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Abstract  

I n  food consumption and u t i l i z a t i o n  s t u d i e s ,  
observa t ions  were confined t o  a period of 5 days 
a f t e r  which mor t a l i t y  of Erynia radicans  l a rvae  
began t o  occur. Mor ta l i ty  due t o  t h e  fungus was 
76 and 83% i n  male and female l a rvae ,  respect ive-  
l y .  I n  con t ro l  l a rvae  t h e  pupation r a t e  was 
over 95%. Control  l a rvae  of both sexes consumed 
s i g n i f i c a n t l y  (P = 0.05) more food than  fungus 
t r e a t e d  l a rvae  on day 4 and 5. Treated a s  w e l l  
a s  con t ro l  l a rvae  showed a continuous ga in  i n  
body weight up t o  day 3, fol lowing which t r e a t e d  
l a r v a e  of both sexes gained s i g n i f i c a n t l y  (P = 
0.05) l e s s  weight than  t h e  cont ro l .  Fungus in -  
fec ted  l a rvae  were a l s o  l e s s  e f f i c i e n t  i n  con- 
ve r t i ng  inges ted  and d iges ted  food t o  body sub- 
s tances  (ECI and ECD) on day 4 and 5 i n  females 
and on day 5 i n  males. Pupae of both sexes from 
t r ea t ed  l a rvae  weighed l e s s  than t h e  cont ro l .  
Fecundity of a d u l t s  a r i s i n g  from fungus t.reated 
l a rvae  was reduced by approximately 36.4% com- 
pared wi th  t h e  cont ro l .  

In t roduct ion  

Erynia radicans  (=Zoophthora radicans  = 
Entomophthora sphaerosperma) is  among the  more 
promising of microbial  agents f o r  t he  con t ro l  
of t h e  spruce Budworm, Choristoneura fumiferana 
and has a p o t e n t i a l  f o r  commercial development 
a s  a microbia l  i n s e c t i c i d e  (Weatherston and 
Retnakaran 1975; Vandenberg and Soper 1979). 
However, an important drawback of mycopathogens 
i n  t h e  con t ro l  of i n s e c t  pes t s  i s  t h e  time taken 
t o  k i l l  t h e  hos t .  Generally, mor t a l i t y  of i n -  
fec ted  l a rvae  occurs i n  4-8 days a f t e r  t reatment 
(Mohamed e t  a l .  1982) during which l a rvae  con- 
t i n u e  t o  feed ,  presumably causing damage. There- 
f o r e ,  it would be  b e n i f i c i a l  i f  i t  could be  
a sce r t a ined  t h a t  fungal  i n f e c t i o n  of t he  hos t  
can reduce food consumption. This would a i d  i n  
assess ing  the  s u i t a b i l i t y  of t he  pathogen f o r  
use i n  i n s e c t  pes t  management, p a r t i c u l a r l y  i n  
a f o r e s t  s i t u a t i o n  where t h e  f o l i a g e  can t o l e r -  
a t e  moderate feeding damage. 

Most repor ted  s t u d i e s  dea l ing  wi th  t h e  con- 
t r o l  of i n s e c t s  wi th  pathogens have d e a l t  mainly 
wi th  t he  d i r e c t  e f f e c t  on the  host  and have been 
evaluated i n  terms of percent  mor t a l i t y .  L i t t l e  
a t t e n t i o n  has been focused toward t h e  evalua t ion  
of t h e  e f f e c t  of i n f e c t i o n  on food consumption 
and t h e  genera l  reduct ion  of t h e  b io log ica l  

