
RECENT FIELD RESEARCH EXPERIENCE WITH B.T. 4. A combination of labora tory  and f i e l d  
AGAINST SPRUCE BUDWORM I N  THE EASTERN U.S. t e s t s  (Fast and Dimond 1984) suggested t h a t  t h e  

l a t e r  l a r v a l  s t ages  of t h e  budworm, through e a r l y  
John B. Dimond s i x t h  i n s t a r ,  a r e  r ead i ly  k i l l e d  wi th  B . t .  It is 

no longer necessary t o  be l i eve  t h a t  a  narrower 
Professor  of Fores t  Entomology, Univers i ty  of "spray window" must be used with B . t .  than with 
Maine, Orono, ME 04469 chemicals. Later  app l i ca t ions ,  aimed a t  fou r th  

and f i f t h  i n s t a r s ,  a r e  l i k e l y  t o  provide bes t  
r e s u l t s  when budworm populat ions numbers a r e  not  
unusually high. 

Recent t e s t i n g  i n  t h e  ea s t e rn  U. S. has l ed  
quickly t o  t h e  adoption of 12 BIU/acre a s  t h e  
bes t  ope ra t iona l  dosage r a t e ,  with opera t ional  
spray emission r a t e s  reduced t o  a quart  o r  l e s s  
per  acre .  Some recent  work suggests  t h a t  o lde r  
l a r v a l  i n s t a r s  of t h e  budworm a r e  h ighly  suscep- 
t i b l e  t o  B . t .  sprays,  and t h e  e f f e c t i v e  "spray 
window" can be broadened when budworm populat ions 
a r e  moderate. New s t u d i e s  on second-year bene- 
f i t s  of B . t .  t rea tments  a r e  producing negat ive  
r e s u l t s .  

In t roduct ion  

Development of B . t .  f o r  spruce budworm 
con t ro l  has occurred r ap id ly  and dynamically. In  
only 4 o r  5 yea r s  B.t. has  changed from a l i t t l e  
used, expensive ma te r i a l ,  of ques t ionable  
r e l i a b i l i t y ,  t o  one which is  now perceived t o  
compete favorably wi th  chemical i n s e c t i c i d e s  i n  
q u a n t i t i e s  used ( i n  some j u r i s d i c t i o n s  a t  l e a s t ) ,  
i n  cos t ,  and i n  r e l i a b i l i t y .  The improvements i n  
technology, made by t h e  manufacturers of B . t .  and 
t e s t e d  by cooperat ing research  groups, have 
r ap id ly  become opera t ional .  These opera t ional  
changes w i l l  have been discussed by o t h e r  
speakers,  and we need not  dwell on them a t  length.  

The p r i n c i p a l  t e s t s  involved: 

1. Comparisons of t h e  major, competing 
formulat ions of B . t .  (Walton and Lewis 1982, 
Dimond e t  a l .  1981, Reardon e t  a l .  1982, Grimble 
and Morris 1983, Morris 1981). These found no 
s i g n i f i c a n t  d i f f e r ences  i n  e f f i cacy  . 

2. Comparisons of t h r e e  dosage r a t e s  and 
two d i l u t i o n  r a t e s  of B . t .  sprays (Lewis e t  a l . ,  
i n  p re s s ) ,  a s  wel l  a s  r e s u l t s  of ope ra t iona l  
t e s t i n g  (Morris 1982), suggested t h a t  12 b i l l i o n  
In t e rna t iona l  Uni ts  (BIU) per ac re  of B . t . pro- 
duced more r e l i a b l e  r e s u l t s  than t h e  p reva i l i ng  8 
B I U  dosage, and should become t h e  standard opera- 
t i o n a l  dosage. It was a l s o  concluded t h a t  spray 
emission r a t e s  of one ga l lon l ac re  provided no 
advantage over 0.5 ga l lonlacre .  

3. Tes ts  of app l i ca t ions  of undi lu ted  o r  
"neat" B. t. (Dimond 1982) wi th  spray  emission 
r a t e s  a s  low a s  1 quar t /acre ,  were highly success- 
f u l .  This was followed by ope ra t iona l  usage, wi th  
success,  i n  1983. Undiluted, o r  s i m i l a r  low- 
v o l ~ a p p l i c a t i o n s ,  a r e  scheduled f o r  wide use i n  
1984. 

