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Cysts  f rom a pure  l ine cu l tu re  of Schizopyrenus russelli 
were used in th i s  work.  Tile am oebae  were grown on non-  
n u t r i e n t  aga r  (2 .5%;  w/v),  0 .5% (w/v) NaC1; p H  6.8-7),  
p la tes  suppl ied  w i t h  a 3-day-old  cu l tu re  of Escherichia 
coli, grown on n u t r i e n t  aga r  slopes, as food. 3- to  7-day- 
old cys t s  were h a r v e s t e d  a n d  v iable  cysts,  free f rom l i v i n g  
or dead  bac ter ia ,  were o b t a i n e d  6. 

A c o n c e n t r a t i o n  of 2 m g / m l  of t he  t e s t  c o m p o u n d s  (in 
1% agar  suspension)  was employed  for e x c y s t m e n t  exper-  
i m e n t s L  50 to  75 cys ts  were p laced  as a h a n g i n g  d rop  
suspens ion  in a c a v i t y  slide (25 • 1 ~ housed  in a mois t  
chamber .  The  p e r c e n t a g e  e x c y s t m e n t  was  ca lcu la ted  f rom 
the  c o u n t  of a m o e b a e  a n d  t he  unexcys t ed  cysts.  A cys t  
was  cons idered  excys t ed  on ly  w h e n  a n  a m o e b a  escaped 
f rom i t  and  was found  m o v i n g  in t he  s u r r o u n d i n g  m ed ium.  

Fo r  cys t ic ida l  ac t iv i ty~,  t he  t e s t  c o m p o u n d  was freed 
f rom the  cysts,  a f te r  in i t ia l  t r e a t m e n t ,  b y  r epea t ed  cen- 
t r i fuga t ion .  The  cysts  were t h e n  t r e a t e d  w i th  an  excys t -  
m e n t  a g e n t  (E. coli ex t rac t ) ,  a f t e r  ge t t i ng  r id  of t ro -  
phozoi tes  in cases where  e x c y s t m e n t  h a d  t a k e n  p lace  b y  
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t r e a t i n g  t h e  sample  for 2 h w i t h  2 %  HC1, and  t h e  n u m b e r  
of cys ts  excys ted  were counted .  The  cysts  t h a t  d id  no t  
excys t  were p r e s u m e d  to  be dead.  The  n u m b e r  of cys ts  
t a k e n  in each  e x p e r i m e n t  va r i ed  fror~: 200 to 350. The  
resu l t s  are descr ibed in  t he  Table.  

Acute toxicity. The  acu te  t ox i c i t y  t es t s  were done  b y  
feeding ora l ly  t h e  t e s t  c o m p o u n d s  (900 mg/kg)  to  a lb ino  
ra t s  we igh ing  20-25 g of e i the r  sex and  fed on  a d ie t  of 
mi lk  a n d  bread) .  No m o r t a l i t y  was  recorded d u r i n g  7 days  
of obse rva t ion .  

Summary. A series of i sa t in-3-an i l s  (wi th  or w i t h o u t  a 
N - p i p e r i d i n o / m o r p h o l i n o m e t h y l  subs t i t uen t )  h a v e  been  
screened for  t he i r  cys t ic ida l  a c t i v i t y  aga ins t  Schizo- 
pyrenus russelli. The i r  ab i l i ty  to  cause e x c y s t m e n t  has  
also been  s tudied.  
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Action of Bacillus thuringiensis Preparation Against Larch Bud Moth, Zeiraphera diniana 
(Gn.), Enhanced by/3-Exotoxin and DDT 1 