potency of t h e  hos t  ( J a s i c  1961). Ramakrishnan 
and Chaudhari (1974) s tud i ed  t h e  e f f e c t  of a 
nuclear  polyhedrosis  v i r u s  (NPV) on t h e  consump- 
t i o n  and u t i l i z a t i o n  of food by t h e  Egyptian 
co t ton  l ea f  worm, Spodoptera l i t u r a .  They found 
t h a t  food consumption and weight ga in  of v i r u s  
i n fec t ed  l a rvae  were s i g n i f i c a n t l y  lower than 
t h e  cont ro l .  Drake and McEwen (1959) reported 
t h a t  t h e  cabbage looper,  Tr ichoplus ia  ni showed 
decreased food consumption fol lowing i n f e c t i o n  
wi th  NPV. Thomson (1958) showed t h a t  t h e  micro- 
spor id ian ,  Perez ia  fumiferanae re tarded  l a r v a l  
and pupal development, reduced fecundi ty  and 
a d u l t  longevi ty  of C. fumiferana. Larvae of 
He l io th i s  zea i n f ec t ed  wi th  Nomuraea r i l e y i  
showed s i g n i f i c a n t l y  l e s s  food consumption and 
u t i l i z a t i o n  than t h e  con t ro l  group (Mohamed e t  
a l .  1982). 

The purpose of t h i s  s tudy was t o  determine t h e  - - 
e f f e c t  of E. radicans  on food consumption, 
u t i l i z a t i o n  and fecundity of 2. fumiferana. 

Mater ia ls  and Methods 

Larvae and Fungal Cultures.  - Overwintering 
second i n s t a r  spruce budworm l a rvae  were obtained 
from t h e  ~ n s e c t - P a t h o l o g y  I n s t i t u t e ,  Sau l t e  S te .  
Marie, Ontario,  Canadz. Larvae were reared on 
Bio-Serv Spruce Budworm d i e t  #9769, dispensed i n  
about 15-20 m l  a l i q u o t s  i n t o  30 m l  p l a s t i c  cups. 
Four t o  s i x  l a rvae  were placed i n  each cup and 
reared  a t  22.5OC wi th  a photoperiod of 16 h r  
l i g h t  and 8 h r  darkness. 

The c u l t u r e  of  Erynia radicans  was obtained 
from the  labora tory  of D r .  R. S. Soper, U.S.D.,?. 
ARS, In sec t  Pathology Unit ,  Boyce Thompson 
I n s t i t u t e ,  I t haca ,  N.Y. The i n i t i a l  sample of 
t h i s  fungus was i s o l a t e d  from a f i e l d  co l l ec t ed  
spruce budworm l a rvae  (Vandenberg and Soper 1979). 
It was grown on 70% modified egg-yolk medium 
(EY) i n  darkness a t  25OC according t o  Soper e t  
a l .  (1975.) Sporula t ion  was induced according t o  
t h e  method of Vandenberg and Soper (1979). 
Severa l  250 m l  f l a s k s  each containing 75 m l  of 
CYP l i q u i d  medium (4% corn syrup, 1% yeas t  
e x t r a c t ,  1% phytone .peptone i n  d i s t i l l e d  water)  
were inocula ted  wi th  mycelia grown on EY, and 
continuously a g i t a t e d  i n  a cont ro l led  environ- 
mental shaker (New Brunswick S c i e n t i f i c  Co. Inc . )  
a t  25°C. When t h e  c u l t u r e  reached t h e  exponential  
growth phase (4-5 days) ,  5 m l  of each c u l t u r e  was 
t r ans fe r r ed  t o  f r e s h  CYP and allowed t o  grow f o r  
2-3 more days. Then t h e  medium was f i l t e r e d  and 
t h e  remaining mycelia r insed  s e v e r a l  times wi th  
s t e r i l e  d i s t i l l e d  water. Af ter  t he  excess 
moisture was drained off  w i th  paper f i l t e r s ,  
mycelia were placed i n  p l a s t i c  P e t r i  d ishes  
(90 x 15 mm) and exposed t o  continuous f luores-  
cent  l i g h t  f o r  24 h r  a t  20°C t o  s t imu la t e  
sporula t ion .  