5 .  I n  cooperat ion wi th  Normand Dubois of t h e  
USDA, Forest  Serv ice ,  we f i e ld - t e s t ed  one of h i s  
new s t r a i n s  of B . t . ,  found i n  t h e  labora tory  t o  be 
more e f f i cac ious  aga ins t  t h e  spruce budworm. 
Dubois w i l l  present  t h e s e  d a t a  i n  h i s  con t r ibu t ion  
t o  t h i s  Symposium. 

Prolonged Benef i t s  of B.T. Treatments 

For t h e  balance of t h i s  presenta t ion ,  I w i l l  
summarize some unpublished information dea l ing  
with t h e  quest ion of second-year b e n e f i t s  of B e t .  
app l i ca t ions ,  sometimes c a l l e d  "carry-over 
e f fec ts" .  The l a t t e r  term is a poor choice s ince  
it implies a poss ib le  pe r s i s t ence  of B.t. orga- 
nisms i n  s u b s t a n t i a l  amounts wi th in  t h e  budworm 
populat ion o r  on t h e  hos t  t r e e s  f o r  a  year  o r  more. 

Whfle some spores  apparent ly  can c a r r y  over 
t o  a second year (Reardon and Haissig 1983, 1984) 
t h e r e  is no evidence t h a t  t he se  a r e  i n  s u f f i c i e n t  
q u a n t i t i e s  t o  a f f e c t  budworm populat ions.  Second 
year  b e n e f i t s  could be explained,  however, by t h e  
frequent  observat ion  t h a t  surv ivors  of B.t. t r e a t -  
ments o f t en  produce undersized,  and presumeably 
unhealthy, pupae and moths (Morris and Moore 1983, 
Smirnoff 1983, Dimond and Spies 1980). I t  has 
been suggested t h a t  t h e  generat ion of i n s e c t s  
descending from these  s tunted  surv ivors  may have a 
low su rv iva l  p o t e n t i a l  (Morris and Moore 1983, 
Smirnof f  e t  a 1  . 1974) . 

Evidence support ing second year b e n e f i t s  of  
B.t. app l i ca t ions  has  been c i r cums tan t i a l  u n t i l  
recent ly .  Dimond and Spies (1981) noted s ign i f  i- 
can t ly  l e s s  d e f o l i a t i o n  i n  smal l ,  LOO a c r e  p l o t s  
t r e a t e d  t h e  previous year ,  than  occurred i n  
nearby con t ro l  p l o t s .  They speculated t h a t  popo- 
l a t i o n  reduct ions  due t o  B . t .  t rea tments  were 
un l ike ly  t o  have p e r s i s t e d  t o  a second year  
because of t h e  small  s i z e s  of p l o t s  and t h e  high 
d i spe r s ive  tendencies of both l a rvae  and moths of 
t h e  budworm (Greenbank et a l .  1980); bu t ,  they had 
no  counts of budworm numbers i n  t h e  p l o t s .  Morris 
(1977) noted t h a t  over 2 t o  3 years  a f t e r  t r e a t -  
ment, both d e f o l i a t i o n  by and ov ipos i t i on  r a t e s  of 
spruce budworm were lower i n  t r e a t e d  p l o t s  than i n  
unt rea ted  p l o t s .  I n  n e i t h e r  of t h e  two cases  
above was it poss ib l e  t o  i d e n t i f y  any s p e c i f i c  
cause f o r  t he se  observations.  



I n  f u r t h e r  s t u d i e s  i n  1981 (Dimond e t  a l . ,  
unpublished l )  , we sampled budworm populat ions and 
damage i n  ope ra t iona l  spray blocks (3,000 - 15,000 
ac re s )  t r e a t e d  by t h e  Maine Bureau of Fo res t ry  t he  
preceeding year.  Seven blocks were s e l ec t ed ,  
which had received s a t i s f a c t o r y  p ro t ec t ion  from 
B. t . app l i ca t ions  i n  1980, (Mi l le rs  1980), along 
wi th  seven, nearby unt rea ted  areas .  Samples of 
ea r ly - in s t a r  l a rvae ,  l a t e - i n s t a r  l a rvae ,  e a r l y  
pupae, and l a t e  pupae (= e a r l y  a d u l t )  were 
co l l ec t ed  i n  a l l  p l o t s .  I n s e c t s  were counted and 
i n s t a r s  determined. The l a t t e r  s t e p  was t o  com- 
pare  developmental r a t e s  between treatments.  
Subsamples of 200 i n s e c t s  from each c o l l e c t i o n  i n  
each block were reared  i n  t h e  labora tory  t o  
measure su rv iva l  r a t e s  . I n s e c t s  dying were 
examined f o r  presence of entomopathogens. 
Defol ia t ion  r a t e s  were a l s o  checked on a l l  blocks,  
using the  standard F e t t e s  system (Sanders 1980). 

