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Foreword 

This  annota ted  b ib l iography  i nc ludes  r e f e r ences  t o  338 papers .  Each 

d e a l s  i n  some way wi th  e i t h e r  t h e  Douglas-f i r  tussock  moth, Orgyia 

pseudotsuga ta  (McDunnough), o r  a  r e l a t e d  spec ies .  S p e c i f i c a l l y ,  210 

p u b l i c a t i o n s  and 82 unpublished documents make some r e f e r ence ,  a t  l e a s t ,  t o  

t h e  Douglas-f i r  tussock  moth; 55 a r e  concerned wi th  o t h e r  s p e c i e s  i n  t h e  same 

genus. The s u b j e c t  ma t t e r  i n  each paper has  been indexed t o  a t  l e a s t  one 

gene ra l  t o p i c  (General ,  Taxonomy, Biology, Host Re l a t i onsh ip s ,  Outbreaks, 

Cont ro l ,  Related Ma te r i a l ) .  Most of t h e s e  gene ra l  t o p i c s  have been subdivided 

i n t o  more s p e c i f i c  headings. For example, Host Re l a t i onsh ip s  i nc ludes  s e p a r a t e  

c a t e g o r i e s  f o r  whi te  f i r ,  grand f i r ,  and Douglas-fir .  A complete l i s t i n g  of 

t h e  r e f e r ences  i n  each gene ra l  and s p e c i f i c  ca tegory  is  presen ted  i n  t h e  

index. 

By i n t e n t ,  a t  l e a s t ,  t h i s  b ib l iography  is  complete f o r  t h e  Douglas-f i r  

tussock moth through December 31, 1977. A copy of v i r t u a l l y  every document i n  

t h e  b ib l iography  i s  on f i l e  a t  t h e  Fo re s t ry  Sc iences  Laboratory,  3200 J e f f e r s o n  

Way, C o r v a l l i s ,  Oregon. I n v e s t i g a t o r s  wishing t o  o b t a i n  copies  of s p e c i f i c  

documents a r e  urged t o  w r i t e  t h e  a u t h o r ( s )  d i r e c t l y .  Usual ly ,  s p e c i f i c  

au tho r s '  c u r r e n t  add re s se s  can be ob ta ined  by w r i t i n g  t h e  s e n i o r  au tho r  of 

t h i s  b ib l iography .  Copies of documents i n  our  master  f i l e  i n  C o r v a l l i s  w i l l  

on ly  be suppl ied  a s  a  l a s t  r e s o r t .  
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was saved by t h e  spray.  

Spray depos i t  was monitored i n  sprayed and buf fe red  a r ea s .  P e s t i c i d e  
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f l u s h  of growth and t h e  newly s e t  f r u i t  and s c a r  matur ing oranges s o  t h a t  
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tussock  moth i n f e s t a t i o n  s i t e s  i n  Idaho conducted dur ing  August 1929 a r e  

p resen ted .  A complete d e s c r i p t i o n  of t h e  i n s e c t  i n  a l l  s t a g e s  of 

development and i t s  l i f e  h i s t o r y  a r e  given. Larva l  feed ing  p a t t e r n s  a r e  

deduced from l abo ra to ry  obse rva t i ons  and examinat ions of t r e e  d e f o l i a t i o n .  
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govern s u r v i v a l  r a t e  and u l t i m a t e  t r e e  damage." Only c u r r e n t  f o l i a g e  i s  

consumed dur ing  t h e  r e l e a s e  phase of an  ou tbreak ,  bu t  l a r v a e  w i l l  f eed  on 

old-growth f o l i a g e  du r ing  t h e  ou tbreak  phase. Subs i s tence  on old-growth 
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Control  - 3 

19. Blackmore, E. H. 1919. Report of t h e  P rov inc i a l  Museum of ~ a t u r a l  

H i s to ry ,  f o r  1918. V i c t o r i a ,  B.C. 16 p. 

A summary is  given of work c a r r i e d  ou t  by t h e  museum dur ing  t h e  

year .  Damage done by va r i ous  s p e c i e s  of i n s e c t s  i s  recorded,  a s  we l l  a s  



t h e i r  r e l a t i v e  abundance. A l i s t - o f  r a r e  and uncommon i n s e c t s  taken i n  

B r i t i s h  Columbia is  presen ted ,  a long  w i th  t h e  new speciinens descr ibed  i n  

t h e  province.  One of t h e  newly de sc r i bed  s p e c i e s  of Lymantr i idae is 

Hemerocampa v e t u s t a  gu lo sa  Hy. Edw. A b r i e f  ske t ch  of i ts  b io logy  is 

given. Photographs of t h e  new s p e c i e s  a r e  included.  

Re la ted  M a t e r i a l  - 3 

20. ~ o g e n s c h c t z ,  V. H. 1975. P a r a s i t e n s t u d i e n  a l s  Entsche idungsh i l fen  b e i  

d e r  i n t e g r i e r t e n  Bekampfung von Fors t schadl ingen .  [ p a r a s i t e  s t u d i e s  

a s  a i d s  i n  decision-making i n  t h e  i n t e g r a t e d  c o n t r o l  of f o r e s t  

pe s t s . ]  Z. Angew. Entomol. 78(1)  :1-4. [ I n  Ger.1 

This  paper  d e a l s  wi th  s t u d i e s  on p a r a s i t e s  f o r  i n t e g r a t e d  c o n t r o l  i n  

f o r e s t s .  "The r e s u l t s  of t h e  s t u d i e s  on p a r a s i t i s m  of t h e  two sp ruce  

damaging i n s e c t s  Orgyia a n t i q u a  and Laspeyres ia  pac to l ana  provided n o t  

on ly  b e t t e r  knowledge of t h e  ecology of t h e s e  l ep idop t e rous  s p e c i e s  bu t  

a l s o  i n d i c a t e  t h e  importance of hos t -pa r a s i t e - r e l a t i onsh ip s  a s  they  apply  

t o  f o r e s t  and environmental  p ro t ec t i on . "  

Re la ted  M a t e r i a l  - 3 

21. Bousf ie ld ,  W. E. 1974. Sampling t h e  t a r g e t  i n s e c t .  2 A e r i a l  a p p l i c a t i o n  

of i n s e c t i c i d e s  a g a i n s t  f o r e s t  d e f o l i a t o r s  (chemicals  and mic rob i a l s ) .  

Proceedings of workshop he ld  A p r i l  23-25, 1974, Univ. Mont., Missoula,  

p. 107-111. USDA For. Serv.,  S t a t e  and P r i v a t e  Fo re s t ry ,  Northern 

Region, Missoula ,  Mont. 

Techniques a r e  de sc r i bed  f o r  sampling t h e  t a r g e t  i n s e c t  t o  

measure t h e  e f f i c a c y  of a e r i a l  ope ra t i ons .  Formulas f o r  e s t ima t i ng  t h e  

popu l a t i on  va r i ance  between branches,  t r e e s ,  and a r e a s  o r  c l u s t e r s  of 

t r e e s  f o r  e s t i m a t i n g  sample s i z e  and u n i t  a r e  included.  

Outbreaks - 3 



c o n t r o l  measures used a r e  c i t e d .  Also mentioned was t h e  i n i t i a t i o n  i n  

1947 of a  s tudy  t o  determine t h e  v i a b i l i t y  and pa r a s i t i sms  of egg c l u s t e r s  

from t h e  Troy, Oregon, a rea .  

Outbreaks - 1, 2 

27. Buckman, R. E. 1974. Deadly tussock moth t h r e a t e n s  more t imber  s t ands  

i n  P a c i f i c  Northwest. West. Conserv. J. 21(1):25-31. 

A popular  account  is given of t h e  tussock moth outbreak i n  t h e  Blue 

Mountains and t h e  methods of con t ro l .  A b r i e f  review of t h e  b io logy  of 

t h e  moth, d e t e c t i o n  and p r e d i c t i o n  of popula t ion  t r ends ,  impact of 

d e f o l i a t i o n ,  and a l t e r n a t i v e s  f o r  c o n t r o l  is presen ted .  The use of DDT 

i s  c a l l e d  f o r  i f  t h e  n a t u r a l  v i r u s  inc idence  is too  low t o  suppress  t h e  

outbreak populat ion.  

Outbreaks - 2  

28. Burke, H. Em 1906. Notes on t h e  n a t u r a l  h i s t o r y  of Notolophus o s l a r i .  

I n  Minutes of t h e  209th r e g u l a r  meeting of t h e  Entomological Soc i e ty  - 
of Washington. Proc. Entomol. Soc. Wash. 8  (1 ,2)  :142-143. 

During t h e  209th meeting of t h e  Entomological Soc i e ty  of Washington, 

t h e  au tho r  exh ib i t ed  a  r a r e  tussock  moth, Notolophus o s l a r i  Barnes. This  

was t h e  f i r s t  record  of t h i s  s p e c i e s  from C a l i f o r n i a .  A d i s c u s s i o n  

followed on t h e  damage done by t h e  l a r v a e  t o  f i r ,  comparisons between t h e  

egg mass c o n s t r u c t i o n  of 2. o s l a r i  and o t h e r  c l o s e l y  r e l a t e d  s p e c i e s ,  and 

p o s s i b l e  b i o l o g i c a l  c o n t r o l  agen ts .  

Related Ma te r i a l  - 3  

29. Burke, H. E. 1930. Which i n s e c t s  a r e  t h e  important  enemies of shade,  

park ,  and ornamental t r e e s  i n  t h e  P a c i f i c  S t a t e s ?  J. Econ. Entomol. 

23 (5)  : 783-785. 



F i f t y  of t h e  most important  i n s e c t  enemies of t r e e s  used f o r  

ornamental ,  shade, and r e c r e a t i o n a l  purposes  i n  t h e  P a c i f i c  S t a t e s  a r e  

ranked i n  importance accord ing  t o  t h e  in format ion  provided by 

ques t i onna i r e s  s e n t  t o  u n i v e r s i t y ,  c i t y ,  county,  S t a t e ,  and Federa l  

personne l  working w i th  i n s e c t s .  The importance of any s p e c i e s  v a r i e s  

wi th  t h e  a rea .  Hemerocampa pseudotsuga ta  McD. was r a t ed  number 39. 

General Background 

30. Cameron, E. A. 1970. Larva l  e c l o s i o n  i n  Douglas-f i r  tussock  moth, 

Hemerocampa pseudotsugata .  Ann. Entomol. SOC. Am. 63(4):1110-1113. 

Douglas-f i r  tussock  moth "eggs were f i e l d  c o l l e c t e d  i n  n o r t h e a s t e r n  

C a l i f o r n i a ,  e a r l y  i n  December 1965, t r e a t e d  wi th  a  s o l u t i o n  of formaldehyde 

f o r  v i r u s  decontaminat ion,  then  s t o r e d  a t  2-3OC. A f t e r  s t o r a g e  f o r  

18-360 days,  eggs were observed f o r  percen t  of e c l o s i o n  and d u r a t i o n  and 

d i e l  p e r i o d i c i t y  of eclosion."  

"Both percen t  e c l o s i o n  and t h e  d u r a t i o n  of t h e  e c l o s i o n  per iod  were 

reduced by s t o r a g e  up t o  186 days. No eggs hatched a f t e r  360 days 

s t o r age .  Low h a t c h a b i l i t y  a f t e r  long pe r i ods  of s t o r a g e  may have r e s u l t e d  

from formaldehyde fumigant a c t i o n ,  su f foca t i on ,  o r  d e p l e t i o n  of s t o r e d  

energy by maintenance metabolism. 

"Continuous i l l u m i n a t i o n  o r  cons tan t  darkness  fo l lowing  s t o r a g e  

i n f l uenced  n e i t h e r  t h e  i n i t i a t i o n  of e c l o s i o n  nor  t h e  d u r a t i o n  of t h e  

e c l o s i o n  per iod.  Ec los ion  was h i g h e s t  i n  t h e  6-hr per iod  which included 

s u n r i s e ,  bu t  cont inued throughout t h e  d i e l .  Imp l i ca t i ons  of such a  

p a t t e r n  on l a r v a l  es tab l i shment  and d i s p e r s a l  i n  n a t u r e  a r e  discussed." 

Biology - 1 

31. Campbell, R. W. 1977. I n t e g r a t i o n  of program outpu ts :  Development of 

a  p e s t  management system. Bull.  Entomol. Soc. Am. 23(3):179-180. 



The l i f e  h i s t o r y  of tussock  moth and damage caused by i t  a r e  

p resen ted ,  a long  w i th  p i c t u r e s  of t h e  d i f f e r e n t  l i f e  s t age s .  Cont ro l  of 

t h e  i n s e c t  on ornamental t r e e s  is  ob ta ined  by t h e  u se  of methoxychlor o r  

B a c i l l u s  t h u r i n g i e n s i s  (Dipel?) sp r ay  a p p l i c a t i o n .  

General Background 

37. Carnegie ,  J. W., and G. S. Beaudreau. 1969. Deoxyribonucleic  a c i d  

s y n t h e s i s  i n  i n s e c t  l a r v a e  a f t e r  i n o c u l a t i o n  w i th  nuc leopolyhedros i s  

v i r u s .  J. Vi ro l .  4 (3)  :311-312. 

DNA s y n t h e s i s  by Hemerocampa pseudotsuga ta  a f t e r  i n o c u l a t i o n  w i th  

nuc leopolyhedros i s  v i r u s  occurs  i n  a  l a r g e  b u r s t ,  72 t o  96 h r  a f t e r  

i n f e c t i o n  and con t i nues  through t h e  5 t h  day of t h e  d i s e a s e  cyc le .  

Biology - 5 

38. Chauthani,  A. R., and D. Claussen. 1968. Rearing Douglas-f i r  tussock 

moth l a r v a e  on s y n t h e t i c  media f o r  t h e  produc t ion  of nuc l ea r  

po lyhedros i s  v i r u s .  J. Econ. Entomol. 61(1):101-103. 

"A t echnique  f o r  r e a r i n g  l a r v a e  of t h e  Douglas-f i r  tussock  moth, 

Hemerocampa pseudotsuga ta  McDunnough, i n  l a r g e  numbers on a  s y n t h e t i c  

medium f o r  t h e  produc t ion  of nuc l ea r  po lyhedros i s  v i r u s  is  descr ibed .  

The i n s e c t  was r ea r ed  from t h e  egg s t a g e  g e n e r a l l y  t o  t h e  4 t h  and 5 t h  

i n s t a r  be fo r e  i n f ec t i on . "  Egg masses were c o l l e c t e d  from t h e  f i e l d  and 

s t o r e d  a t  4OC t o  f u l f i l l  d iapause  requirements .  Sur face  s t e r i l i z a t i o n  of 

t h e  egg w i th  a  10% formaldehyde s o l u t i o n  provided v i ru s - f r ee  la rvae .  The 

s y n t h e t i c  d i e t  used t o  r e a r  t h e  l a r v a e  is  included.  Virus  i n f e c t i o n  of 

t h e  l a r v a e  was i n i t i a t e d  25 days a f t e r  e c lo s ion ,  when l a r v a e  had an 

average weight of 310 mg. I n f ec t ed  l a r v a e  were c o l l e c t e d  8-12 days a f t e r  

i n f e c t i o n ,  l y o p h i l i z e d ,  and placed i n  vacuum sea l ed  j a r s .  Mor t a l i t y  of 

l a r v a e  be fo r e  i n f e c t i o n  was ve ry  low. 

Biology - 6;  Cont ro l  - 9 



39. C i e s l a ,  W. M. 1975. P i l o t  c o n t r o l  p r o j e c t s  of chemical and mic rob i a l  

i n s e c t i c i d e s  a g a i n s t  Douglas-f i r  tussock  moth - 1974. West. For. 

and Conserv. Assoc., Perm. Assoc. Proc. 1974:16-18. Por t land ,  Oreg. 

T e s t s  of chemical and microb ia l  i n s e c t i c i d e s  were c a r r i e d  ou t  i n  

1974 t o  f i n d  an  a l t e r n a t i v e  t o  DDT f o r  c o n t r o l l i n g  t h e  Douglas-f i r  tussock  

moth. F ive  p i l o t  c o n t r o l  p r o j e c t s  were conducted: Sevin-4-oil and 

B a c i l l u s  t h u r i n g i e n s i s  (B. t .) , app l i ed  n e a r  Missoula,  Montana, wi th  

Sevin-4-oil caus ing  a  90 t o  99% reduc t i on  i n  popu l a t i on  and B a t .  caus ing  

a  73% reduc t ion ;  Sevin,  Dylox, and DDT, app l i ed  n e a r  Halfway, Oregon, 

wi th  Sevin causing a  53-89.5% r educ t i on ,  Dylox w i th  a  70-83.1% r educ t i on ,  

and DDT a 100% popu l a t i on  reduc t ion ;  B a t .  and nuc leopolyhedros i s  v i r u s  

app l i ed  i n  Idaho, wi th  bo th  sp r ays  abor ted  because of a  93% popu l a t i on  

r educ t i on  from n a t u r a l  v i r u s  i n f e c t i o n ;  Sevin-4-oil app l i ed  i n  Idaho, 

wi th  an 83.15-96.77% popu l a t i on  reduc t ion ;  and Dylox i n  Oregon, wi th  a  

68.4% and 78.6% r educ t i on  be fo r e  a  n a t u r a l  popu l a t i on  c o l l a p s e  occurred.  

Problems encountered dur ing  t h e  spray  programs were d i scussed .  

Control  - 1, 2 ,  5, 6  

40. C i e s l a ,  W. M. 1977. Douglas-f i r  tussock  moth: D i r ec t  c o n t r o l  w i th  

chemical and microb ia l  i n s e c t i c i d e s .  Bul l .  Entomol. Soc. Am. 

23 (3)  : 174-176. 

The e f f o r t  d i r e c t e d  toward t h e  development of chemical and mic rob i a l  

i n s e c t i c i d e s  f o r  Douglas-f i r  tussock  moth c o n t r o l  is descr ibed .  Laboratory 

s c r een ing  procedures ,  f i e l d  experiments ,  and p i l o t  c o n t r o l  p r o j e c t s  have 

been d i r e c t e d  toward b r i ng ing  c a r b a r y l ,  t r i c h l o r f o n ,  acepha te ,  and TH 

6040 t o  o r  c l o s e  t o  r e g i s t r a t i o n .  B a c i l l u s  t h u r i n g i e n s i s  and t h e  tussock  

moth nuc leopolyhedros i s  v i r u s  have been t e s t ed .  Improvement of a p p l i c a t i o n  

technology ha s  a l s o  rece ived  cons iderab le  r e s ea r ch  a t  t e n t  ion. 



The r e sea r ch  ha s  r e s u l t e d  i n  t h e  r e g i s t r a t i o n  of Thu r i c ide  16B 

(commercial c. fo rmula t ion)  and t h e  nucleopolyhedrosis  v i r u s  f o r  tussock  

moth con t ro l .  

Control  - 1, 5 ,  6 ,  7  

41. C i e s l a ,  W. M., S. Kohler,  J. E. Dewey, and M. D. McGregor. 1976. F i e l d  

e f f i c a c y  of a e r i a l  a p p l i c a t i o n s  of c a r b a r y l  a g a i n s t  Douglas-f i r  

tussock  moth. J. Econ. Entomol. 69(2):219-224. 

"Sevin-4-oil, a n  o i l  suspens ion  of c a r b a r y l ,  was app l i ed  by h e l i c o p t e r  

t o  f o r e s t e d  a r e a s  i n f e c t e d  by Orgyia pseudotsuga ta  (Mc~unnough), i n  

wes te rn  Montana and no r the rn  Idaho. Dosage was 2 l b  ~110 .75  g a l  of 

c a r r i e r l a c r e .  Spray was app l i ed  t o  1 s t - i n s t a r  l a r v a e  i n  Montana and 3 rd  

and 4 t h  i n s t a r s  i n  Idaho. Treatments provided a  high degree of i n s e c t  

m o r t a l i t y  and measurable f o l i a g e  p r o t e c t i o n ;  t h e  r e s i d u a l  popu l a t i on  d id  

no t  produce egg masses i n  s u f f i e n t  q u a n t i t y  t o  r epopu l a t e  i n f e s t e d  areas." 

Control  - 1 

42. Cleary,  B., and J. Brown. 1974. A f t e r  t h e  tussock  moth: s a lvage ,  

r e h a b i l i t a t i o n ,  p ro t ec t i on :  A guide  f o r  f o r e s t  landowners. Oreg. 

S t a t e  Univ. Ext. S e n .  Spec. Rep. 422, 35 p. 

This  p u b l i c a t i o n  d i s cus se s  tussock  moth damage, s a lvage  c u t t i n g  

o p p o r t u n i t i e s ,  r e h a b i l i t a t i o n  and r e f o r e s t a t i o n  methods, p r o t e c t i o n  

measures,  a v a i l a b l e  he lp ,  and a p p l i c a b l e  S t a t e  laws. Appended a r e  l is ts  

of l o c a l  sawmil ls ,  t r e e  n u r s e r i e s ,  h e l p f u l  p u b l i c a t i o n s ,  and important  

tree s p e c i e s  i n  t h e  n o r t h e a s t e r n  Oregon and e a s t e r n  Washington f o r e s t s .  

General Background; Outbreaks - 5 

43. Cole, W. E. 1957. Douglas-f i r  tussock  moth a p p r a i s a l  survey i n  Owyhee 

County, Idaho. USDA For. Serv. In te rmt .  For. and Range Exp. Stn., 

Ogden, Utah. 4  p. Unpubl. 



An i n f e s t a t i o n  of t h e  Douglas-f i r  tussock  moth was d e t e c t e d  i n  

August 1956. An a p p r a i s a l  survey  was conducted i n  September 1957, and 

about  26,000 a c r e s  were found i n f e s t e d .  The au tho r  p r ed i c t ed  t h a t  

d e f o l i a t i o n  would occur  a g a i n  i n  1958 even though h e  found a h igh  degree  

of p a r a s i t  i s m .  

Outbreaks - 2 

44. Cole,  W. E. 1958. Douglas-f i r  tussock  moth s i t u a t i o n  i n  Owyhee County, 

Idaho,  1958. USDA For. Serv. In te rmt .  For. and Range Expo Stno,  

Ogden, Utah. 4 p. Unpubl. 

I n  August 1956, a n  i n f e s t a t i o n  of t h e  Douglas-f i r  tussock  moth was 

r epo r t ed  i n  t h e  Owyhee Mountains, Idaho. D e f o l i a t i o n  ranged from 60 t o  

70%, and a h igh  degree  of p a r a s i t i s m  was ev iden t .  The a r e a  was checked 

i n  1957 and d e f o l i a t i o n  e s t ima t ed  a t  less than  50% wi th  19.5% pupal  

pa r a s i t i sm .  Large numbers of sawfly l a r v a e  were p r e sen t  a l s o .  Cont ro l  

o p e r a t i o n s  by a e r i a l  sp r ay ing  were recommended, and p l ans  were formulated.  

But i n  l a t e  1957 dead l a r v a e  and pupae were found showing symptoms of 

v i r u s  d i s ea se .  Presence of v i r u s  was confirmed, and c o n t r o l  p l a n s  were 

cance l led .  The a r e a  was sampled each month from June  through October  1958 

f o r  f e ed ing  of tussock  moths and s a w f l i e s ,  bu t  on ly  f o r  t h e  tussock  moth 

pupal  populat ion.  Popula t ions  of bo th  tussock  moths and s a w f l i e s  had 

g r e a t l y  decreased  i n  a l l  bu t  one a r ea .  Larva l  samples were taken  and 

analyzed f o r  t h e  amount of v i r u s  p r e sen t .  

Outbreaks - 2 

45. Condrashoff,  S. F., and J. Grant.  1962. Sampling Douglas-f i r  tussock  

moth popula t ions .  Can. Dep. For. ,  For. Entomol. and Pathole  Branch 

Bi-Mon. Prog. Rep. 18 (4) :3. 

I n  t h e  summer of 1961 s e v e r a l  l o c a l i z e d  i n f e s t a t i o n s  of t h e  

Douglas-f i r  t u s sock  moth were observed i n  t h e  North Okanagan, B r i t i s h  



Columbia. "Three sample p l o t s  were e s t a b l i s h e d  i n  s e p a r a t e  a r e a s  t o  

d e t e c t  any f u t u r e  expansion of t h e  i n f e s t a t i o n s ,  t o  a s s e s s  t r e e  m o r t a l i t y  

and t o  o b t a i n  in format ion  on d i s t r i b u t i o n  of cocoons and egg masses i n  

t h e  t r e e s .  . . . Severe ly  d e f o l i a t e d  t r e e s  con ta ined  ove r  twice  t h e  

concen t r a t i on  of cocoons of t h e  l i g h t l y  d e f o l i a t e d  t r e e s ,  whereas t h e  

average concen t r a t i on  of egg masses was about equal." Male and female 

l a r v a e  pupa te  i n  d i f f e r e n t  s i tes--females  i n  g reen  f o l i a g e  and males more 

o r  l e s s  a t  random. Success fu l  emergence of a d u l t s  decreased w i th  crown 

l e v e l .  

Outbreaks - 3 

46. Congressional  Record - House. 1969. A t e chno log i ca l  a l t e r n a t i v e  t o  

p e s t i c i d e s .  June  27, 1969:17646. H5359. 

On June  27, 1969, M r .  Hosmer of C a l i f o r n i a ,  spoke about  a  v i r u s  

which is s p e c i f i c  f o r  t h e  Douglas-f i r  tussock  moth a s  an  a l t e r n a t i v e  t o  

DDT c o n t r o l .  The USDA Fore s t  Se rv i ce  i s  working w i t h  t h e  Atomic Energy 

Commission's Oak Ridge Na t i ona l  Laboratory t o  p u r i f y  t h e  v i r u s .  D r .  M. 

E. Mart ignoni  e s t a b l i s h e d  t h e  t o x i c i t y  of t h e  v i r u s  toward t h e  tussock  

moth and asked t h a t  t h e  p r o j e c t  be  i n i t i a t e d .  The zonal  c e n t r i f u g i n g  

system wi th  a  K-11-C r o t o r  system was used t o  p u r i f y  t h e  v i r u s .  The 

c e n t r i f u g e  system reduces  t h e  b a c t e r i a  p r e sen t  i n  t h e  v i r u s  homogenate t o  

a  l e v e l  s a f e  f o r  u se  on watersheds. 

Control  - 6 

47. Cr i sp ,  W. 1974. The tussock  moth s c a r e ,  w i l l  i t  co l l ap se?  Am. For. 

80(4)  :58-63. 

This  paper  is  a  r e p o r t  on t h e  EPA p u b l i c  hea r i ng  of January  1974 on 

t h e  USDA Fore s t  S e r v i c e  a p p l i c a t i o n  t o  use  DDT a g a i n s t  t h e  c u r r e n t  

Douglas-f i r  tussock  moth i n f e s t a t i o n  i n  Washington, Oregon, and Idaho. 

Proponents of t h e  u s e  of DDT were l e d  by Sena tor  Robert Packwood, and t h e  

oppos i t i on  was r ep re sen t ed  by William Van Dyke of OSPIRG. Arguments f o r  



DDT were based on t h e  p o t e n t i a l  damage t o  t imber  and watershed va lue s  i f  

t h e  ou tbreaks  were no t  qu ick ly  h a l t e d ,  coupled w i th  t h e  l a ck  of r e g i s t e r e d  

a l t e r n a t i v e  chemical con t ro l s .  OSPIRG and t h e  Oregon Environmental 

Council  ques t ioned  t h e  Fo re s t  Se rv i ce  e s t i m a t e  of p o t e n t i a l  damage and 

i t s  test r e s u l t s  wi th  o t h e r  chemical agen ts .  They contended t h a t  t h e  

b e n e f i t s  of DDT use  d i d  no t  outweigh t h e  hazards .  

Cont ro l  - 4 

48. Crouch, G. L., and R. F. Perkins .  1968. Planning a s u r v e i l l a n c e  program 

f o r  t h e  Douglas-f i r  tussock  moth i n  Oregon. Pe s t i c .  Monit. J. 

2 (2) : 97-100. 

"This is a b r i e f  account  of t h e  p lanning  and organ iz ing  of a 

s u r v e i l l a n c e  team t o  determine t h e  adverse  e f f e c t s ,  i f  any, of a f o r e s t  

a e r i a l  sp r ay  p r o j e c t .  P a r t i c u l a r  e f f o r t  was made t o  en su re  t h a t  a l l  

i n t e r e s t e d  persons,  o rgan i za t i ons ,  and agenc ies  were advised  of t h e  

proposed p r o j e c t  w e l l  i n  advance and i n v i t e d  t o  p a r t i c i p a t e  on t h e  

s u r v e i l l a n c e  team. . . . F i n a l  p l ans  c a l l e d  f o r  ga the r i ng  short- term 

in fo rma t ion  on t h e  e f f e c t s  of proposed DDT a p p l i c a t i o n  on b i g  game, range  

c a t t l e ,  f o r age  p l a n t s ,  water ,  a q u a t i c  i n s e c t s ,  and f i s h .  Long-term 

r e sea r ch  w i l l  i n v e s t i g a t e  l e v e l s  and p e r s i s t e n c e  of DDT i n  a q u a t i c  

environments and movement of DDT and i t s  me tabo l i t e s  from c o n i f e r  l i t t e r  

through s o i l  p a r t i c l e s . "  

Cont ro l  - 3 

49. Crouch, G. L., and R, F. Perkins .  1968, Su rve i l l ance  r e p o r t ,  1965 Burns 

P r o j e c t ,  Douglas-f i r  tussock  moth con t ro l .  Malheur and Ochoco 

Na t i ona l  Fo re s t s .  USDA For. S e n .  Pac. Northwest Reg., I n s e c t  and 

D i s .  Cont ro l  Branch, Div. Timber Manage. 20 p. Unpubl. 

This  r e p o r t  p rov ides  a record  of t h e  bu i ldup  of an  i n f e s t a t i o n  of 

t h e  Douglas-f i r  tussock  moth nea r  Burns, Oregon, i n  1965 and t h e  c o n t r o l  

and s u r v e i l l a n c e  e f f o r t s  used t o  supp re s s  it.  I n  1963, 15 a c r e s  were 



d e f o l i a t e d  by t h e  moth, and by 1964, 41,000 a c r e s  had become i n f e s t e d .  

Entomologis ts  p r ed i c t ed  t h a t  200,000 a c r e s  would become i n f e s t e d  i n  1965 

u n l e s s  c o n t r o l  measures were appl ied .  They p r ed i c t ed  t h a t  v i r u s  inc idence  

was t oo  low t o  cause  a  popula t ion  c o l l a p s e ,  and DDT was s e l e c t e d  f o r  

con t ro l .  An a n a l y s i s  f o r  DDT r e s i d u e s  was conducted on a q u a t i c  organisms, 

b i g  game animals ,  range c a t t l e ,  and fo r age  p l a n t s .  Few v i s i b l e  adverse  

e f f e c t s  of t h e  sp r ay  p r o j e c t  on nonta rge t  organisms were observed. 

Cont ro l  - 2, 3 

50. Cunningham, J. C. 1972. Pre l iminary  s t u d i e s  of nuc l ea r  po lyhedros i s  

v i r u s e s  i n f e c t i n g  whi te  marked tussock  moth, Orgyia leucostigma. 

Can. For. Serv. I n s e c t  Pathol .  Res. I n s t .  I n f .  Rep. 11 p. Unpubl. 

"Larvae of Orgyia leucost igma were found t o  be  s u s c e p t i b l e  t o  nuc l ea r  

po lyhedros i s  v i r u s e s  i s o l a t e d  from Hemerocampa (Orgyia) pseudotsuga ta  and 

0. a n t i q u a  a s  we l l  a s  t o  t h e i r  homologous v i r u s .  A very  marked d i f f e r e n c e  - 
i n  s u s c e p t i b i l i t y  t o  v i r u s  was found between f i r s t -  and fou r th - i n s t a r  

l a r v a e ,  t h e  f o u r t h - i n s t a r  l a r v a e  being extremely r e s i s t a n t .  It is  

recommended t h a t  f i e l d  a p p l i c a t i o n s  of t h e  v i r u s  be made when t h e  l a r v a e  

a r e  i n  t h e  f i r s t  i n s t a r ,  and a n  approximate dosage r a t e  is suggested." 

Related M a t e r i a l  - 3 

51. Dahls ten,  D. L. ,  E. A. Cameron, and W. A. Copper. 1970. D i s t r i b u t i o n  

and p a r a s i t i z a t i o n  of cocoons of t h e  Douglas-f i r  tussock  moth, 

Hemerocampa pseudotsuga ta  (Lepidoptera:  ~ y m a n t r i i d a e ) ,  i n  a n  i s o l a t e d  

i n f e s t a t i o n .  Can. Entomol. 102 (2)  : 175-181. 