Treatments 

1. Food consumption and u t i l i z a t i o n .  - F i f t h  
i n s t a r  l a rvae  were used i n  a l l  t e s t s .  The age 
of t h e  l a rvae  was determined according t o  t he  
method of Retnakaran (1973). Larvae were 



sexed a s  described by Kol ler  and Leonard (1981). 
One hundred 5 th  i n s t a r  l a rvae  of each sex  were 
placed i'n p l a s t i c  cups i nd iv idua l ly  and s t a rved  
f o r  8 h r  t o  empty t h e i r  gut contents  of r e s idua l  
food. Eighty l a rvae  from each sex  group com- 
pr i sed  t h e  unt rea ted  con t ro l  group. A s i m i l a r  
number of l a rvae  were t r e a t e d  wi th  E. radicans 
spores a s  described by Vandenberg and Soper 
(1979). The dose was est imated by exposing 
P e t r i  d ishes  (100 x 15 mm) conta in ing  2.5% 
s t e r i l e  d i s t i l l e d  water  agar t o  spo ru l a t i ng  
cu l tu re s  i d e n t i c a l  t o  those  used i n  l a r v a l  t r e a t -  
ments. Spore concent ra t ion  was est imated 

wi th in  24 h r  of pupation and placed i n  t h e  o r i g i n a l  
cups. Adults used f o r  ov ipos i t i on  were reared i n  
i nd iv idua l  conta iners  (Stehr 1954). Branches of 
balsam f i r ,  Abies balsameal were used f o r  ovi-  
pos i t i on .  Each t e s t  was conducted over a period 
of 4-6 days, wi th  d a i l y  removal and counting of 
egg masses. The number of eggs was determined by 
measuring t h e  l eng th  and width of each egg mass 
a s  described by Bean (1961). 

Resul t s  and Discussion 

(spore/mm2) by counting a random f i e l d  i n  each 1 )  Food consumption and u t i l i z a t i o n .  - Morta l i ty  
of 10 a r eas  i n  t he  d i s h  (Vandenberg and Soper of 5. radicans t r e a t e d  l a rvae  s t a r t e d  on day 4 

1979). I n  prel iminary t e s t s ,  s eve ra l  groups pos t  t reatment.  Thus observat ions  f o r  food con- 
of l a rvae  were exposed t o  sporula t ing  cu l tu re s  sumption and u t i l i z a t i o n  were done f o r  5 days. 
a t  varying times (15 t o  90 min.) An exposure On day 6 most of t h e  t r e a t e d  l a rvae  were dead. 
time of 45 min. g iv ing  39 + 5.7 spores/mm2 was Morta l i ty  i n  fungus t r e a t e d  l a rvae  was 76% i n  
t h e  most app rop r i a t e  i n  terms of mor t a l i t y  and males and 83% i n  females. I n  t he  con t ro l  95% of 
su rv iva l  of t h e  la rvae .  males and 97.5% of t he  females pupated. 

Af ter  t rea tment ,  l a rvae  were held i n  individ-  
u a l  P e t r i  d ishes  (100 x 15 mm) l i ned  wi th  
f i l t e r  paper moistened d a i l y  wi th  s t e r i l e  d i s -  
t i l l e d  water .  Each treatment was r ep l i ca t ed  4 
times wi th  10 la rvae .  Test  l a rvae  were held i n  
an environmental growth chamber a t  22.5OC wi th  
a photoperiod of 16 h r  l i g h t  and 8 h r  darkness. 

Larvae were i nd iv idua l ly  provided wi th  pre- 
weighed 5 mm d i e t  plugs which were replaced 
da i ly .  Food consumption and weight ga in  were 

Table 1 shows t h e  amount of food consumed by 
t r e a t e d  and con t ro l  la rvae .  The amount of food 
consumed by t r e a t e d  l a rvae  was s i g n i f i c a n t l y  
(P = 0.05) lower on day 4 and 5 post  t reatment 
f o r  both sexes. Male and female con t ro l  l a rvae  
showed a constant  i nc rease  i n  food in t ake  through- 
out  t h e  observat ion  period.  The average d a i l y  
i n t a k e  f o r  t h e  t r e a t e d  and con t ro l  female l a rvae  
was 50.2 and 77.06 mg and f o r  t h e  males i t  was 
60.4 and 75.9 mg respect ive ly .  