The r e s u l t s  of t he se  observat ions  were in- 
conclusive.  Sprayed blocks began t h e  season wi th  
somewhat h igher  mean numbers of i n s e c t s  than 
c o n t r o l  s tands  (Table 1) .  However, t h e  con t ro l  
s tands  had s l i g h t l y  higher numbers i n  t h e  l a t e  
co l l ec t ions .  This suggests  lower su rv iva l  i n  t h e  
t r e a t e d  blocks,  however, t h e  d i f f e r ences  were 
small  and not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Percent  of i n s e c t s  t h a t  were dead i n  col lec-  
t i o n s  were always s l i g h t l y  h igher  i n  t h e  four  
t r e a t e d  blocks i n  t h e  Molunkus a r e a  than i n  
con t ro l s  (Table 2) .  But, t h i s  was not t r u e  i n  
t h e  Caribou area .  None of t h e  d i f f e r ences  were 
s i g n i f i c a n t  . 

Percent of i n s e c t s  t h a t  d ied  during r ea r ing ,  
f o r  reasons o the r  than  emergence of p a r a s i t o i d s  
(Table 2 ) ,  showed no s i g n i f i c a n t  d i f f e r ences .  
Causes of dea th  (Table 3) showed a preponderance 
of microsporidian in fec t ions  and un iden t i f i ed  
deaths.  Bac t e r i a l ,  v i r a l ,  and fungal  i n f e c t i o n s  
were r a r e ,  and B . t .  was not  recovered. There 
were no d i f f e r ences  between treatments.  

2 Developmental i nd i ces  (Table 4) showed 
t r e a t e d  and unt rea ted  populat ions i n  t h e  Molunkus 
a r ea  t o  be equal ly  advanced i n  t he  f i r s t  co l lec-  
t ion,  but  sprayed populat ions were s i g n i f i c a n t l y  
delayed i n  t h e  t h r e e  l a t e r  co l l ec t ions .  I n  t he  
Caribou blocks, development was s i g n i f i c a n t l y  
advanced i n  t h e  t r e a t e d  blocks i n  t h e  f i r s t  
co l l ec t ion ,  but  with no d i f f e r ence  i n  subsequent 
co l l ec t ions .  Both cases suggest a  s t a t i s t i c a l l y  
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Department, Universi ty of Maine, Orono, 04469, 
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2~ developmental index f o r  a populat ion contain-  
ing 10% i n s t a r  2, 60% i n s t a r  3, and 30% i n s t a r  4 
is ca l cu l a t ed  a s  (10 x 2) + (60 x .3) + 30 x 411 
100 = 3.2. A lower value of t h e  d . i .  i nd i ca t e s  a 
younger age s t r u c t u r e  i n  t he  populat ion.  

s i g n i f i c a n t  r e t a rda t ion  of development of t h e  
t r e a t e d  populat ions,  however, t h e  d i f f e r ences  
were very minor, and perhaps of ques t ionable  
eco log ica l  impact. 

Pupal weights (Table 5)  were d i f f e r e n t  
between a reas ,  probably due t o  d i f f e r e n t  i n sec t  
d e n s i t i e s  i n  t h e  two areas .  But, t h e r e  were no 
d i f f e r ences  between treatments.  

Defol ia t ion  (Table 6 )  i n  1981 was g r e a t e r  o r  
equal  t o  l e v e l s  i n  1980, and t h e r e  were no d i f f e -  
rences between treatment.  

These f i nd ings  were perplexing.  Dif ferences  
between t r e a t e d  and unt rea ted  p l o t s  were few and 
very  minor i n  magnitude. I f  t h e  d i f f e r ences  were 
r e a l ,  they were too  small  t o  expla in  t h e  d i f feren-  
ce s  i n  d e f o l i a t i o n  r a t e s  seen t h e  year  e a r l i e r  
(Dimond and Spies 1981). But, on t h e  o the r  hand, 
we d id  not  de t ec t  d i f f e r ences  i n  d e f o l i a t i o n  
(Table 7) i n  t h i s  s e r i e s  of blocks.  We had no 
d a t a  t o  expla in  t h e  e a r l i e r  observa t ions  because 
prolonged b e n e f i t s  of B . t .  t rea tments  were not 
evident  i n  t he  p l o t s  s tudied .  

