s t ru c tu re s *

Imms (1937) i l l u s t r a t e s  th e  b ra in  and a s so c ia te d  p a r t s  o f a  

w inged te rm ite *  P a ired  np o s te r io r  sym pathetic  n e rv e s” run  p o s te r io r ly  

from  th e  b r a in  in to  p a ire d  Moesophageal sym pathetic  g a n g lia ” which in  

tu r n  c o n ta c t  th e  co rpo ra  a l l  a t a .  The re c u rre n t  nerve ex tends p o s te r io r ly  

from  th e  f r o n t a l  g a n g lio n  and ends a t  a  p o in t behind  th e  co rp o ra  a l l a t a  

w ith o u t hav ing  any connec tion  w ith  th e  p a ire d  s tru c tu re s *  This p a tte rn  

i s  unique* In  a l l  in s e c t s  i n  which th e  r e c u r re n t  nerve has been follow ed 

to  i t s  p o s te r io r  end th e re  i s  some degree o f c o n so lid a tio n  o f  th e  

r e c u r re n t  nerve  and th e  co rp o ra  c a rd ia c a  (oesophageal sym pathetic g an g lia ) 

o r  co rp o ra  a l l a t a *  In  le p id o p te ro u s  la rv a e  (F ig . 13) th ese  bod ies a re  

u n u su a lly  f a r  away from  th e  re c u r re n t  n e rv e , b u t th e y  a re  connected w ith  

i t  by s le n d e r  nerves*

A ccording t o  an in v e s t ig a t io n  o f F f lu g fe ld e r  (1938 B) th e  

co rp o ra  c a rd ia c a  of s e v e ra l  d i f f e r e n t  te rm ite s  a re  j u s t  above and a t  th e  

s id e s  o f th e  o c c ip i t a l  (h y p o ce reb ra l) ganglion* The l a t t e r  i s  ap p a ren tly  

jo in e d  to  th e  f r o n t a l  gang lion  by th e  r e c u r re n t  n e rv e .
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F ig .  7# Storaodaeal Nervous ^ s t e m  of L ib e llu la  s p . ( a d u l t ) ;  
a o r ta  and oesophagus removed#



THE STOMODAEAL NERVOUS SYSTEM OF HOMOPTERA AND HEMIPTERA.

Bugnion ( I 9O8 ) d e sc rib e d  th e  stom odaeal nervous system  i n  th e  

l a n t e r n - f l y , F u lg o ra . I t  c o n s is ts  o f  a f r o n ta l  g a n g lio n , re c u rre n t 

n e rv e , and fla n te r io r  and p o s te r io r  p a ire d  v i s c e r a l  g an g lia” • There i s  

no m ention o f  an o c c ip i t a l  gang lion  o r  o f in g lu v ia l  ganglia*  The 

a n te r io r  ”v i s c e r a l  g a n g lia ” a re  supposed to  in n e rv a te  th e  tra c h e a e , 

and th e  p o s te r io r  ”v i s c e r a l  g a n g lia ” a re  supposed to  in n e rv a te  th e  

h e a r t*  T h is su p p o s itio n  i s  f re q u e n tly  s ta te d  by th e  o ld e r  w orkers f o r  

v a r io u s  in s e c t s  and o c c a s io n a lly  i t  i s  s a id  th a t  th e  a n te r io r  p a i r  

in n e rv a te s  th e  h e a r t  and t h a t  th e  p o s te r io r  p a i r  in n e rv a te s  th e  

t r a c h e a e •

In  aph ids (Pemphigus) th e  f r o n ta l  ganglion  i s  alm ost d i r e c t ly  

ben ea th  th e  b ra in  acco rd in g  to  P f lu g fe ld e r  (1937 A)* The corpora  a l l a t a  

a re  a p ire d  b u t a re  c o n tig u o u s , and th e r e  seems to  b e  no o c c ip i t a l  

ganglion*  The co rp o ra  c a rd ia c a  a re  jo in e d  by s h o r t  nerves to  the  

p o s te r io r  p a r t  o f th e  b ra in  and a re  in  c o n ta c t w ith  th e  a n te r io r  p a r ts  

o f  th e  c o rp o ra  a l l a t a *  From th e  co rpo ra  a l l a t a  th e re  a re  a p p aren tly  

th r e e  n e rv es  which run  back  over th e  w a ll  o f th e  fo reg u t*  I t  i s  p o ss ib le  

t h a t  th e s e  n erves may emanate from th e  co rpo ra  c a rd ia c a  in s te a d  o f th e  

co rp o ra  a l l a t a .

P f lu g fe ld e r  a ls o  d e s c r ib e s  th e  stom odaeal nervous system  in  a 

s c a le  in s e c t  (Lecanium) * Here ag a in  th e  f r o n t a l  ganglion  i s  beneath  

th e  b ra in *  The re c u r re n t  n e rv e , fo llo w in g  th e  stom odaeal w a l l ,  sw e lls  

to  form  th e  o c c ip i t a l  (h y p o cereb ra l) ganglion  behind th e  b ra in ;  and 

c o n tin u in g  along  th e  oesophagus, i t  s to p s  a t  a p o in t in  f r o n t  of th e  

m idgut* The co rpo ra  a l l a t a ,  which are  a tta c h e d  to  th e  o c c ip i t a l  gang

l i o n ,  a re  l a r g e r  th a n  th e  b r a in .