" ~ o u g l a s - f i r  tussock  moth cocoons were c o l l e c t e d  and t h e i r  

d i s t r i b u t i o n  recorded by crown l e v e l  on whi te  f i r ,  Abies concolor ,  i n  

n o r t h e a s t e r n  Ca l i f o rn i a .  Nine t r e e s  were sampled i n  two d e f o l i a t i o n  

c l a s s e s ,  l i g h t  (20 t o  30% d e f o l i a t e d )  and moderate t o  heavy (50 t o  80% 

d e f o l i a t e d ) .  Cocoons were more abundant i n  t h e  lower crown l e v e l s  a s  

d e f o l i a t i o n  became g r e a t e r .  The p ropo r t i on  of female cocoons increased  

toward t h e  lower l e v e l s  of t h e  crown. An o v e r a l l  sex  r a t i o  of 1.2 

males : 1.0 females  was recorded. S i g n i f i c a n t l y  more male cocoons were 



p a r a s i t i z e d  t han  female. A l is t  of t h e  n a t u r a l  enemies of t h e  tussock  

moth i n  t h e  s t udy  a r e a  is  given." P a r a s i t i z a t i o n  played a n  important  

p a r t  i n  t h e  c o l l a p s e  of t h e  populat ion.  I n  a d d i t i o n ,  some females  emerged 

s u c c e s s f u l l y  from t h e i r  cocoons bu t  d id  no t  ov ipos i t .  Th is  may have been 

due t o  t h e  v i r u s  d i s e a s e  p r e sen t  i n  t h e  epidemic popu l a t i on  i n  1965. 

Biology - 3; Host Re l a t i onsh ip s  - 1; Outbreaks - 4 

52. Dahls ten,  D. L., and R. F. Luck. 1972. Eva lua t ion  of t h e  n a t u r a l  enemy 

complex of t h e  Douglas-f i r  tussock  moth a t  t h r e e  s i t e s  i n  t h e  

E l  Dorado Nat iona l  Fores t .  P a r t  V I .  R e s u l t s  of f i e l d  experiments  

f o r  c o n t r o l l i n g  Douglas-f i r  tussock  moth wi th  a e r i a l  a p p l i c a t i o n  of 

po lyhedros i s  v i r u s  and a s s o c i a t e d  s t u d i e s .  Progress  r epo r t .  USDA 

For. Serv.,  Pac. Northwest For. and Range Exp. Stn. ,  C o r v a l l i s ,  

Oreg. 4 p .  Unpubl. 

Th i s  p r e l im ina ry  r e p o r t  is  on a  s t udy  t o  determine t h e  n a t u r a l  enemy 

complex of t h e  tussock  moth, t o  a s s o c i a t e  t h e  va r i ous  p a r a s i t e s  and 

p r eda to r s  wi th  t h e  s t a g e s  of t h e  l i f e  cyc l e  of t h e  moth, and t o  e v a l u a t e  

t h e i r  impact on t h e s e  s t age s .  A l t e r n a t e  h o s t s  of t h e  n a t u r a l  enemies 

were sampled a s  wel l .  The s t udy  inc luded  a n  a t tempt  t o  d e s c r i b e  t h e  

complex of s p i d e r s  on whi te  f i r  and t o  e v a l u a t e  t h e i r  e f f e c t i v e n e s s  a s  

p r eda to r s  of t h e  tussock  moth. Eggs, l a r v a e ,  and cocoons were sampled 

and l abo ra to ry  r ea r ed  t o  determine p a r a s i t e s .  A p a r t i a l  l is t  of known 

n a t u r a l  enemies of t h e  tussock  moth i n  E l  Dorado County is  presen ted  a s  

is a  p re l iminary  l i s t i n g  of t h e  percen t  of egg and cocoon p a r a s i t i z a t i o n .  

Biology - 3; Host Re l a t i onsh ip s  - 1 

53. Dahls ten,  D. L., R. F. Luck, E. I. Schl inger ,  J. M. Wenz, and W. A. 

Copper. 1977. P a r a s i t o i d s  and p r eda to r s  of t h e  Douglas-f i r  tussock  

moth, Orgyia p seudo t suga t a  (Lepidoptera: ~ y m a n t r i i d a e )  , i n  low t o  

moderate popula t ions  i n  c e n t r a l  Ca l i f o rn i a .  Can. Entomol. 

109 (5) :727-746. 

"Douglas-fir  tussock  moth, Orgyia pseudotsuga ta  (McDunnough), 

popula t ions  were s t u d i e d  on whi te  f i r  a t  f o u r  a r e a s  i n  c e n t r a l  S i e r r a  



Nevada mountains of C a l i f o r n i a  during.1971-73. L i f e  t a b l e s  were 

cons t ruc t ed  f o r  f o u r  popu l a t i ons  i n  El  Dorado County. The number of eggs 

p e r  egg mass decreased and t h e  percen tage  eggs p a r a s i t i z e d  doubled w i th  

d e c l i n i n g  moth popula t ions .  Hymenopterous p a r a s i t o i d s  were c o l l e c t e d  

from a l l  immature s t a g e s  of t h e  moth: 1 egg p a r a s i t o i d ,  Telenomus 

c a l i f o r n i c u s  Ashmead, 6  s p e c i e s  of l a r v a l  p a r a s i t o i d s ,  p r i n c i p a l l y ,  

Hyposoter sp . ,  and 13 s p e c i e s  of l a rva l -pupa l  p a r a s i t o i d s .  Tachin ids  

were predominant and accounted f o r  73% of t h e  p a r a s i t o i d i s m  of t h e  cocoons 

i n  1971. The apparen t  m o r t a l i t y  of female pupae due t o  t h e  p a r a s i t o i d  

complex was g r e a t e r  t han  97% i n  1971 and 75% i n  1972. One popu l a t i on  i n  

P l ace r  County co l l ap sed  i n  1971, appa ren t l y  due t o  a  combination of h e a t  

exhaus t ion  and low l e v e l s  of v i r u s  i n f e c t i o n .  Other  d e f o l i a t o r s ,  s p i d e r s ,  

and s e v e r a l  p r eda to ry  i n s e c t  s p e c i e s  were c o l l e c t e d  from t h e  f o l i a g e  

samples s imul taneous ly  w i th  t h e  tussock moth dur ing  l a r v a l  sampling. 

Twelve s p e c i e s  of ' f r e e  l i v i n g '  s p i d e r s  which could be  capable  of p rey ing  

on t h e  d e f o l i a t o r  complex of wh i t e  f i r  were co l l e c t ed .  P a r a s i t o i d s  and 

p r e d a t o r s  appear  t o  be p o t e n t i a l l y  important  b i o t i c  f a c t o r s  a t  low t o  

moderate h o s t  popu l a t i on  l e v e l s .  This  is t h e  f i r s t  recorded ca se  where 

a n  agent  o t h e r  t han  t h e  nuc leopolyhedros i s  v i r u s  has  been r e spons ib l e  f o r  

t h e  c o l l a p s e  of a  Douglas-f i r  tussock  moth population." 

Biology - 3 ,  Host Re l a t i onsh ip s  - 1. 

54. Dahls ten,  D. L., and G. M. Thomas. 1969. A nuc leopolyhedros i s  v i r u s  i n  

popu l a t i ons  of t h e  Douglas-f i r  tussock  moth, Hemerocampa 

pseudotsuga ta ,  i n  C a l i f o r n i a .  J. Inve r t eb r .  Pa tho l .  13(2)  :264-271. 

"A nuc leopolyhedros i s  v i r u s  of t h e  Douglas-f i r  tussock  moth, 

Hemerocampa pseudotsuga ta ,  was found i n  t h e  wh i t e  f i r  f o r e s t s  of C a l i f o r n i a  

f o r  t h e  f i r s t  time. Tussock moth popula t ions  dec l i ned  i n  1965, and t h i s  

v i r u s  may be  one of t h e  important  m o r t a l i t y  f a c t o r s .  Egg masses were 

c o l l e c t e d  i n  s e l e c t e d  s t udy  a r e a s  and t h e  l a r v a e  r e a r e d  i n  p e t r i  d i s h e s  

on an  a r t i f i c i a l  d i e t .  Larvae were a l s o  c o l l e c t e d  i n  s e v e r a l  i n s t a r s  

du r ing  t h e  cou r se  of t h e  summer and r ea r ed  i n d i v i d u a l l y  i n  p e t r i  d i shes .  

An a t tempt  was made t o  de s ign  a  survey technique  t h a t  would i n d i c a t e  t h e  

r a t e  of d e c l i n e ,  due t o  v i r u s ,  of tussock  moth popu l a t i ons  i n  t h e  f i e l d .  



Further refinement will be necessary before egg-mass collections can be 

used as a survey tool, but these studies indicate a good potential. 

Evidence from this study shows the rate of dying in sample dishes in the 

laboratory to be related to the rate of larval mortality in the field. 

The primary use of such a survey would be an indicator to those making 

pest control decisions," 

Biology - 5 

55. Daterman, G. E., R. L. Livingston, and R. G. Robbins. 1977. How to 

identify tussock moths caught in pheromone traps. U.S. Dep. &rice, 

Agric. Handb, 517, 14 p. Combined Forest Pest Research and 

Development Program. 

Sticky traps baited with synthetic tussock moth pheromone 

((Z)-6-heneicosen-11-one) used to detect and monitor Douglas-fir tussock 

populations, frequently attract moths of closely related species. This 

pictorial guide identifies species likely to be trapped between August 

and mid-November in the Western U.S. and British Columbia. The guide 

distinguishes 2. pseudotsugata, 2. cana, 2. antiqua, 2. leucostiama, 
Ilasychira vagans grisea, 2. grisefacta ella, and species of Geometridae. 
Biology - 2; Outbreaks - 2, 3. 

56. Daterman, G, E., L. J. Peterson, R. G. Robbins, L. L. Sower, G. D. Daves, 

Jr,, and R. G. Smith. 1976. Laboratory and field bioassay of the 

Douglas-fir tussock moth pheromone, (Z)-6-heneicosen-11-one, Environ. 

Entomol, 5 (6) :1187-1190. 

"Laboratory bioassay demonstrated that the pheromone 

(Z)-6-heneicosen-11-one, its (E)-stereoisomer, and an epoxide (2)-6,7- 

epoxyheneicosen-11-one are all attractive to the male Douglas-fir tussock 

moth, Orgyia pseudotsugata (McDunnough). The pheromone was approximately 

27 times more attractive than the (E)-isomer and 300 times more attractive 

than the epoxide. An alcohol, (Z)-6-heneicosen-11-01, was found to have 

a weak inhibitory effect on pheromone response. 



"In t h e  f i e l d ,  dosages of s y n t h e t i c  pheromone a s  low a s  10 ng 

cap tured  males and 50-ng b a i t s  were s t i l l  a t t r a c t i v e  a f t e r  7 days '  

exposure. A con t ro l l ed - r e l ea se  formula t ion ,  e m i t t i n g  pheromone a t  an 

e s t ima t ed  r a t e  of 4 ng/min a t  25OC, approached bu t  d id  n o t  equa l  t h e  

a t t r a c t i v e n e s s  of a l i v e  female. It i s  l i k e l y  t h a t  an  a d d i t i o n a l  compound 

is p re sen t  i n  t h e  n a t u r a l  pheromone t h a t  is  r equ i r ed  t o  op t imize  response 

t o  t h e  s y n t h e t i c  p r epa ra t i on .  

"(2)-heneicosen-11-one i s  a l s o  a n  e f f e c t i v e  a t t r a c t a n t  f o r  t h e  

wes te rn  tussock  moth, 2. cana Edwards, t h e  r u s t y  tussock  moth, 2. a n t i q u a  

(Linn.) ,  Dasychira  vagans g r i s e a  (Barnes and ~ c ~ u n n o u g h ) ,  and 2. 
g r i s e f a c t a  e l l a  ~ r y k . "  

Biology - 2; Re la ted  M a t e r i a l  - 3 

57. Daterman, G. E., and L. L. Sower. 1977. Douglas-f i r  tussock  moth 

pheromone r e sea r ch  us ing  con t ro l l ed - r e l ea se  systems. 1977 In to  

Cont ro l led  Release  P e s t i c .  Symp. Proc., August 22-24, C o r v a l l i s ,  

Oreg., p. 68-77. Oreg. Agric. Exp. Stn.,  and Coil. Sc i . ,  Oreg. 

S t a t e  Univ., Co rva l l i s .  

The r e sea r ch  e f f o r t  w i th  t h e  s ex  pheromone of t h e  Douglas-f i r  tussock  

moth t o  dev i s e  survey and c o n t r o l  t echniques  and t h e  requirements  of a 

c o n t r o l l e d  r e l e a s e  system f o r  pheromone d i s s emina t i on  a r e  examined. 

Survey t r app ing  r e q u i r e s  a weak bu t  long- las t ing  pheromone b a i t  system 

t h a t  can cap tu r e  moths i n  p ropo r t i on  t o  popu l a t i on  numbers. S t rong  b a i t s  

f i l l  t r a p s  t o  c apac i t y  i n  a s h o r t  t i m e  even i n  low popula t ions .  Cont ro l  

of  t h e  tussock  moth wi th  pheromones r e q u i r e s  a h igh  r a t e  of r e l e a s e  t o  

ach ieve  mating d i s rup t i on .  The formula t ions  necessary  t o  s a t i s f y  t h e s e  

requirements  a r e  d i scussed .  

Biology - 2 ,  Outbreaks - 2,  3 ;  Cont ro l  - 10 

58. Dewey, J. E. 1975. Douglas-f i r  tussock  moth r e sea r ch  and development 

h i g h l i g h t s .  West. For. and Conserv. Assoc., Perm. Assoc. Proc. 

1975:66-67. Po r t l and ,  Oreg. 



Hi gh l igh t s  of t h e  accomplishments of t h e  3-year USDA Expanded 

Douglas-f i r  Tussock Moth Research and Development Program a r e  p resen ted .  

In format ion  h a s  been ga thered  on f a c t o r s  of n a t u r a l  popu l a t i on  c o n t r o l ,  

phys i ca l  and geographic  f a c t o r s  c o n t r i b u t i n g  t o  ou tbreak  popula t ions ,  

uses  of Douglas-f i r  tussock  moth s e x  pheromones, p o s s i b l e  chemical and 

mic rob i a l  i n s e c t i c i d e s  f o r  tussock  moth c o n t r o l ,  and improved methods of 

a e r i a l  a p p l i c a t i o n  of i n s e c t i c i d e s .  

Re la ted  Ma te r i a l  - 2 

59. Dodge, H. R. 1956. An a n a l y s i s  of Douglas-f i r  tussock  moth cocoons, 

w i n t e r  of 1955-56, wi th  r e f e r ence  t o  t h e  t r e n d  of t h e  c u r r e n t  

ou tbreak  i n  e a s t e r n  Washington. USDA For. Serv. In te rmt .  For. and 

Range Exp. S tn . ,  Missoula,  Mont. 9  p. Unpubl. 

I n  t h e  summer of 1955 t h e  Douglas-f i r  tussock moth d e f o l i a t e d  9,000 

a c r e s  i n  e a s t e r n  Washington. A ground survey of cocoons was made i n  t h e  

w in t e r  of 1955-1956 t o  determine whether a e r i a l  spray ing  would be  

necessary.  Cocoons were c o l l e c t e d  from t h r e e  areas--one i n  t h e  main 

f o r e s t  i n f e s t a t i o n ,  ano the r  where farmsteads ad j acen t  t o  t h e  f o r e s t  were 

i n f e s t e d ,  and t h e  l a s t  one where f i r s  a r e  found on ly  on farmsteads.  A 

low r a t i o  of new t o  o ld  egg masses was found, i n d i c a t i n g  a  subs id ing  

popula t ion  i n  a l l  a r ea s .  Only 14.3% of t h e  t o t a l  cocoons y i e lded  egg 

masses. Pa r a s i t i sm  i n  t h e  f o r e s t e d  r eg ion  was 71.3%; i n  t h e  farmstead 

reg ions  i t  was 35.6 - 60.0%. Su rv iva l  of t h e  eggs appeared t o  be good, 

and l a r v a e  hatched abundant ly  i n  t h e  labora tory .  S ince  t h e  age of t h e  

cocoons could no t  be  determined,  t h e  p a r a s i t i s m  counts  were s u b j e c t  t o  

some e r r o r .  The i n f e s t a t i o n  w i l l  probably subs ide  i n  t h e  f o r e s t e d  r eg ion  

bu t  w i l l  con t inue  i n  t h e  farmsteads because of low pa ra s i t i sm .  

Outbreaks - 2 

60. Dodge, H. R. 1956. I n s t r u c t i o n s  f o r  t h e  c o n t r o l  of t h e  tussock  moth i n  

n o r t h e a s t e r n  Washington i n  1956. USDA For. Serv. Intermt.  For. and 

Range Exp. Stn. ,  Missoula,  Mont. 6  p. Unpubl. 



I n s t r u c t i o n s  a r e  g iven  f o r  Douglas-f i r  tussock  moth c o n t r o l  i n  smal l  

s eve r e  ou tbreaks ,  such a s  t h e  farmstead i n f e s t a t i o n s  which c h a r a t e r i z e d  

t h e  1953-54 C o l v i l l e ,  Washington, epidemic. I n  t h e s e  i n f e s t a t i o n s ,  smal l  

groups of f i r  t r e e s ,  surrounded by farm land ,  had s eve re  d e f o l i a t i o n  and 

a low r a t e  of pa r a s i t i sm .  Control  measures i nc lude  a e r i a l  o r  ground 

a p p l i c a t i o n  of DDT o r  l ead  a r s ena t e .  Timing of a p p l i c a t i o n  and 

a p p l i c a t i o n  procedures  a r e  d i scussed .  

Control  - 1, 2. 

61. Dodge, H. R. 1956. Tussock moth t h r e a t e n s  timber.  West. Conserv. J. 

13(1):36, 40, 42-43, 45, 50. 

A popular  account  is g iven  of a tussock moth ou tbreak  i n  Washington 

and Idaho. L i f e  h i s t o r y ,  popu l a t i on  dynamics, n a t u r a l  c o n t r o l  f a c t o r s ,  

and damage a r e  d i scussed .  

Outbreaks - 2 

62. Dodge, H. R. 1958. I n s e c t  survey program r e p o r t  (Douglas-f i r  tussock  

moth, P i n a l  Mountains, Arizona).  USDA For. Ser.  In te rmt .  For. and 

Range Exp. Stn.,  Missoula,  Mont. 2 p. Unpubl. 

Resu l t s  of a survey of Douglas-f i r  tussock  moth cocoons taken  i n  May 

1958, i n  t h e  P i n a l  Mountain i n f e s t a t i o n  show: a n  extremely high r a t i o  of 

new egg masses compared wi th  o ld  egg masses o r  t o t a l  cocoons; a sex  r a t i o  

of t h r e e  females  p e r  male; t o t a l  m o r t a l i t y  of cocoons a t  36.8%; and a n  

average of 200 eggs pe r  mass. The P i n a l  Mountain i n f e s t a t i o n  appa ren t l y  

contained a popu l a t i on  capable  of cons iderab le  damage i n  1958. 

Incuba t ion  of 35 of t h e  sampled egg masses y i e lded  75 l a r v a e  p e r  

mass. 

Outbreaks - 2 

63. Dodge, H. R., and G. C. T r o s t l e .  1964. ~ o u g l a s - f  i r  tussock  moth. USDA 

For. Serv. For. P e s t  Lea f l .  86,  7 p. 



This  l e a f l e t  b r i e f l y  surveys  t h e  cyc l e  of Douglas-f i r  tussock  moth 

ou tbreaks ,  t h e  h o s t  range, and t h e  ev idence  of i n f e s t a t i o n .  It inc ludes  

a d e s c r i p t i o n  of t h e  l a r v a e  and a d u l t  moths, the l i f e  h i s t o r y  and h a b i t s ,  

t h e  n a t u r a l  enemies, and t h e  a l t e r n a t i v e s  f o r  chemical con t ro l .  

General  Background 

64. Downing, K. B., P. B. Delucchi ,  and W. R. Williams. 1977. Impact of t h e  

Douglas-f i r  tussock  moth on f o r e s t  r e c r e a t i o n  i n  t h e  Blue Mountains. 

USDA For. Serv. Res. Pap. PNW-224, 14  p. Pac. Northwest For. and 

Range Exp. Stn., Po r t l and ,  Oreg. 

Outbreaks - 5 

65. Dronka, K. 1974. Znamieniowka tarniowka -- niebezpieczny skodnik sadow 

jabloniowych. [Rusty tussock  moth, a dangerous p e s t  of app l e  

orchards. ]  Owoce Warz Kwiaty 13 (6) : 10-11. [ I n  Po l i sh .  1 T r a n s l a t i o n  

unava i lab le .  

Re la ted  M a t e r i a l  - 3 

66. Dumbauld, R. K . ,  H. E. Cramer, and J. W. Barry. 1975. Appl ica t ion  of 

me t eo ro log i ca l  p r e d i c t i o n  models t o  f o r e s t  sp r ay  problems. U.S. 

Amy Tech. Note. Dugway Proving Ground, Dugway, Utah. (TECOM 

P r o j e c t  No. 5-C0-403-000-051.) I n  A e r i a l  a p p l i c a t i o n  of i n s e c t i c i d e s  - 
a g a i n s t  f o r e s t  d e f o l i a t o r s  (chemicals  and microb ia l s ) .  Proceedings 

of workshop he ld  A p r i l  23-25, 1974, Univ. Mont., Missoula,  p. 32-71. 

USDA For. Serv.,  S t a t e  and P r i v a t e  For., North. Reg., Missoula,  

Mont . 
The r e p o r t  d i s c u s s e s  t h e  u se s  of meteoro log ica l  p r e d i c t i o n  models i n  

p lanning  and conduct ing a e r i a l  sp r ay  ope ra t i ons  w i th  i n s e c t i c i d e s .  The 

p r e s e n t a t i o n  i nc ludes  a d i s c u s s i o n  of model i n p u t s  and c a l c u l a t i o n s  f o r  

t h e  1974 Idaho tussock  moth test f o r  determining sp r ay  drop-size 

d i s t r i b u t i o n  and spray  d e p o s i t i o n  and concen t r a t i on  a t  t h e  f o r e s t  canopy. 

Cont ro l  - 7 



67. Eaton, C. B., and G. R. S t rub l e .  1957. The Douglas-f i r  tussock  moth i n  

Ca l i f o rn i a .  Pan-Pac. Entomol. 33(3):105-108. 

Reappra i sa l  of t h e  Hemerocampa s p e c i e s  a t t a c k i n g  f i r  i n d i c a t e s  t h a t  

t h e  tussock  moth p e r i o d i c a l l y  d e f o l i a t i n g  wh i t e  f i r  i n  C a l i f o r n i a  is 

Hemerocampa pseudotsuga ta  McDunnough. It had been m i s i d e n t i f i e d  i n  t h a t  

s t a t e  a s  11. o s l a r i  (Barnes) f o r  n e a r l y  50  years .  The i d e n t i f i c a t i o n  of 

specimens c o l l e c t e d  i n  1906 i n  Mariposa Co. a s  11. pseudo t suga t a  ex tends  

t h e  known range of t h e  Douglas-f i r  tussock  moth t o  n o r t h e a s t e r n  Ca l i f o rn i a .  

White f i r  is  t h e  primary h o s t  of t h e  Douglas-f i r  tussock  moth i n  

Ca l i f o rn i a .  It h a s  no t  been recorded from Douglas-fir .  Local  ou tb r eaks  

have p e r i o d i c a l l y  occur red  i n  t h e  no r the rn  S i e r r a  Nevada bu t  w i th  l e s s  

s e v e r i t y  t han  i n  o t h e r  s t a t e s .  

Taxonomy; Host Re l a t i onsh ip s  - 1 

68. Edwards, S. K. 1965. A c t i v i t y  rhythms of l ep idop  t e rous  d e f o l i a t o r s .  

111. The Douglas-f i r  tussock  moth, Orgyia p seudo t suga t a  (McDunnough) 

(Lipar idae)  . Can. J. Zool. 43(5)  :673-681. 

This  is  a n  ex t ens ion  of e a r l i e r  work on a c t i v i t y  rhythms of 

l ep idop t e rous  d e f o l i a t o r s  t o  t h e  Douglas-f i r  tussock  moth. Time of 

e c lo s ion ,  l a r v a l  a c t i v i t y  on f o l i a g e ,  a d u l t  emergence, and f l i g h t  were 

recorded i n  cons t an t  and n a t u r a l l y  vary ing  temperature  and l i g h t  regimes. 

Egg ha t ch  peaked a f t e r  t h e  s u n r i s e  t r a n s i t i o n ,  t a p e r i n g  o f f  a s  t h e  

day progressed.  Hatching time appa ren t l y  d id  no t  respond t o  v a r i a t i o n  i n  

temperature .  

Young l a r v a e  were a c t i v e  throughout t h e  day a t  temperatures  above 

20°c, bu t  on ly  d i u r n a l  a c t i v i t y  p e r s i s t e d  a t  a  cons t an t  temperature  of 

10°C. Feeding pe r i ods  p a r a l l e l e d  a c t i v i t y .  

The dropping of young l a r v a e  was timed more by l i g h t  than  by 

temperature .  Two peaks occur red ,  one a f t e r  s u n r i s e  and ano the r  i n  t h e  



af te rnoon .  The p o s i t i o n  of t h e  a f t e rnoon  peak was in f luenced  by 

temperature .  

La t e - i n s t a r  l a r v a e  were mainly noc tu rna l  i n  t h e  cons tan t  and vary ing  

tempera ture  regimes, and d e f o l i a t i o n  occurred a t  n igh t .  

Adult emergence and f l i g h t  of males was g r e a t e s t  about 4 h r  be fo r e  

s u n s e t ,  and t h e r e  was evidence of mating a t  t h e  same t i m e  of t h e  day. 

Heightened a c t i v i t y  a t  t h i s  t ime of t h e  day was de t ec t ed  as e a r l y  a s  t h e  

1st- and 2nd- ins ta r  l a rvae .  

"The p o s s i b l e  adap t i ve  v a l u e  of t h e s e  rhythms i n  t h e  i n s e c t s  i n  

n a t u r e  is discussed." 

Biology - 1 

69. Elgee,  E. 1975. P e r s i s t e n c e  of a v i r u s  of t h e  white-marked tussock  moth 

on balsam f i r  f o l i a g e .  Can. For. Serv. Bi-Mon. Res. Note 31(5) :33-34. 

R e s u l t s  of a s t udy  of t h e  p e r s i s t e n c e  of nuc leopolyhedros i s  v i r u s ,  

which under n a t u r a l  cond i t i ons  h a s  t e rmina ted  i n f e s t a t i o n s  of t h e  

white-marked tussock  moth, Orgyia leucost igma (J. E. Smith) ,  i n  Nova 

S c o t i a  a r e  repor ted .  

T e s t s  were conducted on balsam f i r  f o l i a g e  contaminated e i t h e r  by 

v i r u s  r e s i d u e s  of t h e  white-marked tussock  moth o r  spray  a p p l i c a t i o n s  of 

v i r u s  suspensions.  The r e l a t i o n  between t h e  s t r e n g t h  of t h e  suspension 

and v i r u s  p e r s i s t e n c e  t o  exposure was a l s o  s t ud i ed .  

" ~ e s u l t s  sugges t  t h a t  t h e  v i r u s ,  depos i t ed  on t h e  f o l i a g e  ( n a t u r a l l y  

o r  a r t i f i c i a l l y )  i n  t h e  summer, r e t a i n s  s u f f i c i e n t  a c t i v i t y  through t h e  

w in t e r  t o  k i l l  a t  l e a s t  some l a rvae ,  and t h a t  spray ing ,  even when done 

t h e  prev ious  yea r ,  i n c r e a s e s  l a r v a l  mor ta l i ty . "  Exposure of contaminated 

f o l i a g e  t o  s u n l i g h t ,  p r e c i p i t a t i o n ,  o r  bo th  reduces v i r u s  a c t i v i t y .  "The 

r a t e  of i n a c t i v a t i o n  depends on t h e  degree  of exposure of t h e  branches t o  



weathering and t h e  per iod  t o  i n a c t i v a t i o n  depends bo th  on t h e  s t r e n g t h  of 

t h e  suspens ion  and t h e  degree of exposure of t h e  branches t o  weathering." 

Re la ted  Ma te r i a l  - 3 

70. E l l e f son ,  P. V. 1974. Douglas-f i r  tussock  moth i n f e s t a t i o n :  a  cha l lenge  

t o  f o r e s t r y  p ro f e s s iona l s .  J. For. 72(6):326-327, 329. 

The paper  p r e s e n t s  a  d i s c u s s i o n  of t h e  Blue Mountain Douglas-f i r  

tussock  moth ou tbreak  (1972-1974), t h e  e x t e n t  of t h e  p r e sen t  damage, i t s  

economic impact,  and t h e  a l t e r n a t i v e s  a v a i l a b l e  f o r  con t ro l .  The USDA 

Fore s t  Se rv i ce  reques ted  emergency exemption from t h e  EPA ban on DDT, 

both i n  1973 and 1974. I n  1974, t h e  EPA gran ted  t h e  exemption provided 

c e r t a i n  cond i t i ons  be  met be fo r e  DDT a p p l i c a t i o n  and t h a t  surveys  r evea l  

popula t ions  capable  of caus ing  s i g n i f i c a n t  damage i f  l e f t  uncont ro l led .  

Spraying had t o  be conducted accord ing  t o  c e r t a i n  r e s t r i c t i o n s  e s t a b l i s h e d  

t o  minimize environmental  contaminat ion.  The Fo re s t  S e r v i c e  c o n t r o l  p l a n  

is b r i e f l y  ou t l i ned .  

Outbreaks - 2; Cont ro l  - 4 

71. Environmental P r o t e c t i o n  Agency. 1973. The Douglas-fir  tussock  moth i n  

t h e  P a c i f i c  Northwest. A seminar  sponsored by t h e  U.S. EPA 

Washington, D.C. 105 p. Unpubl. (On f i l e :  Pac. Northwest For. and 

Range Exp. Stn. ,  C o r v a l l i s ,  Oreg.) 

The t e x t s  of t h e  addresses  given a t  a  seminar on t h e  c u r r e n t  

Douglas-f i r  tussock  moth p e s t  s i t u a t i o n  i n  t h e  P a c i f i c  Northwest a r e  

presented.  The o b j e c t i v e  of t h e  seminar was t o  b r i ng  t oge the r  e x p e r t s  

from t h e  Federa l ,  S t a t e ,  academic, i n d u s t r i a l ,  and environmental  agenc i e s  

t o  exp lo r e  t h e  t e c h n i c a l  problems and r e sea r ch  needs i n  tussock  moth 

con t ro l .  

The morning s e s s i o n  concent ra ted  on d i s cus s ions  of t h e  c u r r e n t  

s t a t u s  of t h e  tussock  moth ou tbreaks  i n  Oregon and Washington, t h e  s t a t e  

of p r e sen t  knowledge of tussock moth b io logy  and ou tbreak  cyc l e s ,  and 

p r e sen t  s t r a t e g i e s  f o r  con t ro l .  



The a f t e rnoon  s e s s i o n  cen te red  on r e sea r ch  needs, bo th  i n  t h e  

a r e a s  of tussock  moth b io logy  and c o n t r o l  procedures  f o r  ou tbreak  

popula t ions .  

General Background; Related Ma te r i a l  - 2 

Environmental P r o t e c t i o n  Agency. 197b. The u se  of DDT t o  c o n t r o l  t h e  

Douglas-f i r  tussock  moth. Fed. Regis t .  39 (44) :8377-8380. 

The paper  concerns t h e  d e c i s i o n  of t h e  EPA on r e q u e s t s  of t h e  USDA 

Fore s t  S e r v i c e  and t h e  S t a t e s  of Oregon and Washington f o r  exemption of 

t h e  p r o h i b i t i o n  a g a i n s t  t h e  u se  of DDT t o  c o n t r o l  p o t e n t i a l  emergency 

ou tbreaks  of t h e  Douglas-f i r  tussock  moth. Requests were made pursuant  

t o  s e c t i o n  18 of t h e  Federa l  I n s e c t i c i d e ,  Fungicide,  and Rodent ic ide Act. 

The paper  reviews t h e  background lead ing  t o  t h e  r eques t s ,  t h e  

b io logy  of t h e  Douglas-f i r  tussock  moth, t h e  s t a t u s  of t h e  c u r r e n t  

ou tbreak  and i ts  p o s s i b l e  economic impact,  p o s s i b l e  a l t e r n a t i v e  c o n t r o l  

methods, and t h e  l e g a l  and economic f a c t o r s  under ly ing  t h e  d e c i s i o n  of 

t h e  EPA. 