To f u r t h e r  compound perplexi ty ,  we had one 
a d d i t i o n a l  s e t  of da t a ,  a l s o  taken i n  1981. 
Defol ia t ion  observat ions  were made i n  a s e r i e s  of 
100 ac re  p l o t s ,  25 t r e a t e d  and 5 unt rea ted  t h a t  
were sprayed experimental ly wi th  B . t .  i n  1980 
(Dimond e t  a l .  1981). These showed the  same 
r e s u l t s  (Table 7) t h a t  w e  had seen t h e  year before;  
p ro t ec t ion  from d e f o l i a t i o n  appeared t o  p e r s i s t  f o r  
a  second year.  It is  unfor tunate  t h a t  w e  had no 
populat ion da ta  from these  small  p lo t s .  We had 
chosen t o  study t h e  l a r g e  S t a t e  blocks,  be l iev ing  
t h a t  events  t h e r e  would be  l e s s  influenced by 
r e d i s t r i b u t i o n  of sprayed and unsprayed populat ions 
a f t e r  t reatment.  

3 
Simi lar  s t u d i e s  continued i n  1981 . Over- 

winter ing  l a rvae  were co l l ec t ed  i n  Apr i l ,  1982 i n  
fou r  S t a t e  ope ra t iona l  blocks t h a t  had been 
t r e a t e d  i n  1981, and i n  fou r  nearby unt rea ted  s i t e s  
of s i m i l a r  charac ter .  Col lec t ions  were made by 
pruning 25 balsam branches, 1 per  t r e e ,  i n  each 
p l o t  and fo rc ing  the  l a rvae  from hibernat ion .  
Larvae were counted a s  they  emerged, and these  were 
reared  through t o  t h e  pupal s t age  on a r t i f i c i a l  
d i e t  (Grisdale 1970). P l o t s  had been t r e a t e d  wi th  
B.t. a t  12 BIU/acre, and t h i s  was t h e  f i r s t  time 
t h a t  t h i s  dosage had been used ope ra t iona l ly  i n  
Maine. No f u r t h e r  c o l l e c t i o n s  were made on these  
p l o t s  because a l l  were r e t r e a t e d  with B . t .  i n  1982. 
Observations on t h e  reared  i n s e c t s  included 
development r a t e s ,  su rv iva l  r a t e s ,  and pupal weights. 
S ign i f i can t ly  more i n s e c t s  emerged from t h e  unt rea t -  
ed branch c o l l e c t i o n s  than from t h e  t r e a t e d  branches 
(Table 8 ) .  There were no s i g n i f i c a n t  d i f f e r ences  i n  
r a t e s  of development o r  su rv iva l  o r  i n  pupal weights. 

3~imond,  J . B .  1983. F ina l  r epo r t  on a con t r ac t  
t o  continue s t u d i e s  of prolonged e f f e c t s  of B . t .  
app l i ca t ions  on spruce budworm. Off ice  r epo r t ,  
Entomology Department, Univers i ty  of Maine, Orono, 
04469, 12 p. Report a v a i l a b l e  from author .  



Table 1.--Numbers of spruce budworms c o l l e c t e d  i n  1981 i n  opera t ional  spray blocks t r e a t e d  
wi th  B . t .  t h e  preceeding year  and i n  unsprayed s tands ,  mean and range (parentheses) .  

Block 
Col lec t ion  period - i n s e c t s  per  18 inch branch 

Early l a r v a l  Late  l a r v a l  Early pupal Late pupal 

Molunkus a r e a  39 (27-50) a 28 (23-34) 15(11-18) 6 (2-8) 
sprayed 

Molunkus a r ea  
unsprayed 

Caribou a r e a  
sprayed 

Caribou a rea  17(16-18)~ -- -- 10 (9-11) 8 (7-9) 
unsprayed 

%ean and Pange of 4 r e p l i c a t e s .  
b ~ e a n  and range of 3 r e p l i c a t e s .  

Table 2.--Percentage of spruce budworms t h a t  were dead i n  c o l l e c t i o n s  o r  d ied  during r ea r ing  
( i n  parentheses) .  