In  th e  c ic ad a  (Fig* 8) th e  f r o n ta l  gang lion  i s  lo c a te d  ju s t  

above th e  stomodaeum n e a r th e  ju n c tio n  o f  th e  l a t t e r  w ith  th e  sucking 

pump# The s h o r t  r e c u r re n t  nerve runs under th e  b ra in , th en  b ifu rc a te s*  

The b ranches ru n  to  th e  p a ire d  co rpo ra  c a rd ia c a  which a re  i r r e g u la r  

i n  shape and p r a c t i c a l l y  surround tw o  o f  th e  d i l a t o r  muscles of the  

Pharynx* (The a ttachm ent o f t h i s  p a i r  o f  m uscles to  th e  pharynx i s  

o m itted  i n  F ig .  BA). P a ired  oesophageal nerves pass p o s te r io r ly  from 

th e  co rp o ra  c a rd ia c a , but th e re  a re  no in g lu v ia l  ganglia*  The p a ire d  

co rp o ra  a l l a t a  a re  in  c o n ta c t w ith  th e  p o s te r io r  v e n tr a l  p a r t s  o f  th e  

co rp o ra  c a rd ia c a .  A ll o f  th e se  bod ies a re  dorsad  o f th e  stomodaeum* 

Nerves p a ss in g  from  th e  co rpo ra  c a rd ia c a  d i r e c t l y  to  the  b ra in  were no t 

found .

In  a l l  o f  th e  Homopfcera which have been s tu d ie d  th e  co rpora  

a l l a t a  a re  d i s t i n c t l y  p a ire d , but th ey  a re  u s u a lly  very  c lo se  to  each  

o th er*  I n  H em iptera th e re  i s  on ly  one corpus a lla tu m  and i t  i s  o f te n  

somewhat asym m etrical*

Weber (1930) n o te s  th e  presence  i n  Cimex o f the  f r o n ta l  

g an g lio n  and two “o c c ip i t a l  g a n g lia ” connected to  the  b ra in  by sh o r t  

nerves and to  t h e  f r o n ta l  gang lion  by th e  re c u rre n t  n e rv e . From th ese  

”o c c ip i t a l  g a n g lia ” a  nerve ex tends p o s te r io r ly  along th e  fo re g u t w a l l .  

There i s  no m ention o f a  corpus a llatum * This d e s c r ip t io n  was based 

on unpub lished  work o f T itsc h a c k .

A d e l in e a t io n  of th e  stom odaeal nervous system  of th e  c o re id  

S vrom astes* i s  made by P f lu g fe ld e r  (1937 A ). In  t h i s  bug, the  re c u r re n t  

nerve connects th e  f r o n t a l  gang lion  and th e  o c c ip i ta l  (hypocereb ra l) 

ganglion* Behind the  l a t t e r  i n  c lo se  a s s o c ia t io n  w ith  each o th e r  are 

lo c a te d  th e  corpus cardiacum  and th e  corpus a lla tu m . T heir nervous 

con n ec tio n  i s  n o t c le a r ly  u n d e rs to o d . P a ired  oesophageal nerves pass
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Fig* 8* The Stom odaeal Nervous System of M agicicada se p te n - 
decim L#
A* L a te ra l  view ; M, d i l a t o r  m uscle, a ttachm ent to  

pharynx no t shown*
3 . F ro n ta l  view of co rpo ra  c a rd ia c a  and corpora 

a l l a t a ,  somewhat diagram m atic*
C* P o s te r io r  view o f co rpo ra  c a rd iac a  and corpora  

a l l a t a ;  a o r ta  and oesophagus not shown#



p o s te r io r ly  from  th e  o c c ip i t a l  gang lion , bu t th e re  a re  no in g lu v ia l  

g an g lia*

In  Nepa, acco rd ing  to  Graichen (1936)$ p a ire d  connec tives 

ex tend  from  th e  tr ito c e re b ru m  to  th e  f r o n t a l  ganglion* A v e n tr a l  com^ 

missure runs around the pharynx from one s id e  o f th e  f r o n ta l  ganglion  to  

th e  o th e r ;  a  p a i r  o f  nerves passes a n te r io r ly  f  rom th e  f r o n ta l  ganglion 

t o  th e  labruin; and a median d o rs a l  nerve ru n s  to  th e  pharyngeal muscu

la tu r e *  The re c u r re n t  nerve proceeds p o s te r io r ly  from th e  f r o n ta l  

g an g lio n  to  th e  o c c ip i ta l  (hypocereb ra l) gan g lio n  and con tinues 

p o s te r io r ly  from  i t  as an unpaired  oesophageal n e rv e . I t  soon d iv id es  

in to  two branches which t r a v e r s e  the  s id e s  of th e  oesophagus as f a r  as 

th e  stom ach. There i s  a  p a ir  o f " l a t e r a l  g a n g lia " , each o f which i s  

connected  w ith  th e  tr ito c e re b ru m  by two nerves*  H is to lo g ic a l  evidence 

o f  th e  nervous n a tu re  o f th e se  l a t e r a l  g a n g lia  i s  p re se n te d . They a re  

connected  w ith  each o th e r  by a commissure which a p p a re n tly  does n o t jo in  

th e  r e c u r r e n t  n e rv e . The co rpo ra  a l l a t a  a re  alm ost fu sed  in to  a s in g le  

body, and th e y  l i e  above th e  p o in t where th e  commisure from the  l a t e r a l  

g a n g lia  c ro s se s  th e  r e c u r re n t  n e rv e .