The  l a rch  b u d  m o t h  Zeiraphera diniana (Gu~n~e), a 
monovo l t i ne  to r t r i c ide  m o t h  of t he  sub fami ly  Ole th reu-  
t inae ,  is a p r i m a r y  pes t  of l a rch  in suba lp ine  fores ts  of 
Aust r ia ,  F rance ,  I ta ly ,  and  Swi tzer land  3. In  l a rch  
forests,  s i t u a t e d  a t  1400 to  2100 m above  sea level,  t he  
dens i ty  of t he  insec t  f l uc tua t e s  in cycles, w i t h  g rada t ions  
of 8-10 years  d u r a t i o n  3,4. Tree  defol ia t ion  in t he  phase  
of c u l m i n a t i o n  impa i r s  t he  tour i s t i c  a t t r a c t i o n  of the  
forests  a t t a cked ,  reduces  wood p roduc t ion  cons ide rab ly  5, 
and  leads to  no t i ceab le  t ree  m o r t a l i t y  w h e n  defo l ia t ion  
t akes  place in 2 successive years,  as for i n s t ance  in 1973/ 
74. Resea rch  is the re fore  be ing  conduc t ed  a t  ou r  Depa r t -  
m e n t  to  f ind su i t ab le  m e a n s  to cont ro l  of th i s  pest .  

Large  scale app l i ca t ions  of insect ic ides  in t he  cu lmina-  
t i on  phase  of a g r a d a t i o n  showed t h a t  a single app l i ca t ion  
of D D T  could reduce  l a rva l  popu la t i ons  b y  97% and  t h u s  
p r e v e n t  defo l ia t ion  for t h e  whole  g r a d a t i o n  cycle, whereas  
a single t r e a t m e n t  w i t h  t he  o r g a n o p h o s p h a t e  p h o s p h a m i -  
done,  caus ing  93% mor t a l i t y ,  could p r e v e n t  defo l ia t ion  
on ly  in t h e  yea r  of app l i ca t ion  b u t  no t  in the  succeeding 
yea r  6. The  l a t t e r  t r e a t m e n t  caused  h e a v y  m o r t a l i t y  of 
b i rds  in  t he  forests  t r e a t e d  7, and  since meanwhi l e  D D T  
has  been  banned ,  chemica l  con t ro l  offers no so lu t ion  o f  
the  p rob l em of Z. diniana. 

More t h a n  10 years  ago, t he  a u t h o r  t r i ed  select ive 
microbia l  con t ro l  of Z. diniana b y  means  of b iop repa ra -  
t ions  of Bacillus thuringiensis Ber l iner  s. U n p u b l i s h e d  
expe r imen t s  in  1963 on  3 and  4 h a  plots,  t r e a t e d  b y  
he l icop te r  9 a t  t he  r a t e  of 401 pe r  ha,  resu l ted  in p o p u l a t i o n  
r educ t ion  of 60 -7 5%.  These  values,  a f te r  cor rec t ion  for 
n a t u r a l  mor t a l i t y ,  co r responded  to  410/0 induced  m o r t a l i t y  
on plots  t r e a t e d  w i t h  Thur ic ide  90T (7.5 1/ha) or Bac to -  
speine (3.3 kg/ha) ,  a n d  64% m o r t a l i t y  on plots  t r e a t e d  

w i t h  Biospor  H o e c h s t  (3.3 kg/ha) .  R e p e t i t i o n  of t he  
t r e a t m e n t  w i t h  Biospor  on  t he  same  p lo t  w i t h  a dose of 
4 k g / h a  in 1964 resu l ted  in a 95% reduc t ion  of t he  l a rva l  
popu la t ion ,  co r re spond ing  to  90% induced  l a rva l  mor-  
ta l i ty .  U n f o r t u n a t e l y ,  t h e  p roduce r  of Biospor  s t opped  the  
p r o d u c t i o n  of th i s  m o s t  p romiz ing  p r epa ra t i on  in 1965. 