Block 
Col lec t ion  period - % of i n s e c t s  

Early l a r v a l  Late l a r v a l  Early pupal Late pupal 

Molunkus area  
sprayed 

Molunkus a r ea  
unsprayed 

Caribou a rea  18.3(15.7 -- -- 8.2(22.1) 10.9(2.8) 
sprayed 

Caribou a rea  
unsprayed 

Table 3.--Results of t i s s u e  analyses  of dead l a rvae  i n  c o l l e c t i o n s  and those  dying during 
rear ing .  

Block 
Numbers Diagnosis of l a rvae ,  % 
examined Bacter ia  Virus Microsporidia Fungus Unknown 

Molunkus a r ea  
sprayed 

Molunkus a r ea  
unsprayed 

Caribou a rea  
sprayed 

Caribou a r e a  
unsprayed 



Table 4.--Developmental i nd i ces  of spruce budworm populat ions i n  blocks sprayed with B. t .  
t h e  previous year and i n  unsprayed s tands ,  mean and range (parentheses) .  

Block 
Col lec t ion  period 

Early l a r v a l  Late  l a r v a l  Early pupal  Late  pupal 

Molunkus a r ea  
sprayed 

Molunkus a r ea  
unsprayed 

Caribou a r e a  
sprayed 

Caribou a r e a  
unsprayed 

:signif icant  d i f f e r ence ,  p < 0.10 >0.05 
S ign i f i can t  d i f f e r ence ,  p < 0.05 

Table 5.--Weights of pupae co l l ec t ed  i n  blocks sprayed t h e  previous year wi th  B . t .  and i n  
unsprayed s tands ,  mean and range (parentheses) .  

Block Females Males 

Molunkus a r ea  
sprayed 

Molunkus a r e a  
unsprayed 

Caribou a r e a  
sprayed 

Caribou a r e a  
unsprayed 

a ~ a c h  mean is derived from approximately 200 in sec t s .  

Table 6.--Percent d e f o l i a t i o n  of balsam f i r  on blocks t r e a t e d  i n  1980 wi th  B e t .  and i n  
unsprayed s tands  1980 and 1981, mean and range (parentheses) .  

Block 1980 1981 

Molunkus a r e a  
sprayed 

Molunkus a r ea  
unsprayed 

Caribou a r e a  
sprayed 

Caribou a r e a  
unsprayed 



Table 7.--Percent d e f o l i a t i o n  on small  p l o t s  t r e a t e d  i n  1980 wi th  B.t. and i n  unsprayed p l o t s ,  
1980 and 1981; means of f i v e  r e p l i c a t e s .  

- - 

Treatment 1980 198 1 

Dipel  1 gpa 
d 

Dipel  112 gpa 

Thuricide 112 gpa 

Dipel  114 gpa 

Thuricide 1 gpa 

Untreated 86 c 70 b , c  

d ~ l l  trea tments  a t  8 BIU/acre but  wi th  d i f f e r e n t  d i l u t i o n  r a t e s .  
e ~ e a n s  shar ing  t h e  same letter a r e  not  s i g n i f i c a n t l y  d i f f e r e n t ,  p > 0.05. 

Table 8.--Observations made i n  1982 i n  fou r  opera t ional  spray blocks t r e a t e d  t h e  previous year  
and i n  fou r  comparable unt rea ted  s tands ,  mean and range (parentheses) .  

Observation Treated blocks Untreated blocks 

Numbers of l a rvae  emerging from 
co l l ec t ed  branches 

Days from emergence u n t i l  pupation - males 21.3(16.8-23.0) 

Percent  su rv iva l  of reared  l a rvae  45 (28-56) 

Weights of surv iv ing  pupae - males 42 (37-49) 

- females 71 (55-87) 

a ~ i g n i f i c a n t  d i f f e r ence  between treatments,  p > 0.05. 