In  th e  green  s t in k  bug, N ezara. (F ig . 9 ) th e  corpora  c a rd iac a  

a re  fu se d  v e n t r a l ly  b u t a re  d i s t i n c t l y  lobed  d o rsa lly *  The v e n tr a l  

coalescence  o f th e  bod ies and t  h e i r  amalgamation w ith  th e  p o s te r io r  end 

o f th e  r e c u r re n t  nerve a p p a re n tly  form  th e  o c c ip i t a l  g an g lio n . For i t  

i s  from  t h i s  p lexus t h a t  th e  p a ire d  oesophageal nerves o r ig in a te .  They 

p ass  under th e  unpa ired  corpus a lla tu m  which i s  contiguous w ith  th e  

p o s te r io r  p a r t  o f  th e  p lexus ju s t  d e sc r ib e d . I t s  h is to lo g ic a l  s t ru c tu re  

should  be in v e s t ig a te d .
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Fig* 9* Stom odaeal Nervous System o f Nezara h l l a r i s  ^ay*
A* D orsa l view ; a o r ta  p a r t ly  removed*
B* D orsal view , de ta il*  o f p o s tc e re b ra l  s t ru c tu r e s ;

a o r ta  and oesophagus removed*
C* V e n tra l view; oesophagus removed*



I n  th e  w heel bug, A rilu s  (F ig . 10) th e  p o s tc e re b ra l  p a r ts  of 

th e  stom odaeal nervous system  are  s im ila r  to  th o se  o f N ezara. There i s  

a  fu s io n  o f th e  co rpo ra  c a rd ia c a  w ith  th e  o c c ip ita l  gang lion , and th e  

co rpus a lla tu m  r e s t s  on th e  p o s te r io r  p a r t  o f  t h i s  m ass. Numerous 

specim ens o f th e s e  two bugs were examined, and i t  i s  b e liev ed  th a t  th e  

asymmetry o f th e  co rpora  c a rd ia c a  and corpus a lla tu m  i s  r a th e r  c o n s ta n t. 

T his has been observed in  O rth o p te ra , D ip te ra , and o th e r  in s e c t s .

THE STOMODAEAL NERVOUS SYSTEM OF COLEOFTERA.

B randt (1879 C) d iscovered  in  b e e t le s  th e  f r o n t a l  g a n g lio n , the 

r e c u r r e n t  n e rv e , one o r  tw o p a ir s  o f “p o s te r io r  pharyngeal g a n g lia ,"  and 

th e  " v e n t r ic u la r  g a n g lio n ."  The pharyngeal gang lia  were supposed to  

in n e rv a te  the  h e a r t  and t r a c h e a e .

The a q u a tic  b e e t le  E y tisc u s  was s tu d ie d  by H olste  (1910) and 

K o rsch e lt (1924.), whose r e s u l t s  a re  e s s e n t ia l l y  th e  same excep t fo r  

d if f e r e n c e s  in  nom encla tu re . The f r o n t a l  gang lion  sends o f f  nerves 

a n te r io r ly  to  th e  pharyngeal m uscles, and th ese  nerves form th e  "plexus 

p r a e f r o n ta l i s "  o f H o ls te . P o s te r io r ly  th e  r e c u r re n t nerve p asses  from 

th e  f r o n t a l  g an g lio n , sw e lls  to  form th e  o c c ip i t a l  ganglion under the  

b r a in ,  and c o n tin u es  asym m etrica lly  as th e  oesophageal nerve to  th e  

in g lu v ia l  ( v e n t r ic u la r )  g an g lio n , which i s  lo c a te d  on th e  l e f t  w a ll o f 

th e  crop  n e a r  i t s  p o s te r io r  end . S e v e ra l sh o r t  nerves a r i s e  from the  

in g lu v ia l  g a n g lio n , and tw o of th e se  in n e rv a te  th e  a n te r io r  p a r t  o f  the  

p ro v e n tr ic u lu s  • Along th e  course  o f  th e  oesophageal nerve many branch

in g  f i b e r s  in n e rv a te  th e  oesophagus. Im m ediately behind and below the 

b ra in  a re  th e  p a ire d  "g a n g lia  v a s is  d o r s a l is "  which in n e rv a te  th e  d o rsa l 

v e s s e l  and which a re  jo in e d  to  th e  pro tocerebrum . The corpora a l l a t a
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l i e  behind th e  nd o rs a l  v e s s e l  gang lia"  w ith  which th ey  a re  u n ite d  by s h o r t ,  

t h ic k  f i b e r s .  The connec tions of th e  "d o rsa l v e s s e l  gang lia"  w ith  each 

o th e r  and w ith  th e  o c c ip i t a l  ganglion a re  not f u l ly  u nders tood .

In  th e  sc a ra b ae id  Q ryctes M ickels (1880) dem onstrated th e  f r o n ta l

g an g lio n  and th e  o c c ip i t a l  ganglion  u n ite d  by th e  re c u rre n t  n e rv e . The

o c c i p i t a l  g an g lio n , acco rd ing  to  t h i s  a u th o r , sends two nerves to  th e  

b r a in  and th r e e  p a ir s  o f  nerves p o s te r io r ly  a long  th e  oesophagus. The 

end ings o f th e se  nerves a re  n o t shown, and no p a ire d  gang lia  were observed .

