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S y m b i o n t s  i n  t h e  F e m a l e  T s e t s e  F l y  G l o s s i n a  m o r s i t a n s  m o r s i t a n s  ~ 

G r a m  n e g a t i v e  bac te r i a l  s y m b i o n t s  ~ are k n o w n  to 
reside in  t he  g ian t  cell region (mycetome)  of t he  an t e r i o r  
m i d - g u t  of t se t se  flies a n d  i t  has  been  sugges ted  t h a t  t h e y  
are m a t e r n a l l y  t r a n s m i t t e d  to  s u b s e q u e n t  genera t ions  3, 4. 
The  genera l ly  accep ted  rou te  is v ia  t he  mi lk  g lands  wh ich  
are s t ruc tu re s  des igned to syn thes ize  and  release a l ip id  
and  p ro t e in  secre t ion  to  t he  i n t r a - u t e r i n e  larva .  B o t h  l igh t  
microscope a,4 a n d  u l t r a s t r u c t u r a l  5 s tudies  h a v e  shown  
t h a t  bac t e ro ids  t e n d  to c o n c e n t r a t e  in  t he  l u m e n  of these  
g lands  f rom where  t h e y  m a y  become  inco rpo ra t e d  in to  
t he  mi lk  a n d  t h u s  h a v e  d i rec t  access to  t he  ceils of the  
l a rva l  gut .  

However ,  t h e  presence  of bac te ro ids  has  r ecen t ly  been  
r epo r t ed  w i t h i n  alI areas  of t he  ovar ies  of Glossina austeni  3. 
A l t h o u g h  m u c h  smal le r  t h a n  t h e  m i d - g u t  s y m b i o n t s  i t  is 
p roposed  t h a t  t h e y  m a y  be  t h e i r  p rogen i to r s  an d  t h a t  
t r a n s o v a r i a n  t r a n s m i s s i o n  is an  a l t e r n a t i v e  or add i t i ona l  
p a t h w a y .  Our  s t u d y  has  been  e x t e n d e d  to  include t h e  
deve lop ing  e m b r y o  and  we conf i rm t h a t  s y m b i o n t s  do 
pass  f rom o v a r y  to  p rogeny  in th i s  m a n n e r .  I n  G. m. 
morsi tans ,  however ,  t h e y  a p p e a r  to  be  of a d i f fe rent  t y p e  
c o m p a r e d  w i t h  those  of t he  m i d - g u t  cells and  t he  mi lk  
g land  l u m e n  and  more  closely resemble  t he  inclusions  
r ecen t ly  descr ibed in ce r t a in  t issues of o the r  species of 
Glossina 7. 

Mater ia l s  and methods. E m b r y o s  were r e m o v e d  f rom 
females  71/2 h a f te r  the  depos i t ion  of the  f i rs t  la rva .  F r o m  
work  carr ied  ou t  in  th i s  l a b o r a t o r y  we k n o w  t h a t  th i s  
coincides w i t h  ear ly  embryogenes i s  and  is a t  leas t  48 h 
before  t he  f i rs t  i n s t a r  l a rva  receives secre t ions  f rom the  
mi lk  gland.  The  e m b r y o s  were f ixed in 2.5% glu tara l -  
dehyde  a t  4~ for 58 h fol lowed b y  2% o s m i u m  t e t rox ide  
for 2 h. All f ixa t ives  were buf fe red  to  p H  7.1 w i t h  0.02 M 
Soerensen ' s  buf fe r  a d j u s t e d  to  0.25 M w i t h  sucrose. The  
t i ssue  was p re s t a ined  w i t h  1% n r a n y l  ace t a t e  in 70% 
e thano l  for 1 h du r ing  dehyd ra t i on ,  and  f ina l ly  e m b e d d e d  
in Spur r  resin.  The  ovar ies  a n d  an t e r i o r  m i d - g u t  of 
t ene r a l  females  were sub jec t ed  to a s imi la r  f ixa t ion.  
Si lver /gold  sections,  cu t  w i t h  a IReichert OMU3 ul t ra -  
mic ro tome,  were s u p p o r t e d  on  u n c o a t e d  copper  grids and  
c o n t r a s t e d  w i t h  lead c i t r a t e  pr ior  to  e x a m i n a t i o n  w i t h  a n  
A E I  E M 6 B  elec t ron  microscope.  