Large  scale app l i ca t ions  of Bac tospe ine  aga ins t  Z. 
diniana in F rance  h a v e  been  r e p o r t e d  b y  GRISON e t  al. 10, n 
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Table I. Results of treatments of 12 plots with per ha 7.5 1 of Thuricide 90T (treatment D) and combinations with the ~-exotoxin containing 
supernatant of cultures of Bacillus thuringiensis, serotype HI  (E) or DDT (F) 

Treatment Thuricide 90T fl-exotoxin DDT Reduction of population (%) Induced mortality ~ (%) 

A -- -- -- 53.2 -- 
B -- -4- -- 58.9 12.1 
C -- -- + 80.1 57.4~ 

D + -- -- 78.1 53.2~ 
E + -~ -- 91.7 82.3 b 
F § -- -}- 92.1 83.0 b 

Controls: A, untreated; B, fl-exotoxin alone; and C, DDT alone. Each plot = 2 ha; 2 plots per treatment. ~Corrected for natural mortality. 
Values followed by same letter are not statistically different at 5% level. 

a n d  AUER 12. P o p u l a t i o n  r e d u c t i o n s  of r e spec t i ve ly  60 
a n d  80% were  f o u n d  a f t e r  t r e a t m e n t  of l a rva l  p o p u l a t i o n s  
in t h e  g r a d a t i o n  m i n i m u m  a n d  in t he  c u l m i n a t i o n  phase .  

All e x p e r i m e n t s  r e p o r t e d  so far  ind ica te  t h a t  a s ingle 
a p p l i c a t i o n  of B.  thuringiensis ,  p r o d u c i n g  n o t  m o r e  t h a n  
80% la rva l  m o r t a l i t y  in t h e  c u l m i n a t i o n  p h a s e  of a 
g r a d a t i o n ,  c a n n o t  ful ly  p r e v e n t  v is ib le  d a m a g e  in t he  
y e a r  of t r e a t m e n t  a n d  can  on ly  p r e v e n t  defo l ia t ion  in t he  
fo l lowing  year ,  if the  t yp ica l  ' de fense  r e a c t i o n '  of t he  
l a rch  t rees  ta has  been  i nduced  b y  the  p e s t  insec t s  in t he  
absence  of genera l  d a m a g e .  T h u s  m o r e  p o w e r f u l  p r e p a r a -  
t i ons  of B.  thuringiensis  w o u l d  be  needed  for  a good  
c o n t r o l  of Z.  d in iana.  

T h e  e x p e r i m e n t s  r e p o r t e d  be low s h o w  a w a y  to  e n h a n c e  
t h e  ac t ion  of  c o m m e r c i a l  p r e p a r a t i o n s  of B. thuringiensis  
b y  t h e  a d d i t i o n  of t h e  h e a t s t a b l e  f l -exotoxin  (ET) t h a t  
is re leased in to  the  cu l t u r e  m e d i u m  b y  s o m e  s e r o t y p e s  
of t he  Baci l lus  14. T h e  e x p e r i m e n t s ,  w h i c h  s h o w e d  clear  
syne rg i s t i c  ac t ion  of t h e  ET ,  h a v e  been c o n d u c t e d  
10 yea r s  ago. T h e y  are r e p o r t e d  because  (to t h e  k n o w l e d g e  

"['able 1 I. Densities of larval populations on 12 plots before (census 
No. 1) and after (census No. 2) treatments A F {see Table I) 

Treatment Plot No. Census No. 1 Census No. 2 I)ifferences 

l)ensity % 

A 4 1440 645 795 55.2 
7 1900 917 983 51.7 

1670 781 889 53.2 

B 3 985 394 591 60.0 �9 
11 1522 636 886 58.2 ~ 

1253 515 738 58.9 

C 6 1501 285 1216 81.0 b 
10 1100 233 867 78,8 b 

1300 259 1041 80,1 

D 2 1130 228 902 79.8 ~ 
12 1658 382 1276 77.0 ~ 

1394 305 1089 78.1 

E 1 1587 154 1433 90.3 
9 1159 74 1085 93.6 

1373 114 1259 91.7 

F 5 1570 138 1432 91.2 a 
8 1416 98 1318 93.1 a 

1493 118 1375 92.1 

Densities are given as inean numbers of larvae per 10 kg of branches 
(5 trees/plot; 2 kg/tree). ~Comparison of plots with same treatment: 
figures followed by same letter are not statistically different at 5% 
level. 