In  th e  same in s e c t  (Q ry c tes) Orlov (1924, 1925) re p o r ts  the

p resence  o f th e  median o c c ip i t a l  (hypocereb ra l) ganglion  from which two 

n e rv e s  run  p o s te r io r ly  to  p a ire d  " v e n tr ic u la r  g a n g lia ."  From each of 

th e  l a t t e r  nerves ex tend  p o s te r io r ly  along th e  d o rsa l su rfa ce  o f the  

oesophagus. A second " v e n tr ic u la r  ganglion" appears as a  sw e llin g  along 

th e  course  o f each  m edian f i b e r .  No mention i s  made of th e  corpora  

a l l a t a .

A ccording to  Wu (1929) th e r e  are  two p a ir s  o f " l a t e r a l  

oesophageal g a n g lia "  in  th e  "wftLte g rub ,"  Osmoderma. These a re  jo in e d  

to  th e  b ra l n , b u t n o t to  th e  r e c u r re n t  nerve nor to  th e  o c c ip i ta l  

g a n g lio n . There a re  s e v e ra l  sh o r t nerves b ranching  from each o f th e  

afo rem entioned  g a n g lia , b u t th e y  were no t fo llow ed to  t h e i r  end ings.

The n e rv es  and g a n g lia  were s tu d ie d  h i s to lo g ic a l ly ,  and i t  i s  su rp r is in g  

t h a t  no m ention i s  made of the  co rpora  a l l a t a .

The stom odaeal nervous system  o f th e  green June b e e t le ,

C o t in is , (F ig . 12A) has one unique f e a tu r e .  The f r o n ta l  ganglion  

c o n n ec tiv es  jo in  th e  b r a in  a t  a p o in t between the  protocerebrum  and 

th e  deu tocerebrum . In  most o th e r  in s e c ts  th e se  connectives a r is e  from 

th e  tr i to c e re b ru m . In  Cot i n i s th e  presence o f nerve f ib e r s  connecting
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co rm itus j- a b .



th e  b ra in  and th e  o c c ip i t a l  ganglion  has been d e f in i te ly  e s ta b l is h e d .  

From th e  o c c ip i t a l  ganglion  th e re  i s  a  p a i r  o f  nerves running  l a t e r a l l y  

and p o s te r io r ly  to  the co rpora  a l l a t a ,  and th e r e  i s  a  p a ir  of oesophageal 

n e rv es  fo llo w in g  th e  d o rsa l oesophageal w all*  The oesophageal nerves 

send o f f  s e v e ra l  sh o r t  nerves along  th e i r  co u rse , and each o f them 

te rm in a te s  by b reak in g  up in to  fo u r sh o r t f ib e rs *  The corpora  c a rd iac a  

were n o t observed , b u t i t  i s  p o ss ib le  th a t  th e y  have been fused  w ith  the  

o c c i p i t a l  ganglion*

In  th e  la r v a  o f  P assa lu s  (Fig* 11) th e  g en era l p lan  o f 

stom odaeal in n e rv a tio n  i s  s im ila r  to  t h a t  in  th e  a d u lt  of C o tin is * The 

f r o n t a l  gan g lio n  co n n ec tiv e s , however, ru n  forward a co n sid erab le  

d is ta n c e  b e fo re  tu rn in g  back to  the  trito ce reb ru m *  The co rpora  a l l a t a  

a re  lo c a te d  a t  th e  s id e s  o f th e  b ra in  in s te a d  of behind i t .

THE STOMODAEAL NERVOUS SYSTEM OF NEUROPTERA. AND TRICHOPTERA.

A d e s c r ip t io n  o f  the  stom odaeal nervous system  o f Gorydalus i s  

g iven  by Hammar (1 9 0 8 ). ^he f r o n t a l  ganglion  i s  jo in e d  to  th e  b ra in  by 

a  f in e  nerve  from  i t s  p o s te r io r  end as w e ll as  by th e  f r o n ta l  ganglion 

c o n n ec tiv e s  (arched  n e rv e s)*  The re c u r re n t  nerve fo llow s th e  d o rsa l  

w a ll  o f  th e  stomodaeum, and sw e lls  in to  a "vagus” ganglion  from which 

p a ire d  “s to m a to g a s tr ic " n e rv es  co n tin u e  down th e  oesophagus* Three 

p a i r s  o f  " l a t e r a l  sym pathe tic  n e rv e s” sp r in g  from th e  p o s te r io r  p a r t  o f 

th e  b ra in *  Two o f th e se  form many branches and lo o p s , bu t e v e n tu a lly  

th e y  end i n  p a ire d  " l a t e r a l  gan g lia* "  There a re  se v e ra l sm all f ib e r s  

b ran ch in g  from  th ese*  I t  i s  i n t e r e s t i n g  to  no te  th a t  th e re  i s  no 

connec tion  between th e  two " l a t e r a l  g a n g lia ,” no r between them and th e  

"vagus” geng lion  o r  re c u r re n t  n e rv e . The corpora  a l l a t a  a re  no t
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F ig .  1 2 . Stom odaeal Nervous System o f C oleoptera  and 
N eu ro p te ra .
A• C o tin is  n i t i d a  L•
B. C hauliodes p e c t ic o m is  L.



m entioned . HammarTs work d i f f e r s  somewhat from t h a t  o f Krauss ( I 884) 

who d id  n o t lo c a te  any l a t e r a l  g a n g lia .