determined by recording t h e  i n i t i a l  weight of Table 1; - The e f f e c t  of Erynia radicans  on food 
the  l a rvae  and d i e t ,  followed by recordings of consumption (mg) of Choristoneura 
t h e  l a r v a l  weight ,  f eces  and d i e t  consumed every f umif erana l a rvae  .a/ 
24 h r .  Data from these  observat ions  were used 
t o  determine food consumption and u t i l i z a t i o n .  
Diet  consumed was correc ted  f o r  moisture evapo- DP" Cont ro 1 Fungus t r e a t e d  
r a t i o n  a s  described by Brewer and King (1979). 
The ind i ces  (Waldbauer 1968) t o  determine t h e  Female 

e f f i c i ency  of u t i l i z a t i o n  were a s  follows: 
a )  Approximate d i g e s t i b i l i t y  which i s  t h e  per- 
centage of food inges ted  t h a t  is  r e t a ined  o r  
u t i l i z e d  by t h e  larvae:  

(AD = 
w t  of food ingested-wt of f eces  

w t  of food inges ted  x 100) 

b)  EffTciency of conversion of inges ted  food t o  Male 

body substances which i s  an o v e r a l l  a b i l i t y  of 1 56.3 t 12.0a 61.8 + 10.0a 
t h e  i n s e c t  t o  u t i l i z e  inges ted  food f o r  growth: 2 71.4 +- 12.0a 78.4 + 10.0a 

w t  gain 
(ECI = w t  of food inges ted  x 100) 

c )  Eff ic iency of convers t ion  of d iges ted  food 5 9 3 . 9  t 5.0a 49.3 + 6.0b 

t o  body substances decreases a s  t h e  d iges ted  a /  Means followed by a common l e t t e r  ho r i zon ta l ly  - - 
food metabolized f o r  energy increases :  do not  d i f f e r  s i g n i f i c a n t l y  from each o t h e r  - 

(ECD = 
w t  gained 

x 100) 
(P = 0.05). 

w t  of food ingested-wt of  f eces  b/ Days pos t  t reatment.  - 
The da t a  were analyzed by t h e  ana lys i s  of 
var iance  and t h e  Duncan's New Mul t ip le  Range 
Test  (1955). 

The weight ga in  of t r e a t e d  and con t ro l  l a rvae  
i s  presented i n  Table 2. Fungus t r e a t e d  l a rvae  
of both sexes showed s i g n i f i c a n t l y  (P = 0.05) 

2. Fecundity. - One hundred 5 t h  i n s t a r  l a rvae  l e s s  weight ga in  on day-4 and 5. -The average 

of each sex  were t r e a t e d  wi th  E. radicans  and placed weight gain f o r  the treated and 

i n  p l a s t i c  cups containing d i e t .  A s i m i l a r  number - 
comprised t h e  unt rea ted  cont ro l .  Larvae were 
reared  a s  described e a r l i e r  and observed d a i l y  
f o r  mor t a l i t y  and pupation. Pupae were weighed 1/ Specia l ly  ordered f o r  us by a l o c a l  garden 

and nursery cen te r .  



female l a rvae  was 4.38 and 8.64 mg respect ive ly .  
S imi lar ly  f o r  t h e  males t h e  average weight-gain 
was 3.98 mg f o r  t h e  t r e a t e d  and 7.38 mg f o r  t h e  
con t ro l  group. The amount of f eces  produced i n  
t h e  t r e a t e d  l a rvae  was s i g n i f i c a n t l y  lower f o r  
both sexes on days 3, 4 and 5 (Table 3). 