of t h e  a u t h o r )  no  s imi la r  e x p e r i m e n t s  h a v e  been  c o n d u c t e d  
in "Western count r ies ,  a n d  be ca use  it  is h o p e d  t h a t  t h e  
p u b l i c a t i o n  of t he  r e su l t s  m a y  s t i m u l a t e  m o r e  r e se a r c h  in 
t h i s  d i rec t ion .  F o r  c o m p a r i s o n ,  t he  r e su l t s  of e x p e r i m e n t s  
w i t h  a low dose  of D D T  a n d  i ts  c o m b i n a t i o n  w i t h  B. 
thuringiensis  are  added ,  s ince s y n e r g i s m  of s u c h  com-  
b i n a t i o n s  h a s  been  r e p o r t e d  b y  severa l  a u t h o r s l a .  

T h e  e x p e r i m e n t s  h a v e  been  c o n d u c t e d  in a l a rch  fo res t  
in t he  E n g a d i n e  (Swi tze r land)  on  12 r e c t a n g u l a r  p lo t s  
of 2 h a  each ;  6 d i f fe ren t  m o d e s  of t r e a t m e n t  were  m a d e  
(Table  I), each  w i t h  2 r ep l i ca te s :  one  on  a p l o t  s i t u a t e d  
a t  an  a l t i t ude  of 1800 m a b o v e  sea level ( t r e a t m e n t  in t h e  
evening) ,  t he  o t h e r  a t  1900 m ( t r e a t m e n t  in t he  m o r n i n g  
before  sunr i se) .  As in t h e  ear l ier  e x p e r i m e n t s ,  40 1 of 
l iquid  p e r  h a  were  s p r a y e d  b y  a he l i cop t e r  9. 

T h e  p r e p a r a t i o n  of B.  lhuringiensis  u s e d  w a s  T h u r i c i d e  
90T, a l iquid f o r m u l a t i o n  of S t a u f f e r  Chemica l  C o m p a n y ,  
N e w  York ,  which ,  bes ides  t he  s p o r e / e n d o t o x i n  c o m p l e x  
of B .  thuringiensis ,  c o n t a i n e d  also s o m e  ET .  T h u r i c i d e  
w a s  app l i ed  a t  t he  dose  of 7.5 1/ha. F o r  a d d i t i o n a l  doses  
of E T  t h e  P 6c h ine y - P r og i l  C o m p a n y  of F r a n c e  f u r n i s h e d  
a 25 t i m e s  c o n c e n t r a t e d  s u p e r n a t a n t  of c e n t r i f u g e d  
c u l t u r e s  of B.  thuuingiensis,  s e r o t y p e  H 1. I t  w a s  app l i ed  
a t  the  dosage  of 10 1/ha, c o r r e s p o n d i n g  to  250 1 of sup e r -  
n a t a n t  pe r  ha.  A 25% e m u l s i o n  of D I ) T  w a s  app l i ed  a t  
t he  dosage  of 0.5 1/ha, i.e. 125 g D D T / h a .  

T h e  dens i t i es  of t h e  l a rva l  p o p u l a t i o n s  of Z .  d i n i ana  
were  e s t i m a t e d  f r o m  s a m p l e s  of b r a n c h e s  t a k e n  f r o m  
60 t rees  (5 t r ees /p lo t )  1 d a y  before  t r e a t m e n t  ( l s t  census)  
a n d  3 weeks  a f te r  t r e a t m e n t  (2nd census) .  E a c h  ce nsu s  
b a s e d  on  2 s a m p l e s  pe r  tree,  1 kg  of b r a n c h e s  c u t  in t h e  
u p p e r  ha l f  a n d  1 kg  in t h e  lower  ha l f  of t he  c r own" .  T h e  
l a rvae  were  c o u n t e d  in t h e  l a b o r a t o r y .  A t  t h e  t i m e  of 
t r e a t m e n t ,  m o s t  l a r vae  were  in t h e  3rd or  4 th  ins ta r .  