In  C hauliodes (F ig . 12 B) th e  stom odaeal nervous system i s  much 

s im p le r .  The co rp o ra  c a rd ia c a  a re  n o t d i s t i n c t .  I t  i s  p o ss ib le  th a t  

th e y  a re  amalgamated w ith  th e  o c c ip i ta l  gang lion . Two sh o rt s le n d e r 

n e rv e s  ex tend  from  th e  o c c ip i t a l  ganglion to  the corpora a l l a t a .  The 

c o rp o ra  a l l a t a  to u ch  th e  s id e s  of th e  o c c ip i t a l  g ang lion . Nerves jo in 

in g  th e  o c c ip i t a l  gang lion  w ith  th e  b ra in  are a p p aren tly  a b se n t.

The c a d d ic e - f ly ,  L^mnophilus. was s tu d ie d  by Branch (1922).

The r e c u r r e n t  nerve runs p o s te r io r ly  from  the  sh ie ld -sh ap ed  f r o n ta l  

g an g lio n  a lo n g  th e  d o rs a l  w a ll  o f th e  oesophagus and p asses on one s id e  

o f  an  unnamed median gang lion  w ith o u t being  jo in e d  to  i t .  From th i s  

m edian g a n g lio n , which i s  p robab ly  th e  o c c ip i t a l  gang lion , a nerve passes 

p o s te r io r ly  and u n i te s  w ith  th e  r e c u r re n t  n e rv e . How th e se  nerves 

te rm in a te  i s  n o t known. A n te r io r ly  from  th e  median ganglion two nerves 

run  to  th e  b r a in ;  and l a t e r a l l y  two nerves run  to  two “sym pathetic  g a n g lia ” 

which a re  jo in e d  to  the  b r a in  by s t i l l  an o th e r p a ir  o f n e rv e s . The 

co rp o ra  a l l a t a  a re  n o t m entioned .



the stomodaeal nervous system of lepidoptera .

In  the  la rv a  of Sphinx l i g u s t r i  L , ,  accord ing  to  Newport 

(1832) th e re  a re  two p a ir s  o f l a t e r a l  g an g lia  which are connected to  

th e  b ra in  b u t n o t t o  th e  re c u rre n t  n e rv e , Blanchard ( I 858) s ta te d  

t h a t  i n  le p id o p te ro u s  la rv a e  th e  l a t e r a l  a n te r io r  g an g lia  in n erv a te  

th e  d o r s a l  v e s s e l  and th a t  th e  l a t e r a l  p o s te r io r  gan g lia  in n e rv a te  the  

t r a c h e a l  tru n k s  o f th e  head* The a lim en ta ry  t r a c t  i s  in n erv a ted  by 

th e  u n p a ired  p a r t  o f  th e  nSchlundne rvensystem . ” E , Brandt (1879) 

e s ta b l is h e d  the f a c t  t h a t  th e  lep id o p te ro u s  la rv a e  as w e ll as a d u lts  

p o sse ss  a  f r o n t a l  gang lion  and one o r  two p a ir s  o f "pharyngeal g a n g lia •" 

C a tt ie  (188 l) re p o rte d  t h a t  th e  l a t e r a l  p a ire d  g a n g lia  in  le p idop terous 

la rv a e  a re  jo in e d  to  th e  b ra in  bu t n o t to  th e  re c u r re n t  n e rv e . Accord

in g  to  P e te rso n  (1912) t h i s  i s  t r u e  in  th e  la rv a  o f P ro to p a rce ,

Swaine (1920) in v e s t ig a te d  th e  la rv a  o f S thenop is and found th a t  th e  

p a ire d  g a n g lia  do j o in  th e  r e c u r re n t  n e rv e . The un ion  o f th e  l a t e r a l  

g a n g lia  a 1 d th e  r e c u r re n t  nerve  in  th e  silkworm  was re p o rte d  by 

Kuwana (1935) and by Snodgrass (1935)*

As f a r  as i s  known th e  stom odaeal nervous system  o f lep id o p 

te ro u s  la rv a e  i s  more complex th an  t h a t  o f any o th e r  group o f  i n s e c t s .  

An in v e s t ig a t io n  o f  th e  l a r v a  o f P ro toparce  (F ig , 13) has shown th a t  th e  

s o - c a l le d  a n te r io r  l a t e r a l  g a n g lia  a re  connected by a  nerve to  th e  

r e c u r re n t  n e rv e , Each of th e se  "g an g lia"  g ives o f f  f iv e  nerves $ one 

goes to  th e  r e c u r r e n t  n e rv e ; a  second to  th e  b ra in ;  a t h i r d  to  th e  

l a t e r a l  nerve from th e  b r a in ;  a  f o u r th  to  th e  m andibular muscle s ;  and 

a  f i f t h  to  th e  co rpo ra  a l l a t a .  The l a s t  named nerve has p rev io u s ly  

been shown t o  be r a th e r  th ic k ;  and i t  i s  d o u b tle ss  fo r  th i s  reason th a t
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th e  c o rp o ra  a l l a t a  have n o t been reco g n ized . These bodies a re  d i s t in c t ly  

s e p a ra te  from th e  " a n te r io r  l a t e r a l  g a n g lia ."  I t  i s  f e l t  th a t  th e  l a t t e r  

s t r u c tu r e s  should be c a l le d  co rpo ra  c a rd ia c a , fo r  th ey  correspond to  the  

co rp o ra  c a rd ia c a  i n  o th e r  in s e c ts  in  s p i te  of the f a c t  t h a t  th ey  are  

some d is ta n c e  from th e  re c u rre n t n e rv e .