Before drawing any conc lus ions  from t h e s e  
r e s u l t s ,  one a d d i t i o n a l  s tudy  should be  reviewed. 
Reardon and H a i s s i g  (1983) s t u d i e d  1-year p o s t  
t rea tment  d e n s i t i e s  of budworms and d e f o l i a t i o n  
l e v e l s  i n  a  s e r i e s  of s m a l l  p l o t s  i n  Wisconsin 
(Reardon e t  a l .  1982). One year  a f t e r  t r e a t m e n t ,  
popula t ions  and damage of t h e  budworm were s i g n i -  
f i c a n t l y  lower i n  t h e  t r e a t e d  p l o t s  than  i n  
c o n t r o l s .  Popula t ions  d e c l i n e d  on a l l  p l o t s  i n  
1981, bu t  t h e  amount of d e c l i n e  was uniform among 
t r e a t m e n t s .  Development r a t e s ,  a s  i n d i c a t e d  by 
t h e  d i s t r i b u t i o n  of l a r v a l  i n s t a r s  i n  t h e  c o l l e c -  
t i o n s ,  and pupal  weights  were n o t  d i f f e r e n t .  
They a t t r i b u t e d  t h e  reduced d e f o l i a t i o n  i n  1981 
a s  r e f l e c t i n g  a  p e r s i s t i n g  r e d u c t i o n  i n  i n s e c t  
popula t ion ,  r a t h e r  t h a n  any " c a r r y  over" i n f l u -  
ence of t h e  B. t .  t r e a t m e n t s .  

We have evidence i n  t h r e e  c a s e s  (Morris 
1977, Reardon and H a i s s i g  1983, Table 8 of t h i s  
r e p o r t )  t h a t  popula t ion  r e d u c t i o n s  due t o  B . t .  
t r e a t m e n t s  p e r s i s t e d  i n t o  a  second y e a r .  T h i s  
becomes t h e  most c r e d i b l e  e x p l a n a t i o n  of reduced 
d e f o l i a t i o n  i n  B.t.-sprayed p l o t s  a  y e a r  a f t e r  
t rea tment .  We a l s o  have one c a s e  where popula- 
t i o n  r e d u c t i o n s  d i d  n o t  p e r s i s t  i n t o  t h e  nex t  
g e n e r a t i o n  (Table 6 ) .  Data a v a i l a b l e  on reduc- 
t i o n  i n  popula t ion  s u r v i v a l  of spruce  budworms 
i n  t h e  g e n e r a t i o n  a f t e r  t rea tment  a r e  l a r g e l y  
n e g a t i v e  (Tables  2-5, Table 8 ,  Reardon and 
H a i s s i g  1983) o r  show only  v e r y  smal l  d i f f e r e n c e s .  
On t h e  b a s i s  of r e s u l t s  t o  d a t e ,  t h e r e  seems 
l i t t l e  evidence t h a t  t h e  o f f s p r i n g  of s u r v i v o r s  
of B.t.  t r e a t m e n t s  a r e  of l e s s  than  normal v i g o r  
o r  have reduced p o t e n t i a l  f o r  s u r v i v a l .  

I f  t h e  conc lus ions  above a r e  t r u e ,  it 
fo l lows  t h a t  popula t ion  r e d u c t i o n s  due t o  any 
a g e n t ,  b i o l o g i c a l  o r  chemical,  may p e r s i s t  beyond 
t h e  g e n e r a t i o n  of t r e a t m e n t ,  and t h a t  prolonged 
b e n e f i t s  of B. t .  t r e a t m e n t s  may no t  b e  a  unique 
a t t r i b u t e  of B. t .  It may b e  s i g n i f i c a n t  t h a t  t h e  
t h r e e  c a s e s  where popula t ion  r e d u c t i o n s  p e r s i s t e d  
fo l lowing  B.t.  t r e a t m e n t s  (Morris  1977, Reardon 
and Haiss ig  1983, Table  8 ) ,  and two c a s e s  where 
on ly  d e f o l i a t i o n  b e n e f i t s  have been r e p o r t e d  
(Dimond and Spies  1980, Table 7 ) ,  have occur red  
i n  a r e a s  of d e c l i n i n g  popula t ion  t r e n d .  Where 
t h e r e  was no evidence of prolonged b e n e f i t s  of 
B a t .  (Table 6),  popula t ion  were h i g h  o r  increas -  
ing  (Table 1 ) .  There may b e  l e s s  r e d i s t r i b u t i o n  
of budworm popula t ions ,  due t o  d i s p e r s a l ,  and 
l e s s  re - invas ion  of sprayed p l o t s ,  i n  d e c l i n i n g  
popula t ions .  

There a r e  delayed b e n e f i t s  of B . t .  t r e a t -  
ments i n  t h a t  s u r v i v o r s  may be s t u n t e d ,  l e a d i n g  
t o  lower s u r v i v a l  of pupae and lower egg-produc- 
t i o n  of moths. But, it now appears  u n l i k e l y  t h a t  
any e f f e c t  c o n t i n u e s  i n t o  t h e  n e x t  g e n e r a t i o n .  
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