The reasons  f o r  g r an t i ng  t h e  exemption t o  t h e  Fo re s t  Se rv i ce  and n o t  

t o  t h e  S t a t e s  of Oregon o r  Washington, a l ong  w i th  t h e  r e s t r i c t i o n s  and 

requirements  accompanying t h e  exemption, a r e  ou t l i ned .  

Control  - 4 

73. Eslyn, W. E. 1959. Hemerocampa pseudotsugata  McDunnough, a  new h o s t  f o r  

Beauveria  ba s s i ana  (Balsamo) Vuillemin. J. I n s e c t  Pathol .  

l ( 4 )  :434-435. 

Mummified pupae of t h e  Douglas-f i r  tussock  moth conta in ing  myce l ia l  

growth of t h e  fungus Beauveria ba s s i ana  (Balsamo) Vuil lemin were found 

under rocks  i n  t h e  Linco ln  Nat iona l  F o r e s t ,  New Mexico, i n  March 1959. 

Th i s  is  a  new h o s t  record  f o r  t h e  fungus. The phys i ca l  c h a r a c t e r i s t i c s  

of t h e  fungus a r e  descr ibed.  Its p o s s i b l e  use  i n  b i o l o g i c a l  c o n t r o l  of 

t h e  Douglas-f i r  tussock moth is suggested.  

Biology - 4 



74. Evenden, J. C. 1948. An epidemic of t h e  Douglas-f i r  tussock  moth. 

Northwest Sc i .  22 (2) :53-59. 

This  is a  b r i e f  summary of  t h e  1946 and 1947 r e p o r t s  by t h e  a u t h o r  

on t h e  Douglas-f i r  tussock  moth ou tbreak  i n  no r the rn  Idaho and t h e  a e r i a l  

a p p l i c a t i o n  of DDT used t o  c o n t r o l  t h e  problem. The paper  i nc ludes  a  

d e s c r i p t i o n  of t h e  moth, i t s  means of d i ssemina t ion ,  and a  b r i e f  h i s t o r y  

of tussock  moth epidemics i n  t h e  Northwest. 

The tussock  moth epidemic i n  no r the rn  Idaho, t h e  l a r g e s t  eve r  

recorded,  is  descr ibed .  By 1946, 350,000 a c r e s  were i n f e s t e d  and 150,000 

were s e v e r e l y  d e f o l i a t e d .  Surveys i n  1946 p r ed i c t ed  even g r e a t e r  

popu l a t i ons  of t h e  tussock  moth f o r  1947. 

A e r i a l  a p p l i c a t i o n  of DDT was timed t o  e f f e c t  maximum k i l l  of young 

l a r v a e  and minimum d i s r u p t i o n  of p redac ious  and p a r a s i t i c  i n s e c t  

popula t ions .  A s t udy  by t h e  U.S. F i sh  and W i l d l i f e  S e r v i c e  on t h e  

environmental  impact of DDT showed damage on ly  t o  some forms of a q u a t i c  

l i f e .  

Larva l  m o r t a l i t y  nea r  100% was repor ted .  

Outbreaks - 2; Cont ro l  2, 3 

75. Evenden, J. C., and E. J. J o s t .  1946. An ou tbreak  of t h e  Douglas-f i r  

tussock  moth (Hemerocampa pseudotsuga ta )  i n  Latah and Clearwate r  

Count ies ,  Idaho, 1946, a  r e p o r t .  USDA Bur. Entomol. and P l an t  

Quar., In te rmt .  For. and Range Exp. Stn. ,  Missoula,  Mont. 22 p. 

Unpub 1. 

Th i s  r e p o r t  is  on t h e  1946 Douglas-f i r  tussock  moth ou tbreak  i n  

no r the rn  Idaho. The s tudy  was conducted by t h e  Fo re s t  I n s e c t  Laboratory 

a t  Coeur d'Alene, Idaho,  under t h e  d i r e c t i o n  of t h e  Bureau of Entomology 

and P l an t  Quaran t ine  and t h e  USDA Fore s t  Serv ice .  The entomological ,  

phys i ca l ,  and economic f a c t o r s  a s s o c i a t e d  w i th  t h e  i n f e s t a t i o n  were 

eva lua ted  t o  determine t h e  a d v i s a b i l i t y  of c o n t r o l  measures. The r e p o r t  



i n c ludes  a  d e s c r i p t i o n  of t h e  Douglas-f i r  tussock  moth, i t s  sea sona l  

h i s t o r y ,  and h a b i t s .  

A  survey of t h e  a r e a  showed t h e  tussock  moth p r e sen t  i n  about  

447,000 a c r e s ,  and s eve re  d e f o l i a t i o n  occurred i n  150,000 ac r e s .  

Es t imates  of t h e  p o t e n t i a l  1947 popu l a t i on  from s t u d i e s  of egg masses i n  

t h e  f i e l d  i n d i c a t e d  a n  even g r e a t e r  number of l a r v a e  than  i n  1946. 

A e r i a l  a p p l i c a t i o n  of chemical c o n t r o l  was recommended. The f e a s i b i l i t y  

of a e r i a l  spray ing  was examined i n  d e t a i l ,  The entomological ,  

environmental ,  economic, and s o c i a l  impact of t h e  u se  of DDT f o r  t h i s  

c o n t r o l  p r o j e c t  were explored.  

Outbreaks - 2 

76. Evenden, J. C , ,  and E. J. J o s t ,  1947. Tussock moth c o n t r o l ,  n o r t h  

Idaho, 1947, a  r e p o r t ,  I n t e rmt ,  For. and Range Expo Stno,  Missoula,  

Mont. 2 8 p .  Unpubl. 

A d e t a i l e d  r e p o r t  of t h e  o rgan i za t i on ,  methodology, and r e s u l t s  of 

t h e  a e r i a l  a p p l i c a t i o n  of DDT conducted i n  t h e  s p r i n g  of 1947 a g a i n s t  a  

s e r i o u s  ou tbreak  of t h e  Douglas-f i r  tussock  moth i n  n o r t h e r n  Idaho, The 

p r o j e c t ,  t h e  l a r g e s t  of i ts kind t o  d a t e ,  was conducted w i th  t h e  

coopera t ion  of p r i v a t e ,  S t a t e ,  and Federa l  t imber  owners under t h e  

d i r e c t i o n  of t h e  USDA. The F o r e s t  Se rv i ce  superv ised  t h e  f i s c a l  and 

a d m i n i s t r a t i v e  d e t a i l s  and t h e  Bureau of Entomology and P l a n t  Quaran t ine  

d i r e c t e d  t h e  t e c h n i c a l  a spec t s .  

DDT was sprayed on 413,469 a c r e s  of land. Larva l  m o r t a l i t y  was n e a r  

100%. The U.S. F i s h  and W i l d l i f e  Se rv i ce  conducted a  survey on t h e  

environmental  e f f e c t s  of t h e  sp r ay  a p p l i c a t i o n .  Only damage t o  some 

a q u a t i c  forms was r epo r t ed ,  

An appendix i nc ludes  t y p i c a l  f i e l d  forms and a  photographic  summary 

of t h e  p r o j e c t .  

Cont ro l  - 2,  3 



77. Evergreen S t a t e  Col lege.  1973. Douglas-f i r  tussock  moth i n  t h e  

Northwest: The ca se  a g a i n s t  DDT u s e  i n  1974. Ecology and chemistry 

of p o l l u t i o n ,  Olympia, Wash. 25 p. Unpubl. (On f i l e :  Pace 

Northwest For. and Range Exp. Stn.,  C o r v a l l i s ,  Oreg.1 

An a n a l y s i s  of t h e  s t a t u s  of t h e  Douglas-f i r  tussock  moth ou tbreak  

i n  t h e  Blue Mountains, 1972-1974, and t h e  ca se  a g a i n s t  t h e  u se  of DDT f o r  

tussock  moth c o n t r o l  a r e  p resen ted  i n  a  s e r i e s  of papers  by members of 

t h e  Evergreen S t a t e  College. 

The f i r s t  paper  charges  t h a t  t h e  f o r e s t  p roduc ts  i n d u s t r y  ha s  

d i s t o r t e d  t h e  s i t u a t i o n  i n  t h e i r  r eques t  f o r  u se  of DDT f o r  tussock  moth 

con t ro l .  The remaining papers  examine each of t h e  a l l eged  d i s t o r t i o n s  

and p r e s e n t  a  d e t a i l e d  r e b u t t a l .  

Control  - 4 

78. Family Tree. 1947. Opera t ion  f l i t  gun. Family Tree  11 (9 ) ,  3 P. 

A popula r  account  i s  g iven  of a  c o n t r o l  p r o j e c t  us ing  DDT f o r  

c o n t r o l  of t h e  tussock  moth. A 300,000-acre i n f e s t a t i o n  was sprayed i n  

1947. M o r t a l i t y  of tussock  moth l a r v a e  was considered e x c e l l e n t .  

Control  - 2 

79. F lake ,  H. W., and R. L. Lyon. 1967. I n s e c t i c i d e  t e s t s  a g a i n s t  l a r v a e  of 

Hemerocampa, new s p e c i e s ,  a  tussock  moth t h a t  d e f o l i a t e s  boxe lder  i n  

New Mexico. J. Econ. Entomol. 60(2):607-608. 

S i x  i n s e c t i c i d e s  were s e l e c t e d  f o r  p re l iminary  l a b o r a t o r y  t e s t i n g  

a g a i n s t  Hemerocampa, n. sp.,  l a rvae ,  a  nu isance  p e s t  i n  1965 on boxe lder ,  

Acer negundo L., i n  sou thwes te rn  New Mexico. Tes t i ng  took p l a c e  i n  t h e  - 
l abo ra to ry  i n  an a t tempt  t o  f i n d  an  i n s e c t i c i d e  s u i t a b l e  f o r  f i e l d  use. 

Egg masses were c o l l e c t e d  and shipped t o  t h e  l abo ra to ry  a t  Berkeley, 

Ca l i f o rn i a .  The l a r v a e  were rea red  t o  5 t h  i n s t a r ,  and were he ld  dur ing  

and a f t e r  t rea tment  i n  groups of 10. "Larvae were t r e a t e d  i n d i v i d u a l l y  

by apply ing  t o  t h e  p r o t h o r a c i c  r eg ion  a  1-p1 drop of an ace tone - in sec t i c i de  



solut ion."  Py re th r i n ,  ZectranB, 2, E'-DDT, c a r b a r y l  , and SD-8530 were 

s u f f i c i e n t l y  a c t i v e  t o  me r i t  a d d i t i o n a l  t e s t s .  The i n s e c t s  were h igh ly  

t o l e r a n t  t o  malathion. 

Related M a t e r i a l  - 3 

80. Fo re s t ry  Research News. 1974. Fo re s t  Se rv i ce  r e p o r t s  r e s u l t s  of tussock  

moth research .  . . . Severa l  a l t e r n a t i v e s  t o  DDT appear  promising. 

USDA For. Serv. Pac. Northwest For. and Range Exp. Stn.,  Po r t l and ,  

Oreg. 5 p. Unpubl. 

The h i g h l i g h t s  of r e s ea r ch  i n  1974 on t h e  Douglas-f i r  tussock  moth 

a r e  given.  h he s t u d i e s  have gene ra l l y  supported t h e  theory  of a  3-year 

c y c l e  between ou tbreak  and d e c l i n e  of tussock  moth epidemics,  s u b s t a n t i a t e  

t h e  e f f e c t i v e n e s s  of DDT i n  c o n t r o l l i n g  epidemics,  and show promise f o r  

s e v e r a l  chemical and b i o l o g i c a l  a l t e r n a t i v e s  t o  DDT." Other  f i n d i n g s  

were t h a t  " t r e e  m o r t a l i t y  and damage were s t r o n g l y  r e l a t e d  t o  t h e  

percen tage  of Douglas-f i r  i n  t h e  i n f e s t e d  s t ands ,  wi th  Douglas-f i r  h i t  

h a rde r  t han  o t h e r  species ."  Trees  d e f o l i a t e d  i n  t h e  Blue Mountains were 

beginning t o  "green up" and recover .  

Control  - 1; Rela ted  Ma te r i a l  - 2 

81. Fo re s t ry  Research, What's New i n  t h e  West. 1974. A v i r u s  t h a t  k i l l s  

tussock  moths. USDA For. Serv.,  p. 4-5, 12-13. 

The r e sea r ch  by t h e  USDA Fore s t  Serv ice ,  Fo re s t ry  Sc iences  Laboratory,  

C o r v a l l i s ,  Oregon, t o  develop microb ia l  c o n t r o l  methods a g a i n s t  t h e  

Douglas-f i r  tussock  moth, is  ou t l i ned .  Both B a c i l l u s  t h u r i n g i e n s i s  and 

t h e  tussock  moth nuc leopolyhedros i s  v i r u s  have been t e s t e d  wi th  good 

r e s u l t s .  The v i r u s  is  e s p e c i a l l y  promising a s  a  c o n t r o l  agent .  T e s t s  

f o r  its impact on non t a rge t  organisms have thus  f a r  proved nega t ive .  

Fu ture  p l ans  f o r  a d d i t i o n a l  v i r u s  f i e l d  tests a r e  b r i e f l y  ou t l i ned .  

Biology - 5,  Control  - 6 

82. Fu rn i s s ,  M. M., and J. A. E. Knopf. 1971. Western tussock  moth. USDA 

For. Serv. For. P e s t  Leaf l .  120, 4  p. 



A subspec ies  of t h e  wes te rn  tussock  moth, Orgyia v e t u s t a  gu lo sa  

(Boisd.) = (Hemerocampa) is  a n  important  d e f o l i a t o r  of b i g  game browse 

p l a n t s  and f r u i t  t r e e s .  The moth occurs  i n  t h e  nor thwes te rn  United 

S t a t e s  and i n  Canada. The appearance of t h e  d i f f e r e n t  s t a g e s  and t h e  

l i f e  cyc l e  of t h e  moth a r e  descr ibed .  Natura l  enemies of t h e  tussock  

moth i nc lude  e i g h t  p a r a s i t e s ,  two p r eda to r s ,  and a  po lyhedra l  v i r u s .  

P a r a s i t e s  and p r e d a t o r s  have reduced t h e  popula t ion  by 50% i n  c i t r u s  

groves and app l e  orchards.  I n  Idaho, t h e  v i r u s  h a s  c o n t r o l l e d  moth 

outbreaks.  

Related Ma te r i a l  - 3 

83. Gay, R. L. 1973. Douglas-f i r  tussock  moth i n f e s t a t i o n  i n  Oregon. An 

environmental dilemma of n a t i o n a l  importance. OSPIRG Reports  

( A p r i l ) ,  Po r t l and ,  Oreg. 34 p. Unpubl. (On f i l e :  Pat. Northwest 

For. and Range Exp. Stn., C o r v a l l i s ,  Oreg.) 

The r e p o r t  p r e s e n t s  a  d e t a i l e d  c a s e  a g a i n s t  t h e  USDA Fore s t  Se rv i ce  

r eques t  f o r  emergency use  of DDT t o  c o n t r o l  t h e  Douglas-f i r  tussock  moth 

ou tbreak  i n  t h e  Blue Mountains i n  1973. Resu l t s  of OSPIRG r e sea r ch  a r e  

g iven  t o  suppor t  t h e  con t en t i ons  t h a t  (1) S t a t e  and Fede ra l  f o r e s t  

o f f i c i a l s  have f a i l e d  t o  show t h a t  any chemical c o n t r o l  i s  needed, and 

(2) Zec t ran  i s  a  f e a s i b l e  a l t e r n a t i v e  t o  DDT should chemical c o n t r o l  be  

necessary.  The r e p o r t  contends t h a t  (1)  t h e  Fo re s t  Se rv i ce  e s t i m a t e s  of 

p o t e n t i a l  d e f o l i a t i o n  i n  1973 were c a l c u l a t e d  by ques t i onab l e  means, 

us ing  a  d e f o l i a t i o n  formula without  a  q u a n t i t a t i v e  b a s i s ;  (2) t h e  survey 

technique used t o  sample popula t ions  f a i l e d  t o  d i s t i n g u i s h  p rope r ly  among 

popula t ions  capable  of caus ing  heavy, i n t e rmed ia t e ,  o r  l i g h t  damage; and 

(3) t h e  Fo re s t  Se rv i ce  e v a l u a t i o n  of Zec t ran  d id  no t  a c c u r a t e l y  r e f l e c t  

i ts e f f i c a c y  a s  an  a l t e r n a t i v e  t o  DDT. F i e l d  t e s t s  show t h a t  Zec t ran  h a s  

t h e  necessary  t o x i c i t y  t o  accomplish high popu l a t i on  reduc t ion ,  e s p e c i a l l y  

when app l i ed  twice. 

The r e p o r t  recommends t h a t  resampling should be done t o  determine i f  

s i g n f i c a n t  t r e e  m o r t a l i t y  w i l l  be caused by tussock moth l a r v a e  i n  1973. 

I f  t h e s e  popula t ions  e x i s t ,  s a l vage  logging should be t h e  f i r s t  p r e f e r ence  



a s  a  c o n t r o l  measure. I f  chemical c o n t r o l  must be used, Zec t ran  should 

be  appl ied .  

Cont ro l  - 4 

84. Getzendaner,  C. W. 1966. Study of methods and m a t e r i a l s  f o r  eva lua t i ng  

v i r u s  sp r ay  depos i t s .  P a r t  I V .  In R e s u l t s  of tests t o  develop 

o p e r a t i o n a l  procedures  f o r  c o n t r o l l i n g  Douglas-f i r  tussock  moth w i th  

a e r i a l  a p p l i c a t i o n  of po lyhedra l  v i r u s  spray.  USDA Agric. Res. 

Serv. and For. Serv.,  Por t land ,  Oreg. 19 p. Unpubl. 

"The f o u r t h  phase of coope ra t i ve  v i r u s  sp r ay  s t u d i e s  was conducted 

i n  June  1965 on t h e  M t .  Hood Nat iona l  F o r e s t ,  Oregon, i n  con junc t ion  wi th  

phase-two i n v e s t i g a t i o n s .  Objec t ives  were t o  (1)  e v a l u a t e  t h e  use  of 

f l u o r e s c e n t  t r a c e r  f o r  a s s e s s i n g  a e r i a l  sp r ay  d e p o s i t s  under f o r e s t  

cond i t i ons ,  (2) determine sp r ay  d i s t r i b u t i o n  p a t t e r n s  and d r o p l e t  s i z e s  

from t h e  equipment used, and (3) compare t h e  e f f i c i e n c y  of va r i ous  

sampling s u r f a c e s  f o r  de te rmin ing  sp r ay  depos i t s .  

"The f l u o r e s c e n t  t r a c e r ,  ~ a l c o f l u o p w h i t e ,  when used wi th  s u i t a b l e  

recovery  t a r g e t s ,  proved t o  be  a  u s e f u l  m a t e r i a l  f o r  e v a l u a t i n g  sp r ay  

p a t t e r n s ,  d i s t r i b u t i o n ,  d r o p l e t  s i z e ,  and f o l i a g e  pene t r a t i on .  . . . Spray 

app l i ed  a t  1 g a l  p e r  a c r e  depos i ted  d r o p l e t s  of much more uniform s i z e  

t han  a p p l i c a t i o n s  a t  3 g a l  p e r  ac re .  . . . ~ r o m e k o t p  paper  c a r d s  were 

b e t t e r  t han  o t h e r  t a r g e t  m a t e r i a l s  f o r  v i s u a l  e v a l u a t i o n  of bo th  

f l u o r e s c e n t  and dye-tagged sprays.  S t a i n l e s s  s t e e l  p l a t e s  were b e s t  f o r  

q u a n t i t a t i v e  measurement of dye-tagged sprays .  . . . The Ca l co f luo r  

wh i t e  t r a c e r  ma in t a in s  its s t a b i l i t y  and f l uo re scence  on f o l i a g e  f o r  long 

pe r i ods  i f  kep t  dry. It has  shown no app rec i ab l e  d e t e r i o r a t i o n  a f t e r  

s t o r a g e  f o r  nea r l y  a  yea r  under normal condi t ions."  

Cont ro l  - 9 

85. Gibney, L. C. 1974. The p l i g h t  of t h e  tussock  moth. Environ. Sci .  

Tech. 8  ( 6 )  :506-507. 



A b r i e f  overview of t h e  tussock moth problem inc lud ing  t h e  l i f e  

cyc l e  of t h e  moth, i ts  s t a t u s  a s  a  p e s t ,  and a  h i s t o r y  of tussock  moth 

i n f e s t a t i o n s  i n  t h e  Northwest. 

The cond i t i ons  and r e s t r i c t i o n s  accompanying t h e  1974 d e c i s i o n  by 

t h e  EPA t o  g r a n t  t o  t h e  USDA Fore s t  Se rv i ce  a n  emergency exemption from 

t h e  p r o h i b i t i o n  on t h e  u se  of DDT i n  tussock  moth c o n t r o l  a r e  summarized. 

An egg mass d e n s i t y  of one-tenth egg mass p e r  1,000 i n 2  of f o l i a g e  w i l l  

b e  r equ i r ed  t o  e s t a b l i s h  economic i n ju ry .  The paper  i nc ludes  a  diagram 

of t h e  f a t e  of DDT i n  t h e  environment a f t e r  spraying.  

The need f o r  a l t e r n a t i v e  means of c o n t r o l  is s t r e s s e d .  

Control  - 4 

86. Gibson, A. L., and T. T. T e r r e l l .  1955. Pre l iminary  r e p o r t  of 

Douglas-f i r  tussock  moth i n f e s t a t i o n  i n  n o r t h e a s t e r n  Washington. 

USDA For. Serv. In te rmt .  For. and Range Exp. Stn. ,  Missoula,  Mont. 

3 p. Unpubl. 

A p r e l im ina ry  examinat ion of r epo r t ed  Douglas-f i r  tussock  moth 

i n f e s t a t i o n s  i n  n o r t h e a s t e r n  Washington was conducted June  27-29, 1955, 

by members of t h e  Fo re s t  I n s e c t  Laboratory,  Missoula,  Montana, a t  t h e  

r eques t  of t h e  P a c i f i c  Northwest i o r e s t  and Range Experiment S t a t i o n .  

I n f e s t a t i o n s  occur red  i n  s e v e r a l  s c a t t e r e d  a r e a s  w i th  damage ranging from 

s i n g l e  t r e e s  t o  20-acre s tands .  

The r e p o r t  l ists p o s s i b l e  c o n t r o l  measures and recommended 

implementation be fo r e  pupa t ion  commenced. Monitoring of p r e sen t  

i n f e s t a t i o n  s i t e s  was recommended. A second survey was planned by members 

of t h e  l abo ra to ry  i n  l a t e  August o r  September, t o  determine evidence of 

expansion of t h e  i n f e s t a t i o n  t o  i n t e rven ing  s tands .  

Outbreaks - 2 

87. Grace, T. D. 1958. I nduc t i on  of po lyhedra l  bodies  i n  ova r i an  t i s s u e  of 

t h e  tussock  moth i n  v i t r o .  Sc ience  128(3318):249-250. 



"In a  s e r i e s  of experiments  p r i m a r i l y  s e t  up t o  t e s t  t h e  e f f e c t s  of 

v a r i o u s  concen t r a t i ons  of Eagle ' s  b a s a l  medium on t h e  growth of t h e  

ova r i an  t i s s u e  of t h e  tussock  moth (Hemerocampa leucos t igma) ,  po lyhedra l  

bodies  appeared i n  some of t h e  c u l t u r e s  a f t e r  a  change was made i n  t h e  

media used. . . . The t i s s u e s  were ob ta ined  from l a s t  i n s t a r  l a r v a e  

growing on sycamore trees. . . . On g r o s s  and microscopic  examination, 

bo th  be fo r e  and a f t e r  d i s s e c t i o n ,  no evidence of i n f e c t i o n  was s een  i n  

any of t h e  l a r v a e  used. Explan ts  were chosen a t  random when t h e  c u l t u r e s  

were s e t  up. No evidence of i n f e c t i o n  was no t i c ed  i n  any c u l t u r e  b e f o r e  

t h e  change of medium. Only t hose  c u l t u r e s  i n  which t h e  medium was changed 

showed in fec t ion ."  

The au tho r  p o s t u l a t e s  " t h a t  t h e  l a r v a e  used i n  t h i s  experiment 

c a r r i e d  a  l a t e n t  i n f e c t i o n  of a  po lyhedros i s  which became man i f e s t  a f t e r  

t h e  c u l t u r e s  were sub j ec t ed  t o  a  ' phys io log i ca l  shock'  brought  about by 

an  ab rup t  change from one medium t o  another." 

Re la ted  Ma te r i a l  - 3 

88. Graham, D. A. 1972. Tes t i ng  of improved i n s e c t i c i d e s  f o r  f o r e s t  p e s t  

management. USDA For. Serv. Fac t  Shee t ,  Reg. 6 ,  Por t l and ,  Oreg. 8 

p. Unpubl. 

The paper  o u t l i n e s  a  proposed test of s tab i1 . ized  p y r e t h r i n s  and 

Zec t ran  f o r  supp re s s ion  of t h e  Douglas-f i r  tussock  moth outbreaks.  It 

i nc ludes  a  d e s c r i p t i o n  of t h e  i n s e c t  and i t s  l i f e  cyc l e ,  i t s  s t a t u s  a s  a  

p e s t ,  a  b r i e f  h i s t o r y  of s eve re  epidemics i n  t h e  Northwest,  and a  review 

of t h e  c u r r e n t  ou tbreaks  i n  c e n t r a l  Washington. The p o s s i b i l i t i e s  of 

b i o l o g i c a l  c o n t r o l  a r e  ou t l i ned .  

The r e p o r t  p rov ides  background in format ion  on t o x i c i t y ,  p e r s i s t e n c e  

of breakdown produc ts ,  and p o t e n t i a l  hazards  of p y r e t h r i n s  and Zectran.  

Both i n s e c t i c i d e s  w i l l  be g iven  i n  two a p p l i c a t i o n s  10 days a p a r t  t o  

ensure  t h e  m o r t a l i t y  of t hose  l a r v a e  emerging a f t e r  t h e  f i r s t  t reatment .  

S t a b i l i z e d  p y r e t h r i n  a t  0.05 l b / a c r e  and Zec t ran  a t  0.15 l b / a c r e  w i l l  be 

app l i ed  t o  two 400-acre p l o t s  i n  t h e  i n f e s t e d  a r e a  of c e n t r a l  Washington. 



Tes t  p l o t s  w i t h i n  t h e  spray  a r e a s  w i l l  be  eva lua ted  f o r  pre- and 

pos t t r e a tmen t  l a r v a l  popula t ions ,  d e f o l i a t i o n  occu r r i ng  i n  J u l y  of 1972 

and 1973, and number of egg masses p r e sen t  i n  October 1972. 

Control  - 1 

89. Graham, D. A. 1975. Douglas-f i r  tussock  moth 1974 o p e r a t i o n a l  spray ing  

of  DDT. West. For. Conserv. Assoc., Perm. Assoc. Proc. 1974:21-23. 

Po r t l and ,  Oreg. 

This  is  t h e  t e x t  of an add re s s  t o  t h e  a s s o c i a t i o n  on t h e  s u c c e s s f u l  

1974 c o n t r o l  of t h e  Douglas-f i r  tussock  moth epidemic i n  t h e  Northwest. 

Background in format ion  is  presen ted  on t h e  beginning of t h e  ou tbreak  i n  

1970, t h e  e x t e n t  of damage i n  1972 and 1973, t h e  s ea r ch  f o r  a l t e r n a t e  

means of chemical c o n t r o l ,  and t h e  unsuccess fu l  a t t empt  i n  1973 t o  s ecu re  

exemption from t h e  EPA ban on t h e  use  of DDT. D e t a i l s  of t h e  1974 e f f o r t ,  

which r e s u l t e d  i n  permission f o r  t h e  temporary u se  of DDT, a r e  given. 

The c o n t r o l  ope ra t i on ,  i t s  personne l ,  o r g a n i z a t i o n a l  s t r u c t u r e ,  and 

methods of ope ra t i on  a r e  summarized; 570 people  worked on spray ing  426,559 

a c r e s  w i th  DDT a t  a  c o s t  of $2,900,000. Resu l t i ng  i n s e c t  m o r t a l i t y  was 

97% i n  a l l  a r e a s  wi th  t h e  except ion  of a  smal l  a r e a  i n  sou the rn  Idaho. 

The use  of DDT d e s p i t e  a  p r ed i c t ed  popu l a t i on  d e c l i n e  i n  1975 from n a t u r a l  

causes  is r a t i o n a l i z e d  on t h e  b a s i s  of p r even t i on  of t h e  p o t e n t i a l  damage 

of t h e  c u r r e n t  yea r ' s  l a r v a l  populat ion.  

Cont ro l  - 2,  4  

90. Graham, D. A * ,  J. Mounts, and D. Alms. 1975. 1974 coopera t ive  

Douglas-f i r  tussock  moth c o n t r o l  p r o j e c t ,  Oregon, Washington, and 

Idaho. USDA For. Serv. Pac. Northwest Reg., Po r t l and ,  Oreg. 74 p. 

Unpubl . 
This  r e p o r t  covers  t h e  1974 Douglas-f i r  tussock  moth c o n t r o l  p r o j e c t  

i n  t h e  Northwest. Between June 9 and J u l y  25, 426,559 a c r e s  of f o r e s t  

l and  i n  Oregon, Washington, and Idaho were t r e a t e d  w i th  DDT a t  

0.75 l b l a c r e .  Appl ica t ion  was by h e l i c o p t e r .  The background of t h e  

Douglas-f i r  tussock  moth i n f e s t a t i o n ,  t h e  b io logy  of t h e  moth, and t h e  



b io log ica l  evaluat ion  of the  outbreak populat ion were discussed. DDT was 

t h e  only chemical t h a t  had previously proved t o  be e f f ec t ive .  Although 

seve ra l  o the r  chemical and microbial  agents  had been t e s t ed  aga ins t  t h e  

tussock moth, t he  r e s u l t s  were not s a t i s f a c t o r y  o r  add i t iona l  

large-scale t e s t i n g  was required. 

The planning and prepara t ion  of t h e  cont ro l  p ro jec t ,  t h e  d e t a i l s  of 

t h e  spray operat ion,  t h e  surveys f o r  in sec t  mor ta l i ty ,  t h e  environmental 

monitoring plans,  and t h e  es t imates  of fo l i age  and timber va lues  saved by 

t h e  cont ro l  p ro jec t  were presented. The average postspray mor ta l i t y  of 

l a rvae  was 98.8%. The cont ro l  p ro jec t  was evaluated a s  highly successful .  

Control - 2, 3 

91. Graham, F., Jr. 1974. The r e t u r n  of DDT - pes t  cont ro l  by p res s  release.  

Audubon 76 (5) :64-71. 

A d e t a i l e d  a n a l y s i s  is presented of t h e  controversy surrounding t h e  

USFS reques t  f o r  emergency use of DDT t o  cont ro l  t h e  Douglas-fir tussock 

moth outbreak i n  t h e  Pac f i c  Northwest (1972-74). 

Control - 4 

92. Graham, F., Jr. 1975. Update: moths and DDT. Audubon 77(2) :120-121. 

An ana lys i s  is presented of the  controversy surrounding t h e  

a e r i a l  app l i ca t ion  of DDT t o  cont ro l  t h e  Douglas-fir tussock moth i n  t h e  

P a c i f i c  Northwest. The environmental impact of t h e  spray con t ro l  p ro jec t  

is a l s o  examined. 

Control - 4 

93. Grant, G. G. 1975. Ext rac t ion  and bioassay of t h e  female sex pheromone 

of white-marked tussock moth, Orgyia leucostigma ( ~ e ~ i d o p t e r a :  

Lymantriidae). Can. Entomol. 107(3):303-309. 

"Factors a f f e c t i n g  t h e  ex t r ac t ion  and bioassay of the  sex pheromone 

of white-marked tussock moths were evaluated. Dipping t h e  female 



pheromone g lands  i n  a so lven t  ( p r e f e r a b l y  hexane) t o  produce a wash 

con t a in ing  a c t i v e  m a t e r i a l  was a p a r t i c u l a r l y  e f f e c t i v e  and r ep roduc ib l e  

method of o b t a i n i n g  a po t en t  e x t r a c t .  These were most a c t i v e  i f  ob ta ined  

from v i r g i n  females  l e s s  t han  2 days  old.  E x t r a c t s  from r e c e n t l y  mated 

females  were on ly  s l i g h t l y  l e s s  a c t i v e  t han  t hose  from v i r g i n  females.  

Males were most respons ive  i n  b i oa s says  when 2 t o  3 days old.  The maximum 
-4 

percen tage  of response  of males was ob ta ined  a t  1x10 FE (female 

e q u i v a l e n t s )  ; beyond t h i s  concen t r a t i on  t h e  percen tage  response  decreased.  