The stom odaeal nervous system  of th e  sou thern  army' worm moth,

Pro  d en i a ,  (P ig . 14.) i s  q u ite  d i f f e r e n t  from  th a t  o f lep id o p te ro u s  larvae*  

The co rp o ra  c a rd ia c a  a re  fu sed  and th e  median p a r ts  o f them are  jo in ed  

by th e  r e c u r re n t  nerve to  form  what i s  p robab ly  th e  o c c ip i ta l  ganglion*

Two oesophageal nerves extend p o s te r io r ly  from t h i s  m ass, p a r t  o f 

w hich i s  between th e  v e n tr a l  p a r ts  o f th e  corpora  a l l a t a .  The d o rsa l  

p a r t s  o f  th e  co rp o ra  a l l a t a  a re  i n  c o n ta c t w ith  each o th e r .  About 

ha lfw ay  down th e  oesophagus each o f  th e  oesophageal nerves sends o f f  a 

l a t e r a l  nerve  to  th e  s a l iv a ry  g la n d s . Many sh o rt nerves branch from 

th e  oesophageal n e rv es  to  in n e rv a te  th e  oesophagus; and th e  c ro p , which 

i s  a  l a t e r a l  d iv e r t ic u lu m , i s  in n e rv a te d  by branches from them. They 

end i n  numerous f i n e  f ib e r s  a n te r io r  t o  th e  v e n tr ic u lu s .

THE STOMODAEAL NERVOUS SYSTEM OF HYMENOPTERA.

I .  F . Brandt (1831) i l l u s t r a t e d  th e  f r o n t a l  ganglion  and two 

p a ire d  " l a t e r a l  g a n g lia"  i n  Bombus, and th e  paper o f E . Brandt (1879 B) 

c o n ta in s  a  f ig u re  o f th e  stom odaeal nervous system o f Bombus t e r r e s t r i s  L . 

In  th e  mason b e e , Chalicodoma, C arri'ere  and Burger (1897) d iscovered  an 

o c c i p i t a l  g a n g lio n , p a ire d  "pharyngeal g a n g lia " , and p a ired  "g an g lia  

a l l a t a . ” In  th e  a n t ,  Mvrmica. acco rd ing  to  Ja n e t (1899)5 th e  re c u r

r e n t  nerve ru n s  p o s te r io r ly  in to  an "oesophageal ganglion" from which 

a re  s e n t  two oesophageal n e rv e s . Each o f th e se  comes in  c o n ta c t w ith



Fr Grip 

.Ft Gn§ Con

R Nv

Ant Nv2 Br

lBr

_CCd
_CA

OE Nv
JOE

Cr.

Vent

— t"; * 1 4 .  S t-oniodaeai i^ervous b y t t s m  o r  P ro d e n ia  e r i d an i a  crarc*



a  'p o s t .c e r e b r a l  s y m p a th e tic  g a n g l io n ” fro m  w h ich  a  s h o r t  n e rv e  p a s s e s  

t o  one o f  th e  c o rp o ra  a l l a t a *  E ach  o f  th e  11 p o s t  c e r e b r a l  s y m p a th e tic  

g a n g l i a ” i s  jo in e d  t o  th e  b r a i n  b y  a  n e rv e ,  b u t  th e y  a re  n o t  jo in e d  

t o  e a c h  o th e r*  A s i m i l a r  p a t t e r n  o f  i n n e r v a t io n  was fo und  i n  t  he a n t ,

La s j u s ,  b y  J a n e t  (1 9 0 5 )*  I n  t h e  honeybee l a r v a  a c c o rd in g  to  N elson  

(1915* 1924.) th e  r e c u r r e n t  n e rv e  b i f u r c a t e s  n e a r  th e  c a u d a l  end  o f  th e  

h e a d , and  h e re  a r e  fo u n d  tw o c e l l  m asses w h ich  a re  i n t e r p r e t e d  a s  b e in g  

p h a ry n g e a l  g a n g lia *

I n  Trem ex (F ig *  15) th e  b a se  o f  e a c h  c o rp u s  c a rd ia c u m  i s  fu s e d  

w i th  t h e  r e c u r r e n t  n e rv e  to  fo rm  w hat i s  p ro b a b ly  th e  o c c i p i t a l  g a n g lio n  

fro m  w h ic h  tw o o e s o p h a g e a l  n e rv e s  ru n  p o s t e r io r l y *  The c o rp o ra  a l l a t a  

a r e  c o n tig u o u s  w i t h  th e  v e n t r a l  and l a t e r a l  p o r t io n s  o f  t h i s  p le x u s*

T here  a r e  no i n g l u v i a l  g a n g lia *

I n  t h e  w a sp , S c e l ip h r o n a (F ig *  16 ) a  s i m i l a r  c o n d i t io n  p r e v a i l s ,  

b u t  t h e  o c c i p i t a l  g a n g lio n  i s  v e ry  d i s t i n c t *  I t  sh o u ld  be n o te d  t h a t  

th e  c o rp o r a  a l l a t a  a r e  v e n tr a d  o f  t h e  c o rp o ra  c a r d ia c a  a id  t h a t  th e y  a re  

i n  c o n ta c t  w i th  t h e  o c c i p i t a l  g a n g lio n *  The p a i r e d  o e so p h a g e a l n e rv e s  

s w e l l  i n t o  s m a l l  i n g l u v i a l  g a n g l ia  j u s t  b e fo r e  t h e i r  ends*