Table 2. - The e f f e c t  of Erynia radicans  on 
weight ga in  (mg) of Choristoneura 
fumif erana l a rvae  .a/ 

- 

D P ~  Control  Fungus t r e a t  ed 

Female 

Male 

a /  Means followed by a common l e t t e r  ho r i zon ta l ly  - 
do not  d i f f e r  s i g n i f i c a n t l y  from each o the r  
(P = 0.05). 

b /  Days post  t reatment.  - 

Weight ga in  and f e c a l  production a r e  d i r e c t l y  
r e l a t e d  t o  t h e  amount of food consumed 
(Ramakrishnan and Chaudhari 1975). The decrease 
i n  t h e  va lues  of t he se  parameters i n  t r e a t e d  

Table 3. - The e f f e c t  of Erynia radicans  on 
f eces  production (mg) by lg rvae  of 
Choristoneura f umif erana.al  

D P ~  Cont ro 1 Fungus t r e a t e d  

Female 

1 4.1  + 1.8a 4.7 + 1.0a 
2 7.3 + 1.4a 6.9 + 2.6a 
3 12.0 -1 1.5a 4.6 _+ 1.0b 
4 15.0 + 2.0a 2.7 + 1.0b 
5 17.6 + 2.0a 2.2 + 1.0b 

a /  Means followed by a common l e t t e r  ho r i zon ta l ly  - 
do not  d i f f e r  s i g n i f i c a n t l y  (P = 0.05). 

b /  Days post  t reatment.  - 

l a rvae  can b e  a t t r i b u t e d  t o  reduct ions  i n  food 
consumption of t h e  l a rvae  (Table 1 ) .  Reduction 
i n  food consumption, weight ga in  and f e c a l  pro- 
duction i n  i n fec t ed  l a rvae  have been previously 
reported by Mohamed e t  a l .  (1982) f o r  .;. zea 
i n f ec t ed  wi th  N. r i l e y i  and by Ramakrishnan and 
Chaudhari (1975) i n  2. l i t u r a  i n fec t ed  wi th  NPV. 

A more d i r e c t  r e l a t i onsh ip  between these  para- 
meters can be observed i f  we consider t he  t o t a l  
food consumption, t o t a l  weight ga in  and t o t a l  
f e c a l  production (Table 4) .  The t o t a l  food con- 
sumption i n  male and female was s i g n i f i c a n t l y  
lower (P = 0.05) than  t h a t  of t h e  cont ro l .  This 

Table 4. - Tota l  food consumption, weight ga in  
and f e c a l  production (mg) by l a rvae  
of Choristoneura fumiferana in fec t ed  
wi th  Erynia radicans.Z/ 

b /  Female Male Parameter- Con FT Con FT 

FP 56.5a 21.lb 59.5a 20.0b 

a /  Means followed by a common l e t t e r  ho r i zon ta l ly  - 
f o r  male and female s epa ra t e ly  do not  d i f f e r  
s i g n i f i c a n t l y  (P = 0.05). 

b /  Con = Control, FT = Fungus t r e a t e d ,  FC = Food - 
consumption, WG = Weight gain,  FP = Feces 
production. 

reduct ion  i n  food consumption was approximately 
20 and 35% f o r  t h e  t r e a t e d  male and female l a rvae  
respect ive ly .  S imi lar ly ,  t h e  t o t a l  weight ga in  
and f e c a l  production ware s i g n i f i c a n t l y  lower 
(P = 0.05) i n  t h e  t r e a t e d  l a rvae  of both sexes 
i nd i ca t ing  t h a t  t he se  i nd i ces  were d i r e c t l y  re- 
l a t e d  t o  t h e  amount of food consumed. 

2) Food u t i l i z a t i o n .  - The approximate diges-  
t i b i l i t y  (AD) va lues  a r e  summarized i n  Table 5. 

Table 5. - Approximate d i g e s t i b i l i t y  (AD) of t h e  
l a rvae  of Choristoneura fumlfer  na a- i n f ec t ed  wi th  Erynia rad1cans.- 

D&' Cont ro 1 Fungus t r e a t e d  

Female 

Male 

a /  Means followed by a common l e t t e r  ho r i zon ta l ly  - 
do not  d i f f e r  (P = 0.05). 

