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v a r  unicolor as t he  host ,  were m a d e  accord ing  to  a pre-  
v ious ly  r epo r t ed  m e t h o d  i0. O t h e r  E. [oetida v a r  unicolor 
worms  were w o u n d e d  b y  r e m o v i n g  a 2 m m •  1 m m  por-  
t ion  of dorsa l  b o d y  wall. T he  c o m b i n a t i o n s  made,  a n d  
t h e  t i m e  in te rva l s ,  pos t  graf t ing,  a t  wh ich  ind iv idua l s  
were f ixed are recorded  in t he  Table .  T he  hos t s  were  all  
ki l led in Bou ins  f i xa t ive  be t w een  09.00 h a n d  10.00 h. 
Th i s  was  to  e l imina te  a n y  v a r i a t i o n  in obs e r va t i ons  wh ich  
m a y  h a v e  occur red  as a r e su l t  of possible  m i t o t i c  r h y t h m s .  
N o r m a l  u n t r e a t e d  c l i te l la te  worms  of a s imi lar  size (50-  
60 ram) a n d  120 days  old were  used as controls .  Af t e r  
e m b e d d i n g  in pa ra f f in  wax,  10 ~m serial  sect ions  were 
cut .  S u b s e q u e n t l y  t h e y  were s ta ined ,  some in Feu lgens  
s t a in  o the r s  in  Ehr l i chs  H a e m a t o x y l i n  a n d  Eosin .  
Sect ions  were v iewed u n d e r  a Zeiss pho t om i c r o s cope  2 
a n d  t he  loca t ion  of mi to t i c  f igures  wh ich  were  obse rved  
are recorded  in t he  Table .  

No mi to t i c  f igures  were  obse rved  in  n o r m a l  con t ro l  
worms .  I n  t h e  m a j o r i t y  of w o u n d e d  and  gra f ted  worms  
m i t o t i c  f igures were found.  T he  coe lomocyte  p o p u l a t i o n  
is compr ized  of a m o e b o c y t e s  a n d  eleocytes.  All  mi to t i c  
f igures  obse rved  were in amoebocy tes ,  no eleocytes  were 
seen unde rgo ing  divis ion.  Th i s  was  found  to  be  t he  case 
fol lowing obse rva t i ons  m a d e  us ing  H a e m a t o x y l i n  a n d  
Eos in  s t a ined  sect ions  as th i s  a l lowed a m o e b o c y t e s  to  be  
d iscerned  f rom eleocytes  b y  t h e  a p p e a r a n c e  of t h e i r  cy to-  
p lasm.  

Mito t ic  a c t i v i t y  was obse rved  in hos t  t i ssue  only,  
e x c e p t  in  t he  case of 17-h-old a n d  20 day  a u t o g r a f t s  in  
which  mi to t i c  f igures were found  in t he  c i rcular  muscle  
l ayer  of t he  graf t .  Th i s  suggests  t h a t  all  t r a n s p l a n t s ,  
excep t  au togra f t s ,  do n o t  a id  in t he  process  of h o s t  g ra f t  
i n t e g r a t i o n  as t h e y  r e m a i n  mi to t i ca l l y  inac t ive .  

I n  worms  wh ich  received second graf t s  f rom the  same  
ind iv idua l ,  a n o t h e r  i n d i v i d u a l  of t he  same species or f rom 
a n  ind iv idua l  of a n o t h e r  species i.e. Dendrobaena veneta; 
mi to t i c  f igures were found  in s imi la r  loca t ions  as those  
found  in worms  rece iv ing  f i rs t  g raf t s  only. Consequen t ly  
t he  resul t s  f rom these  t h r ee  c o m b i n a t i o n s  were t a b u l a t e d  
toge ther .  

I conclude  t h a t  e a r t h w o r m s  h a v i n g  be ing  sub jec t ed  to  
t he  s t ress  of rece iv ing  a g r a f t  or a w o u n d  pro l i fe ra te  t h e i r  
a m o e b o c y t e s  f rom t h e  i n t e r s e g m e n t a l  sep ta  and  somato -  
p leura l  p e r i t o n e u m  a n d  some pro l i fe ra t ion  of these  cells 
can  occur  w h e n  t h e y  are free in t h e  coelomic cav i ty .  
CAUldRON a also obse rved  mi to t i c  a c t i v i t y  in  s imi la r  si tes 
a f t e r  inj ec t ing  pa r t i cu l a t e  m a t t e r  in to  t he  coelomic c a v i t y  
of Lumbricus terrestris. This  suggests  t h a t  t he  free amo-  
ebocy tes  are n o t  ful ly  d i f f e r e n t i a t e d  w h e n  re leased f rom 
the i r  s i te  of origin,  a n d  also th i s  increase  in mi to t i c  a c t i v i t y  
ref lects  t he  i m p o r t a n c e  of a m o e b o c y t e s  in  t he  r egene ra t i on  
of new t i ssue  a n d  also in t he  d e f e E e  of t he  organism.  