I n  t h e  b um blebee , Bombus p e rm s y lv a n ic u s  D e g e e r , (F ig *  17 ) 

t h e r e  i s  an i n t e r e s t i n g  f u s i o n  o f  some o f  th e  p o s t c e r e b r a l  p a r t s  o f  th e  

s to m o d a e a l n e rv o u s  system *  B e n ea th  th e  c o rp o ra  c a r d ia c a  th e r e  i s  a  r i n g  

a ro u n d  t h e  o eso p h ag u s t o  w h ich  th e  c o rp o ra  c a r d ia c a  and  th e  c o rp o ra  

a l l a t a  a r e  a t t a c h e d .  The r e c u r r e n t  n e rv e  b i f u r c a t e s  j u s t  c e p h a la d  o f  

t h i s  r i n g  and  th e  o e s o p h a g e a l n e rv e s  th u s  form ed ru n  u n d e r th e  d o r s a l  

p a r t  o f  th e  r i n g  and c o n tin u e  a lo n g  th e  d o r s a l  w a l l  o f  th e  a l i m en ta ry  

t r a c t  t o  th e  a n t e r i o r  p o r t i o n  o f  t h e  v e n t r i c u lu s *  M icrotom e s e c t io n s  

a r e  n eed ed  t o  show w h e th e r  o r  n o t  th e  o e so p h a g e a l n e rv e s  a c t u a l l y
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a l l a t a ,  and  r in g *



u n i te  'w ith  th e  d o rs a l  h a l f  o f th e  ring#  The a n te r io r  end o f th e  a o r ta  

i s  lo c a te d  between th e  two co rp o ra  c a rd ia c a  so t h a t  the  v e n tr a l  w a ll  

o f  th e  a o r ta  i s  i n  c o n ta c t w ith  th e  ring#

A s im ila r  r in g  was re p o rte d  by E . Brandt (1879 B) i n  Bombus 

t e r r e s t r i s  L# The co rpo ra  c a rd ia c a  ( a n te r io r  pharyngeal g a n g lia )  a re  

seen  t o  a r i s e  from th e  commissure which e n c i r c le s  th e  oesophagus* The 

p o s te r io r  in n e rv a tio n  of the  stomodaeum d i f f e r s  s l i g h t l y  in  th e  two 

sp e c ie s*  Brandt r e p o r ts  a c o n tin u a tio n  o f th e  s in g le  re c u r re n t  nerve 

form ing a “v e n t r i c u la r  g ang lion*M

THE STOMODAEAL NERVOUS SYSTEM OF DIFTERA.

B randt (1879) s ta te d  t h a t  in  th e  stom odaeal nervous system  o f 

f l i e s  th e re  a re  two “p haryngeal g a n g lia ” which a re  doubled to  form a 

s t r i c tu r e #  Lowne d isco v ered  two median and two p a ire d  l a t e r a l  g a n g lia  

in  th e  stom odaeal (sp la n ch n ic )  nervous system  o f the  b lo w -fly  la rv a *

In  th e  la r v a  o f Chirononnis. which was s tu d ie d  by Mi a l l  and Hammond 

(1900) and by Holmgren (1904), th e re  i s  a  sm all o c c ip i ta l  (oesophageal) 

g a n g lio n , and th e re  a re  a  p a i r  o f co rpo ra  a l l a t a  and a p a i r  o f  co rpo ra  

c a rd ia c a j  but th e  wsy i n  which th e  l a t t e r  a re  connected  w ith  th e  b ra in  

i s  n o t understood* In  the  la r v a  o f tly c e to p h ila  th e  p la n  o f  stom odaeal 

in n e rv a tio n  i s  s im ila r  to  t h a t  o f Chironomus acco rd in g  to  Holmgren (1907)*

R ecen tly  F raen k e l (1935), Hadorn (1937), and B u rtt  (1937, 1938) 

have s tu d ie d  th e  stom odaeal nervous system  in c id e n ta l ly  as p a r t  o f t h e i r  

ex p erim en ta l work on the  cause o f pupation  in  v a rio u s  D ip tera*  The 

la r v a  o f Chironomus was examined by B u rtt (1937), and h is  r e s u l t s  a re  

somewhat l ik e  th o se  o f th e  e a r l i e r  workers* A more com plete e x p la n a tio n  

i s  s t i l l  needed w ith  r e s p e c t  to  th e  n erves connec ting  th e  corpora



44*

c a rd ia c a  (oesophageal g a n g lia )  -with th e  b ra in *  The n erves which pass  

p o s te r io r ly  from th e  o c c ip i t a l  gang lion  (h y p o cereb ra l gang lion ) a re  c a l le d  

by B u r tt  r e c u r re n t  n e rv e s , and to  each  of th e s e  a corpus a lla tu m  and a  

corpus cardiacum  (oesophageal ganglion) a re  a ttach ed *  From each wre c u r— 

r e n t  n e rv e 11 "a v e iy  f in e  nerve p asse s  to  th e  re g io n  o f th e  c e re b ra l  

commissure and a b ro ad er s tra n d  o f  t i s s u e  p asses  forw ard and i s  a tta c h e d  

to  th e  t ra c h e a  b u t does n o t seem to  make any nervous connexion w ith  th e  

b ra in  a t  t h i s  p o in t •"