C h a r a c t e r i s t i c a l l y ,  e x t r a c t s  l o s t  t h e i r  potency w i t h i n  1-3 weeks of 

p r epa ra t i on .  It i s  suggested t h a t  e i t h e r  an  i n h i b i t o r  o r  t h e  l o s s  of a 

chemical component of t h e  s e x  pheromone causes  a n  e x t r a c t  t o  become 

inac t ive . "  

Re la ted  M a t e r i a l  - 3 

94. Grant ,  G. G. 1977. I n t e r s p e c i f i c  pheromone responses  of tussock  moths 

and some i s o l a t i n g  mechanisms of e a s t e r n  spec i e s .  Environ. Entomol. 

6 (5) :739-742. 

" ~ a b o r a t o r y  t e s t s  wi th  5 s p e c i e s  of Orgyia  tussock  moths (2. 

leucost igma (J. E. Smith). 2. def  i n i t a  Packard, 2. a n t i q u a  (L.) , 2. 
pseudosuga ta  (McDunnough), and 2. cana ( s v e t u s t a )  Edwards) r evea l ed  t h a t  

a l l  s p e c i e s  show some degree of pheromone c r o s s  s t i m u l a t i o n  which ranged 

0 d e f i n i t a  showed t h e  from weak (16-41% response)  t o  s t r o n g  ( 60%). -. 
most exc lu s ive  s ex  pheromone system because they were s t r o n g l y  s t imu la t ed  

by fewer s p e c i e s  and on ly  homospecif ic  males responded s t r o n g l y  t o  

d e f i n i t a  females.  

"In t h e  l abo ra to ry ,  (Z)  -6-heneicosen-11-one, t h e  female s ex  pheromone 

of - 0. pseudotsuga ta ,  was s e x u a l l y  s t i m u l a t i n g  t o  2. leucost igma and 2. 
a n t i q u a  males  bu t  no t  t o  2. d e f i n i t a  males. I n  e lectroantennogram tests, 

0. d e f i n i t a  males  were 100-fold l e s s  s e n s i t i v e  t han  t h e  o t h e r  2 s p e c i e s  - 
t o  t h i s  compound. I n  t h e  f i e l d ,  t h e  chemical  a t t r a c t e d  2. leucost igma,  

0. a n t i q u a ,  and t h e  p ine  tussock  moth, Dasychira  p l a g i a t a  (Walker). - 
Severa l  i s o l a t i n g  mechanisms were de sc r i bed  which h e l p  ma in t a in  t h e  

s p e c i e s  i n t e g r i t y  of t h e s e  sympat r ic  e a s t e r n  tussock  moth species ."  

Biology - 2 ,  Rela ted  M a t e r i a l  - 3 



95. Grant ,  G. G.,  and D. Frech. 1976. Mating d i s r u p t i o n  of tussock  moths by 

atmospheric  permeat ion wi th  s y n t h e t i c  s ex  pheromone. Can. For. Serv. 

Bi-Mon. Res. Notes 32(5) :25-26. 

The s i x  pheromone of t h e  Douglas-f i r  tussock  moth can s e x u a l l y  

s t i m u l a t e  and a t t r a c t  males of t h e  white-marked tussock  moth (2. 
leucost igma) and t h e  r u s t y  tussock  moth (2. an t i qua ) .  Laboratory 

experiments  were conducted t o  determine i f  l a r g e  concen t r a t i ons  of t h e  

Douglas-f i r  tussock  moth sex  pheromone can  d i s r u p t  t h e  mating a b i l i t y  of 

t h e s e  spec i e s .  Four o t h e r  compounds were t e s t e d ,  i nc lud ing  d i s p a r l u r e ,  

t h e  s e x  pheromone of t h e  gypsy moth. Reduction i n  mating i n  t h e  

white-marked tussock  moth was l i n e a r l y  r e l a t e d  t o  t h e  dosage of tussock  

moth pheromone used. Percen t  mating r educ t i on  a f t e r  6 h r  ranged from 34% 

wi th  0.1 p g  pheromone, t o  82% f o r  100 pg .  The mating r educ t i on  i n  t h e  

r u s t y  tussock  moth was 70% f o r  100 p g  pheromone a f t e r  6 h r .  Of t h e  f o u r  

o t h e r  chemicals  t e s t e d ,  on ly  d i s p a r l u r e  caused a s t a t i s t i c a l l y  s i g n i f i c a n t  

r educ t i on  i n  t h e  white-marked tussock  moth mating a f t e r  24 h r .  

Biology - 2; Re la ted  Ma te r i a l  - 3 

96. Grant ,  G. G.,  D. Frech, and D. Gr i sda le .  1975. Tussock moths: pheromone 

c r o s s  s t i m u l a t i o n ,  c a l l i n g  behavior ,  a n  e f f e c t  of hyb r id i za t i on .  

Ann. Entomol. Soc. Am. 68(3):519-524. 

"Adult c ro s se s ,  pheromone e x t r a c t  b ioa s says ,  and electroantennogram 

(EAG) t e s t s  sugges t  t h a t  t h r e e  s p e c i e s  of tussock  moth, Hemerocampa 

leucost igma (J. E. Smith),  2. pseudo t suga t a  McDunnough and H. v e t u s t a  

(Boisduval) ,  have s i m i l a r  s ex  pheromones, The same t e s t s  a l s o  i n d i c a t e  

t h a t  hyb r id s  from t h e  c r o s s  female g. pseudo t suga t a  x male K. leucost igma 

possess  a s e x  pheromone system more l i k e  t h e  female pa r en t  t han  t h e  male 

pa r en t ;  t h a t  is,  t h e  s e x  pheromone of t h e  female hybr id  was l i k e  t h a t  of 

female 11. pseudotsuga ta ,  and t h e  pheromone r ecep to r s  of t h e  male hybr id  

were l i k e  t hose  of male 11. pseudotsuga ta .  On t h e  o t h e r  hand, t h e  c a l l i n g  

p e r i o d i c i t y  of female hyb r id s  d i sp layed  t r a i t s  of bo th  parents ."  Most of 

t h e  males a t tempted copu l a t i on  wi th  females  of o t h e r  s p e c i e s ,  bu t  few 



were succe s s fu l .  D i f f e r ences  between pheromones and male s e n s i t i v i t y  of 

t h e  t h r e e  s p e c i e s  and hybr id  a r e  d i scussed .  

Biology - 2; Re la ted  M a t e r i a l  - 3 

97. Grant ,  G,  G., and L. McCarty. 1977. E f f ec t  of age on c a l l i n g  behavior  

and mating succe s s  of white-marked tussock  moths. Can. For. Serv. 

Bi-Mon. Res. Notes 33  (1) :2-3. 

Descr ibed a r e  s e v e r a l  f a c t o r s  r e l a t e d  t o  ag ing  t h a t  a f f e c t  mating 

and f ecund i t y  i n  t h e  white-marked tussock  moth, Orgyia leucost igma J. E. 

Smith. A t  emergence, t h e  females  a r e  ready t o  mate and c o n t a i n  a f u l l  

complement of mature eggs. Success fu l  mating i s  reduced w i th  i nc r ea s ing  

t i m e  a f t e r  ec los ion .  Only 33% of 2-day-old females  mated i n  one overn igh t  

pe r i od ,  compared t o  83% of newly emerged females  i n  t h e  same per iod.  

Decreased mating succe s s  of o l d e r  v i r g i n  females  is r e l a t e d  t o  

decreased  pheromone produc t ion  and decreas ing  female a t t r a c t i v e n e s s .  The 

pheromone r e l e a s i n g  mechanism ( i .e . ,  c a l l i n g  behavior)  is  a l t e r e d  and 

r ep l aced  by o v i p o s i t i o n  behavior  (egg spewing) i n  o l d e r  v i r g i n  females.  

Records of number of eggs depos i t ed  by v i r g i n  females  and percen tages  

of  t h e  females  c a l l i n g  showed a p rog re s s ive  d e c l i n e  i n  c a l l i n g  behavior  

over  t i m e  a s  egg depos i t i on  increased .  Thus t h e  consequence of ag ing  i n  

white-marked tussock  moth females  is a decreased chance of s u c c e s s f u l  

mating. 

Re la ted  M a t e r i a l  - 3 

98. Grau, P. A. 1974. Mixing and formula t ion  of B a c i l l u s  t h u r i n g i e n s i s .  

A e r i a l  a p p l i c a t i o n  of i n s e c t i c i d e s  a g a i n s t  f o r e s t  d e f o l i a t o r s  

(chemicals  and mic rob i a l s )  . Proceedings of workshop he ld  Apr i l  

23-25, 1974, Univ. Mont., Missoula,  p. 21-26. USDA For. S e n . ,  

S t a t e  and P r i v a t e  Fores ty ,  Northern Region, Missoula,  Mont. 



This  d i s c u s s i o n  concerns t h e  type  of equipment a v a i l a b l e  f o r  mixing 

B a c i l l u s  t h u r i n g i e n s i s  w e t t a b l e  powders, t h e  e f f e c t  of s t o r a g e  on t h e  

v i a b i l i t y  of mixed formula t ions ,  and t h e  types  of a d d i t i v e s  used i n  tank 

mixes and t h e i r  e f f e c t  on t h e  r e s i d u a l  e f f e c t i v e n e s s  of B e t .  i n  t h e  

f i e l d .  Included is  a gene ra l  review of B e t .  and its t o x i c  p r o p e r t i e s ;  

t h e  fo rmula t ion  Dipe l  t o  be  used i n  t h e  Douglas-f i r  tussock  moth c o n t r o l  

p r o j e c t ;  and a  t a b l e  on t h e  e f f e c t s  of s imula ted  r a i n f a l l  on spray-deposi t  

r e t e n t i o n  of v a r i o u s  formula t ions  of Dipel .  

Cont ro l  - 8 

99. Gr i sda l e ,  D. G. 1975. A s imple  method f o r  removing pupae from cocoons. 

Can. For. Serv. Bi-Mon. Res. Notes 31(2):9. 

The paper  d e s c r i b e s  a method of removing pupae of Malocosoma 

d i s s t r i a  and Orgyia  spp. from cocoons t h a t  avo ids  t h e  a l l e r g i c  responses  

t o  l a r v a l  h a i r s  and p a r t s  of t h e  cocoon. Washing t h e  cocoons i n  a  

s o l u t i o n  of b leach  con t a in ing  6% a v a i l a b l e  sodium hypochlor ide d i s s o l v e s  

t h e  cocoon s i l k .  A f t e r  being r i n s e d  i n  a  wate r  ba th ,  t h e  pupae a r e  

placed i n  a  s c r e e n  box and r i n s e d  f r e e  of deb r i s .  About 2,000 pupae can 

be  s epa ra t ed  from t h e i r  cocoons i n  1/2 h r  without  adverse  e f f e c t s  on t h e  

f u t u r e  a d u l t  moths. 

Biology - 6 

100. Grissell, E. E. 1973. New s p e c i e s  of North American ~ o r y m i d a e  

(Hymenop t e r a )  . Pan-Pac. Ent omol. 49 (3) : 232-239. 

The d e s c r i p t i o n  of f o u r  new s p e c i e s  of Torymidae i s  presen ted .  They 

a r e :  Monodontomerus s a l t u o s u s  Grissell, r e a r ed  from t h e  Douglas-f i r  

tussock  moth; E. c l emen t i  G r i s s e l l ,  r e a r ed  from a n  a n t h i d i i n e  bee; Torymus 

f r a n k i e i  G r i s s e l l ,  r e a r ed  from a cecidomyiid g a l l ;  and 2. memnonius 

Grissell, from a cynip id  g a l l .  

The holotype,  a l l o t y p e ,  and some pa r a types  w i l l  be  depos i ted  i n  t h e  

U.S. Nat iona l  Museum. Para types  w i l l  be  l oca t ed  i n  t h e  Canadian Nat iona l  

Co l l e c t i on ,  Ottawa, and t h e  Entomology Museum, U. C. Davis. 

Biology - 3 



101. Hafez, M., and L. El-Said. 1969. On t h e  bionomics of O r g ~ i a  dubia  

Judaea S tgr .  (Lepidoptera: Lymantr i idae)  . Bull .  Sot. Entomol. 

Egypt. 53:161-183. 

Orgyia dubia  judaea S tgr .  is  found abundant ly  on wi ld  p l a n t s  growing 

on s a l i n e  s o i l  n e a r  t h e  no r the rn  c o a s t  i n  U.A.R. The i n s e c t  can be 

r ea r ed  on c l o v e r  and sweet po ta toes .  The au tho r s  f e a r  t h a t  i t  may become 

a n  economic pe s t .  The morphology of a l l  t h e  s t a g e s  is d iscussed  i n  

d e t a i l .  Eggs a r e  depos i ted  i n s i d e  t h e  female cocoon. The s p e c i e s  is 

u n i v o l t i n e .  S ix  s p e c i e s  of primary p a r a s i t e s  and one s p e c i e s  of secondary 

p a r a s i t e  were cap tured  dur ing  t h e  s tudy.  

Related Ma te r i a l  - 3 

102. Ha l l ,  D. G. 1947. Tussock moth h i t s  Idaho, Timberman 48(6)  :46-48. 

A popula r  account  is  given of a tussock  moth outbreak nea r  Moscow, 

Idaho. The popula t ion  was expected t o  i n c r e a s e  and i n f e s t  350,000 a c r e s  

dur ing  1948. Cont ro l  ope ra t i ons  us ing  DDT were expected t o  be undertaken 

by June 1948. 

Outbreak - 2 

103. Hard, J. S., J. D. Ward, and S. I lny tzky .  1977. Douglas-fir  tussock 

moth c o n t r o l  on Douglas-f i r ,  1976. I n s e c t i c ,  and Aca r i c ide  T e s t s  

2:113. 

Dimi l in  was app l i ed  a t  t h r e e  d i f f e r e n t  r a t e s  a g a i n s t  

epidemic Douglas-f i r  tussock  moth popula t ions  n e a r  Kamloops, B.C. A l l  

t h r e e  Dimi l in  t r e a tmen t s  gave s i g n i f i c a n t  c o n t r o l  a t  35 days,  wi th  t h e  

g r e a t e s t  m o r t a l i t y  occur ing  from t h e  2 oz / ac r e  dosage. 
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104. Harper,  J. D. 1974. Fo re s t  i n s e c t  c o n t r o l  wi th  B a c i l l u s  t h u r i n g i e n s i s .  

Survey of c u r r e n t  knowledge. Agric,  Exp. Stn.,  p. 32-34. Auburn 

Univ., Auburn, Ala. 



This  chap t e r  d i s c u s s e s  t h e  h i s t o r y  of c o n t r o l  of t h e  

Douglas-f i r  tussock  moth w i th  B a c i l l u s  t h u r i n g i e n s i s ,  t h e  reasons  f o r  

succe s s  o r  f a i l u r e  of c o n t r o l  p r o j e c t s ,  and t h e  cond i t i ons  needed f o r  

r ep roduc ib l e  c o n t r o l  l e v e l s  of 95% o r  h igher .  " ~ a r v a e  t r e a t e d  i n  t h e  

second o r  t h i r d  i n s t a r ,  and l a r g e  d r o p l e t  s i z e  combined w i th  h igh  d r o p l e t  

dens i ty"  have produced t h e  b e s t  r e s u l t s .  

Cont ro l  - 5 

105. Harwood, R. I?. 1975. Economics, e s t h e t i c s ,  environment,  and 

en tomologis t s :  The tussock  moth dilemma. Environ. Entomol. 

4(2) : 171-174. 

"The au tho r  reviews t h e  l i f e  c y c l e  and impact of Hemerocampa 

pseudotsuga ta  McDunnough, and t h e  v a r i e t y  of known and assumed f a c t o r s  

involved i n  t h e  d e c i s i o n  t o  u se  DDT du r ing  1974 t o  c o n t r o l  t h e  ou tbreak  

i n  Washington, Idaho, and Oregon. P o t e n t i a l  a l t e r n a t i v e  c o n t r o l  

procedures  a r e  l i s t e d .  While t h e  i s s u e  is complicated,  f a u l t  i s  found i n  

t h e  response of agenc ies ,  env i ronmen ta l i s t s ,  and en tomologis t s  t o  t h e  

s e r i o u s  t h r e a t  p r e sen t ed  by t h i s  ex t ens ive  ou tbreak  of t h e  tussock  moth." 

Cont ro l  - 4 

106. Hayashi,  Y. 1970. P r o p e r t i e s  of RNA from cytoplasmic-polyhedrosis v i r u s  

of t h e  white-marked tussock  moth, Orgyia  leucostigma. J. Inve r t eb r .  

Pathol .  16 (3 )  :451-458. 

"When t h e  genome RNA i s  e x t r a c t e d  from t h e  cytoplasmic-polyhedrosis 

v i r u s  of t h e  white-marked tussock  moth, Orgyia  leucost igma,  by t h e  phenol 

method, i t  h a s  two components w i th  sed imenta t ion  r a t e s  of about  15 and 

12 S. T h e i r  base  composi t ion i n c l u d e s  adenine and u r a c i l  a s  we l l  as 

guanine and cy tos ine .  The guanine p l u s  c y t o s i n e  conten t  was 41.2 percen t .  

Melt ing temperature  of t h e  RNA was about  8 0 ' ~ .  i n  a s o l u t i o n  con t a in ing  

0.0015 M NaCl - 0.00015 M sodium c i t r a t e .  Most of t h e  RNA was found t o  

be  r e s i s t a n t  t o  r i bonuc l ea se  d i g e s t i o n ;  some of i t  was p a r t i a l l y  s e n s i t i v e  

and was presumed t o  be  s ing le -s t randed .  A f t e r  enzyme t rea tment ,  t h e  15 

and 12 S components of t h e  genome sedimented a t  about  9 S. From t h e s e  



f i n d i n g s  i t  is proposed t h a t  v i r a l  genome RNA from cytoplasmic-polyhedrosis 

v i r u s  is double-s t randed ,I1 

Re la ted  M a t e r i a l  - 3 

107. Hayashi,  Y. ,  and F. T. Bird. 1970. The i s o l a t i o n  of cytoplasmic 

po lyhed ros i s  v i r u s  from t h e  white-marked tussock  moth, Orgyia 

leucost igma (Smith), Can. J. Microbiol .  16 (8) :695-701. 

 h he procedure f o r  i s o l a t i n g  and p u r i f y i n g  f r e e  and occluded 

cy top lasmic  po lyhedros i s  v i r i o n s  was improved. The v i r i o n s  a r e  r e s i s t a n t  

t o  t h e  enzymes RNase, DNase, t r y p s i n ,  chymotrypsin, and phosphol ipase C ,  

and t o  a d e t e r g e n t ,  deoxycholate.  The u se  of t h e s e  enzymes and 

deoxycholate ,  i n  combination w i th  d i scont inuous  and l i n e a r  suc ro se  

g r a d i e n t s ,  produced very  pure  p r epa ra t i ons  of f r e e  v i r i o n s .  Occluded 

v i r i o n s  were r e l e a s e d  by d i s s o l v i n g  polyhedra i n  0.05 M Na2C03 - 0.04 M 

NaCl f o r  60 min a t  room temperature.  The composi t ion of t h e  v i r i o n  was 

e s t ima t ed  t o  be  about  28% RNA and 72% pro te in . "  

Re la ted  M a t e r i a l  - 3 

108, Herman, S. G. 1975. The Douglas-f i r  tussock  moth DDT a p p l i c a t i o n  of t h e  

summer of 1974: E f f e c t s  of t h e  DDT on non t a rge t  organisms and 

r e s i d u e  accumulat ion i n  v e r t e b r a t e  animals.  A p rog re s s  

report-Feb. 1975. West. For. and Conserv. Assoc., Perm. Assoc. 

Comm. Proc. 1974:18-21. Por t land ,  Oreg. 

During a b road ly  based environmental  monitor ing program, 1 3  persons 

from t h e  Evergreen S t a t e  Col lege s t ud i ed  DDT r e s i d u e s  from t h e  1974 

Douglas-f i r  tussock  c o n t r o l  p r o j e c t  i n  t h e  Blue Mountains. Sampling 

occur red  from May 17 t o  August 7. P l o t s  were s e t  up i n  spray  and nonspray 

a r ea s .  Sampling f o r  a q u a t i c  i n s e c t s  showed t h a t  where a b u f f e r  zone was 

l e f t  ad j acen t  t o  t h e  s t ream w i t h i n  t h e  sp r ay  a r e a s ,  s t ream i n s e c t s  were 

l i t t l e  a f f e c t e d .  One s t ream t h a t  was d i r e c t l y  sprayed had no i n s e c t  l i f e  

f o r  a month a f te rward .  Arboreal  i n s e c t s ,  p a r t i c u l a r l y  p a r a s i t i c  wasps 

and f l i e s ,  showed a d r a s t i c  popu l a t i on  reduc t ion .  One s t ream had a l a r g e  

number of dead s c u l p i n  a f t e r  t h e  spray.  Resu l t s  on smal l  mammal 



popu l a t i ons  were inconc lus ive .  Counts of p a s s e r i n e  b i r d s  showed a 24-54% 

d e c l i n e  a f t e r  spraying.  Bra in  samples from dead b i r d s  showed t h a t  dea th  

was caused by DDT poisoning.  DDT r e s i d u e s  increased  i n  a l l  v e r t e b r a t e s  

s tud ied .  
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109. Hewson, Re,  and D. K. Mardon. 1970. Damage t o  h e a t h e r  moorland by 

c a t e r p i l l a r s  of t h e  vapourer  moth Orgyia a n t i q u a  L. ( L ~ P . ,  

Lymantr i idae)  . Entomol. Mon. Mag. 106:82-84. 

The vapourer  moth is w e l l  d i s t r i b u t e d  throughout B r i t a i n  and 

occa s iona l l y  causes  damage of commercial importance. A survey was made 

of a n  ou tbreak  of damage t o  h e a t h e r  moorland i n  1969. The number of 

c a t e r p i l l a r s ,  cocoons, and egg masses were counted, and a n  e s t i m a t e  of 

d e f o l i a t i o n  was made. Vaccinium was t h e  p r e f e r r e d  food p l an t .  The 

h e a t h e r  was burned t h e  fo l lowing  yea r ,  and t h e  i n f e s t a t i o n  spread  t o  a 

nearby p ine  and l a r c h  p l a n t a t i o n ,  where t h e  l a r v a e  caused some damage. 
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110. Hicks, M. E., D. Swanger, R. E. Pacha, and A. R. Tiedemann. 1976. The 

e f f e c t  of t h e  Douglas-f i r  tussock  moth d e f o r e s t a t i o n  on 

mic rob io log i ca l  and chemical wate r  q u a l i t y  of damaged watersheds.  

(Abstr.) Am. Soc. Microbiol . ,  Northwest Branch. 

"An assessment  of t h e  impact of t h e  insect-caused d e f o r e s t a t i o n  

on microb io log ica l  and chemical wate r  q u a l i t y  parameters  was conducted on 

damaged watersheds,  wi th  and wi thout  s a lvage  logging,  and ad j acen t  

una f f ec t ed  areas." 
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111. Hicks, M. E. 1977. E f f e c t  of d e f o r e s t a t i o n  by t h e  Douglas-f i r  tussock  

moth on t h e  q u a l i t y  of s t reamflow and s t ream p r o d u c t i v i t y  parameters.  

M.S. t h e s i s .  Cent. Wash. S t a t e  Col l . ,  El lensburg.  104 p. (No 

cop i e s  available,)  Unpubl . 



"Seven watersheds of t h r e e  types  were examined t o  determine 

i f  d e f o r e s t a t i o n  by t h e  Douglas-f i r  tussock  moth and subsequent s a lvage  

logging had any e f f e c t  on s t ream wa te r  q u a l i t y .  Resu l t s  i n d i c a t e  on ly  

s ea sona l  f l u c t u a t i o n s  and d i f f e r e n c e s  among watersheds due t o  i nhe ren t  

p r o p e r t i e s  of i n d i v i d u a l  watersheds.  Increased  t u r b i d i t y  l e v e l s  were 

de t ec t ed  on logged watersheds which could be c o r r e l a t e d  w i th  t h e  logging 

a c t i v i t i e s . "  
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112. Hughes, K. M. 1957. An annota ted  l i s t  and b ib l iography  of i n s e c t s  

r epo r t ed  t o  have v i r u s  d i s ea se s .  H i lga rd i a  26(14):597-629. 

Of t h e  lymant r i id  moths l i s t e d ,  Hemerocampa leucost igma and 2. 
pseudotsuga ta  a r e  l i s t e d  a s  having a  po lyhedros i s  v i r u s .  

Biology - 5;  Re la ted  Ma te r i a l  - 3 

113. Hughes, K. M. 1972. Fine s t r u c t u r e  and development of two po lyhedros i s  

v i r u s e s .  J. Inve r t eb r .  Pathol .  19(2)  : 198-207. 

"Some c h a r a c t e r i s t i c s  of two v i r u s e s  of t h e  Douglas-f i r  tussock  moth 

a r e  descr ibed .  V i r a l  development appears  t o  s t a r t  i n  t h e  n u c l e i  of 

i n f e c t e d  c e l l s  w i th  t h e  formation of tubes  be l i eved  t o  be caps ids .  

Subsequently,  t h e  tubes  a r e  f i l l e d  w i th  v i r a l  nuc leopro te in .  Fi laments  

t h a t  may be molecules of DNA a r e  i l l u s t r a t e d .  Objec t s  be l ieved  t o  be 

d e f e c t i v e  v i r u s  p a r t i c l e s ,  c o n s i s t i n g  of c aps id s  t h a t  c o n t a i n  a  subnormal 

q u a n t i t y  of nuc leopro te in ,  a r e  descr ibed .  The bea r i ng  of t h e s e  

obse rva t i ons  on t h e  e x i s t e n c e  of an ' i n t i m a t e  membrane1 is  discussed."  
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114. Hughes, K. M. 1976. Notes on t h e  nuc l ea r  po lyhedros i s  v i r u s e s  of tussock  

moths of t h e  genus Orgyia (Lepidoptera)  . Can. Entomol. 

108 (5) :479-484. 

"Three wes te rn  s p e c i e s  of tussock  moths of t h e  genus Orgyia a r e  a l l  

s u s c e p t i b l e  t o  i n f e c t i o n  by t h e  same two n u c l e a r  po lyhedros i s  v i ru se s .  



An e a s t e r n  s p e c i e s  of Orgyia is  a l s o  a f f e c t e d  by t h e s e  v i r u s e s .  I n  t h e  

wes te rn  s t a t e s ,  t h e  n a t u r a l  occurrence of t h e  two v i r u s e s  appears  t o  be 

l i m i t e d  t o  d e f i n i t e  geographic  a reas .  I n f e c t i v i t y  of t h e  v i r u s e s  f o r  

h o s t s  o u t s i d e  t h e  genus Orygia is  not  known. One r e p o r t  of such c ross -  

i n f e c t i v i t y  could no t  be  subs t an t i a t ed .  Bodies which appear  t o  be 

composed of v i r a l  m a t e r i a l s  bu t  which a r e  no t  normal v i r u s  p a r t i c l e s  a r e  

sometimes found occluded i n  polyh~edra." 
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115. Hughes, K. M., and R. B e  Addison. 1970. Two n u c l e a r  po lyhedros i s  v i r u s e s  

of t h e  Douglas-f i r  tussock  moth. J. I n v e r t .  Pathol .  16(2)  :196-204. 

"Two nuc l ea r  po lyhedros i s  v i r u s e s  a f f e c t i n g  t h e  Douglas-f i r  tussock  

moth, Hemerocampa pseudotsugata ,  a r e  descr ibed .  One induces format ion  of 

po lyhedra l  bodies  con t a in ing  s i n g l e  rod-shaped v i r u s  p a r t i c l e s ,  each 

w i t h i n  i t s  own envelope. The o t h e r  produces polyhedra w i th  bundles  of 

s e v e r a l  rods  w i t h i n  a common envelope. The same t i s s u e s  of t h e  h o s t  a r e  

a f f e c t e d  by both v i r u s e s ,  a l though no t  equa l ly .  Mean l eng th s  of t h e  rods  

of t h e  two types  d i f f e r .  One type  of v i r u s  ha s  been found i n  only a few 

geographic  loca t ions . "  A f t e r  t h r e e  passages  of each v i r u s  through i n s e c t s ,  

no r e v e r s i o n  t o  t h e  a l t e r n a t e  type  was observed. 
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116. I l ny t zky ,  S., J. R. McPhee, and J. C. Cunningham. 1977. Comparison of 

f  ie ld-propagated nuc l ea r  po lyhedros i s  v i r u s  from Douglas-f i r  tussock 

moth wi th  l abo ra to ry  produced v i r u s .  Can. For. S e w .  Bi-Mon. Res. 

Notes 33(1)  :5-6. 

A n u c l e a r  po lyhedros i s  v i r u s  from t h e  white-marked tussock  moth, 

Orgyia leucost igma (J.  E. Smith) ,  was propagated i n  t h e  f i e l d  (Kamloops, 

B.C.) u s ing  36 Douglas-f i r  t r e e s  i n f e s t e d  w i th  a popula t ion  of 30-150 

l a r v a e  of t h e  Douglas-f i r  tussock  moth, Orgyia pseudotsuga ta  (McD.) . 
Larvae were i n f e c t e d  i n  t h e  4 t h  and 5 t h  i n s t a r s .  The f i r s t  recorded 

dea th s  occurred 10 days a f t e r  v i r u s  sp r ay  app l i c a t i on .  On t h e  14 th  day 

pos t spray ,  7,000 l a r v a e  were shaken from t h e  t r e e s  and processed,  y i e l d i n g  

188 g of powder wi th  4 b i l l i o n  polyhedra/g. 



The f ie ld -propaga ted  v i r u s  was t e s t e d  a g a i n s t  t h e  laboratory-produced 

v i r u s  (propagated on white-marked tussock  moth) o n  2-ha p l o t s  i n f e s t e d  

wi th  Douglas-f i r  tussock  moth l a rvae .  Two a e r i a l  sp r ays  produced an  

a p p l i c a t i o n  r a t e  of 125 b i l l i o n  polyhedra/ha. 

Comparisons between pre-  and pos t sp r ay  l a r v a l  popu l a t i ons  showed 

s i m i l a r  m o r t a l i t y  r a t e s  f o r  bo th  f i e l d -  and laboratory-propagated v i r u s  

p r e p a r a t i o n s  and t h a t  c o n t r o l  could be  ob ta ined  from t h e  125 b i l l i o n  

polyhedra/ha dosage. 

The advantages and d i sadvantages  of f i e l d -  and labora tory-propaga t ion  

methods a r e  d i scussed .  
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117. In te ragency  Tussock Moth S t e e r i n g  Committee. 1973. The Douglas-f i r  

tussock  moth problem i n  t h e  Northwest. S t a t u s ,  impacts ,  and 

a l t e r n a t i v e s  f o r  1974. Po r t l and ,  Oreg. 18 p. Unpubl. 

An in formal  question-and-answer format  is used t o  inform t h e  p u b l i c  

concerning t h e  s t a t u s  of t h e  Douglas-f i r  tussock  moth ou tbreak  i n  t h e  

Northwest,  which began i n  1972. Maps and t a b l e s  of a r e a s  of d e f o l i a t i o n  

and proposed t rea tment  s i t e s  a r e  presented.  The a l t e r n a t i v e s  f o r  c o n t r o l  

a r e  exp la ined  a long  w i t h  t h e  r a t i o n a l e  f o r  t h e  u se  of DDT and i t s  p o s s i b l e  

impact on t h e  environment. C r i t e r i a  f o r  c o n t r o l  recommendations a r e  

ou t l i ned .  The assessment  of a c t u a l  need f o r  c o n t r o l  i n  1974 must awai t  

t h e  r e s u l t s  of t h e  USDA Fore s t  S e r v i c e  l abo ra to ry  r e p o r t  i n  March on t h e  

n a t u r a l  v i r u s  l e v e l s  i n  egg masses and t h e  e f f e c t s  of p r eda to r s ,  p a r a s i t e s ,  

and overwin te r ing  s t r e s s  on l a r v a l  emergence. 
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118. Iwai ,  P. J., and M. E. Martignoni.  1975. P r epa ra t i on  of suspens ions  of 

nuc leopolyhedros i s  v i r u s  of t h e  Douglas-f i r  tussock  moth f o r  f i e l d  

a p p l i c a t i o n .  2 A e r i a l  a p p l i c a t i o n  of i n s e c t i c i d e s  a g a i n s t  f o r e s t  

d e f o l i a t o r s  (chemicals  and mic rob i a l s )  . Proceedings of workshop 

h e l d  A p r i l  23-25, 1974, Univ. Mont., Missoula,  p. 19-20. USDA For. 