m M. PARRY, Experientia 31, 117 (1975). 
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Summary. The  axons  of m o t o r n e u r o n s  in r o t a t e d  cockroach  gangl ia  grow in to  t he  l imb  oppos i te  t he  one t h e y  n o r m a l l y  
i n n e r v a t e  a n d  a p p e a r  to  synapse  w i t h  a p p r o p r i a t e  muscles.  A p p a r e n t l y  t h e  c lass i f ica t ion of m o t o r n e u r o n s  is dup l i ca t ed  
a b o u t  t h e  mid- l ine .  

L a r v a l  and  a d u l t  cockroaches  r egene ra t e  a p p r o p r i a t e  
connec t ions  b e t w e e n  tho rac i c  m o t o r n e u r o n s  a n d  leg 
muscles  w h e n  t h e  ne rves  to  t h e  legs are cu t  a-7. Motor-  
n e u r o n s  of t h e  m e s o t h o r a x  will  connec t  w i t h  homologous  
m e t a t h o r a c i c  muscles  w h e n  offered a m e t a t h o r a c i c  l imb  
in w h i c h  to  grow s , i n d i c a t i n g  t h a t  t he  c lass i f ica t ion of 
cells on w h i c h  t h e  o rde r ly  connec t ion  of muscles  a n d  
m o t o r n e u r o n s  depends  is r epea t ed  in each  of t he  t h r ee  
t ho rac i c  segments .  I n  t h i s  p a p e r  I r e p o r t  p r e l i m i n a r y  
e x p e r i m e n t s  to  e s t ab l i sh  w h e t h e r  t he  c lass i f ica t ion is atso 
dup l i ca t ed  a b o u t  t he  mid-l ine,  t h a t  is w h e t h e r  m o t o r -  
n e u r o n s  will  connec t  w i t h  homologous  muscles  of t he  
oppos i te  side w h e n  offered a c o n t r a l a t e r a l  leg in wh ich  to 
grow. 

Fig. 1. Rotation of ganglia. 

F r e sh ly  m o u l t e d  n y m p h a l  cockroaches  (Periplaneta 
americana) of va r ious  ins t a r s  were l igh t ly  a n a e s t h e t i s e d  
w i t h  c a r b o n  dioxide  a n d  held  down  on t h e i r  backs  w i t h  
plas t ic ine .  A smal l  f lap of cut ic le  was  ra ised  over  e i the r  
pro-,  meso-,  or m e t a t h o r a c i c  gangl ion  a n d  all pe r iphe ra l  
n e r v e  t r u n k s  of t he  exposed gangl ion  were severed,  
l eav ing  t he  l ong i tud ina l  connec t ives  in tac t .  The  gangl ion  
was t h e n  inver ted ,  w i t h  a h a i r  Placed be tween  t he  an-  
t e r io r  connec t ives  to  p r e v e n t  r e - ro t a t iom The  ope ra t i on  
is shown  d i a g r a m m a t i c a l l y  in  F igure  1. The  ope ra t ed  
an ima l s  were k e p t  a t  27 ~ for 3 m o n t h s  before  e x a m i n a -  
t i on  a n d  d u r i n g  th i s  t i m e  t h e y  u n d e r w e n t  a t  leas t  2 
moul ts .  

The  effect  of t he  ope ra t ion  on  t he  r e g r o w t h  of axons  
in to  t he  legs was assayed  b y  r e t rog rade  ion tophores i s  of 
coba l t  chlor ide  in to  t he  m a i n  ne rve  (nerve 5) of one of t he  
legs in t he  o p e r a t e d  s e g m e n t  us ing  c o n v e n t i o n a l  t echn i -  
ques  9. The  resul t s  g iven  here  are for t h e  m e t a t h o r a x  b u t  
are s imi la r  in each  of t he  th ree  segments .  