b /  Days pos t  t reatment.  - 
No s i g n i f i c a n t  d i f f e r ence  (P = 0.05) was observed 
between t h e  con t ro l  and t h e  t r e a t e d  group i n  
t h e  female la rvae .  I n  males t h e  AD f o r  t h e  
con t ro l  was s i g n i f i c a n t l y  lower on day 5'. The 
gross  e f f i c i ency  (ECI) and t h e  n e t  e f f i c i ency  



(ECD) showed an i d e n t i c a l  t r end  (Table 6 ,  7) .  
I n  t h e  female t r e a t e d  l a rvae ,  bo th  ECI and ECD 
va lue s  were s i g n i f i c a n t l y  lower (P = 0.05) t han  
t h e  c o n t r o l  group on day 4 and 5 ,  wh i l e  i n  t h e  
males t h e  ECI and ECD of t r e a t e d  l a r v a e  were 
s i g n i f i c a n t l y  lower on day 5 only.  

Table 6. - Gross e f f i c i e n c y  (ECI) of t h e  l a r v a e  
of Choris toneura fumiferana i n f e c t e d  
w i t h  Erynia rad icans .a /  

D$/ Cont r o  1 Fungus t r e a t e d  

Female 

1 8.6 + 3.7a 8.2 t 2.2a 
2 9.7 + 9.3a 12.3 2 5.0a 
3 10.4 + 6.3a 9.3 + 6.4a 
4 11.6 + 3.4a 5.7 + 3.5b 
5 14.2 + 8.6a 6 .0  +- 4.2b 

Male 

a /  Means followed by a common l e t t e r  h o r i z o n t a l l y  - 
do not  d i f f e r  (P = 0.05). 

b /  Days pos t  t rea tment .  - 

Table 7. - Net e f f i c i e n c y  (ECD) of  t h e  l a r v a e  
of Choris toneura fumifqrana i n f e c t e d  
w i th  Erynia radicans.2'  

b /  
- 

Dl?- Contro l  Fungus t r e a t e d  

Female 

1 9.2 + 3.8a 8.6 + 2.2a 
2 10.9 + 5.8a 13.9 + 6 . l a  
3 10.7 + 5.8a 10.2 + 4.4a 
4 13.9 + 4 . l a  6.2 + 1.6b 
5 17.4 + 8.9a 6.4 2 3.9b 

Male 

a /  Means followed by a common l e t t e r  h o r i z o n t a l l y  - 
do not  d i f f e r  (P = 0.05). 

b /  Days pos t  t rea tment .  - 

3)  Fecundity. - The purpose of t h i s  po r t i on  
of t h i s  s tudy  was t o  determine a dosage t h a t  
would produce a chronic  and a s u b l e t h a l  e f f e c t  
t h a t  might r e s u l t  i n  t h e  weakening of t h e  hos t .  
Consequently, such an e f f e c t  may cause  a gene ra l  
d i s r u p t i o n  of t h e  v i t a l  f unc t i ons  which could 
be  manifested i n  reduced reproduct ive  p o t e n t i a l  
and shortened longevi ty  (Gaugler and Brooks 
1975). However, i t  was d i f f i c u l t  t o  ach ieve  
such a s u b l e t h a l  dose. We t r i e d  va r i ous  spo re  

concen t r a t i ons  (6.3 t o  38 .1  spore/mm2) a s  measured 
by t h e  amount of t ime  l a r v a e  were exposed 
(Vandenberg and Soper 1979) bu t  w e  were unable t o  
o b t a i n  s u f f i c i e n t  number of a d u l t s  f o r  fecundi ty  
s tudy  due t o  low r a t e  of  emergence even though 
i n  some of t h e  t rea tments  (lower dosages) t h e r e  
was a h igh  percent  of pupat ion.  Table 8 sum- 
marizes t h e  r e s u l t s  from one of t h e  succe s s fu l  
t e s t s .  I n  t h e  fungus t r e a t e d  group t h e  m o r t a l i t y  
was 55.6 and 63.2% i n  male and female r e spec t i ve ly .  
Weight of c o n t r o l  pupae was 75.2 2 1 .6  mg i n  
males and 111.4 + 2.6 mg i n  females a s  compared 
t o  59.7 + 2.0 mg f o r  males and 97.7 "$0 mg f o r  
females i n  t h e  t r e a t e d  group. Fecundity expressed 
a s  mean number of egglfemale was 92.8 i n  t h e  
c o n t r o l  (9 p a i r s )  and 59.0 i n  t h e  t r e a t e d  group 
(2 p a i r s  on ly ) .  