Serv.,  S t a t e  and P r i v a t e  Fo re s t ry ,  Northern Region, Missoula,  Monte 



A d e s c r i p t i o n  of t h e  p r e p a r a t i o n  of suspens ions  of nuc leopolyhedros i s  

v i r u s  of t h e  Douglas-f i r  tussock  moth is presen ted  a long  w i th  t h e  method 

f o r  computing dosage r a t e s ,  t echniques  f o r  handl ing  and s t o r a g e  of t h e  

suspens ions ,  and t h e  sampling procedure used t o  determine pre- and 

pos t t r e a tmen t  v i r a l  i n f e c t i v i t y .  
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119, Jahn,  E., and K. Kotschy. 1973. Zum Auf t r e t en  des  Schlehenspinners ,  

Orygia  a n t i q u a  L. (Lepidoptra:  ~ y m a n t r i i d a e )  b e i  Schwaz i n  T i r o l  

(Os t e r r e i ch ) .  [Observat ions on t h e  ou tbreak  of Orgyia a n t i q u a  L. 

(Lepidop t e r a :  Lymantr i idae)  n e a r  Schwaz , Tyrol  (AUS t r i a )  . ] Ber. 

Naturwiss.  Med. Ver. Innsb. 60:225-231. 

A d e s c r i p t i o n  is  g iven  of a mass ou tbreak  of Orgyia  a n t i q u a  L., 

which occur red  on a n  avalanche s l o p e  a t  a l t i t u d e s  of 1 400-1 600 m above 

s e a  l e v e l  n e a r  Schwaz, i n  Tyrol.  The l a r v a e  d e f o l i a t e d  Vaccinium v i t i s  

i d e a e  V m y r t i l l u s ,  Rhododendron ferrugineum, and L a r i x  eropaea. They 
-9 -* 

a l s o  p a r t i a l l y  i n f e s t e d  c u l t i v a t e d  sp ruce s  (P i cea  exce l s a ) .  The d u r a t i o n  

of  l a r v a l  development was 3-4 months. Snowfall  may be  r e spons ib l e  f o r  

l a t e n c y  du r ing  l a r v a l  s t age s .  The l a s t - i n s t a r  l a r v a e  were k i l l e d  by a 

n u c l e a r  po lyhed ros i s  v i r u s ,  which co l l ap sed  t h e  populat ion.  The 

3 rd - i n s t a r  and o l d e r  l a r v a e  proved t o  be  r e s i s t a n t  t o  i n s e c t i c i d e s  app l i ed  

a s  f ogs  lgama HCH) and l i q u i d  s o l u t i o n s  (gama HCH and phosphoric  

acid-metasystox) . 
Rela ted  M a t e r i a l  - 3 

120. Johnsey, R. 1965. The Douglas-f i r  tussock  moth i n  e a s t e r n  Washington, 

1964. Resour. Manage. Rep. 3 ,  11 p. A p r i l  1965. Wash. Dep. Nat. 

Resour. 

"An a e r i a l  survey conducted i n  t h e  summer of 1963 de t ec t ed  40-50 

farm woodlots  i n  e a s t e r n  Washington on which f i r  t r e e s  ( p r ima r i l y  

Douglas-f i r )  were be ing  d e f o l i a t e d  by t h e  Douglas-f i r  tussock  moth." 

Another survey  conducted i n  t h e  e a r l y  summer of 1964 showed 72 i n f e s t a t i o n  

c e n t e r s  a f f e c t i n g  17,700 a c r e s ,  Samples of egg masses were taken  t o  



determine t h e  expected popula t ion .  Vi rus  was p r e sen t  i n  a l l  l a r v a l  

samples analyzed. Most of t h e  tussock  moth popula t ions  subsequent ly  

co l l ap sed  from v i r u s  i n f e c t i o n .  The new/old egg mass r a t i o  was 1:l o r  

g r e a t e r  on 2,420 a c r e s ,  and t h e  popula t ions  were expected t o  i nc r ea se .  

Outbreaks - 2 

121. Johnson, D. W., and J. S. Hadfield.  1975. Defect  i n  ~ o u g l a s - f i r  and 

grand f i r  top-k i l l ed  by t h e  Douglas-f i r  tussock  moth. USDA For. 

Serv. R-6, Div. S t a t e  and Pr iv .  For., Po r t l and ,  Oreg. 10 p. 

Unpubl . 

" ~ x a m i n a t i o n  i n  1974 of f e l l e d  Douglas-f i r  and grand f i r s  

top-k i l l ed  by t h e  Douglas-f i r  tussock  moth dur ing  t h e  1963-1965 Burns, 

Oregon, ou tbreak  showed grand f i r  had more v i s i b l e  d e f e c t  t han  Douglas-fir .  

Decay was minimal i n  both species ."  Woodstaining fung i  and b a c t e r i a  were 

t h e  most p r eva l en t  organisms i s o l a t e d .  

Host Re l a t i onsh ip s  - 2,  3; Outbreaks - 5 

122. Johnson, P. C. 1948. Natura l  d e c l i n e  of tussock  moth i n f e s t a t i o n s  i n  

t h e  In land  Empire. (Abstr.)  Northwest Sc i .  22 (1) :16. 

Outbreaks of t h e  tussock  moth were de t ec t ed  i n  1947, on 10,000 a c r e s  

nea r  C o l v i l l e ,  Washington, and on 20,000 a c r e s  nea r  Orofino,  Idaho. The 

inc idence  of p a r a s i t i s m  had become s o  g r e a t  by t h e  f i n a l  i n s t a r ,  t h a t  

s a t i s f a c t o r y  n a t u r a l  c o n t r o l  of t h e  l a r v a e  was assured.  Polyhedral  v i r u s  

d i s e a s e ,  combined wi th  p a r a s i t e s ,  e f f e c t i v e l y  c u r t a i l e d  f u r t h e r  

development. 

Outbreaks - 2 

123. Johnson, P. C., and D. A. Ross. 1967. ~ o u g l a s - f i r  tussock moth, 

Hemerocampa (Orgyia) p seudo t suga t a  McDunnough. Important  f o r e s t  

i n s e c t s  and d i s e a s e s  of mutual concern t o  Canada, t h e  United S t a t e s ,  

and Mexico. Dep. For. Rural  Dev., p. 105-107. Ottawa, Can. 



This  r e p o r t  summarizes t h e  damage, h o s t s ,  l i f e  h i s t o r y ,  and c o n t r o l  

measures used a g a i n s t  t h e  Douglas-f i r  tussock  moth. 

General Background 

124. Johnson, P. C., and D. A, Ross. 1973. La c h e n i l l e  a houppes du s a p i n  de 

Douglas Hemerocampa (Orgyia) pseudotsuga ta  McDunnough; Douglas-f i r  

tussock  moth. Publ. Dep. Environ. Can. For. S e w .  118~:llO-112. 

A r t i c l e  unava i lab le .  

125. Keen, F. P. 1929. Tussock moth menace. Timberman. 30:108. 

A popula r  account of t h e  Douglas-f i r  tussock  moth which inc ludes :  

i ts  f i r s t  appearance a s  a p e s t  i n  Vernon, B.C., i n  1920; t h e  a r e a s  under 

a t t a c k  i n  t h e  U.S.; a d e s c r i p t i o n  and l i f e  cyc l e  of t h e  i n s e c t ;  t h e  

p o s s i b i l i t y  of c o n t r o l  and t h e  need f o r  f u r t h e r  s tudy  of a l l  a s p e c t s  of 

t h e  Douglas-f i r  tussock  moth problem, 

General Background 

126. Keen, F. P. 1952. I n s e c t  enemies of wes te rn  f o r e s t s .  U-S- Dep. Agric. 

Misc. Publ. 273 (Rev.), p, 90-93. 

The h i s t o r y  of ou tbreaks ,  t h e  l i f e  cyc l e  and d e s c r i p t i o n  

of s t a g e s ,  t h e  feed ing  h a b i t s ,  t h e  p a r a s i t e s  and p r eda to r s ,  and t h e  

a l t e r n a t i v e s  of chemical c o n t r o l  of t h e  Douglas-f i r  tussock  moth a r e  

p resen ted ,  

General Background; Biology - 1, 3 ;  Cont ro l  - 1 

127. Kel ley,  S. A * ,  and W. J. Rompa. 1973. Publ ic  op in ions  about  c o n t r o l l i n g  

t h e  1973 Douglas-f i r  tussock  moth outbreak. USDA For. Serv, Pac. 

Northwest Reg,, Div. Timber Manage., Por t land ,  Oreg. 27 pa  Un~ub1.  

An a n a l y s i s  is presen ted  of p u b l i c  op in ion  concerning t h e  USDA 

Fore s t  Se rv i ce  environmental  s ta tement  f o r  t h e  Douglas-f i r  tussock  moth 

pest-management p l a n  f o r  c o n t r o l l i n g  t h e  Oregon-Washington ou tbreak  of 

1972-1973. The Codinvolve System f o r  ana lyz ing  p u b l i c  i npu t ,  dev ised  by 



Clark ,  Hendee, and Stanky of t h e  Fo re s t  Serv ice ,  was used t o  c l a s s i f y  

p u b l i c  response t o  methods of c o n t r o l  p r e f e r r e d ,  and t h e  reasons  f o r  t h e  

choice  i nd i ca t ed .  Responses w e r e  c l a s s i f i e d  according t o  type  of i npu t  

( l e t t e r ,  p e t i t i o n ,  form l e t t e r ,  and s o  on) ,  l o c a l i t y  of respondent  ( r u r a l  

o r  urban, i n f e s t e d  o r  un in f e s t ed  a r e a ) ,  and t h e  b a s i s  of i n t e r e s t  of t h e  

respondent  (such a s  sportsman, r e sou rce  i ndus t ry  u se r ) .  

Control  a l t e r n a t i v e s  examined were: DDT; b i o l o g i c a l  chemicals  o t h e r  

than  DDT; h a r v e s t  of damaged t imber;  o r  nonin te rven t ion .  The u se  of DDT 

was supported by t h e  ma jo r i t y  of t h e  respondents  i n  bo th  t h e  i n f e s t e d  and 

un in f e s t ed  a r e a s ,  p r ima r i l y  t o  prevent  economic damage t o  t h e  t imber  

i ndus t ry  and t h e  l o s s  of watershed and s c e n i c  va lue s  of t h e  a r ea .  

Appendices i nc lude  t a b l e s  on form of response,  c l a s s i f i c a t i o n  of 

respondent ,  and c o n t r o l  p r e f e r ences  of concerned o rgan i za t i ons  i n  t h e  

a rea .  

Control  - 4 

128. Ketcham, D. E., and K.  R. Shea. 1977. USDA combined f o r e s t  p e s t  

r e a sea r ch  and development program. J. For. 75(7):404-407. 

"Late i n  1974 t h e  U.S. Department of Agr i cu l t u r e  a c t i v a t e d  

t h e  Combined Fo re s t  P e s t  Research and Development Program t o  provide 

technology f o r  minimizing i n t o l e r a b l e  l o s s e s  f o r  t h e  sou the rn  p ine  

b e e t l e ,  Dendroctonus f r o n t a l i s  (Zimm.), Douglas-f i r  tussock  moth, Orgyia 

pseudotsuga ta  (McD.) , and gypsy moth, P o r t h e t r i a  d i s p a r  (Lo). 

P a r t i c i p a t i n g  a r e  departmental  agenc ies ,  S t a t e  a g r i c u l t u r a l  experiment 

s t a t i o n s  and f o r e s t r y  o rgan i za t i ons ,  u n i v e r s i t i e s ,  and i ndus t ry .  Th i s  is 

t h e  f i r s t  t ime an  in te ragency  r e sea r ch  program h a s  been adminis te red  

d i r e c t l y  from t h e  o f f i c e  of t h e  Sec r e t a ry  of Agr icu l tu re .  S i g n i f i c a n t  

p rogress  has  been made dur ing  t h e  f i r s t  t h r e e  years." The o rgan i za t i on  

and a d m i n i s t r a t i o n  of t h e  program a r e  d e t a i l e d .  

Re la ted  M a t e r i a l  - 2 



129. Klock, G. O., and C. Huang. 1977. Some e a r l y  e f f e c t s  of c o n i f e r  . 

d e f o l i a t i o n  on microcl imate .  (Abstr.)  Agron. Abstr. ,  p. 181. Am. 

Soc. Agron., Madison, W i s .  

"A r e d u c t i o n  i n  canopy a s  a  r e s u l t  of i n s e c t  d e f o l i a t i o n  was 

s imula ted  on two 0.4-ha experimental  p l o t s  i n  a  mixed Abies 

grandis-Pseudotsuga m e n z i e s i i  s t and  n e a r  Lake Wenatchee, Washington. The 

p l o t s  were d e f o l i a t e d  w i th  an  a e r i a l  a p p l i c a t i o n  of ParaquatB i n  Ju ly  

1976. Loss of need l e s  and unders tory  f o l i a g e  from t h e  t rea tment  s t a n d  

caused an  immediate r educ t i on  i n  use  of s o i l  wa t e r  by t h e  p l a n t s  a s  

evidenced by t h e  lower r a t e  of s o i l  wa t e r  d e p l e t i o n  when compared w i t h  a  

c o n t r o l  s t a n d  du r ing  t h e  l a t e  summer. Maximum daytime a i r  t empera tures  

a t  t h e  10- and 100-cm h e i g h t s  i nc r ea sed  immediately a f t e r  d e f o l i a t i o n  

whi le  s o i l  s u r f a c e  tempera tures  decreased.  I n  t h e  fo l lowing  s p r i n g  bo th  

daytime a i r  and s o i l  s u r f a c e  tempera tures  were warmer i n  t h e  d e f o l i a t e d  

s t a n d  whi le  n igh t t ime  minimum a i r  t empera tures  were f r e q u e n t l y  lower. 

Changes i n  a i r  and s o i l  t empera tures  a r e  a t t r i b u t e d  t o  s o l a r  energy 

r e d i s t r i b u t i o n  w i t h i n  t h e  f o r e s t  s t and  and mod i f i c a t i on  of t h e  f o r e s t  

f l o o r  a lbedo  and thermal  c o n s t a n t s  by need le  f a l l . "  

Outbreaks - 5 

130. Klock, G. O., and T. L. Jones. 1976. Phys ica l  d i s t u rbance  of s o i l  by 

s a lvage  logging i n  t h e  Oregon Blue Mountains. ( ~ b s t r . ) ,  Annual Mtg. 

Northwest S c i e n t i f i c  Assn., Chaney, Wash. p. 27. Northwest Sc i .  

"A survey of s o i l  d i s t u r b a n c e  was made dur ing  1975 on f i v e  major 

a r e a s  t h a t  appeared t o  be  r e p r e s e n t a t i v e  of r e cen t  s a lvage  logging of 

Douglas-f i r  tussock  moth-infested a r e a s  i n  t h e  Oregon Blue Mountains. 

Except f o r  i s o l a t e d  occur rences ,  t h e s e  ope ra t i ons  have no t  had a  s eve re  

d e t r i m e n t a l  phys i ca l  impact on t h e  s o i l  resource.  S l i g h t  s o i l  d i s t u r b a n c e  

from t r a c t o r s  ( d i s t u rbance  of minera l  s o i l  less than  2-3 cm deep) averaged 

about  17% of t h e  logged a r e a s ,  w i th  a  range of 10-23%. Severe s o i l  

d i s t u rbance  averaged about  25% (range 19-29%), l e av ing  about  58% 

undis tu rbed .  Th i s  l e v e l  of d i s t u rbance  is s i m i l a r  t o  t h a t  by t r a c t o r  

logging of g reen  t imber  i n  t h i s  region.  Research supported by Douglas-Fir 

Tussock Moth Program." 



131. Knox, D. A m  1970. T e s t s  of c e r t a i n  i n s e c t  v i r u s e s  on c o l o n i e s  of honey 

bees .  J. Inve r t eb r .  Pa tho l .  16(1) : 152. 

This  is  an  ex t ens ion  of t h e  r e s ea r ch  r epo r t ed  by Cantwell  e t  a l . ,  

1966 ( J .  I nve r t eb r .  Pa tho l .  8: 228-233) concerning t h e  e f f e c t  of n i n e  

d i f f e r e n t  i n s e c t  v i r u s e s  on honey bee  co lon ies .  Included i n  t h e  t e s t s  is 

t h e  n u c l e a r  po lyhedros i s  v i r u s  of t h e  Douglas-f i r  tussock  moth. No 

d i f f e r e n c e s  were observed between t r e a t e d  co lon i e s  and un t r ea t ed  c o n t r o l s .  

Tes t  of a  pathogen 's  impact on b e n e f i c i a l  i n s e c t s  a r e  requ i red  b e f o r e  

p o t e n t i a l  c and ida t e s  f o r  b i o c o n t r o l  can  be  used i n  l a rge - s ca l e  f i e l d  

experiments.  

Cont ro l  - 6 

132. Kohler,  S. 1977. Ground a p p l i c a t i o n  of f o u r  i n s e c t i c i d e s  on Douglas-f i r  

tussock  moth and wes te rn  spruce  budworm popu l a t i ons  i n  Montana. 

Mont. Dep. N a t ,  Resour, Conserv., Div. For., I n s e c t  and D i s .  Rep. 

77-1, 9  p. 

Report unava i lab le .  

Cont ro l  - 1 

133. Kohler,  S. 1977. Douglas-f i r  tussock  moth d e t e c t i o n  and survey us ing  

pheromone-baited s t i c k y  t r a p s ,  1976. Mont. Dep. Nat. Resour. 

Conserv., Div. For., I n s e c t  and D i s .  Rep. 77-2, 7  p. 

Report unava i lab le .  

Biology - 2; Outbreaks - 2,  3. 

134. Krygie r ,  J. T., L. S t reeby ,  J. M. W i t t ,  and J. Capizzi .  1973. The 

Douglas-f i r  tussock  moth. The problem, a l t e r n a t i v e s ,  and impact. 

Oreg, S t a t e  Univ. Ext. S e n .  EC 821  (Re.~r.), 16  P. 

The ex t ens ion  c i r c u l a r  d e l i n e a t e s  f o r  t h e  p u b l i c  t h e  s t a t u s  of t h e  

Blue Mountain tussock  moth ou tbreak  of 1972-1973 i n  Washington and Oregon. 

The l i f e  cyc l e  of t h e  i n s e c t ,  i t s  c a p a b i l i t i e s  a s  a  p e s t ,  t h e  e x t e n t  of 

p r e s e n t  d e f o l i a t i o n ,  and t h e  f o r e c a s t  f o r  p o t e n t i a l  damage i n  1973 a r e  

p resen ted .  The cyc l e  of ou tbreaks  appears  t o  f o l l ow  a 3-year p a t t e r n ,  



with the 3rd year (in this case, 1973) a period of natural population 

decline. Comparisons made between the estimated insect mortality and 

resultant reduction of defoliation with natural population decline or 

with chemical control by DDT show an estimated 12-369 million board feet 

of timber can be saved in 1973 with the use of DDT. Variation in number 

of board feet is dependent on the method used in making the estimate. 

Both the economic and environmental impact of the use of DDT is examined. 

The major environmental risk will be the reduction of certain populations 

of birds and fishes. 

The circular is updated with the March 1973 report from the U.S. 

Forestry Lab at Corvallis, on the virus incidence in the overwintering 

egg masses. The virus level is lower than anticipated, and the figures 

for potential defoliation in 1973 have to be adjusted accordingly. 

Outbreaks - 2; Control - 4 

135. Kulman, H. M. 1971. Effects of insect defoliation on growth and 

mortality of trees. Ann. Rev. Entomol. 16:289-324. 

One hundred seventy-four studies of tree mortality and increment 

reduction related to measured amounts of insect and artificial defoliation 

are reviewed. Discussion of individual case studies is organized by 

defoliating insect. Included is a brief section of defoliation of white 

fir by the Douglas-fir tussock moth. 

The need to relate measurement of defoliation, growth, and mortality 

to a complex of factors is examined. Flower production, respiration and 

photosynthetic efficiency of the foliage, tree age and species, season of 

the year, age, exposure, and crown location of the foliage all affect 

foliage growth, development, and response to defoliation. 

Factors affecting selectiop of trees for experimental controls are 

outlined, as well as problems encountered in pre- and postdefoliation 

growth measurements. Trees escaping defoliation make poor controls if 



factors affecting the defoliator population independently affect tree 

growth and mortality. 

Outbreaks - 5 

136. Lachenmeier, R. Re 1974. DDT and the tussock moth: The EPA in a 

crisis situation. Environ. Law (Winter) : 135-184. 

The EPA1s refusal to allow an emergency application of DDT against 

the Douglas-fir tussock moth in 1973 drew criticism in light of the 

widespread defoliation that occurred in the Blue Mountain infestation in 

the summer of 1973. This paper attempts to determine the background 

against which the decision was made and to analyze, criticize, and 

recommend changes in the EPA decisionmaking process. The life cycle and 

natural history of the moth, the status of the current outbreak in the 

Blue Mountains, the alternatives for control, and the history of the EPA 

control over the use of DDT are reviewed. 

The USDA Forest Service Environmental Impact Statement is examined 

in depth, as are the reasons behind the EPA'S refusal to allow the use of 

DDT for Douglas-fir tussock moth control, and the possibilities of 

political considerations influencing this decision. The article 

recommends that the EPA enter early in the investigation of surrounding 

situations where a potential exists for an EPA ruling, to ensure that the 

agency is in full possession of the facts. 

An addendum examines the 1974 reversal by the EPA in granting an 

exemption from the ban on DDT for Douglas-fir tussock moth control. 

Control - 4 

137. Lavenseau, L. 1972. Quelques aspects de la biologie dlOrgyia antiqua L. 

(Lepidoptere, Lymantriidae) . [Some aspects of the biology of Orgyia 

antiqua L. (Lepidoptera, ~ymantriidae) . ] Soc. Linn. de Bord. Bull. 

2 (10) :217-234. 

Translation unavailab le. 

Related Material - 3 



138. Lessard,  E. D. 1974. Cl imat ic ,  h o s t  tree, and s i te  f a c t o r s  a f f e c t i n g  

t h e  popu l a t i on  dynamics of t h e  Douglas-f i r  tussock  moth, Orgyia 

pseudotsuga ta  (McDunnough). M.S. t h e s i s ,  Univ. Wash., S e a t t l e .  

69 p. 

This  s t udy  was i n i t i a t e d  t o  ana lyze  p r e sen t  and p a s t  i n f e s t a t i o n s  of 

t h e  Douglas-f i r  tussock  moth, and equa te  c l i m a t i c  cond i t i ons ,  as w e l l  a s  

h o s t  t r e e  s u s c e p t i b i l i t y ,  t o  changes i n  tussock  moth popula t ions .  

F i f t y - f i ve  i n f e s t e d  s i t e s  were s t ud i ed .  Measurements of s l ope ,  a spec t ,  

e l e v a t i o n ,  and s t and  composi t ion were taken. Radia l  s e c t i o n s  were taken  

from 10 i n f e s t e d  Douglas-f i r  f o r  l abo ra to ry  ana ly s i s .  These were 

x-rayed and an  ob l i que  sequence was used t o  ana lyze  growth p a t t e r n s  from 

1955 t o  1964. Leader growth was s u b s t a n t i a l l y  reduced because of 

d e f o l i a t i o n ,  and t h e  l e a d e r  increased  i n  dominance r e l a t i v e  t o  t h e  r e s t  

of t h e  t r e e .  Cl imat ic  r e l e a s e  may be an  important  f a c t o r  i n  t h e  

popula t ion  dynamics of t h e  tussock  moth, s i n c e  each i n f e s t a t i o n  was 

preceded by 1 o r  more yea r s  of below-normal p r e c i p i t a t i o n .  The number of 

yea r s  of below-normal p r e c i p i t a t i o n  is  c o r r e l a t e d  wi th  t h e  number of 

a c r e s  i n f e s t e d  dur ing  t h e  outbreak.  Stands on d r i e r  s i t e s  a r e  more 

s u s c e p t i b l e  t o  tussock  moth a t t a c k  t han  s t a n d s  on w e t t e r  sites. The 

q u a l i t y  of t h e  f o l i a g e  i n c r e a s e s  and h o s t  r e s i s t a n c e  dec r ea se s  when t h e  

t r e e  is under wate r  stress i n  drought  condi t ions .  These f a c t o r s  may 

exp l a in  t h e  sudden r e l e a s e  of tussock  moth popula t ions  because of t h e i r  

f avo rab l e  e f f e c t  on t h e  la rvae .  A gene ra l i z ed  model is g iven  showing t h e  

i n t e r a c t i o n  of popu l a t i on  d e n s i t y ,  p r e c i p i t a t i o n ,  and h o s t  f o l i a g e  

q u a n t i t y  and q u a l i t y ,  a s  we l l  a s  h o s t  s u s c e p t i b i l i t y .  

Host R e l a t i onsh ip s  - 3; Outbreak - 4 

139. Linn, J. D. ,  and A. I. Bischoff .  1966. Progress  r e p o r t  on t h e  e v a l u a t i o n  

of t h e  e f f e c t s  on f i s h  and w i l d l i f e  of t h e  Douglas-f i r  t u s sockmoth  

c o n t r o l  p r o j e c t  i n  California--1965. Ca l i f .  Dep. F i sh  and Game, 

Rep. 3 ,  13  p. Unpubl. 

Approximately 58,000 a c r e s  of f o r e s t  land were sprayed wi th  DDT i n  

1965, f o r  c o n t r o l  of t h e  Douglas-f i r  tussock  moth. A s u r v e i l l a n c e  program 



was conducted t o  de te rmine  t h e  e f f e c t s  of DDT on  non t a rge t  f i s h  and 

w i l d l i f e .  The two phases  t o  t h e  e v a l u a t i o n  were gene ra l  obse rva t i on  of 

d i r e c t  e f f e c t s  du r ing  t h e  spray  o p e r a t i o n  and r e s i d u e  s t u d i e s .  Residue 

l e v e l s  were found f o r  f i s h ,  a q u a t i c  i n s e c t s ,  wate r ,  t e r r e s t r i a l  i n s e c t s ,  

f o l i a g e ,  and b i r d s  and mammals. No ev idence  was found of d i r e c t  m o r t a l i t y  

i n  b i r d s ,  mammals, o r  f i s h .  But heavy m o r t a l i t y  was found i n  a q u a t i c  

i n s e c t s .  Residues on fo r age  i nc r ea sed  from t h e  sp r ay ,  bu t  a n a l y s i s  of 

samples t aken  2 months a f t e r  spray ing  showed a r ap id  d e c l i n e  i n  r e s i d u e  

l e v e l s .  A cons ide r ab l e  i n c r e a s e  of r e s i d u e  occurred i n  d e e r  and 

chickadees.  

Cont ro l  - 3 

140. L iv ings ton ,  R. L. 1973. 1973 test of Sevin-4-oil f o r  c o n t r o l  of 

Douglas-f i r  tussock  moth. S t a t e  of Idaho, Dep. Lands, For. P e s t  

Rep. No. 3 ,  5 p. 

T e s t s  of Sevin-4-oil were conducted i n  1973 i n  no r the rn  Idaho a g a i n s t  

t h e  Douglas-f i r  tussock  moth i n  a n  e f f o r t  t o  f i n d  an  a l t e r n a t i v e  t o  DDT. 

A e r i a l  a p p l i c a t i o n  of 1 l b / a c r e  of Sev in  on 60-acre p l o t s  r e s u l t e d  i n  

a 65.5% c o r r e c t e d  m o r t a l i t y  bu t  good f o l i a g e  p ro t ec t i on .  Low m o r t a l i t y  

appeared t o  be t h e  r e s u l t  of low spray  d e p o s i t  r a t h e r  than  low t o x i c i t y  

of t h e  i n s e c t i c i d e .  Fu r the r  t e s t i n g  is recommended. 

Cont ro l  - 1 

141. L iv ings ton ,  R. L. 1974. P o s s i b l e  causes  f o r  t h e  unexpected d e c l i n e  of 

t h e  Douglas-f i r  tussock  moth i n  1974. (Speech presen ted  a t  t h e  Nov. 

1974 Meeting of t h e  In te rmt .  F o r e s t  P e s t  Act ion  Counci l ,  3 p.) 

Unpubl . 
. Presen ted  is a summary of op in ions  concerning t h e  p o s s i b l e  causes  of 

t h e  unexpected d e c l i n e  i n  popu l a t i on  a t  t h e  Blue Mountain Douglas-f i r  

tussock  moth outbreak.  The op in ions  a r e  unsupported by d a t a  and a r e  

der ived  from o n s i t e  obse rva t i on  o r  from specu l a t i on .  Some a r e a s  sampled 

i n  Ju ne  1974 i n  Washington, Idaho, and Oregon had popu l a t i ons  lower t han  

p r e d i c t e d  fram t h e  f a l l  1973 egg-mass survey. Among t h e  suggested reasons  



f o r  t h e  dec l ine  are :  low egg v i a b i l i t y ;  egg p a r a s i t e s ;  reduced l a r v a l  

v igor  from poor egg qua l i ty ;  egg hatch out  of synchrony with bud f lush ;  

higher v i r u s  incidence i n  t h e  spr ing  (1974); aphid epidemic produced 

excess honey dew, trapping larvae;  l a r v a l  predators;  and inaccura te  

p red ic t ions  from 1973 surveys. 

Outbreaks - 4 

142. Livingston, R. L. , and G. Daterman. 1977. Surveying f o r  Douglas-f i r  

tussock moth with pheromone. Bull. Entomol. Soc. Am. 

E f f o r t s  t o  survey t h e  Douglas-fir tussock moth populat ion with 

female sex pheromone t r a p s  t o  de tec t  i nc ip ien t  outbreak populat ions a r e  

described. A two-phase program was designed, f i r s t ,  t o  determine i f  

pheromone t r a p s  could b e t t e r  de f ine  t h e  geographic d i s t r i b u t i o n  of t h e  

tussock moth; and second, t o  develop a trapping system t h a t  would provide 

advance warning of populat ion increases.  Pheromone t r a p s  have de tec ted  

low l e v e l  populat ion throughout most of t h e  host  type area.  Population 

assessment, however, has been hampered by t h e  f a c t  t h a t  a l l  t r a p s  captured 

moths regardless  of populat ion densi ty.  Lower doses of pheromone a r e  

needed t o  c o r r e l a t e  ?umbers of tussock moths captured with numbers of 

l a rvae  de tec ted  i n  f i e l d  surveys. 

Biology - 2; Outbreaks - 2, 3 

143, Livingston, R. L., and S, Tunnock. 1973. Biological  evaluat ion  of 

e x i s t i n g  Douglas-fir tussock moth populat ions i n  northern Idaho t o  

determine damage p o t e n t i a l  f o r  1973. Idaho Dep. Public Lands, For. 

Pes t  Rep. 2, 6 p, Unpubl. 

Current tussock moth egg populat ions were surveyed i n  northern Idaho 

t o  determine t h e i r  p o t e n t i a l  f o r  causing se r ious  t r e e  d e f o l i a t i o n  i n  t h e  

spr ing  and summer of 1973. Egg masses were co l l ec t ed  t o  evaluate  t h e  

incidence of nucleopolyhedrosis v i r u s  i n  t h e  population. Heavy 

populat ions were found i n  4 of 28 p l o t s  examined, intermediate populat ions 

i n  3 p l o t s ,  and only cocoons were found i n  t h e  remaining 4 of the  11 



p l o t s  w i th  egg masses o r  cocoons. Only one o ld  egg mass was found i n  a l l  

of  t h e  p l o t s .  The popula t ions  were be l i eved  t o  be i n  t h e  r e l e a s e  phase 

of an  ou tbreak  and expected t o  cause  ex t ens ive  damage i n  1973. 

Outbreaks - 2 

144. Luck, R. F., and D, L. Dahls ten.  1967. Douglas-f i r  tussock  moth 

(Hemerocampa pseudotsugata)  egg mass d i s t r i b u t i o n  on wh i t e  f i r  i n  

n o r t h e a s t e r n  Ca l i f o rn i a .  Can. Entomol. 99:1193-1203. 

"The d i s t r i b u t i o n  of Douglas-f i r  tussock  moth (Hemerocampa 

pseudotsuga ta )  egg masses on wh i t e  f i r  (Abies concolor  (Gord. 61   lend.) 