1 I thank NAN COWAX for her expert technical assistance. 
Present address : Biologisches Institut 1 (Zoologie), Alber t-Ludwigs- 
Universit~it, Xatharinenstrasse 20, D-78 Freiburg i. Br., BRD. 
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R e t r o g r a d e  filling of t he  leg n e r v e  cu t  a t  t h e  coxal /  
f emora l  j o in t  in  t he  m e t a t h o r a x  of a normal ,  u n o p e r a t e d  
cockroach  r o u t i n e l y  dyes m o t o r n e u r o n s  in t he  ips i la te ra l  
an t e r i o r  v e n t r a l  q u a r t e r  of t he  gangl ion,  t o g e t h e r  w i t h  
m e d i a n  ceils wh ich  are  iden t i f i ed  w i t h  t he  c o m m o n  
i n h i b i t o r y  neu rons  descr ibed b y  PEARSON and  FOURT~ER 10 
(Figure 2 a). The re  is no  i nd i ca t i on  in t he  n o r m a l  a n i m a l  
t h a t  c o n t r a l a t e r a l  ceils send  axons  across t he  gangl ion  
and  ou t  of t he  leg ne rve  on  t he  oppos i te  side. 

Th ree  m o n t h s  a f t e r  r o t a t i o n  t he  gangl ia  a p p e a r  n o r m a l  
a p a r t  f rom t h e i r  do r so -ven t r a l  invers ion ,  tw i s t ed  connec-  
t ives  a n d  p e r s i s t e n t  w o u n d  t issues.  P e r i p h e r a l  ne rve  
t r u n k s  ex i t  t o  t h e  nea r e s t  l imb  - t h e y  do n o t  cross b a c k  
to  t he i r  side of origin.  I f  t h e  leg ne rve  of a r o t a t e d  gangl ion  
is now filled w i t h  dye,  t he  resu l t  is t he  same as in  a n  un-  
ope ra t ed  gangl ion :  on ly  neu r ons  ips i la te ra l  to  t he  filled 
ne rve  are s t a ined  (Figure 2b).  However ,  more  ceils are 
filled as o t h e r  pe r iphe ra l  n e r v e  t r u n k s  become  closely 
associa ted  in t he  w o u n d  t i ssue  a n d  t ake  n p  t he  dye  in-  
t e n d e d  for  ne rve  5. I n  a t o t a l  of 15 assays  on  r o t a t e d  
m e t a t h o r a c i c  gangl ia  t he re  were no signs of c o n t r a l a t e r a l  
cells be ing  filled b y  t he  m i g r a t i n g  dye. Clear ly lef t  neu rons  

h a v e  sen t  axons  in to  t he  r i g h t  l imb  a n d  r i g h t  in to  left. 
The  a p p e a r a n c e  of co -o rd ina t ed  m o v e m e n t s  in t he  legs of 
t h e  ope ra t ed  s egmen t  suggests  t h a t  these  ingrowing  axons  
synapse  w i t h  a p p r o p r i a t e  muscles  p rev ious ly  i n n e r v a t e d  
b y  e q u i v a l e n t  neu rons  on t he  oppos i te  side of t he  gangl ion.  

Neurons  wh ich  are  d isplaced of ten  show cons iderab le  
powers  of g r o w t h  in r each ing  a n  a p p r o p r i a t e  t a r g e t  cell 
even  if t he  o r ig ina l  d i rec t ion  of axon  g r o w t h  is reversed  n .  
I n  these  e x p e r i m e n t s  howeve r  m o t o r n e u r o n s  do n o t  grow 
b a c k  to  t he i r  side of or igin w h e n  t h e y  are d i sconnec ted  
f rom i t  a n d  offered the  oppos i te  side in w h i c h  to  grow. If  
t he  n e u r o n s  are  classif ied as r i g h t  or lef t  i n n e r v a t i n g  t h e n  
t h e  cues  b y  wh ich  t h e y  d i s t i ngu i sh  r i g h t  f rom lef t  are  
inef fec t ive  a t  t h i s  s tage.  I t  is more  l ike ly  t h a t  t h e  leg 
m o t o r n e u r o n s  wh ich  are t he  p r o g e n y  of a b i l a t e ra l ly  
s y m m e t r i c a l  se t  of m o t h e r  cells 12 are no t  d i s t ingu i shed  
b y  t h e i r  side of or igin a n d  t h a t  t h e y  do no t  d i sc r imina te  
be tween  oppos i te  sides of t he  mid- l ine  d u r i n g  growth .  
The  dup l i ca t e  c lass i f ica t ion of t he  m o t o r n e u r o n s  f inds  i ts  
c o u n t e r p a r t  in  t h e  sensory  sys tem.  The  axons  of r ecep to r  
neu rons  do no t  respec t  t he  mid- l ine  d u r i n g  n o r m a l  
g r o w t h  13. W h e n  lef t  a n d  r i gh t  cerci are e x c h a n g e d  in 
crickets ,  t he  r egene ra t i ng  axons  of t he  sensory  neu rons  
en t e r  t h e  ips i la te ra l  ha l f  of t he  t e r m i n a l  a b d o m i n a l  
gang l ion  where  t h e y  synapse  w i t h  cells of t he  oppos i te  
side to  t h a t  wh ich  t h e y  n o r m a l l y  i n n e r v a t e  1~. 