Resul ts  and discussion.  The  o v a r i a n  s y m b i o n t s  of 
G. m. mors i tans  occur  in  t h e i r  h ighes t  c o n c e n t r a t i o n  
w i t h i n  t h e  nurse  cell c y t o p l a s m  of y o u n g  egg follicles, a n d  
b o t h  l igh t  a n d  e lec t ron  microscope s tud ies  revea l  t h a t  
t h e y  are e x t r e m e l y  p leomorphic ,  occur ing  as rods  a n d  
occas ional ly  as b r a n c h e d  s t r u c t u r e s  (Figure 1). T h e y  h a v e  
a r a t h e r  sparse  i n t e r n a l  r i bosomal  g r a n a  a n d  w h a t  
appea r s  to  be  a G r a m  nega t ive  cell wal l  (Figure 2). I n  all 
these  respects ,  inc lud ing  t h e i r  size, t h e y  are iden t ica l  to  
those  located  in t h e  deve lop ing  e m b r y o s  (Figure  3). As 
far  as we can  asce r t a in  the  on ly  dif ference resides in  the  
fac t  t h a t  t h e  s y m b i o n t s  in  nurse  cells, follicle cells a n d  
ooplasm are enve loped  b y  a hos t  m e m b r a n e  whereas  
those  in t h e  e m b r y o  are not .  I t  is w o r t h  n o t i n g  t h a t  t he  
d i s t r i b u t i o n  of t h e  e m b r y o n i c  forms cor responds  to  t h a t  in  
t h e  a m b l y o m m i n e s  s aggrega t ing  a t  t h e  pe r iphe ry  of t he  
yolk. I t  is p e r t i n e n t  to  no te  t h a t  b o t h  o v a r i an  an d  em- 
b ryon ic  s y m b i o n t s  in  G. m. mors i tans  share  fea tures  
ascr ibed  to  r i cke t t s i a  9 a n d  are s imi lar  to  those  r epo r t ed  
in t h e  ovar ies  of t icks  10. The  m i d - g u t  s y m b i o n t s  lack a 
hos t  m e m b r a n e  2 a n d  are a t  leas t  4 t imes  la rger  t h a n  t he  
ova r i an  an d  e m b r y o n i c  forms. T h e y  h a v e  a dense  i n t e rna l  
grana ,  G r a m  nega t i ve  cell wal l  an d  more  closely resemble  
t rue  G r a m  nega t ive  bac t e r i a  t h a n  r i cke t t s i a  (Figure 4). 

I t  has  been  suggested  t h a t  in  cockroach  spp. l l  t h e  
morpholog ica l  differences d i sp layed  b y  s y m b i o n t s  are 
s imp ly  a ref lec t ion of t he i r  me tabo l i c  a c t i v i t y  an d  t he  
t y p e  of hos t  t i ssue  t h e y  are  l iv ing  in. B u t  in o the r  in- 
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Fig. 1. High concentrations of ovarian symbionts in nurse cell cytoplasm of young egg follicle. Arrow indicates branched form. • 3,750. 
Fig. 2. Ovarian symbionts in nurse ceil cytoplasm. • 15,000. 
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Fig. 3. Symbionts in the yolky region of young embryo. Note the 
absence of a host membrane. • 14,250. 

Fig. 4. Bacteroids in mid-gut mycetome. Arrow indicates character- 
istic division of Gram negative bacteria. • 14,500. 

sects ~,ls, cer ta in  of which  have  a s imilar  r ep roduc t ive  
sys t em to tse tse  flies, it  has  been shown t h a t  2 symb i o n t  
t ypes  are def ini te ly  present ,  a gut  form and  a r icket ts ia l  
ovar ian  form. Each  of these  is conveyed  to the  offspr ing 
along an i n d e p e n d e n t  pa thway ,  t he  gut  form moving  in 
the  milk  secret ion and the  ovar ian  form via the  egg. On 
presen t  evidence we suggest  t h a t  the  r icket ts ia- l ike  
inclusions in th is  Glossina sp. are also passed f rom genera-  
t ion  to  genera t ion  in the  egg, and  t h a t  the  Gram negat ive  
mid-gu t  symbionts ,  which  f rom our and  o the r  a observa-  
t ions  closely resemble  the  milk gland forms, are t rans-  
m i t t ed  in the  milk. 