Lindl.)  was s t u d i e d  i n  t h r e e  a r e a s  of no r the rn  Ca l i f o rn i a .  I n  each a r e a  

100 t r e e s  between 4.5 and 8.4 i nches  i n  d iameter  were s t r a t i f i e d  i n t o  

f i v e  d e f o l i a t i o n  c l a s s e s  and f o u r  crown c l a s s e s ,  g iv ing  a t o t a l  of 20 

c l a s s e s  p e r  s t udy  a r e a  wi th  f i v e  t r e e s  p e r  c l a s s .  Trees  were d iv ided  

i n t o  f o u r  crown l e v e l s  and examples were taken  a t  each of t h e  c a r d i n a l  

d i r e c t i o n s  a t  each l e v e l .  TWO branches comprised a sample u n i t  i n  t h e  

t op  h a l f  of t h e  tree ( e i g h t  branches p e r  l e v e l )  and one branch was t h e  

sample u n i t  i n  t h e  bottom h a l f  of t h e  t r e e  ( f o u r  branches pe r  l eve l ) .  

Egg masses were recorded p e r  10 f t 2  of f o l i a g e  o r  branch a rea .  Eighty % 

o r  more of t h e  egg masses were found i n  t h e  bottom h a l f  of t h e  crown. 

This  percen tage  i n  t h e  bottom h a l f  of t h e  crown inc r ea sed  on t r e e s  w i th  

heavy d e f o l i a t i o n  o r  wi th  increased  exposure of t h e  crown. Of t h e  f o u r  

p o s s i b l e  sources  of v a r i a t i o n  considered i n  t h i s  s tudy ,  crown l e v e l ,  

d e f o l i a t i o n  c l a s s ,  and crown c l a s s  were s i g n i f i c a n t ,  bu t  c a r d i n a l  

d i r e c t i o n  was not .  A sampling method is proposed on t h e  b a s i s  of t h e  

in format ion  ga thered  i n  t h i s  i nves t i ga t i on . "  

Host Re l a t i onsh ip s  - 1; Outbreaks - 3 ,  4 

145. Ludeman, W,  W., and R. L. Livingston.  1974. Reevaluat ion of c e r t a i n  1974 

Douglas-f i r  tussock  moth c o n t r o l  sp r ay  and spray-opt ion a r e a s  i n  

n o r t h  Idaho. S t a t e  Idaho,  Dep. Lands, For. P e s t  Rep. No. 4 ,  8 P. 

The r e s u l t s  of a popula t ion  survey conducted s p r i n g  1974, t o  

r e e v a l u a t e  t h e  p o t e n t i a l  d e f o l i a t i o n  on a r e a s  p r ev ious ly  des igna ted  a s  

t a r g e t s  f o r  c o n t r o l  p r o j e c t s  and t o  examine new a r e a s  t h a t  may con t a in  



populat ions t h a t  meet spray c r i t e r i a ,  a r e  presented. Based on egg mass 

d e n s i t i e s  and es t imates  of present  de fo l i a t ion ,  each of t h e  a reas  was 

r a t ed  f o r  its d e f o l i a t i o n  hazard, and spray boundaries were adjusted 

accordingly. 

Outbreaks - 2 

146. Lyon, Re  L., S. J. Brown, and C. E. Richmond. 1967. Insec t i c ides  

t e s t e d  on new tussock moth ... d e f o l i a t o r  found i n  Montana. USDA 

For. Serv. Res. Note PSW-161, 4 p. Pac. Southwest For. and Range 

Exp. Stn., Berkeley, Calif .  

"A p ine  tussock moth, i d e n t i f i e d  a s  Dasychira sp. near/= g r i s e f a c t a  

Dyar, was found f o r  t h e  f i r s t  time i n  Montana i n  1965. Larvae were 

reared on ponderosa pine f o l i a g e  i n  t h e  laboratory.  Six i n s e c t i c i d e s  

were t e s t e d  by t o p i c a l  app l i ca t ion  on four th- ins tar  larvae. Contact 

t o x i c i t y  a t  LDgO, i n  descending order,  was a s  follows: pyre thr ins ,  

Zectran, malathion, DDT, SD-8530, and carbaryl." 

Related Material  - 3 

147. Lyon, R. L., and H. W. Flake, Jr. 1966. Rearing Douglas-fir tussock 

moth l a rvae  on syn the t i c  media. J. Econ. Entomol. 59(3) :696-698 

"A procedure was developed f o r  r ea r ing  la rvae  of Douglas-fir tussock 

moth, Hemerocampa pseudotsugata McDunnough, i n  l a rge  numbers on a 

s y n t h e t i c  medium f o r  use i n  laboratory t e s t i n g  of in sec t i c ides .  The 

i n s e c t s  were reared from the  egg s tage  genera l ly  t o  t h e  4 th  t o  7 th  i n s t a r ,  

depending on t e s t i n g  needs. The la rvae  appeared normal i n  every way, 

reaching a 'weight  of about 300 mg before  pupation. An i n i t i a l  high l o s s  

from nuclear-polyhedrosis v i r u s  i n  t h e  3rd i n s t a r  was avoided by soaking 

t h e  eggs with a 10%-formaldehyde solu t ion .  Morta l i ty  during t h e  l a r v a l  

s t age  on media was about 10%. Three thousand l a rvae  were reared per  week 

a t  a cos t  (excluding overhead) of about $15.00. A t  l e a s t  25,000 l a rvae  

could be reared weekly by one person working f u l l  time." 

Biology - 6 



148. Lyon, R. L., H. W. Flake, Jr., and L. Ball. 1970. Laboratory tests of 55 

insecticides on Douglas-f ir tussock moth larvae. J. Econ. Entom010 

63 (2) :513-518. 

"Fifty-five insecticides were tested for their toxicity to larvae of 

the Douglas-f ir tussock moth, Hemerocampa pseudotsugata McDunnough. The 

10 most active insecticides in descending order of average toxicity at 

LDgO were: pyrethrins, Dursbanm (0,O diethyl 0-3,5,6-trichloro-2-pyridyl 

phosphorothioate) , Zectrana (4 dimethylamino-3,5-xylyl methylcarbarnate), 
dichlorvas, GC-6506 (dimethyl p-(methythio) phenyl phosphate), aminocarb, 

tetramethrin, allethrin, Bayer 37298 (0-ethyl 0-2,4,5-trichlorophenyl 

ethylphosphonothiode), and DDT. Four of the 10 insecticides--pyrethrins, 

Dursban, Zectran, and DDT, have been field tested recently with varying 

results. Several insecticides were examined in the laboratory in more 

detail in different formulations for such characteristics as rate of 

toxic action and residual activity." 

Control - 1 

149. McComb, D. 1965. Entomological evaluation of the Douglas-fir tussock 

moth in eastern Oregon. USDA For. Serv. Pac. Northwest Reg. 6, 

Portland, Oreg., 12 p. Unpubl. 

"Defoliation by the Douglas-fir tussock moth was heavy on 32,000 

acres of Douglas-fir and true firs on the Malheur National Forest during 

1964. Feeding was light to moderate on an additional 10,000-15,000 

acres, Malheur and Ochoco National Forests. Larval populations were high 

during September, and larval mortality from virus was low except in the 

Gold Hill area. Results of a new-to-old egg ratio survey made during 

October indicated a large increase in defoliation and moth populations 

would occur during 1965 in all areas except Gold Hill where the population 

was expected to remain static." 

Outbreaks - 2 

150. McComb, D. 1966. Dursban and Zectran pilot control study for Douglas-fir 

tussock moth. USDA For. Serv. Pac. Northwest Reg, 6, Portland, 

Oreg,, 6 p. Unpubl. 



Dursban and Zec t r an  i n s e c t i c i d e s  were app l i ed  by h e l i c o p t e r  a t  t h e  

rate of 114 l b / g a l  c y c l e  o i l  p e r  acre t o  a mixed s t a n d  of ponderosa p ine  

and Douglas-f i r  i n  t h e  Malheur Nat iona l  F o r e s t ,  i n  1965. Measurements 

were taken  of spray  coverage and l a r v a l  m o r t a l i t y .  Larva l  m o r t a l i t y  was 

poor. Occurrence of a po lyhedros i s  v i r u s  between t h e  3 rd  and 10 th  day 

pos t sp r ay ,  prevented a t t r i b u t i n g  l a r v a l  m o r t a l i t y  t o  i n s e c t i c i d e s .  One 

month a f t e r  spray  a p p l i c a t i o n ,  f i e l d  su rveys  encountered l a r g e  numbers of 

l a r v a e  and some d e f o l i a t i o n .  

Cont ro l  - 1 

151. McComb, D. 1973. B io log i ca l  e v a l u a t i o n  of Douglas-f i r  tussock  moth -- 
Oregon and Washington 1972-1973. USDA For. Serv. Dive Timber 

Manage. Reg. 6 ,  Po r t l and ,  Oreg., 32 p. Unpubl. 

Entomological e v a l u a t i o n  surveys  were undertaken dur ing  t h e  f a l l  of 

1972 i n  t h e  known tussock  moth a c t i v i t y  c e n t e r s  and i n  ad j acen t  

h o s t - t r e e  a r e a s  i n  Oregon and Washington. The pr imary o b j e c t i v e s  of t h e  

survey  were t o  l o c a t e  and d e l i n e a t e  a r e a s  of tussock  moth a c t i v i t y ,  

de te rmine  t h e  degree  of damage, measure t h e  d e n s i t y  and t r e n d  of moth 

popu l a t i on  i n  each a r e a ,  and c o l l e c t  egg masses f o r  a survey of v i r u s  

d i s e a s e  inc idence .  The e v a l u a t i o n  procedure combined a e r i a l  and 

ground-detect ion surveys  and sampling of egg masses. During t h e  ground 

surveys ,  de t e rmina t i ons  were made of egg-mass d e n s i t i e s ,  new-to-old 

egg-mass r a t i o s ,  egg-mass s i z e ,  and t h e  presence  of p r eda to r s  and 

p a r a s i t e s .  

The popu l a t i on  t r e n d s  and t h e  need f o r  c o n t r o l  a r e  d i scussed  f o r  

each ou tbreak  a r ea .  Upon de te rmina t ion  of t h e  amount and d i s t r i b u t i o n  of 

v i r u s  from t h e  i nc idence  surveys ,  a r e e v a l u a t i o n  was undertaken i n  each 

u n i t  where c o n t r o l  had o r i g i n a l l y  been recommended f o r  1973. 

The r e p o r t  i nc ludes  a list of t h e  h o s t  t r e e s ,  a d e s c r i p t i o n  of 

tussock  moth damage, and a h i s t o r y  of t h e  c u r r e n t  outbreak.  

Outbreaks - 2 



152. McDunnough, J. C. 1921. New B r i t i s h  Columbia tussock moth, Hemerocampa 

pseudotsugata McD, Can. Entomol. 53(3):53-56. 

The taxonomic desc r ip t ion  of t h e  Douglas-fir tussock moth is 

presented,  including a desc r ip t ion  of t h e  egg s t age ,  t he  f i v e  l a r v a l  

s t ages ,  and t h e  adu l t  male and female. Descript ion was based on specimens 

reared  from egg masses co l l ec t ed  on Douglas-fir by W. B. Anderson ( t h e  

o r i g i n a l  d iscoverer  of the  species)  i n  Chase, B.C., spr ing  1920. The 

spec ie s  had been i d e n t i f i e d  by E. H. Blackmore of t h e  B.C. Provincia l  

Museum a s  2. v e t u s t a  p l o s a .  Based on d i f f e rences  i n  l a r v a l  co lo ra t ion  

and hos t  p l an t  preference,  however, t h e  moths co l l ec t ed  by Anderson can 

be d is t inguished from both X. v e t u s t a  and 2. gulosa ,  and the re fo re  

recognized a s  a new species.  

Taxonomy 

153. McDunnough, J. C. 1938. Check l ist  of t h e  Lepidoptera of Canada and t h e  

United S t a t e s  of America. Par t  I. Macrolepidoptera. Mem. South. 

Ca l i f .  Acad. Sci.  1:l-272. 

A complete l ist of t h e  known species  of Lepidoptera i n  Canada and 

t h e  United S t a t e s  is  presented. Hemerocampa pseudotsugata McDunnough i s  

included, 

Taxonomy 

154. McGregor, M. D m ,  S. Tunnock, J. E. Dewey, and W. M. Ciesla. 1974. P i l o t  

con t ro l  p ro jec t  of nucleopolyhedrosis v i r u s  and ~ a c i l l u s  

thu r ing iens i s  t o  cont ro l  Douglas-fir tussock moth populat ions i n  

Idaho - 1974. USDA For. Serv. North. Reg., In sec t  D i s .  Rep. 74-26, 

11 p. Div, S t a t e  Priv. For., Missoula, Mont. 

"A p i l o t  con t ro l  p ro jec t  designed t o  evaluate  two microbial  

i n s e c t i c i d e s ,  t h e  bacterium Baci l lus  thu r ing iens i s  and a 

nucleopolyhedrosis v i rus ,  aga ins t  epidemic populat ions of Douglas-f i r  

tussock moth was planned f o r  two t e s t  s i t e s  i n  northern Idaho i n  1974." 

The populat ion i n  t h e  proposed study a rea  was sampled t o  determine i f  the  

Douglas-fir tussock moth outbreak i n  Idaho met c r i t e r i a  f o r  a d e f i n i t i v e  



pro jec t  with v i r u s  and bacter ia .  These c r i t e r i a  a re :  r e l a t i v e l y  high 

l a r v a l  d e n s i t i e s ;  populat ion i n  a r e l ease  phase; and low l e v e l s  of 

n a t u r a l  v i r u s  associa ted  with overwintering eggs. Sample da ta  revealed 

l a r v a l  populat ions a t  too  low a l eve l  t o  support a d e f i n i t i v e  t e s t  a t  

e i t h e r  t e s t  s i t e  and t h e  projec t  was cancelled. Monitoring of the  

populat ion was continued t o  determine t h e  e f f e c t s  of na tu ra l  f a c t o r s  on a 

decl in ing  tussock moth population. Field-collected l a rvae  were labora tory  

reared  t o  determine mor ta l i t y  fac tors .  Forty-nine percent emerged a s  

adu l t s ,  36.7% died  of unknown causes, 9.2% died  from hymenopterous 

p a r a s i t e s ,  1.8% from dip terous  p a r a s i t e s ,  and 3.4% from vi rus .  The 

nucleopolyhedrosis v i r u s  was not  t h e  major f a c t o r  i n  population decline.  

Several  problems i n  t h e  formulat ion of microbial  i n s e c t i c i d e s  a r e  

discussed. 

Control - 5,  6 

155. McLean, H. E. 1966. Twenty days i n  June . . . t h e  cautious war. Am. 

For. 72(3):28-31, 49, 50. 

A popular account of the  DDT spray con t ro l  p ro jec t  i n  t h e  Malheur 

National  Fores t  (Oregon) aga ins t  an outbreak of t h e  Douglas-fir tussock 

moth. The i n f e s t a t i o n  was f i r s t  discovered i n  1963 and reached outbreak 

proport ions by 1964. F i f t y  thousand pounds of DDT was a e r i a l l y  applied 

t o  60,000 ac res  of Douglas-fir and white f i r ,  between June 10 and J u l y  1, 

1965. Hel icopters  were used t o  apply t h e  chemical t o  increase  t h e  

p rec i s ion  of spray placement and minimize danger t o  c a t t l e  and ranches i n  

t h e  area.  The spray p ro jec t  was under t h e  cont ro l  of t h e  USDA Forest  

Service. The e f f e c t s  on both domestic and wild animals of poss ib le  DDT 

contamination were monitored. Postspray sampling revealed 98% mor ta l i ty  

of Douglas-fir tussock moths i n  t h e  t r ea t ed  areas .  

Control - 2, 3 

156. Maksymiuk, B. 1975. Pa t t e rn  of use and s a f e t y  aspects  i n  app l i ca t ion  of 

i n s e c t  v i ruses  i n  a g r i c u l t u r e  and fo res t ry .  Baculoviruses f o r  

i n s e c t  pes t  cont ro l :  Safety cons idera t ions ,  p. 123-127. 



M. D. Summers, R. Engler ,  L. A. Falcon, and P. V. Va i l ,  eds.  Am. 

Soc. Microbiol .  

A gene ra l  d i s c u s s i o n  is presen ted  of t h e  s a f e t y  a s p e c t s  of v i r u s  

fo rmula t ion  and f i e l d  a p p l i c a t i o n  a g a i n s t  a r th ropods .  Discussed a r e :  

a p p l i c a t i o n  s t r a t e g i e s ,  t ypes  of fo rmula t ions  and equipment, amounts of 

v i r u s  used, and comparisons of p a t t e r n s  of f i e l d  u s e  between a g r i c u l t u r e  

and f o r e s t  c o n t r o l  p r o j e c t s .  The d i s cus s ion  of s a f e t y  a s p e c t s  of 

a p p l i c a t i o n  covers  fo rmula t ions  and s t o r a g e ,  equipment s a n i t a t i o n ,  and 

a p p l i c a t i o n  d r i f t  hazards .  Problems of v i r u s  p r e p a r a t i o n  f o r  s p e c i f i c  

i n s e c t s  such a s  t h e  Douglas-f i r  tussock  moth a r e  mentioned. 

Cont ro l  - 6, 9 

157. Maksymiuk, B., P. A. Boving, R. D. Orchard, and R. G. ~ i n t e r f e l d .  1968. 

B io log i ca l  e v a l u a t i o n  of h e l i c o p t e r  spray  equipment f o r  app ly ing  

po lyhedros i s  v i r u s  t o  c o n t r o l  t h e  Douglas-f i r  tussock  moth. USDA 

For. Serv. and Agric. Res. Serv. Prog. Rep., 38 p. Pac. Northwest 

For. and Range Exp. Stn. and Agric.  Eng. Res. Div., C o r v a l l i s ,  Oreg. 

Unpubl . 
A s e r i e s  of h e l i c o p t e r  spray  tests were conducted n e a r  C o r v a l l i s ,  

Oregon, as p a r t  of a n  e f f o r t  t o  develop an  o p e r a t i o n a l  procedure f o r  

c o n t r o l  of t h e  Douglas-f i r  tussock  moth wi th  po lyhedros i s  v i r u s .  The 

tests were designed t o  determine t h e  e f f e c t s  on l a r v a l  m o r t a l i t y  of 

va r i ous  a p p l i c a t i o n  r a t e s  and spray  a tomiza t ions .  

"TWO sp r ay  systems were t e s t e d .  The ultralow-volume (ULV) sp r ay  

system was c a l i b r a t e d  t o  produce a sp r ay  a tomiza t i on  of 106 um mass 

median d iameter  (mmd) and a n  a p p l i c a t i o n  r a t e  of 0.2 g a l  p e r  a c r e  (gpa). 

The low-volume (LV) sp r ay  system was c a l i b r a t e d  t o  produce sp r ay  

a tomiza t i on  of 355 um mmd and a p p l i c a t i o n  r a t e s  of 1.0 and 2.0 gpa. 

M o r t a l i t i e s  were recorded u n t i l  pupation. D i s t r i b u t i o n  of sp r ay  d e p o s i t  

a c r o s s  t h e  spray  swath was determined." 

The tests revea led  t h a t  t h e  ULV sp ray  system can  reduce a p p l i c a t i o n  

r a t e s  t e n f o l d  wi thout  decreas ing  i n s e c t  mor t a l i t y .  Only one-half t h e  



amount of virus was used for the application rate of 0.2 gpa as compared 

to either 2.0 and 1.0 gpa, "ULV application showed the most potential 

for field use considering biological effectiveness, spray distribution, 

plant coverage, simplicity of equipment, low weight of spray load, . . . 
and reduction in cost." 

Control - 9 

158. Maksymiuk, B., and J. Neisess, 1975. Physical properties of Bacillus 

thuringiensis spray formulations. J. Econ. Entomol. 68 (3)  :407-410. 

The effectiveness of water-base suspensions of Bacillus thuringiensis 

Berliner is increased by the addition of surfactants such as wetting 

agents, thickening agents, antievaporants, stickers, and protectants. 

Twelve commercially prepared, experimental Bat. spray formulations were 

tested and their physical properties evaluated. Emphasis was placed on 

selecting the most stable formulations for aerial application against 

forest defoliating insects. 

"Four ~huricide@-HPC and four Dipel formulations were stable, while 

four Dipel formulations readily separated into layers during short 

storage. Maywood, whey, and corn oil surfactants increased the viscosity, 

which resulted in more stable formulations. Maywood surfactant also 

increased spread of formulations on foliage. 

"Cargill's insecticide base (molasses) adjuvant resulted in the 

higher acidity of spray formulations as compared to polyethylene glycol. 

The various additives did not significantly improve sticking or retard 

evaporation of spray formulations. All formulations flowed through 

experimental spray equipment satisfactorily, were adequately atomized and 

produced consistent droplet size spectra." Little difference occurred in 

physical properties between Dipel and Thuricide formulations. The main 

criterion that would readily distinguish between formulations was the 

uniformity of suspensions of 2. thuringiensis. 
Control - 5, 8 



159. Maksymiuk, B., and R. D. Orchard. 1974. Techniques f o r  eva lua t i ng  

B a c i l l u s  t h u r i n g i e n s i s  and spray  equipment f o r  a e r i a l  a p p l i c a t i o n  

a g a i n s t  f o r e s t  d e f o l i a t i n g  i n s e c t s .  USDA For. Serv. Res. Pap. 

PNW-183, 13  p. Pac, Northwest For. and Range Exp. Stn.,  Po r t l and ,  

Oreg . 
 h he most promising Dipe l  and Thu r i c ide  f o r e s t r y  sp r ay  formula t ions  

and sp r ay  equipment were s t u d i e d  t o  improve a e r i a l  a p p l i c a t i o n  techniques  

and t h e  e f f e c t i v e n e s s  of B a c i l l u s  t h u r i n g i e n s i s  a g a i n s t  f o r e s t  insec t s . "  

The sp r ay  formula t ions  and spray  equipment produced s a t i s f a c t o r y  

drop-size s p e c t r a  and spray-deposi t  p a t t e r n s .  It was found t h a t  s e l e c t e d  

a p p l i c a t i o n s  of B a t .  demonstrated h igh  c o n t r o l  p o t e n t i a l  f o r  t h e  

Douglas-f i r  tussock  moth, Orgyia pseudotsuga ta  (McD.), and t h e  wes te rn  

sp ruce  budworm, Chr i s toneura  o c c i d e n t a l i s  Freeman. The mean co r r ec t ed  

l a r v a l  m o r t a l i t y  of t h e  Douglas-f i r  tussock  moth was 88% f o r  t h e  100-ft  

and 78% f o r  t h e  200-ft sp r ay  swath wid ths  us ing  Dipel .  For t h e  Thu r i c ide  

t r e a tmen t ,  t h e  mean co r r ec t ed  l a r v a l  m o r t a l i t y  of t h e  Douglas-f i r  tussock  

moth was 94% f o r  t h e  100-ft  and 87% f o r  t h e  200-ft swath widths;  t h e  mean 

c o r r e c t e d  l a r v a l  m o r t a l i t y  of t h e  wes te rn  spruce  budworm was 100% f o r  t h e  

100-ft  and 98% f o r  t h e  200-ft swath widths.  Higher d e p o s i t s  of B. t .  

a lmos t  completely prevented i n s e c t  d e f o l i a t i o n  t o  test t r e e s .  

Cont ro l  - 5 ,  8 

160. Maksymiuk, B., R. D. Orchard, R. A. Waite, and J. Neisess .  1972. 

A e r i a l  a p p l i c a t i o n  of po lyhedros i s  v i r u s  a g a i n s t  t h e  Douglas-f i r  

t u s sock  moth: Equipment, fo rmula t ion ,  me t eo ro log i ca l  monitor ing,  

sp r ay  d e p o s i t  and d r i f t  assessment.  P a r t  11. In R e s u l t s  of f i e l d  

experiments  f o r  c o n t r o l l i n g  Douglas-f i r  tussock  moth w i th  a e r i a l  

a p p l i c a t i o n  of po lyhedros i s  v i r u s  and a s s o c i a t e d  s t u d i e s .  USDA For. 

Serv. Prog. Rep., 22 p. Pac. Northwest For. and Range Expo Stn. ,  

C o r v a l l i s ,  Oreg. Unpubl. 

"This r e p o r t  summarizes t h e  r e s u l t s  of t h e  pre l iminary  sp r ay  t e s t s  

conducted a t  t h e  a i r p o r t ,  C o r v a l l i s ,  Oregon, and t h e  f i e l d  t e s t  c a r r i e d  



Douglas-f i r  tussock  moth." The a i r p o r t  t e s t s  co r r ec t ed  spray  equipment 

d e f i c i e n c i e s ,  and determined sp r ay  a tomiza t ion ,  swath width, and spray  

d e p o s i t  p a t t e r n s .  

The f i e l d  t e s t  i n  C a l i f o r n i a ,  showed a  "wide v a r i a t i o n  i n  t h e  

amount of sp r ay  d e p o s i t  bo th  w i t h i n  and among i n d i v i d u a l  t r e e s .  

Q u a n t i t a t i v e  spray-deposi t  assessment d a t a  showed t h a t  t h e  f o l i a g e  

samples con ta ined  almost  twice t h e  amount of d e p o s i t  on t h e  I r o n  Mountain 

p l o t  a s  compared t o  t h e  Plummer Ridge p l o t .  Th i s  d i f f e r e n c e  is h igh ly  

s i g n i f i c a n t .  It can be expla ined  by t h e  d i f f e r e n c e  i n  p r e c i s i o n  of t h e  

sp r ay  a p p l i c a t i o n  mainly due t o  swath markings and gene ra l  l o c a t i o n  of 

p l o t .  The amount of spray  d r i f t  was h igh ly  s i g n i f i c a n t  i n  a l l  c o n t r o l  

p l o t s .  

Due t o  i n s u f f i c i e n t  l a r v a l  m o r t a l i t y ,  no a t t emp t  was made t o  

c o r r e l a t e  i t  w i th  t h e  q u a n t i t y  of spray  deposi t ."  

Cont ro l  - 9 

161. Manis, H. C. ,  and W. E. Shul l .  1946. Tussock moth con t ro l .  Univ. Idaho 

Col l .  Agric.  Mimeogr. Lea f l .  No. 95, 1 p. Agric. E ~ P .  Stn. and 

Ext. Div., Moscow. 

Report unava i lab le .  

Cont ro l  - 1 

162. Markin, G. P., and H. Wilcox 111. 1977. Douglas-f i r  tussock  moth ground 

s p r a y  tests, 1974. I n s e c t i c .  and Aca r i c ide  T e s t s  2:113-114. 

Ground t e s t s  of 15 i n s e c t i c i d e s ,  each a t  3 d i f f e r e n t  r a t e s ,  were 

conducted i n  t h e  Wallowa-Whitman Nat iona l  F o r e s t ,  from June 21 t o  

J u l y  10, 1974, t o  d i s cove r  a  replacement f o r  DDT f o r  c o n t r o l  of t h e  

Douglas-f i r  tussock  moth. "Based on t h e  r e s u l t s  of t h e  t e s t s  ( p l u s  

a d d i t i o n a l  da t a )  two m a t e r i a l s ,  Orthenem 75s and TH-6040, were recommended 

f o r  f u r t h e r  f i e l d  t es t ing ."  

Control  - 1 



163. Mart ignoni ,  M. E. 1967. Sepa ra t i on  of two t ypes  of v i r a l  i n c l u s i o n  

b od i e s  by i sopycn i c  c e n t r i f u g a t i o n .  J. Viral. 1 (3 )  :646-647. 

Nucleopolyhedrosis  v i r u s  (NPV) i n c l u s i o n  bodies  and cytoplasmic 

po lyhedros i s  v i r u s  (CPV) i n c l u s i o n s  from l a r v a l  Douglas-f i r  tussock  moths 

can be  s epa ra t ed  and p u r i f i e d  from mixed suspens ions  by c e n t r i f u g a t i o n  

because of a  smal l  d i f f e r e n c e  i n  t h e  d e n s i t y  of t h e  i n c l u s i o n  bodies .  

 h he i n c l u s i o n s  a r e  d r i v e n  by c e n t r i f u g a l  f o r c e  t o  t h e i r  i sopycn i c  l e v e l  

i n  a  suc ro se  dens i ty -grad ien t  column." The c e n t r i f u g a t i o n s  were performed 

i n  vacuo a t  1°c  by a  BD-2 u l t r a c e n t r i f u g e  equipped w i th  high-speed, 

h o r i z o n t a l  swinging bucket  r o t o r s .  "The f r a c t i o n a t i o n  procedure cons i s t ed  

of f o u r  s teps . "  

Examination of t h e  r e s u l t i n g  two suspens ions  by da rk - f i e l d  microscopy 

showed each f r a c t i o n  contained on ly  i n c l u s i o n s  of one o r  t h e  o t h e r  type. 

I n f e c t i v i t y  t e s t s  of t h e  two f r a c t i o n s  performed on tussock moth l a r v a e  

showed on ly  a  t r a c e  (5.3%) of  contaminat ing CPV i n  t h e  NPV f r a c t i o n  and 

no NPV i n  t h e  CPV f r a c t i o n .  

I s o d e n s i t y  l e v e l s  f o r  t h e  v i r u s  i n c l u s i o n s  were determined a t  1.261 

f o r  NPV and 1.279 f o r  CPV i n c l u s i o n  bodies .  

Biology - 5; Cont ro l  - 6 

164. Mart ignoni ,  M. E. 1972. Product ion,  s a f e t y  eva lua t i on ,  and i n f e c t i v i t y  

t i te r  a s say  of nuc leopolyhedros i s  v i r u s  p r e p a r a t i o n  f o r  f i e l d  

a p p l i c a t i o n .  P a r t  I. ,& Resu l t s  of f i e l d  experiments  f o r  

c o n t r o l l i n g  Douglas-f i r  tussock  moth w i th  a e r i a l  a p p l i c a t i o n  of 

po lyhed ros i s  v i r u s  and a s s o c i a t e d  s t u d i e s .  USDA For. Servo  Prog- 

Rep., 13 p. Pac. Northwest and Range Exp. Stn.,  C o r v a l l i s ,  Oreg. 

Unpub 1. 

"A nucleopolyhedron p r e p a r a t i o n  s u f f i c i e n t  f o r  t r e a t i n g  206 a c r e s  of 

f i r  f o r e s t  a t  10'' v i r a l  i n c l u s i o n  bodies  p e r  a c r e  was produced by a  

s i m p l i f i e d  procedure. The method cons i s t ed  of t h r e e  p r i n c i p a l  s t e p s :  

(1)  p ropaga t ion  of t h e  v i r u s  i n  Douglas-f i r  tussock  moth l a rvae ;  

(2)  recovery  of t h e  i n c l u s i o n  bodies  by homogenizing t h e  l a r v a l  t i s s u e s  



and by passage of the suspension through a series of sieves; and 

(3) enrichment of the inclusion-body suspension by centrifugation in a 

sucrose solution. 

"Tests to determine the safety of the viral agents for bees, fish, 

and mammals were completed, and gave no indication that the preparation 

would be unsafe for use as an insecticide. The tests were reviewed by 

public-health virologists. Routine production control tests confirmed 

that pathogenic agents (such as Shigella and Salmonella) were absent from 

the batch actually used in the field." 

Infectivity titer of the suspension was determined by bioassay with 

larvae of the Douglas-fir tussock moth. Median lethal dose was 208 PIB/g 

larval weight. LDgO was estimated at 580 PIB/larvae. Pre- and postspray 

samples collected from the spray system nozzles showed comparable LDS0 

values when bioassayed with tussock moth larvae, demonstrating good field 

activity of the virus suspensions. Actual polyhedron counts of field 

samples were 3-13% lower than theoretically expected, possibly because of 

sedimentation. 

Control - 6 

165. Martignoni, M. E. 1972. A rapid method for the identification of 

nucleopolyhedron types. J. Invertebr. Pathol. 19(2):281-283. 

Two nucleopolyhedron morphotypes occur in diseased Douglas-fir 

tussock moth larvae; single-rod virus types and bundle-rod virus types. 

Observation of the polyhedron dissolved in an alkali solution by 

dark-field microscopy gives a rapid method of discerning the ratio of the 

two types present in a virus suspension. Dissolved virus bundles appear 

as bright granules in fast Brownian movement within the outer polyhedron 

membrane, while the contents of the single-rod virus polyhedra appear 

homogeneous. Optimum area of observation of the dissolved polyhedra is 

found in the pH gradient formed against Tris buffer. Only freshly 

dissolved polyhedra can be easily identified. After a few minutes in 

alkaline solution, the contents of the polyhedra of both types 

precipitate. 



A 0.02 M NaOH wi th  1% hydroxyethyl  c e l l u l o s e  s o l u t i o n  and a 0.02 M 

T r i s  b u f f e r  a t  pH 7.2 were used. A v i r u s  suspens ion  was smeared on a 

microscope s l i d e  and l e t  dry.  One drop each of t h e  T r i s  b u f f e r  and t h e  

a l k a l i n e  s o l u t i o n  were placed on a cover  s l i p ,  jo ined  t oge the r ,  and 

i n v e r t e d  on t h e  s l i d e .  The s l i d e  was immediately examined. 