The  d e v e l o p m e n t  of c o o r d i n a t e d  l imb  m o v e m e n t s  in  t he  
o p e r a t e d  an ima l s  ind ica tes  t h a t  t h e  r egene ra t i ng  m o t o r -  
neu rons  m a k e  f u n c t i o n a l  con t ac t s  w i t h  t he  muscles  of t he  
l imb  in to  which  t h e y  are i nduced  to grow. F u r t h e r  exper i -  
m e n t s  are  r equ i red  to  conf i rm th i s  a n d  to ana lyse  t h e  
response  of t he  ope ra t ed  cockroaches  to  t h e  b e h a v i o u r a l  
p rob l ems  w i t h  which  t h e y  are conf ron ted .  

A 8 

Fig. 2. Neurons stained by retrograde diffusion of cobalt chloride 
into leg nerve 5 of one side (arrowed). 
A) Control ganglion. B) After rotation and regeneration of peripheral 
nerve trunks. More cells fill in the operated gangiion because nerve 
trunks associate in wound tissue and take up dye intended for nerve 
5. ScaIe: 1 ram. 
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Summary. In j ec t ions  of male  accessory  g land  ma te r i a l  f rom Aedes aegypti in to  t he  hemocoeles  of v i rg in  female  mosqui -  
toes  ind ica te  t h a t  t h e  p o t e n c y  of t h e  secre t ion  is e q u i v a l e n t  to  t h e  a m o u n t  of semen  which  a ma le  n o r m a l l y  p laces  
w i t h i n  t he  female.  Th i s  e s t ima t ion  is fa r  less t h a n  h a d  been  p rev ious ly  ca lcula ted .  I t  is sugges ted  t h a t  t h e  t e r m  matrone 
for male  accessory g l and  m a t e r i a l  is i n a p p r o p r i a t e  since i t  does no t  conve r t  a ma id  in to  a m a t r o n  b u t  p r e v e n t s  re inse-  
m i n a t i o n  of a n  i m p r e g n a t e d  female.  

Male Aedes aegypti mosqu i toes  n o r m a l l y  i n s e m i n a t e  
5 females  2. Sho r t l y  a f t e r  females  are  in semina ted ,  v i rg in  
males  will  no t  force-copula te  w i t h  t h e m  3. T he  ma le  
n o r m a l l y  e jacu la tes  semen  cons i s t ing  of one- f i f th  or less 
of t h e  secre t ion  w i t h i n  a pa i r  of large accessory  g lands  a n d  
a r e l a t ive ly  smal l  a m o u n t  of s p e r m a t o z o a  and  fluid f rom 
the  semina l  vesicles d i r ec t ly  in to  t h e  semina l  b u r s a  of a 
v i rg in  s. W i t h i n  less t h a n  5 ra in  a f t e r  be ing  in semina ted ,  
t h e  female  t r ans fe r s  m a n y  spe rma tozoa ,  in to  2 spe rma-  
t h e c a e  2, a n d  ove r  t h e  n e x t  few days  al l  of t h e  semen  
w i t h i n  t he  b u r s a  is resorbed  in to  he r  h e m o l y m p h ,  l eav ing  

th i s  sac clear and  f la t  l ike t h a t  of a v i rg in  4. As soon as the  
s p e r m a t o z o a  h a v e  r eached  t he  spe rma thecae ,  t h e  female  
is said  to  be i m p r e g n a t e d  5, to  d i s t ingu i sh  th i s  e v e n t  f rom 
the  presence  of s p e r m a t o z o a  elsewhere w i t h i n  he r  body.  

CRAIG 6 t h o u g h t  t h a t  t h e  reason  i n s e m i n a t e d  mosqu i t e s  
do n o t  become  r e i n s e m i n a t e d  is e i the r  because  t h e  female  
avo ids  copu la t ion  or because  t he  male  c a n n o t  inse r t  h is  
aedeagus  in to  the  vagina .  SPIELMAN el; a l J  found,  how- 
ever,  t h a t  i n s e m i n a t e d  females  copu la te  w i t h  a d d i t i o n a l  
males .  T h e y  p roposed  t h a t  these  females  were  re insemi-  
n a t e d  b u t  qu ick ly  e jec ted  t h e  second e jacula te .  JONES 4 