Since it was  i m p o r t a n t  t h a t  t h e  2nd c ensus  w a s  m a d e  
before  t he  fu l ly  g r o w n  l a r v a e  left  t h e  t r ees  for  p u p a t i o n ,  
insec t s  de scend ing  or  fa i l ing  f r o m  t h e  t r ees  were  c a u g h t  
on  glue t a b l e s  p laced  be low s o m e  of  t h e  t r ees  s a m p l e d  
(1 t ab l e  pe r  plot) .  T h e  t ab l e s  were  c o n t r o l l e d  e v e r y  2nd 
day .  The  n u m b e r  of b u d  m o t h  l a rvae  as well  as  t he i r  
d e v e l o p m e n t a l  s t ages  were  c o m p u t e d .  R o u g h  e s t i m a t e s  
of t he  n u m b e r  of o t h e r  insec t s  c a u g h t  were  no ted .  

12 C. AUER, Internal report 1971, 1)epartment of Entomology at the 
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The init ial  populat io  n densi ty  on different  trees var ied 
be tween 70 and 283 larvae per kg of branches,  the  mean 
values of the plots be tween 98 and 190 larvae per kg 
(Table II) .  I n  spite of these large var ia t ions,  the  re la t ive  
popula t ion  reduct ions on plots t rea ted  the  same way  were 
so similar  (Table II) t ha t  the  results of the replicates could 
b e  computed  (values of Table  I). 

The results show t h a t  wi thou t  t r e a t m e n t  the  popula-  
t ions were reduced by  about  50% with in  3 weeks (natural  
morta l i ty) .  In  order to es t imate  the  values of the  morta l -  
ities induced by the  different  t rea tments ,  the  exper imenta l  
values had to be corrected by applying Abbo t t ' s  formula.  
The corrected results in the  last  co lumn of Table  I show 
that ,  a t  the  concentra t ions  used, both  Thuricide 90T 
alone and D D T  alone induced an addi t ional  larval  morta l -  
i ty  of about  55~ whereas the  superna tan t  (ET) alone 
had  a lmost  no toxic effect. However ,  in combina t ion  
wi th  Thuricide,  both  D D T  and E T  caused more than  80% 
morta l i ty .  The  result  of the  combina t ion  wi th  D D T  cor- 
responds to independent  act ion of the  chemical  insecticide 
and the  biopreparat ion.  This  is no t  t rue  for the  combina-  
tion of Thuricide wi th  ET,  where independent  act ion 
would account  for 59% mor ta l i ty  only. Therefore supple- 
menta l  synergism 15 has to be pos tu la ted  for this combina-  
tion. 

The controls of the  glue tables  revealed no differences 
be tween  the  control  plots  and the  plots  t rea ted wi th  E T  
alone. Large  numbers  of larvae of Z. diniana, and rela t ive  
large numbers  of o ther  insect species, descended or fell 
only  from the  trees in plots t rea ted  with  DDT.  

Bioprepara t ions  of B. thuringiensis are used against  
m a n y  lepidopterous insect pests. However ,  even against  
susceptible species, as in the case of Z. diniana, the i r  
use m a y  be l imi ted  since somet imes  control  is not  ful ly 
satisfactory.  Our exper iments  indicate t ha t  this handicap 
migh t  be overcome by  the  addi t ion of ET.  

E x c e p t  for one Russian preparat ion,  all commercia l  
prepara t ions  of B. thuringiensis produced  a t  present  are 
devoid of E T  which, in conformat ion  wi th  the  rules of 
biological control,  is not  wanted  because of lack of 
specificity and its tox ic i ty  for ver tebra tes  TM. The pro- 
ducers therefore e i ther  use strains of the  serotype H3 
which does no t  synthet ize  E T  or, if strains of the serotype 
H1 are used, the  spore/crystal  complex  is separated f rom 
the cul ture  medium which contains the  E T  and which is 
discarded. According to present  knowledge, bioprepara-  
t ions based on the  spore/crystal  complex  only are 
prac t ica l ly  devoid of substances which are poisonous for 
organisms o ther  t han  larvae of Lepidoptera .  