The stom odaeal nervous system  o f th e  3arva  o f T ip u la  has been 

in v e s t ig a te d  (F ig . 18) and th e  d e s c r ip t io n  g iven  by B o rtt  (1937) has been 

c o rro b o ra te d  excep t f o r  two minor d if fe re n c e s*  The re c u r re n t  nerve 

b i f u r c a te s  j u s t  i n  f r o n t  o f  th e  b ra in  in s te a d  o f behind th e  b ra in  as 

re p o r te d  by B u r t t5 and no nerve f ib e r s  were observed proceed ing  

p o s te r io r ly  from  th e  co rp o ra  a l la ta *  There i s  no o c c ip i t a l  g an g lio n ; 

b u t th e  r e c u r re n t  nerve i s  r a th e r  th ic k  a t  i t s  p o in t o f  d iv is io n ,  and 

th e  p a ire d  oesophageal nerves a re  r a th e r  broad a t  th e  p o in ts  where th e  

n e rv es  le a d in g  t o  th e  co rpo ra  c a rd ia c a  branch from  them .

In  th e  ro b b er f l y ,  E rax , (F ig . 19) th e  f r o n ta l  g ang lion  r e s t s  

on t h e  a n te r io r  w a ll  o f a  pharyngeal o r secondary  sucking pump. D o rsa lly  

and p o s te r io r ly  th e  pharynx has a  c i r c u la r  s c l e r o t ic  p la te  w ith  a narrow  

e x te n s io n  to  th e  beg inn ing  o f  th e  oesophagus* Large m uscles a re  a tta c h e d  

t o  th e  c i r c u la r  p l a t e ;  and th e  r e c u r re n t  n e rv e , fo llo w in g  th e  d o rs a l  

w a ll  o f th e  pharynx , wends i t s  way between th e se  m uscles. Along th e  

e x te n s io n  o f th e  p la te  th e  re c u r re n t  nerve sw ells  t o  form an o c c ip i t a l  

g a n g lio n . At th e  un ion  o f  th e  pharynx and oesophagus, th e re  i s  a r in g  

o f what seems to  be nervous t i s s u e  around th e  g u t .  The re c u r re n t  

nerve u n i te s  w ith  t h i s  r in g .  P o s te r io r ly  an oesophageal nerve lea v es
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th e  r in g  and p asse s  a long  th e  d o rs a l  w a ll  o£ th e  oesophagus. Near th e  

end o f  th e  oesophagus th e  nerve b i f u r c a te s ,  b u t th e re  a re  no in g lu v ia l  

gan g lia*  ^'he f r o n t a l  gang lion  connec tives a re  a p p a re n tly  th e  on ly  

n e rv es  e x ten d in g  from  th e  b ra in  to  th e  stom odaeal system . W hether th e  

r in g  d e sc rib e d  above corresponds t o  th e  co rpo ra  c a rd ia c a  o r co rpora  

a l l a t a  i s  unknown.

The p resence  o f Weismann*s r in g  i n  some seven g e n era , o f 

cyclo rrhaphous D ipt e ra  i s  d isc u sse d  by B u rtt  (1937)* This r in g  i s  an 

i r r e g u l a r  mass o f  c e l l s  su rround ing  th e  a o r ta  behind  th e  b r a in ,  t o  

w hich i t  i s  a tta c h e d  by membraneous s t r a n d s .  The r in g  re c e iv e s  nerves 

from  a  m edian p o s tc e re b ra l  gang lion  which sends a s o -c a l le d  re c u r re n t  

nerve p o s te r io r ly  to  a  s in g le  in g lu v ia l  (p ro v e n tr ic u la r )  g a n g lio n . In  

Husca H ew itt (1910) shows an a n te r io r  n e rv e , b u t no f r o n t a l  g a n g lio n .

In  C a lIIp h o ra  th e  p a t te rn  i s  s im i la r  t o  t h a t  in  Musca. acco rd in g  to  

B u rtt  (1 9 3 7 ). The ”re c u r re n t  n e rv e ,” p roceed ing  a n te r io r ly  from th e  

"p ro v e n tr ic u la  r ” gai g l io n ,  b i f u r c a te s ;  one branch  jo in s  th e  median 

g an g lio n , and th e  o th e r  b ranch  runs tinder th e  b ra in  to  th e  pharynx .

The m edian gang lion  sen d s two nerves to  th e  b r a in .  I t  i s  i n  in tim a te  

c o n ta c t w ith  Weismann1 s r i n g .

B u r tt  b e lie v e s  t h a t  th e  s t r u c tu r e  o f  th e  r in g  in d ic a te s  t h a t  

i t  r e p re s e n ts  th e  fu sed  co rp o ra  a l l a t a .  This view i s  h e ld  by Hadom 

(1937) and by DeBach (1937), b u t F raeh k e l (1935) s t a t e s  t h a t  th e re  

e x i s t s  no organ i n  the  f l y  la rv a  which can be homologized w ith  th e  

c o rp o ra  a l l a t a  i n  o th e r  i n s e c t s .  E xperim ental evidence seems to  

su p p o rt th e  co n c lu sio n  th a t  Weismann*s r in g  s e c re te s  a hormone Inducing  

p u p a tio n .
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