Vandenberg and Soper (1979) showed t h a t  m o r t a l i t y  
of l a r v a e  of t h e  spruce  budworm t r e a t e d  w i th  
Erynia r ad i cans  occured i n  3 t o  6 days. Similar ly,  
i n  our  s tudv  l a r v a l  dea th  occurred i n  4-6 days. 
During t h e  i n f e c t i o n  s t a g e ,  i n  t h i s  s tudy ,  t h e  
food comsumption and u t i l i z a t i o n  were s i g n i f i c a n t l y  
lowered i n  t h e  fungus t r e a t e d  l a r v a e  a s  compared 
w i th  t h e  c o n t r o l  on day 4 and 5. Also, pupae 
from i n f e c t e d  l a r v a e  weighed l e s s  than  un t r ea t ed  
ones. Such e f f e c t s  a r e  probably a r e s u l t  of de- 
p l e t ed  n u t r i t i o n a l  r e s e rve s  and a reduced a b i l i t y  
t o  a s s i m i l a t e  food e f f i c i e n t l y  (Thomson 1958). 
Consequently, l a r v a e  w i l l  b e  l e s s  e f f i c i e n t  a t  
forming n u t r i e n t  r e s e rve s  f o r  t h e  pupae and a d u l t  
s t a g e s .  

I n  i n s e c t  spec i e s  such a s  t h e  spruce  budworm, 
where t h e  adul t sdo  no t  consume food, n u t r i t i o n a l  
r e s e rve s  a r e  dependent on t h e  amount of n u t r i e n t s  
accumilated by t h e  l a r v a e  f o r  t h e  e n t i r e  metabo- 
l i s m  of t h e  i n d i v i d u a l  ( J a s i c  1961). Thus, i f  
t h e  reduc t ion  i n  food consumption and u t i l i z a t i o n  
i n  i n f e c t e d  l a r v a e  occurs  under n a t u r a l  cond i t i ons ,  
a d u l t  females a r i s i n g  from d iseased  l a r v a e  w i l l  have 
even sma l l e r  r e s e rve s ,  s l n c e  t h e  i n d i v i d u a l  must 
use  a po r t i on  of t h e  f a t  s t o r e d  f o r  gene ra l  
a c t i v i t y ,  thereby  d i v e r t i n g  a l a r g e  po r t i on  of 
t h i s  r e s e r v e  from egg production.  This  i s  
important  when cons ider ing  t h e  u t i l i z a t i o n  of E. 
rad icans  i n  t h e  management of an i n s e c t  pe s t  l i k e  
t h e  spruce  budworm i n  a f o r e s t  s i t u a t i o n  where 
t h e  f o l i a g e  can t o l e r a t e  some feed ing  wi thout  
s e r i o u s  economic damage. 



Table 8.  - The e f f ec t a9 fEyr in i a  radicans  on t h e  spruce budworm l a r v a l m o r t a l i t y ,  pupation, emergance and 
fecundity.- 

% Larval  Mor t a l i t y  % Pupation Pupal w t  (mg) % Emergance Eggs'p~7 Female-- 
Treatments 

Fungus t r e a t e d  55.6 63.2 44.4 36.8 59.7 + 2.0 87.7 2 2.0 9.4 - 8.0 59.0 

Control  0.0 0.0 100.0 100.0 75.2 + 1.6 111.4 2 2.6 98.0 100.0 92.8 

a /  Rate of l a r v a l  spore  exposure was est imated a t  8.4 spore/mmZ. - 
b /  Based on t h e  mean of only 2 p a i r s  i n  t h e  fungus t r e a t e d  group and 9 p a i r s  i n  t h e  cont ro l .  - 
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