The product ion  of highly specific b iopreparat ions  is 
cer ta inly  commendable .  However ,  because of the i r  
l imited usefulness, the  p roduc t ion  of more po ten t  prepara-  
tions conta in ing re la t ive ly  high amounts  of E T  should 
also be considered and s tudied carefully. Al though E T  has 
an oral toxic i ty  for mice similar  or s l ight ly  higher t han  
D D T  17, the  a m o u n t  of E T  needed to produce the  same 
combina t ion  effect against  Z. diniana is a t  least  10 t imes  
less t han  t h a t  of D D T  (assuming 50 mg of E T  per l i ter  of 
superna tan t1% Low doses of E T  are p robab ly  harmless 
for insects and o ther  organisms which are no t  susceptible 
for the  spore /endotoxin  complex  of B. thuringiensis, as 
suggested by  the  results of t he  glue table  controls and by  
the  f inding t h a t  repeated inject ions of sublethal  doses of 
E T  in mice  did no t  lead to toxic  effects, i.e. to accumula-  
t ion is. We  m a y  therefore expect  t h a t  the  specificity of 
bacter ial  preparat ions  is no t  unduely  reduced by  the  
addi t ion of fl-exotoxin, whereas the  effect of the endo- 
toxin  in susceptible species migh t  be considerably en- 
hanced. This has recent ly  been confirmed by  ALYOSHINA, 
though no fur ther  proofs have  been offered 1~ 

Summary. Addi t ion of ei ther  D D T  or the  Supernatant  
of a centr i fuged l iquid cul ture of Bacillus thuringiensis, 
serotype H 1, conta ining fl-exotoxin, enhanced the  act ion 
of the bacter ia l  p repara t ion  Thuric ide  90 T against  la rvae  
of the larch pest  Zeiraphera diniana, increasing mor ta l i ty  
from 53% to more than  80%. Since D D T  alone produced 
57% morta l i ty ,  its combined act ion corresponds to 
independent  action. The prepara t ion  of fi-exotoxin, on 
the o ther  hand, had only l i t t le  effect alone but  synergized 
the  act ion of the  bacter ia l  p repara t ion  considerably.  
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Development of the Electric Discharge in Mormyrid and Gymnotid Fish (Marcusenius sp. 
and Eigenmannia virescens) 

The recent  ident i f icat ion of the env i ronmenta l  factors 
leading to gonad growth in several  species of the  two 
ma jo r  groups of weakly  electric fish (the Mormyri formes  
of Africa, and the  Gymnoto ide i  of South  America) and the  
repeated successful reproduct ion  of two of these species 
in cap t iv i ty  1, has enabled us to car ry  out  a longi tudinal  
s tudy  of the  deve lopment  of the  electric organ, electro- 
receptors  ~ and the  discharge itself. In  this paper  we pre- 
sent the first  results of a detai led s tudy  of the  on togeny  of 
electric discharge in the  gymnot id  Eigenmannia virescens 
and the  m0rmyr id  Marcusenius sp, 

Method. Elect r ica l  recording was carried out  in a spe- 
cial ly cons t ruc ted  glass cell of low capac i ty  (0.90 ml), 

filled wi th  water  of cons tant  conduc t iv i ty  (650 ~mho. 
cm-1) and main ta ined  at  cons tan t  tempera ture .  

Results. Eigenmannia. The first  discharges (Figure 1) 
were de tec ted  on Day  8 and were of ve ry  low ampl i tude  
(20-30 ~V in all specimens) rizing to about  150 ~V within 
20 min (Figure 2a). The discharge was discontinuous at  
first  and occurred in short  burs ts  which became longer 
and longer unti l  the  fish was cont inuously  discharging 
after  12 min. Discharge f requency was very  low on Day  1 

1 F. K1RSCHI~AUM, Experientia 31 in press {1975 ). 
2 F. KIRSClIBAUM and ,J.-P, DENIZOT, C. r. Acad. Sci., Paris in press 

(1975). 