The precise role of bacter ia l  symbion t s  wi th in  insect  
t issues has no t  been fully e lucidated a l though  there  is 

evidence t h e y  con t r ibu te  to the  synthes is  of factors  
essent ial  for normal  insect  deve lopmen t  ~. Indeed ,  it  
has  been d e m o n s t r a t e d  in some insect  spp. t h a t  when  tile 
s y mb i o n t  popu la t ion  is r emoved  or reduced  by  anti-  
biot ics t h e n  g rowth  is r e t a rded  and egg p roduc t ion  is 
res t r ic ted  ~4. Some recen t  expe r imen t s  involving tile 
ant ib iot ic  t r e a t m e n t  of t se tse  have  also p rov ided  evidence 
for a considerable  reduc t ion  of bac tero ids  in the  royce- 
t ome  ~5. Al though  i t  was no t  known  a t  th is  t ime  t h a t  
ovaries car ry  symbion t s  it  is in te res t ing  to  record t h a t  the  
au thors  repor t  degenera t ion  of egg follicles and germaria .  
Similarly, female G. austeni fed upon  rabb i t s  whose diet  
con ta ined  a coccidiostat ,  su lphaquinoxa l ine  and  pyri-  
me thamine ,  suffered marked  in ter ference  in the i r  abi l i ty  
to  p roduce  offspring,  a l though  i t  failed to increase the  
mor t a l i t y  ra te  of the  mo the r s  ~G. Al though  we have  not  
examined  females t r e a t ed  in t h i s  way  one is never the less  
t e m p t e d  to  suggest  t h a t  the  r icket ts ia- l ike popu la t ion  
could also be s ignif icant ly  reduced  by  the  chemicals,  in 
which case the i r  presence  m a y  be essent ial  for normal  
ovar ian  deve lopment .  I t  should,  however ,  be po in ted  out  
t h a t  th is  conflicts w i th  the  suggest ion ~ t h a t  the  r icket ts ia-  
like inclusions are to some ex t en t  paras i t ic  and appear  to  
cause degenera t ion  of the  tissues. We could de tec t  no ill- 
effects in the  hos t  t issues and,  moreover ,  the  colony f rom 
which our mater ia l  was d rawn had  normal  fecundi ty .  

As Glossina spp. are the  vec tors  of tile Afr ican t r y p ano -  
somiases,  our observa t ions  m a y  have  some bear ing oil the  
p rob lem of insect  control .  I t  has  been descr ibed how under  
cer ta in  condi t ions  t se tses  are v i r tua l ly  d e p e n d e n t  on one 
species of domes t ic  an imal  for the i r  nu t r i t ion .  The resul ts  
out l ined in th is  article serve to under l ine  the  suggest ion ~6 
t h a t  by  sui table hos t  t r e a t m e n t  a means  of localized 
t se tse  e radica t ion  m a y  be achieved.  

Summary .  A ricket ts ia- l ike symbiont ,  located in the  
ovaries of G. m. morsi tans is ma te rna l ly  t r a n s m i t t e d  to 
the  offspr ing via the  egg. I t  is sugges ted  t h a t  t h e y  m a y  be 
essent ial  for normal  ovar ian  deve lopment .  

Rdsumd. Un symbion te  de t y p e  r icke t t s ien  localis6 dans  
les ovaires de G. m. morsi tans est  t r ansmis  ma te rne l l emen t  
par  l'ceuf ~ la prog6niture.  Le symbion te  est  p r o b a b l e m e n t  
indispensable  au d6ve loppement  normal  des ovaires. 
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Hybridization of Incompatible Poplars Following 

Interspecif ic  incompa t ib i l i t y  barriers,  normal ly  pre- 
ven t ing  hybr id iza t ion  be tween  whi te  poplars  and black 
poplars ,  are now well known.  I t  was r epor ted  recent ly  1, 2 
t h a t  successful hybr id iza t ion  be tween  Popu lus  deltoides, 
f rom Sect ion Aigeiros a, the  b lack poplars ,  and P.  alba, 
f rom Sect ion Leuce 3, the  whi te  poplars ,  could be accom- 
pl ished exper imen ta l ly  using recogni t ion  po l l en ,  i.e. 
compat ib le  pollen rendered  inviable  by  var ious  means,  

Solvent Treatment of Stigmas 

which was then  mixed  wi th  incompat ib le  pollen and 
dus ted  on to  recept ive  st igmas.  Success ra tes  of 15-30% 
seed set  (5-11 ferti le seeds per  capsule,  as compared  wi th  
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