Biology - 5;  Cont ro l  - 6 

166. Mart ignoni ,  M. E., J. P. B r e i l l a t t ,  and N. G. Anderson. 1968. Mass 

p u r i f i c a t i o n  of po lyhedra l  i n c l u s i o n  bodies  by i sopycnic  banding i n  

zona l  r o t o r s .  J. Inve r t eb r .  Pathol .  11(3):507-510. 

I sopycnic  s e p a r a t i o n  of nucleopolyhedra from homogenates of l a r v a l  

t i s s u e  of s e v e r a l  l ep idop t e r an  s p e c i e s  ha s  been performed i n  suc ro se  

dens i ty -grad ien t  columns by high-speed, h o r i z o n t a l  swinging bucket  r o t o r s .  

By a d a p t a t i o n  of t h e  procedure f o r  use wi th  zonal  r o t o r s ,  l a r g e  volumes 

of homogenate can be  processed t o  produce gram amounts of pure  

nucleopolyhedra. The procedure could be used i n  decontaminat ing 

i n d u s t r i a l  ba tches  of nucleopolyhedra i f  b a c t e r i a l  contaminants  and 

a l l e r g e n s  o r  both were undes i rab le .  

Biology - 5 ;  Cont ro l  - 6 

167. Mart ignoni ,  M. E., and P. J. Iwai. 1968. Determinat ion of 

nucleopolyhedron counts  and s ize-frequency d i s t r i b u t i o n s  by means of 

a Cou l t e r  t ransducer .  USDA For. Serv. Res. Note PNW-85, 14 p. Pat. 

Northwest For. and Range Exp. Stn.,  Po r t l and ,  Oreg. 

" ~ o u l t e r  counts  of nucleopolyhedra i n  p u r i f i e d  suspensions and i n  

suspens ions  con t a in ing  vary ing  amounts of i m p u r i t i e s  (up t o  7.9% i n  t h e  

s i z e  range of t h e  i n c l u s i o n  bodies)  gave r e s u l t s  i n  good agreement wi th  

counts  performed w i th  t h e  t r a d i t i o n a l  microscopic  count ing chamber." 

With t h e  e l e c t r o n i c  procedure,  l a r g e  s e r i e s  of p r epa ra t i ons  can be r a p i d l y  

processed.  The advantages and d i sadvantages  of t h e  automated procedure 

a r e  ou t l i ned .  "Polyhedron counts  of suspens ions  con t a in ing  l a r g e  amounts 

of i m p u r i t i e s  (such a s  raw t i s s u e  homogenates) gave u n r e l i a b l e  r e s u l t s  by 

e l e c t r o n i c  a s  we l l  a s  microscopic  procedures.  I n  such ca se s ,  b i o l o g i c a l  

a s s ay  remains t h e  on ly  r e l i a b l e  method f o r  t h e  de t e rmina t i on  of 

i n f e c t i v i t y  t i t e r s . "  



With t h e  model B Cou l t e r  counte r ,  s ize-frequency d i s t r i b u t i o n s  of 

ba t ches  of nucleopolyhedra could  b e  e s t a b l i s h e d  based on l a r g e  numbers of 

p a r t i c l e s .  

Biology - 5; Con t ro l  - 6 

168. Mart ignoni ,  M. E., and P. J. Iwai.  1977. A c a t a l o g  of v i r a l  d i s e a s e s  of 

i n s e c t s  and mites. 2d ed. USDA For. Serv. Gen. Tech. Rep. PNW-40, 

27 p. Pac. Northwest For. and Range Exp. Stn.,  Po r t l and ,  Oreg. 

(1st ed., 1975.) 

"This computer-based c a t a l o g  lists over  640 s p e c i e s  of i n s e c t s  and 

m i t e s ,  each r epo r t ed  t o  have one o r  more of 21  v i r a l  d i s e a s e s  o r  d i s e a s e  

groups,  f o r  a t o t a l  of about  1,000 hos t -v i rus  records." Hos ts  are l i s t e d  

bo th  i n  taxonomic sequence i n  one list, and a l p h a b e t i c a l l y  by s p e c i f i c  

names i n  a second list. 

Biology - 5 

169. Mart ignoni ,  M. E., and P. J. Iwai. 1977. Pe ro r a l  b ioassay  of 

t echnica l -grade  p r e p a r a t i o n s  of t h e  Douglas-f i r  tussock  moth 

nuc leopolyhedros i s  v i r u s  ( ~ a c u l o v i r u s ) .  USDA For. Serv. Res. Pap. 

PNW-222, 12 p. Pac. Northwest For. and Range Exp. Stn. ,  

Po r t l and ,  Oreg. 

"The potency of i n d u s t r i a l  p r e p a r a t i o n s  of v i r u s e s  f o r  c o n t r o l  of 

i n j u r i o u s  i n s e c t s  can  be  es t imated  r e l i a b l y  on ly  by means of b i o l o g i c a l  

assay.  We d e s c r i b e  a s imple,  y e t  s e n s i t i v e  p e r o r a l  b ioassay  procedure 

f o r  t echnica l -grade  p r epa ra t i ons  of nuc leopolyhedros i s  v i ru s .  This  

procedure ha s  been accep ted  by t h e  F o r e s t  Se rv i ce  and t h e  U.S. 

Environmental P r o t e c t i o n  Agency a s  t h e  s t anda rd  method f o r  assay ing  

i n d u s t r i a l  v i r u s  p r e p a r a t i o n s  f o r  c o n t r o l  of t h e  Douglas-f i r  tussock  

moth." 

Biology - 5; Cont ro l  - 6 

170. Mart ignoni ,  M. E., and P. J. Iwai. 1977. Thermal i n a c t i v a t i o n  

c h a r a c t e r i s t i c s  of two s t r a i n s  of nuc leopolyhedros i s  v i r u s  



(Baculovirus  subgroup A) pa thogenic  f o r  Orgyia  pseudotsuga ta .  

J. Inve r t eb r .  Pathol .  30(2)  :255-262. 

"Two nuc leopolyhedros i s  v i r u s e s  of t h e  Douglas-f i r  tussock  moth, 

Orgyia pseudotsuga ta ,  one wi th  a  s i n g l e  nucleocapsid p e r  envelope (SV) 

and one w i th  m u l t i p l e  nuc leocaps ids  p e r  envelope (BV) a r e  i n a c t i v a t e d  by 

a  f i r s t - o r d e r  r e a c t i o n  a t  55' and 60°C. BV i s  t h e  more thermos tab le  of 

t h e  two v i r u s e s :  a t  both test temperatures ,  i t  ha s  a lower i n a c t i v a t i o n  

r a t e  t han  SV. BV i s  a l s o  t h e  more v i r u l e n t  of t h e  two v i r u s e s ,  wi th  

r e s p e c t  t o  a c u t e  course  of t h e  d i s e a s e  and s e v e r i t y  of t h e  h i s t o l o g i c a l  

l e s i o n s .  The g r e a t e r  t h e r m o s t a b i l i t y  of BV and t h e  a c u t e  course  of t h e  

d i s e a s e  caused by t h i s  pathogen suppor t  t h e  choice  of BV a s  t h e  v i r u s  

most s u i t a b l e  f o r  i n d u s t r i a l  p roduc t ion  and f i e l d  use." 
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171. Mart ignoni ,  M. E., P. J. Iwai ,  and J, P. B r e i l l a t t ,  1971. Heterogeneous 

buoyant d e n s i t y  i n  ba t ches  of v i r a l  nucleopolyhedra. J. I n v e r t e b r  . 
Pathol .  18(2):219-226. 

"Nucleopolyhedron p r epa ra t i ons  of t h e  bundle v i r u s  s t r a i n ,  ob ta ined  

from l a r g e  volumes of t i s s u e  homogenates of Hemerocampa pseudotsuga ta  

l a r v a e ,  c o n t a i n  popula t ions  of i n c l u s i o n  bodies  which d i f f e r  w i th  regard  

t o  t h e i r  buoyant d e n s i t y  i n  i sopycnic  suc ro se  g r ad i en t s .  The h e a v i e r  

polyhedra c o n t a i n  h ighe r  numbers of v i r u s  rods  p e r  polyhedron a s  w e l l  a s  

h ighe r  numbers of rods  pe r  v i r u s  bundle. Polyhedra of t h e  s ingle-rod 

v i r u s  s t r a i n  occlude l a r g e r  v i r u s  rods  and band a t  h ighe r  d e n s i t y  than  

bundle  v i r u s  polyhedra w i th  s i m i l a r  numbers of v i r u s  rods. Th i s  f a c t  

f a v o r s  t h e  hypothes i s  t h a t  t h e  s ingle-rod and t h e  bundle v i r u s  s t r a i n s  

a r e  d i s t i n c t  e n t i t i e s .  Th i s  s t udy  i nc ludes  a  de te rmina t ion  of t h e  

sed imenta t ion  c o n s t a n t s  of two polyhedron f r a c t i o n s ,  a  mathematical 

s imu la t i on  of t h e  sed imenta t ion  behavior  of nucleopolyhedra i n  i sopycnic  

suc ro se  g r a d i e n t s ,  and an  emp i r i c a l  a n a l y s i s  of t h e  sed imenta t ion  of a  

polyhedron f r a c t i o n .  These d a t a  a r e  in tended  t o  p rov ide  f u r t h e r  c r i t e r i a  

f o r  improving t h e  p u r i f i c a t i o n  of po lyhedra l  i n c l u s i o n  bodies  i n  

Anderson's zona l  ro tors . "  
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172. Martignoni, M. E., P. J. Iwai, K. M. Hughes, and R. B e  Addison. 1969. * 
cytoplasmic polyhedrosis  of Hemerocampa pseudotsugata. J. Invertebr.  

Pathol. 13 (1) : 15-18. 

"Histochemical and h i s t o l o g i c a l  s t u d i e s  of midguts of l a rvae  of t h e  

Douglas-fir tussock moth, Hemerocampa pseudotsugata, infec ted  with 

cytoplasmic polyhedrosis  v i r u s  showed t h a t  t h e  v i r a l  i nc lus ion  badies 

formed i n  apicobasal ly or iented  rows i n  goblet  and columnar c e l l s  of t h e  

epithelium. Electron micrographs of u l t r a t h i n  sec t ions  of infec ted  c e l l s  

i n  t h e  l a t e  s t ages  of the  d i sease  revealed t h a t  t h e  cytoplasmic polyhedra 

were surrounded by high numbers of v i r u s  p a r t i c l e s ,  adjacent  t o  t h e  

su r face  of the  inc lus ion  bodies. Biological  assay gave an LD50 es t imate  

of 104 polyhedra/g l a r v a l  weight. I n  our samples, t h e  mean volume of the  

inc lus ion  bodies was 7.7 ji3 and t h e  mean diameter of the  v i r u s  p a r t i c l e s  

was 56 mp." 
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173. Martignoni, M. E., P. J. Iwai, and L. J. Wickerham. 1969. A cand id ia s i s  

i n  la rvae  of the  Douglas-fir tussock moth, Hemerocampa pseudotsugata. 

J. Invertebr.  Pathol. 14(1) :108-110. 

A yeas t  i s o l a t e d  from t h e  al imentary t r a c t  of a laboratory-reared 

l a rva  of t h e  Douglas-fir tussock moth was c l a s s i f i e d  a s  Candida 

zeylanoides (Cas te l l an i )  Langeron and Guerra (designated s t r a i n  Y-7043) 

on t h e  b a s i s  of c e l l  and colony morphology, carbon as s imi l a t ion  reac t ions ,  

and sugar fermentation. 

I n f e c t i v i t y  t e s t s  of yeas t  c e l l s  from 2-day-old surface  colonies on 

4 th- ins tar  tussock moth l a rvae  r e su l t ed  i n  a s l i g h t  i n h i b i t i o n  of growth 

with low inocu la t ive  doses and a high mor ta l i t y  with high doses. No 

pathognomonic symptoms of the  cand id ia s i s  appeared i n  the  tussock moth 

larvae.  The frequency of yeas t  c e l l s  i n  the  f r e s h  feces  served a s  a 

d iagnost ic  t e s t .  The yeas t  mul t ip l i e s  abundantly i n  the  s l i g h t l y  a c i d i c  

hindgut of t h e  larvae. 



"C. zey lanoides ,  s t r a i n  Y-7043, appears  t o  be a condi t ioned  - 
ente ropa thogenic  microorganism f o r  l a r v a e  of 11. pseudotsugata." Secondary 

e t i o l o g i c a l  f a c t o r s  may have in f luenced  bo th  its appearance i n  t h e  

l abo ra to ry  and t h e  r e s u l t s  of t h e  i n f e c t i v i t y  t e s t s .  Lowered r e s i s t a n c e  

i n  t h e  h o s t  is o f t e n  r equ i r ed  f o r  s u c c e s s f u l  c o l o n i z a t i o n  by c e r t a i n  

yea s t s .  Both t h e  l a r v a e  from which t h e  y e a s t  s t r a i n  was i s o l a t e d  and t h e  

l a r v a e  used f o r  t h e  t e s t s  were rea red  on a n  a r t i f i c i a l  d i e t .  Because 

a r t i f i c i a l  d i e t s  may lower r e s i s t a n c e  i n  l abora tory- reared  i n s e c t s ,  t h e  

y e a s t  may cause  d i s e a s e  i n  t h e  l abo ra to ry  where i t  would no t  do s o  i n  t h e  

f i e l d .  
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174. Mart ignoni ,  M. E., and R. L. Langston. 1960. Supplement t o  a n  annota ted  

list and b ib l iography  of i n s e c t s  repor ted  t o  have v i r u s  d i s ea se s ,  

H i l g a r d i a  30 (1)  : 1-39, 

Th i s  supplement t o  Hughes's (1957) "Annotated L i s t  and ~ i b l i o g r a p h y "  

adds 473 r e f e r e n c e s  t o  t h e  259 of t h e  o r i g i n a l  list. Almost a l l  t h e  

papers  have been s een  i n  t h e  o r i g i n a l  o r  i n  p h o t o s t a t i c  copy. T r a n s l a t o r s  

were consu l ted  when needed. Papers i n  Japanese  and Russian inc luded  i n  

t h e  supplement were a v a i l a b l e  i n  t r a n s l a t i o n  o r  con ta ined  a complete 

t r a n s l a t e d  summary. They form only  a sma l l  p o r t i o n  of t h e  papers  i n  

t hose  two languages a v a i l a b l e  on t h i s  sub j ec t .  

An a t t emp t  was made t o  d i s t i n g u i s h  between nuc l ea r  po lyhedros i s  and 

cy top lasmic  po lyhedros i s  whenever t h e  in format ion  was a v a i l a b l e ,  Both a 

h o s t  l is t  and a list of gene ra l  r e f e r ences  is  included,  
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175. Mason, R. R. 1967. Eva lua t ion  of a Douglas-f i r  tussock  moth popula t ion  

n e a r  Aztec Peak, Arizona. USDA For, S e n .  Prog. Rep., 10 p. Pat. 

Northwest For,  and Range Exp. Stn. ,  C o r v a l l i s ,  Oreg. U n ~ u b l .  

"An e v a l u a t i o n  was made i n  1967 of  an  i n c i p i e n t  ou tbreak  of t h e  

Douglas-f i r  tussock  moth i n  t h e  S i e r r a  Ancha Mountains of Arizona. 



Purposes of t h e  e v a l u a t i o n  were t o  a s s e s s  t h e  s u i t a b i l i t y  of t h e  a r e a  f o r  

a  f i e l d  test of a  v i r u s  in t roduced  t o  c o n t r o l  t h e  tussock  moth." The 

secondary o b j e c t i v e s  were t o  t e s t  methods of sampling eggs and l a rvae ,  

e s p e c i a l l y  a t  low popu l a t i on  l e v e l s  and t o  s tudy  dynamics of a  n a t u r a l  

tussock  moth popula t ion  through one o r  more genera t ions .  The popula t ions  

were sampled t h r e e  t imes dur ing  t h e  season;  twice  dur ing  t h e  l a r v a l  s t a g e  

and once i n  t h e  egg s t age .  Major f i n d i n g s  of t h e  s tudy  fol low.  

Larva l  popula t ions  i n  1967 were v a r i a b l e  bu t  low a t  a l l  10 permanent 

sample po in t s .  F a l l  egg popula t ions  i nd i ca t ed  a  s u b s t a n t i a l  i n c r e a s e  i n  

popu l a t i on  might occur  i n  1968. S i g n i f i c a n t  d e f o l i a t i o n  could be expected 

i n  one 40-acre a r e a ,  where heavy egg popula t ions  i n d i c a t e d  p o t e n t i a l  

ou tbreak  s t a t u s .  The r e s t  of t h e  a r e a  under obse rva t i on  would st i l l  have 

r e l a t i v e l y  low populat ions.  The h i g h e s t  popula t ions  were a t  a  l e v e l  

s u i t a b l e  f o r  v i r u s  t e s t ,  bu t  occurred over  t oo  s m a l l  an  a r e a  f o r  adequate  

experimental  design.  Continued s tudy  i s  recommended t o  provide d a t a  on 

popu l a t i on  t r e n d s  and in format ion  on t h e  mechanisms of popu l a t i on  

f l u c t u a t i o n .  
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176. Mason, R. R. 1969. Sequen t i a l  sampling of Douglas-f i r  tussock  moth 

popula t ions .  USDA For. Serv. Res. Note PNW-102, 11 p. Pat. 

Northwest For. and Range Exp. Stn. ,  Por t land ,  Oreg. 

" ~ e q u e n t i a l  p l ans  have been cons t ruc ted  f o r  sampling eggs and l a r v a e  

of t h e  Douglas-f i r  tussock moth. The p l ans  a r e  a  s tandard ized  method f o r  

making qu ick  ground surveys  of i n c i p i e n t  outbreaks.  They a r e  designed t o  

be  app l i ed  independent ly  a t  s e l e c t e d  p o i n t s  i n  a  suspected i n f e s t a t i o n  

f o r  d i s t i n g u i s h i n g  c u r r e n t l y  innocuous popula t ions  from those  having 

ou tbreak  p o t e n t i a l .  The s e q u e n t i a l  schemes a r e  recommended p r i m a r i l y  f o r  

sampling tussock  moth l a r v a e  i n  t h e  e a r l y  i n s t a r s . "  

The b a s i c  sample u n i t  i s  a  c o l l e c t i o n  of branches taken  

r e p r e s e n t a t i v e l y  from a t r e e .  Popula t ion  s i z e  is  t h e  d e n s i t y  of young 

l a r v a e  o r  eggs pe r  1,000 i n 2  of branch a r e a  ( squa re  inches  occupied by 



f o l i a g e  on a branch).  A two-class s e q u e n t i a l  scheme s e t  c l a s s  l i m i t s  of 

10 o r  less 1 s t - i n s t a r  l a r v a e  o r  eggs p e r  1,000 i n 2  of branch a r e a  f o r  

l i g h t  popula t ions ;  and 20 o r  more l s t - i n s t a r  l a r v a e  o r  eggs f o r  heavy 

popu l a t i ons  w i th  h igh  ou tbreak  p o t e n t i a l .  Sample p o i n t s  c o n s i s t  of about  

1-acre a r e a s  from which t r e e s  a r e  randomly s e l e c t e d  and sampled. 

Data  used i n  developing t h e  s e q u e n t i a l  sampling methods i n  t h i s  

paper  were t aken  from tussock  moth i n f e s t a t i o n  on wh i t e  f i r  and may n o t  

be  r e p r e s e n t a t i v e  of i n f e s t a t i o n s  i n  o t h e r  h o s t  spec i e s .  
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177. Mason, Re Re  1970. Development of sampling methods f o r  t h e  Douglas-f i r  

tussock  moth, Hemerocampa pseudotsuga ta  (Lepidoptera:  Lymantr i idae) .  

Can. Entomol. 102 (7) :836-845, 

"Methods were developed t o  s t a n d a r d i z e  sampling of t h e  Douglas-f i r  

t u s sock  moth, Popula t ion  d e n s i t y  w a s  es t imated  i n  terms of t h e  number of 

eggs o r  l a r v a e  p e r  1,000 i n 2  of branch a r e a  of Abies concolor  (Gord. and 

Glend.) L ind l ,  The d e n s i t y  of eggs and l a r v a e  v a r i e d  s i g n i f i c a n t l y  i n  

d i f f e r e n t  p a r t s  of t h e  t r e e  crown. I n  a n  ou tbreak ,  egg masses were 

concent ra ted  on i n s i d e  branches n e a r  t h e  bottom of t h e  crown, bu t  i n  

l i g h t  popu l a t i ons  they  were most common on o u t s i d e  branches i n  t h e  top  of 

t h e  crown. Larvae were found ove r  t h e  e n t i r e  t r e e ,  bu t  they  were 

e s p e c i a l l y  concent ra ted  on f o l i a g e  i n  t h e  top. Mean d e n s i t y  of l a r v a e  i n  

t h e  middle  crown was r e p r e s e n t a t i v e  of t h e  whole t r e e .  Egg d e n s i t y  is 

e s t ima t ed  from whole branches sampled r e p r e s e n t a t i v e l y  from t h r e e  crown 

l e v e l s ;  however, d e n s i t y  of l a r v a e  is es t imated  a c c u r a t e l y  from 17-in 

twig samples t aken  from j u s t  t h e  middle crown. Because eggs a r e  clumped 

i n  masses and l a r v a e  a r e  d i spe r s ed  over  t h e  f o l i a g e ,  l a r v a l  d e n s i t y  can 

be  e s t ima t ed  w i th  much less sampling t han  can egg d e n s i t y  f o r  t h e  same 

p r ec i s i on , "  
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178. Mason, R. Re 1972. Analys i s  of popu l a t i on  d e n s i t y  a f t e r  v i r u s  t rea tment  

of  a n a t u r a l  ou tbreak  of t h e  Douglas-f i r  tussock  moth. P a r t  111. 



I n  R e s u l t s  of f i e l d  experiments  f o r  c o n t r o l l i n g  Douglas-f i r  tussock - 
moth wi th  a e r i a l  a p p l i c a t i o n  of po lyhedros i s  v i r u s  and a s s o c i a t e d  

s t u d i e s .  USDA For. Serv. Prog. Rep., 12 p. Pac. Northwest For. 

and Range Exp. Stn.,  C o r v a l l i s ,  Oreg. Unpubl. 

"Est imates  of tussock  moth popu l a t i on  d e n s i t y  were made f i v e  times 

du r ing  t h e  l a r v a l  c y c l e  on v i ru s - t r e a t ed  and un t r ea t ed  t e s t  p l o t s .  

Purposes of t h e  measurements were t o  compare popu l a t i on  t r e n d s  and 

s u r v i v a l  on t h e  t r e a t e d  w i th  t h e  un t r ea t ed  p l o t s .  L i f e  t a b l e s  were a l s o  

cons t ruc t ed  us ing  t h e  m o r t a l i t y  d a t a  provided from l abo ra to ry  r ea r i ngs .  

Major f i n d i n g s  of t h e  s tudy  a r e  a s  fo l lows:  Sampling methods were 

adequa te  f o r  e v a l u a t i n g  t h e  t e s t  and c o n s i s t e n t l y  gave a  r e a l i s t i c  

a p p r a i s a l  of t h e  n a t u r a l  populat ion.  Most s t anda rd  e r r o r s  were w i t h i n  

15% of t h e  mean. Popula t ion  t r e n d s  and s u r v i v a l  over  t h e  course  of 

l a r v a l  development were s i m i l a r  on bo th  v i ru s - t r e a t ed  and un t r ea t ed  

p l o t s .  La rva l  d e n s i t y  dropped sha rp ly  e a r l y  i n  t h e  cyc l e  and then  

dec l i ned  g r adua l l y  t o  pupation. Ove ra l l  l a r v a l  s u r v i v a l  was about  18%. 

"In a  l i f e  t a b l e  a n a l y s i s ,  v i r u s  d i s e a s e  accounted f o r  6% o f  t h e  

m o r t a l i t y  on t r e a t e d  p l o t s  and 2.5% o f  t h e  m o r t a l i t y  on un t r ea t ed  p l o t s .  

The l a r g e s t  p ropo r t i on  of m o r t a l i t y  (over  80%) on a l l  p l o t s  was no t  

i den t i f i ed . "  
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179. Mason, R. R., ed. 1973. Newslet ter .  Douglas-f i r    us sock Moth &search 

Committee. C o r v a l l i s ,  Oreg. No. 1-Mimeogr. 

The Douglas-f i r  Tussock Moth Research Committee is an  informal  group 

of  en tomologis t s ,  o rgan ized  i n  1972 t o  coo rd ina t e  tussock  moth f i e l d  

r e s e a r c h  i n  1973. Its major f u n c t i o n  is  t o  c i r c u l a t e  in format ion  through 

t h e s e  p e r i o d i c  n e w s l e t t e r s  which b r i e f l y  d e s c r i b e  t h e  c u r r e n t  r e s ea r ch  

a c t i v i t y  and r e p o r t  e a r l y  r e s ea r ch  r e s u l t s .  

Re la ted  M a t e r i a l  - 2 



180. Mason, R. R. 1974. Popula t ion  change i n  an  ou tbreak  of t h e  Douglas-f i r  

tussock  moth, Orgyia  p seudo t suga t a  (Lepidop t e r a :  ~ y m a n t r i i d a e )  , i n  

c e n t r a l  Arizona. Can. Entomol. 106(11) :1171-1174. 

The popu l a t i on  growth and n a t u r a l  d e c l i n e  of an  i s o l a t e d  ou tbreak  of 

t h e  Douglas-f i r  tussock  moth is  descr ibed .  The i n v e s t i g a t i o n  was 

conducted from 1967 t o  1971 on a n  i n f e s t a t i o n  nea r  Aztec Peak, Arizona. 

Data from t h i s  s tudy  suppor t  t h e  gene ra l  obse rva t i on  t h a t  ou tbreaks  

pa s s  through a  3-year cyc l e  of popu l a t i on  r e l e a s e ,  peak, and dec l i ne .  

" ~ r o w t h  r a t e  of popu l a t i ons  was independent of l a r v a l  d e n s i t y  i n  t h e  1st 

yea r ,  bu t  t h e r e a f t e r  became a  r e c i p r o c a l  f u n c t i o n  of d e n s i t y ,  t e rmina ted  

by complete popu l a t i on  c o l l a p s e  a t  t h e  end of t h e  3rd  year .  Through 

c o r r e l a t i o n  ana ly se s ,  i t  was found t h a t  d e n s i t y  of smal l  l a r v a e  accounted 

f o r  a  l a r g e  p ropo r t i on  of t h e  change i n  popu l a t i on  d e n s i t y  between 

years .  . . . The c l o s e  r e l a t i o n  between l a r v a l  d e n s i t y  i n  any two 

succe s s ive  yea r s  i n d i c a t e s  t h a t  t h e  outbreak developed from a  popu l a t i on  

t h a t  was r e s i d e n t  i n  t h e  a r e a  f o r  a t  l e a s t  two years .  This  sugges t s  

t h a t ,  a t  low d e n s i t i e s ,  d i s p e r s a l  of sma l l  l a r v a e  is  p r ima r i l y  i n  l o c a l  

r e d i s t r i b u t i o n  i n  t h e  s t a n d  and does n o t  r e s u l t  i n  s i g n i f i c a n t  

long-dis tance spread  of t h e  popu l a t i on  t h e  same year .  V a r i a t i o n  i n  

d e n s i t i e s  between l o c a l i t i e s  must r e f l e c t  d i f f e r e n c e s  i n  n a t u r a l  

environmental  f a c t o r s  which i n f l u e n c e  r a t e s  of i n c r e a s e  dur ing  r e l e a s e  

and u l t i m a t e  popu l a t i on  l e v e l s  reached i n  t h e  peak phase." 

Outbreaks - 4 

181. Mason, R. R. 1976. L i f e  t a b l e s  f o r  a  d e c l i n i n g  popu l a t i on  of t h e  

Douglas-f i r  tussock moth i n  n o r t h e a s t e r n  Oregon. Ann. Entomol. Sot. 

Am. 69 (5)  : 948-958. 

"Changes i n  popu l a t i on  d e n s i t y  and t h e i r  causes  were q u a n t i f i e d  on 

22 sample p l o t s  r ep r e sen t i ng  4 d i f f e r e n t  d e f o l i a t i o n  i n t e n s i t i e s  i n  a  

Douglas-f i r  tussock  moth outbreak.  Densi ty  of l a r v a e  was e x t r a o r d i n a r i l y  

h igh  a t  t h e  beginning of feed ing  i n  June  1973. The rea f t e r ,  popula t ions  

e i t h e r  dec l i ned  sha rp ly  o r  completely co l l ap sed  on a l l  of t h e  p l o t s  



s tud i ed .  Measurable l a r v a l  popula t ions  of t h e  subsequent gene ra t i on  were 

found on on ly  s i x  p l o t s  i n  June 1974, and t h e s e  had v i r t u a l l y  d i sappeared  

by midsummer. Rate  of d e c l i n e  was v a r i a b l e  under d i f f e r e n t  cond i t i ons  

bu t  appeared t o  be p r e d i c t a b l e  from t h e  l e v e l  of p a s t  d e f o l i a t i o n .  I n  

gene ra l ,  t h e  d e c l i n e  r a t e  was f a s t e r  on heav i l y  o r  moderately d e f o l i a t e d  

p l o t s  t han  on l i g h t l y  o r  p rev ious ly  unde fo l i a t ed  p l o t s .  Popula t ion  

c o l l a p s e  was t h e  r e s u l t  of a  mu l t i t ude  of n a t u r a l  f a c t o r s  ope ra t i ng  i n  

compensating ways a g a i n s t  t h e  high-densi ty  outbreak.  It was cha rac t e r i z ed  

by a n  i n c r e a s e  i n  t h e  e f f e c t  of numerous m o r t a l i t y  f a c t o r s  i nc lud ing  

v i r u s  d i s e a s e ,  i n s e c t  p a r a s i t e s ,  p r eda to r s ,  s t a r v a t i o n ,  and l a r v a l  

d i s p e r s i o n ,  a s  we l l  a s  changes i n  popula t ion  q u a l i t y  and s t r u c t u r e  

r e s u l t i n g  i n  lower f e cund i t y ,  and egg q u a l i t y  and a  change i n  sex  r a t i o .  

The l a r g e s t  p ropo r t i on  of m o r t a l i t y  occurred e a r l y  i n  t h e  l a r v a l  cyc l e  

and was probably because of l o s s e s  from n a t u r a l  d i s p e r s i o n  and preda t ion ;  

however, o t h e r  f a c t o r s  may have had a n  equal  o r  g r e a t e r  e f f e c t  on u l t i m a t e  

c o l l a p s e  of t h e  popula t ion  al though they accounted f o r  l e s s  t o t a l  

mor ta l i ty . "  

Outbreaks - 4 

182. Mason, R. R. 1977. Advances i n  understanding popu l a t i on  dynamics of t h e  

Douglas-f i r  tussock  moth. Bul l .  Entomol. Soc. Am. 23(3)  : 168-171. 

A b r i e f  review is presen ted  of t h e  methods of Douglas-f i r  tussock  

moth popu l a t i on  survey and t h e  r e s u l t s  of t h e  s t u d i e s  of popu l a t i on  

dynamics. Both t h e  convent iona l  method f o r  sampling i n s e c t  popula t ions  

and a new technique  f o r  e s t ima t i ng  low popula t ion  d e n s i t i e s  a r e  descr ibed .  

Popula t ion  surveys  have revea led :  t h a t  t h e  Douglas-f i r  tussock  moth is 

p re sen t  i n  low numbers i n  most of i t s  n a t u r a l  h o s t  type;  t h a t  ou tbreaks  

occur  wi th  some p e r i o d i c i t y ,  a l though  no t  always i n  t h e  same s t and ;  and 

t h a t  popula t ions  a r e  r egu l a t ed  a t  low l e v e l s  by a  complex of m o r t a l i t y  

f a c t o r s  i nc lud ing  p r eda t i on  by b i r d s  and p a r a s i t i s m  and p r e d a t i o n  by 

o t h e r  a r th ropods .  Although f a c t o r s  l ead ing  t o  popula t ion  r e l e a s e  have 

no t  y e t  been e l u c i d a t e d ,  much of t h e  in format ion  on popu l a t i on  dynamics 

ha s  been incorpora ted  i n t o  models. 

Outbreaks - 3, 4 



183. Mason, R e  R. 1977. Sampling low d e n s i t y  popula t ions  of t h e  Douglas-f i r  

t u s sock  moth by frequency of occurrence i n  t h e  lower t r e e  crown. 

USDA For. Serv. Res. Pap. PNW-216, 8  p. Pac. Northwest For. and 

Range Exp. Stn.,  Po r t l and ,  Oreg. 

"A new method is descr ibed  f o r  r a p i d l y  e s t ima t i ng  t h e  l a r v a l  d e n s i t y  

of low-level popula t ions .  D e n s i t i e s  of 1.0 o r  fewer  l a r v a e  p e r  1,000 i n  
2 

2 
(0.64 m ) of branch a r e a  i n  t h e  midcrown of h o s t  t r e e s  can be  p r ed i c t ed  

from t h e  p ropo r t i on  of sample u n i t s  t h a t  a r e  i n f e s t e d  i n  t h e  lower t r e e  

crown. This  procedure is an  improvement over  t h e  convent iona l  midcrown 

sampling method because observa t ions  can be  made i n  t h e  more a c c e s s i b l e  

lower crown without  c l i p p i n g  and measuring branches. The technique  is 

e s p e c i a l l y  a p p l i c a b l e  t o  low-level popula t ions  which r e q u i r e  t h e  

examinat ion of l a r g e  amounts of f o l i a g e  t o  e s t i m a t e  l a r v a l  densi ty ."  

Outbreaks - 3 

184. Mason, R. R e ,  and J. W e  Baxter.  1967. S tud i e s  of t h e  b io logy  and 

behavior  of t h e  Douglas-f i r  tussock  moth, 1966. USDA For. Serv. 

Pac. Northwest For. and Range Exp. Stn.,  C o r v a l l i s ,  , 28 P. 

Unpub 1. 

"Studies  were i n i t i a t e d  i n  t h e  summer of 1966 on t h e  b io logy  and 

behavior  of t h e  Douglas-f i r  tussock  moth i n  a  d e c l i n i n g  ou tbreak  i n  

no r the rn  C a l i f o r n i a .  An unusua l ly  l a t e  s p r i n g  f r o s t  k i l l e d  most of t h e  

new t i p  growth on whi te  f i r  branches and deprived young l a r v a e  of t h e i r  

p r e f e r r e d  food. The s i t u a t i o n  prompted a  number of s h o r t  experiments  on 

food q u a l i t y  i n  t h e  l abo ra to ry  and l a r v a l  behavior  i n  a  n a t u r a l  f o r e s t  

environment. . . . 
" ~ l l  l a r v a l  i n s t a r s  f ed  more on new f o l i a g e  t han  on old. Old need l e s  

were almost  t o t a l l y  unacceptab le  t o  e a r l y  i n s t a r  l a r v a e  but  were f ed  upon 

by l a t e  i n s t a r s .  When new f i r  f o l i a g e  was no t  a v a i l a b l e  i n  t h e  f i e l d ,  

l a r v a e  of t e n  migrated t o  p ine ,  where they fed  on new needles .  However, 

i n  t h e  l abo ra to ry ,  new f i r  f o l i a g e ,  when a v a i l a b l e ,  was favored over  new 

p ine  f o l i a g e .  



"Lack of a ccep t ab l e  food f o r  e a r l y  i n s  t a r  l a r v a e  s t imu la t ed  wandering 

i n  t h e  l abo ra to ry .  . . . When l a r v a e  were fed  on ly  frost-damaged f o l i a g e  

which conta ined  no new growth, a  l a r g e  number d i ed ,  appa ren t l y  of 

s t a r v a t i o n .  Surv ivors  on damaged f o l i a g e  were s t u n t e d  and developed 

s lower t han  l a r v a e  t h a t  were f ed  normal f o l i a g e .  

"Female moths r e a r ed  i n  t h e  l abo ra to ry  conta ined  a n  average of 200 

eggs p e r  i n d i v i d u a l ,  bu t  t h i s  was cons iderab ly  h i g h e r  than  t h e  average 

number of eggs p e r  mass i n  t h e  f i e l d .  . . . 
"Larvae tend t o  avo id  h igh  l i g h t  i n t e n s i t i e s  and tempera tures  by 

remaining on t h e  unders ide  of branches and need l e s  t h a t  a r e  exposed t o  

t h e  sun. Most a c t i v i t y  and feed ing  by l a t e - i n s t a r  l a r v a e  occur red  i n  t h e  

evening,  n i g h t ,  and e a r l y  morning. . . . Ear ly  i n s t a r  l a r v a e  u s u a l l y  

concen t r a t ed  i n  t h e  v i c i n i t y  of new buds; l a t e r  i n s t a r s  f ed  f u r t h e r  back 

on t h e  branch a s  t h e  season  progressed." 

Biology - 1; Host Re l a t i onsh ip s  - 1 

185. Mason, R. R., and J. W. Baxter.  1970. Food p r e f e r ence  i n  a  n a t u r a l  

popu l a t i on  of t h e  Douglas-f i r  tussock  moth. J. Econ. Entomol. 

63(4):1257-1259. 

"Food s e l e c t i o n  by l a r v a e  of Hemerocampa pseudotsuga ta  McDunnough 

was s t u d i e d  i n  an ou tbreak  on whi te  f i r ,  Abies concolor  (Gordon and 

Glendenning) L ind ley ,  i n  no r the rn  Cal i fo rn ia . "  La rva l  f e ed ing  p r e f e r ence  

i n  r e l a t i o n  t o  age of f o l i a g e  was determined by c a t e g o r i z i n g  each branch 

i n t o  (1) new f o l i a g e ,  branch t i p  i nc lud ing  a l l  new growth p lu s  3 i n ches  

of woody twig and o ld  f o l i a g e ;  and ( 2 )  o l d  f o l i a g e ,  t h e  remainder of t h e  

branch. New f o l i a g e  of whi te  f i r ,  when i t  was a v a i l a b l e ,  was p r e f e r r e d  

over  o ld  f o l i a g e ,  e s p e c i a l l y  by young l a rvae ,  bu t  o l d  need les  became more 

accep t ab l e  a s  l a r v a e  matured and new f o l i a g e  was dep le ted .  Given a  

p r e f e r ence  t e s t  between f i r  o r  ponderosa p ine  i n  t h e  l abo ra to ry ,  l a r v a e  

s t r o n g l y  favored new f o l i a g e  of whi te  f i r .  However, new f o l i a g e  of p ine  

was a s  a t t r a c t i v e  a s  o l d  f o l i a g e  of whi te  f i r .  "A sho r t age  of p r e f e r r e d  

food s t imu la t ed  mob i l i t y  among e a r l y  i n s t a r s .  When l a r v a e  were fed  on ly  



frost-damaged f o l i a g e  which conta ined  no new growth, many d i ed ,  appa ren t l y  

from s t a rva t i on . "  M o r t a l i t y  of l a r v a e  on damaged f i r  was 74%. The 

h i g h e s t  dea th  r a t e s  occurred i n  t h e  3rd  and 4 t h  i n s t a r s .  

Biology - 1; Host Re l a t i onsh ip s  - 1 

186. Mason, R. R.,  R. C. Beckwith, and H. G. Paul. 1977. Fecundi ty  r educ t i on  

du r ing  c o l l a p s e  of a  Douglas-f i r  tussock  moth ou tbreak  i n  n o r t h e a s t  

Oregon. Environ. Entomol. 6  (5) :623-626. 

" ~ e c u n d i t ~  of tussock  moth popula t ions  v a r i e d  among p l o t s  a f t e r  t h e  

1st yea r  (1972) of  conspicuous t r e e  d e f o l i a t i o n  and dec l i ned  sha rp ly  

a f t e r  a  2d yea r  (1973) of d e f o l i a t i o n .  Degree of d e f o l i a t i o n  i n  t h e  1st 

y e a r  had no s i g n i f i c a n t  e f f e c t  on egg produc t ion ,  a l though  fewest  eggs 

p e r  mass were produced i n  t h e  most s e v e r e l y  d e f o l i a t e d  a r e a s ,  Severe 

t r e e  d e f o l i a t i o n  i n  t h e  1st yea r  s i g n i f i c a n t l y  a f f e c t e d  q u a l i t y  of t h e  

f i l i a l  genera t ion .  F i e l d  popula t ions  t h a t  had no t  a l r e ady  co l l ap sed  

n a t u r a l l y  had a  30% drop i n  f e cund i t y  a f t e r  t h e  2d y r  of d e f o l i a t i o n .  

The conc lus ion  is  t h a t  f e cund i t y  was in f luenced  by many f a c t o r s ,  

food- re la ted  and o therwise ,  i n  t h e  outbreak.  Tree  d e f o l i a t i o n  had i t s  

g r e a t e s t  e f f e c t  a t  excep t i ona l l y  high popu l a t i on  d e n s i t i e s  when t h e  

favored c u r r e n t  need les  were des t royed  e a r l y  i n  t h e  summer, p l ac ing  

s u r v i v i n g  l a r v a e  under a  food s t r e s s  f o r  much of t h e i r  development," 

Biology - 1, Outbreaks - 4 ,  5 

187. Mason, R. R., and C.  G. Thompson. 1971. Col lapse  of an  ou tbreak  of t h e  

Douglas-f i r  tussock  moth, Hemerocampa pseudotsuga ta  (Lepidoptera:  

Lymantr i idae) .  USDA For. S e n .  Res. Note PNW-139, 10 p. Pat. 

Northwest For. and Range Exp. Stn. ,  Po r t l and ,  Oreg. 

"An ou tbreak  popu l a t i on  of t h e  Douglas-f i r  tussock  moth on wh i t e  f i r  

i n  no r the rn  C a l i f o r n i a  was s t ud i ed  dur ing  t h e  summer of its co l lapse , "  

E igh t  s tudy  p o i n t s  were e s t a b l i s h e d ,  t h r e e  i n  t r a n s i t i o n a l  zones of l e s s  

t han  30% d e f o l i a t i o n  and f i v e  i n  t h e  c e n t e r  of t h e  h e a v i e s t  d e f o l i a t i o n  

(more t han  30%). M o r t a l i t y  of l a r v a e  from p a r a s i t e s  and d i s e a s e  was 

determined from l abo ra to ry  r e a r i n g s  of f i e l d - c o l l e c t e d  la rvae .  



The su rv ivo r sh ip  curves  were cons t ruc t ed  f o r  l a rvae ,  one from d a t a  

from t h e  h e a v i l y  i n f e s t e d  a r e a  and t h e  second from t h e  p o i n t s  i n  t h e  

l i g h t l y  i n f e s t e d  a r ea .  A gene ra l  l i f e  t a b l e  f o r  eggs and l a r v a e  was 

prepared by pool ing  d a t a  from a l l  s tudy  po in t s .  "The major cause  of t h e  

c o l l a p s e  was a  n a t u r a l  e p i z o o t i c  of v i r u s  d i s e a s e  i n  l a r v a l  populat ion.  

However, a  l a t e  s p r i n g  f r o s t  which des t royed  much of t h e  p r e f e r r e d  food 

of  t h e  e a r l y - i n s t a r  l a r v a e  may have a l s o  con t r i bu t ed  s i g n i f i c a n t l y .  . . . 
Two s p e c i e s  of ichneumonid p a r a s i t e s  were r e spons ib l e  f o r  most of t h e  

l a r v a l  p a r a s i t i s m  recorded. . . . Densi ty  of e a r l y - i n s t a r  l a r v a e  dec l ined  

more sh a rp ly  i n  heavy t han  i n  l i g h t  popula t ion  a r e a s ,  which sugges t s  t h a t  

l a r v a l  s u r v i v a l  was p a r t i a l l y  density-dependent." 

Outbreaks - 4 

188. Mathers,  W. G. 1949. Douglas-f i r  tussock  moth. Can. Dep. Agric. For. 

I n s e c t  I nves t .  Bi-Mon. Prog. Rep. 5:4. 

I n  p r ev ious ly  recorded ou tbreaks  of t h e  Douglas-f i r  tussock moth i n  

B r i t i s h  Columbia, heav i l y  i n f e s t e d  a r e a s  seldom exceeded 1,000 ac r e s .  I n  

t h e  1948 ou tbreak  i n  t h e  Kamloops Fo re s t  D i s t r i c t ,  i n f e s t e d  a r e a s  of 

2,500-3,000 a c r e s  were found. F i e l d  surveys  of l a r v a e  and cocoons 

i n d i c a t e d  a  sharp  popula t ion  d e c l i n e  w i th  heavy l a r v a l  m o r t a l i t y  from 

d i s e a s e  and pa r a s i t i sm .  Dip te rous  and hymenopterous p a r a s i t e s  were 

numerous i n  heav i l y  i n f e s t e d  a r ea s .  Most commonly observed Hymenoptera 

were Hyposoter spp. and Pimpla p e d a l i s .  Very few egg masses were found 

i n  t h e  November 1948 survey. A cont inued Douglas-f i r  tussock  moth 

ou tbreak  i n  1949 is not  deemed l i k e l y .  

Biology - 3; Outbreaks - 2 

189. Meyer, H., and R. Lyon. 1966. I n s t a r  obse rva t i ons  of t h e  ~ o u g l a s - f i r  

tussock  moth. 10 p. Unpubl. (On f i l e :  Pac. Southwest For. and 

Range Exp. Stn. ,  Berkeley, Ca l i f . )  

Va r i a t i ons  i n  number and l eng th  of l a r v a l  i n s t a r s  i n  t h e  

Douglas-f i r  tussock  moth were s t ud i ed  i n  t h e  l abo ra to ry .  Measurements 

were made of head-capsule wid th  and l a r v a l  length.  Range of t h e  



head-capsule wid ths  overlapped i n  t h e  4th-6th i n s t a r s ,  p revent ing  t h e  u se  

of t h i s  c h a r a c t e r  t o  d e t e c t  i n s t a r s .  L i t t l e  could be  concluded from t h e  

measurements of l a r v a l  length.  The l a r v a l  growth p a t t e r n  was e r r a t i c .  

The time spen t  i n  a  given i n s t a r  va r i ed ,  a s  d id  t h e  number of i n s t a r s  

(5-7). Long pe r i ods  of growth i n  t h e  6 t h  i n s t a r  were observed. A l l  

l a r v a e  maturing t o  a d u l t s  a f t e r  seven i n s t a r s  were female, and 70% of t h e  

f i v e - i n s t a r  l a r v a e  were males. 

Biology - 1 

190. Migunda, J. 1970. Charops sp.  (Hymenop t e r a :  ~chneumonidae)  a  l a r v a l  

p a r a s i t e  of Orgyia mixta  Sne l l .  Em Afr. Agric.  For. J. 36(2):231-233. 

I n v e s t i g a t i o n s  of t h e  Afr ican  tussock  moth, Orgyia mixta  Sne l l .  i n  a  

Pinus r a d i a t a  D. Don p l a n t a t i o n  i n  Kenya, r evea l ed  an  abundance of l a r v a e  

p a r a s i t i z e d  by t h e  ichneumonid, Charops sp.  F ie ld-co l lec ted  l a r v a e  

r ea r ed  i n  t h e  l abo ra to ry  were 100% p a r a s i t i z e d  i n  t h e  4th-6th i n s t a r s ,  

50% p a r a s i t i z e d  i n  t h e  3rd  i n s t a r ,  and v i r t u a l l y  wi thout  p a r a s i t e s  i n  t h e  

1st and 2nd i n s t a r s .  Larvae a r e  p a r a s i t i z e d  i n  t h e  l a t e  s t a g e s  of t h e  

3rd  i n s t a r ,  and mature p a r a s i t e  l a r v a e  emerge from t h e  5 t h  o r  6 t h  i n s t a r  

of t h e  h o s t  l eav ing  behind t h e  empty l a r v a l  s k i n  of t h e  moth. Larva l  

Charops sp.  then  a t t a c h  t o  a  suppor t ,  s p i n  a  cocoon, and pupate. Dura t ion  

of t h e  egg-to- larval  s t a g e  is  about 3  weeks, and t h e  pupal  s t a g e  about 13 

days. Adult longevi ty  ranges from 3-4 days. Hyperparasi t ism by a  cha l c id  

Brachymeria sp.  was common i n  t h e  f i e l d  bu t  nonexis ten t  i n  t h e  labora tory .  

Related Ma te r i a l  - 3 

191. M i l l s ,  J. 1974. Fo re s t  management: NACA d i s c u s s e s  t h e  tussock  moth and 

gypsy moths and DDT. Nat. Pe s t  Cont ro l  Oper. News 34(8):18-19. 

The cont roversy  concerning t h e  c o n t r o l  of t h e  Douglas-f i r  tussock 

moth by DDT is  d iscussed .  The l i f e  c y c l e  of t h e  moth, i t s  method of 

d i spe r s i on ,  t h e  e f f e c t s  of popula t ion  ou tbreaks  on h o s t  t r e e s ,  t h e  s a f e t y  

and h e a l t h  hazards  posed bo th  by t h e  i n s e c t  and i t s  d e f o l i a t i n g  a c t i v i t y ,  

and t h e  es t imated  acreage  a f f e c t e d  and t imber  l o s t  a r e  ou t l i ned .  Pub l i c  

op in ion  p o l l s  on c o n t r o l  of t h e  cu r r en t  ou tbreak  i n  Idaho, Oregon, and 



Washington, show s t r o n g  suppor t  f o r  t h e  use  of DDT. The reasons  behind t h e  

EPA's d e c i s i o n  t o  g r an t  an emergency a u t h o r i z a t i o n  f o r  t h e  u se  of DDT a r e  

b r i e f l y  d e t a i l e d .  The emphasis i s  on problems encountered i n  making f o r e s t  

management dec i s ions .  

Control  - 4 

192. Morr is ,  0. N. 1963. A n u c l e a r  po lyhedros i s  of Orgyia  pseudotsuga ta :  

c a u s a t i v e  agent  and h i s topa tho logy .  Can. J. Microbiol.  9  (6) :899-900. 

This  paper  p r e sen t s  t h e  r e s u l t s  of a  s tudy  on t h e  causa t i ve  agent  

and h i s t opa tho logy  of t h e  v i r u s  d i s e a s e  t h a t  a f f e c t s  f i e l d  popula t ions  of 

t h e  Douglas-f i r  tussock moth. The causa t i ve  agent  is  a  nuc l ea r  

po lyhedros i s  v i r u s  wi th  an  average d iameter  of 1.5 pm. Ear ly  4 t h - i n s t a r  
8 

l a r v a e  were fed  10 polyhedra,  and t h e  h i s t opa tho logy  of t h e  d i s e a s e  

followed i n  a  s e r i e s  of l a r v a e  examined every 48 h r .  The course  of t h e  

i n f e c t i o n  is s i m i l a r  t o  nuc l ea r  po lyhedros i s  i n f e c t i o n s  i n  o t h e r  

Lepidoptera .  Within 4 days,  t h e  f a t  body c e l l s  exh ib i t ed  an  i n c r e a s e  i n  

nuc l ea r  s i z e  and coagula t ion  of nuc l ea r  chromatin. On t h e  6 t h  day, 

po lyhedra l  bodies  appeared i n  t h e  f a t  body, hypodermis, and t rachea .  The 

h o s t  d ied  on t h e  8 t h  day. Breakdown of f a t  body, hypodermis, and t r a c h e a l  

ma t r i x  occurred.  Blood c e l l s  and t h e  nervous system were heav i l y  i n f ec t ed .  

Biology - 5 

193. Morr is ,  0. N. 1963. Pa thogenic i ty  of t h r e e  commercial p r epa ra t i ons  of 

B a c i l l u s  t h u r i n g i e n s i s  B e r l i n e r  f o r  some f o r e s t  i n s e c t s .  J. I n s e c t  

Pathol .  5 (3) :361-367. 

Three commercial p r epa ra t i ons  of B a c i l l u s  t h u r i n g i e n s i s  B e r l i n e r  

( ~ i o t r o p ,  Thur ic ide ,  and ~ a k t h a n e ~ L 6 9 )  were l abo ra to ry  t e s t e d  a g a i n s t  

l a r v a e  of f i v e  f o r e s t  i n sec t s .  Because c r y s t a l l i n e  i n c l u s i o n s  have a  

more immediate t o x i c  e f f e c t  t han  spores ,  a  method f o r  approximating t h e  

r a t i o  of spo re s  t o  c r y s t a l s  i n  commercially prepared B . t .  is  presented.  

Larvae used i n  t h e  t e s t s  were a l l  f i e l d - c o l l e c t e d  3rd  and 4 t h  i n s t a r s .  

" A l l  t h r e e  p r epa ra t i ons  demonstrated high pa thogen i c i t y  f o r  t h e  s a t i n  

moth, S t i l p n o t i a  s a l i c i s  (Linnaeus) ,  moderate pa thogen i c i t y  f o r  t h e  



weste rn  oak looper ,  Lambdina f i s c e l l a r i a  somniara  (Hulst . ) ,  and r e l a t i v e l y  

low pa thogen i c i t y  f o r  t h e  wes te rn  hemlock l oope r ,  Lambdina f i s c e l l a r i a  

lugubrosa (Hulst . ) ,  and t h e  wes te rn  t e n t  c a t e r p i l l a r ,  Malocosoma p l u v i a l e  

(Dyar) ." B i o t r o l  was moderately pa thogenic  f o r  Orgyia  pseudotsuga ta ,  t h e  

Douglas-f i r  tussock  moth, bu t  Bakthane L69 and Thu r i c ide  showed low 

pa thogenic i ty .  " F i f t y  X m o r t a l i t y  occurred i n  3-4 days f o r  2. s a l i c i s  

and i n  6-7 days f o r  t h e  remainder,  excep t  f o r  M. p l u v i a l e ,  i n  which case 

t h i s  f i g u r e  was no t  reached even a f t e r  7  days." 

Cont ro l  - 5 

194. Morris.  0. N. 1963. Pathogens recovered from f o r e s t  i n s e c t s  i n  B r i t i s h  

Columbia, 1947-1963. Can. Dep. For. I n t e r i m  R e s .  Rep. 25 p. For. 

Entomol. and Pathol .  Lab., V i c t o r i a ,  B.C. Unpubl. 

A l i s t  of t h e  pathogens recovered from f o r e s t  i n s e c t s  i n  B r i t i s h  

Columbia between 1947 and 1963, compiled from t h e  r eco rds  accumulated by 

t h e  l a t e  S. M a  Sager ,  D. A. Fethers tonhaugh,  and 0 ,  N. Morris.  

I d e n t i f i c a t i o n  of f u n g i  was confirmed by t h e  s t a f f  of t h e  I n s e c t  Pathology 

Research I n s t i t u t e ,  S a u l t  S t .  Marie, Ontar io .  About 11,000 i n s e c t  

specimens, r e p r e s e n t i n g  159 s p e c i e s ,  were examined f o r  pathogens. Table  

1 lists t h e  pathogens, h o s t s ,  l o c a t i o n ,  and y e a r  of c o l l e c t i o n .  Table  2 

l ists t h e  number of i n s e c t s  examined and t h e  number found i n f e c t e d  w i th  

one o r  more pathogens. 

Re la ted  M a t e r i a l  - 3 

195. Morr i s ,  0. N. 1963. The n a t u r a l  and a r t i f i c i a l  c o n t r o l  of t h e  

Douglas-f i r  tussock  moth, Orgyia p seudo t suga t a  (McDunnough), by a 

n u c l e a r  po lyhedros i s  v i r u s .  J. I n s e c t .  Pa tho l .  5 (4) :401-414. 

"F ie ld  popu l a t i ons  of t h e  Douglas-f i r  tussock  moth . . . i n  t h e  

i n t e r i o r  of B r i t i s h  Columbia, Canada, a r e  i n f e c t e d  w i th  a  nuc l ea r  

po lyhed ros i s  v i ru s .  Eighty-eight  t o  100% of  t h e  l abo ra to ry  reared  

3 r d - i n s t a r  l a r v a e  d ied  from t h e  v i r u s  when l a r v a e  were fed  Douglas-f i r  
9  

f o l i a g e  . . . dipped i n  a  suspens ion  con t a in ing  lo7  t o  10 polyhedra/ml. 



"In f i e l d  s t u d i e s ,  a h igh  i nc idence  of t h e  d i s e a s e  was p r e sen t  i n  

young l a r v a e  and t h i s  increased  t o  100% i n  samples of l a t e - i n s t a r  l a rvae .  

Although many p a r a s i t e s  a r e  known t o  a t t a c k  t h e  tussock  moth, c o n t r o l  by 

t h e s e  agen t s  i n  t h e  p r e sen t  s t udy  appeared n e g l i g i b l e ,  as was c o n t r o l  by 

d i s e a s e  organisms o t h e r  than  t h e  v i r u s .  A h igh  i nc idence  of advanced 

v i r u s  i n f e c t i o n  i n  t h e  e a r l y  i n s t a r s  suggested t h a t  a c e r t a i n  p ropo r t i on  

may have been i n f e c t e d  by t h e  transovum t r ansmi s s ion  of t h e  v i r u s .  

I n d i c a t i o n s  a r e  t h a t  f a c t o r s ,  o t h e r  t han  density-dependent ones,  were 

o p e r a t i v e  i n  t h i s  ep i zoo t i c .  The number of cocoons found a t  t h e  end of 

t h e  season  was extremely low. There is good ev idence  t o  sugges t  t h a t  t h e  

v i r u s  is t h e  main cause  f o r  t h e  popu l a t i on  c o l l a p s e  f r e q u e n t l y  observed 

i n  t h i s  spec i e s .  

' 'Results of a r t i f i c i a l  d i s s emina t i on  of a v i r u s  suspens ion  show t h a t  

s t o r a g e  of v i r u s  m a t e r i a l  i n  t h e  wet s t a t e  f o r  7 yea r s  reduced t h e  

v i r u l e n c e  of t h e  v i r u s  f o r  f i e l d  a p p l i c a t i o n .  Fresh  v i r u s  m a t e r i a l ,  

sprayed a s  a suspens ion  conta in ing  107 polyhedra/ml of 1.0% Lovo, produced 

90% m o r t a l i t y  i n  recovered larvae." 

Biology - 5; Cont ro l  - 6 

196. Morr i s ,  0. N. 1970. Precocious development of a d u l t  c h a r a c t e r i s t i c s  i n  

v i r u s  i n f e c t e d  Lepidoptera .  J. Inve r t eb r .  Pa tho l .  16(2):173-179. 

Precocious development of antennae,  mouthparts ,  adu l t - type  f o r e l e g s ,  

and p a r t i a l  f u s i n g  of o c e l l i  were recorded i n  Douglas-f i r  tussock  moth 

and oak l oope r  l a r v a e  i n f e c t e d  by nuc l ea r  po lyhedros i s  v i r u s .  Larvae 

were l a b o r a t o r y  r ea r ed  from f i e l d - c o l l e c t e d  eggs and i n f e c t e d  i n  t h e  4 t h  

i n s t a r .  The l a r v a e  ceased f eed ing  a f t e r  t h e  t e r a t o l o g i c a l  a l t e r a t i o n s  

appeared and dea th  occurred about  a week l a t e r .  "During t h e  p rog re s s ive  

s t a g e s  of pa thogenes i s ,  t h e  amount of aldehyde-fuchsin-stainable 

neu rosec r e to ry  produc ts  decreased i n  t h e  l a r v a l  b r a i n ,  bu t  increased  i n  

t h e  corpora  a l l a t a . "  There may have been a d i r e c t  o r  i n d i r e c t  i n h i b i t i o n  

of  t h e  corpora  a l l a t a  by t h e  v i r u s ,  which prevented t h e  produc t ion  and 

r e l e a s e  of enough j u v e n i l e  hormone f o r  maintenance of t h e  l a r v a l  s t a t e .  



The study suggests "that virus infections in insect populations may 

affect the hormone balance and timing of hormone activity, resulting in 

prothetelic conditions, cessation of feeding, and death." 

Biology - 5 

197. Morris, 0. N. 1972. Susceptibility of some forest insects to mixtures 

of commercial Bacillus thuringiensis and chemical insecticides, and 

sensitivity of the pathogen to the insecticides. Can. Entomol. 

104 (9) : 1419-1425. 

"~x~eriments were designed to determine the effects of low doses of 

some insecticides on the viability and physiological characteristics of 

commercial Bacillus thuringiensis (Berliner) as a prelude to studies on 

the susceptibility of lepidopterous forest defoliators to mixtures of 

bacteria and insecticides." Insecticides used were: pyrethrum, malathion, 
0 phosphamidon, Zectran, and Butacide . "The results show that the 

insecticides tested had no effect on viability or physiological integrity 

of the bacteria." 

Combinations of bacteria and insecticides at various concentrat ions 

and formulations were tested on field-collected larvae of Halisidota 

argentata, Malacosoma disstria, Hyphantria cunea, and Orgyia pseudotsugata. 

"~acteria-insecticide combination effects varied from strongly 

antagonistic to strongly supplemental, depending on insecticide or 

Thuricide formulations and concentrations and on the relative 

susceptibility of the test species to either agent applied 
-5 

separately. . . . Among 2. pseudotsugata, malathion at 10 and pyrethrum 

at dilutions were weakly supplemental to Bet. used at dilution. 

All other insecticide treatments appeared to be subadditive or 

antagonistic. In general, combination effects were more often 

supplemental at the higher B. t. concentration." 

Treatment with Bet. generally produced a drastic reduction in 

feeding activity and a further reduction was evident among larvae treated 

with B.t. and chemical insecticide compared with controls. 

Control - 1, 5 



198. Morr is ,  0. N. 1973. Dosage-mortality s t u d i e s  w i th  commercial B a c i l l u s  

t h u r i n g i e n s i s  sprayed i n  a  modified p o t t e r ' s  tower a g a i n s t  some 

f o r e s t  i n s e c t s .  J. Inve r t eb r .  Pa tho l .  22(1):108-114. 

"Dosage m o r t a l i t y  tests were c a r r i e d  ou t  w i th  commercial B a c i l l u s  

t h u r i n g i e n s i s  (Bet . )  (Dipel) a g a i n s t  v a r i o u s  i n s t a r s  of t h e  sp ruce  

budworm, Choris toneura fumiferana,  t h e  white-marked and Douglas-f i r  

tussock  moths, Hemerocampa leucost igma and Orgyia pseudotsuga ta ,  and t h e  
-2 

gypsy moth, P o r t h e t r i a  d i spa r .  Dipel  was app l i ed  as a d i l u t e  (10 

molasses  suspension on to  a r t i f i c i a l  d i e t  s u r f a c e  i n  a  spray  tower designed 

t o  s imu la t e  a e r i a l  app l i c a t i on .  P rob i t  a n a l y s i s  of t h e  r e s u l t s  showed 

t h a t  LDSO1s expressed both i n  terms of g a l l o n s  depos i ted  p e r  a c r e  and a s  
2 

spo re s  and c r y s t a l s  depos i ted  p e r  cm , inc reased  w i th  l a m a 1  age f o r  a l l  

spec ies .  The spruce  budworm was t h e  most s e n s i t i v e  t o  t h e  b a c t e r i a ,  

fol lowed i n  decreas ing  o r d e r  of s e n s i t i v i t y  by t h e  white-marked tussock  

moth, Douglas-f i r  tussock moth, and t h e  gypsy moth. The mean s l opes  f o r  

a l l  i n s t a r s  of t h e  f o u r  s p e c i e s  were 1.6, 3.1, 2.6, and 2.2 r e s p e c t i v e l y ,  

i n d i c a t i n g  t h a t  t h e  a s s ay  of B e t .  on a r t i f i c i a l  medium was good. The 

r e l a t i v e l y  low s l o p e  f o r  spruce  budworm is  explained by i ts  p e c u l i a r  

f e ed ing  h a b i t s .  Among a l l  s p e c i e s  t e s t e d ,  bac t e r i a - t r e a t ed  l a r v a e  gained 

weight a t  a  cons iderab ly  reduced r a t e  compared w i th  un t r ea t ed  ones. 

Reduction i n  weight r e s u l t i n g  from lowered feed ing  a c t i v i t y  i n t e n s i f i e d  

a s  dosage r a t e s  increased .  The imp l i ca t i on  of t h i s  i n  terms of m o r t a l i t y  

assessments  i n  m ic rob i a l  c o n t r o l  ope ra t i ons  i s  d i scussed .  

"It is suggested t h a t  0.02 g a l  ( 4 x 1 0 ~  I n t e r n a t i o n a l  Un i t s )  of Dipe l  

Molasses depos i t ed  p e r  a c r e  may ach ieve  economic c o n t r o l  of 4th-6th 

i n s t a r  budworm and 1st-2nd i n s t a r  gypsy moths. A d e p o s i t  r a t e  f o r  2nd-5th 

i n s t a r  white-marked and Douglas-f i r  tussock  moths appeared t o  be i n  t h e  
6 v i c i n i t y  of 0.01 g a l  (2x10 I U )  p e r  acre." 

Control  - 5;  Re la ted  Ma te r i a l  - 3 

199. Morr is ,  0. N. 1975. S u s c e p t i b i l i t y  of t h e  sp ruce  budworm, Chor i s toneura  

fumiferana,  and t h e  white-marked tussock  moth, Orgyia leucost igma,  

t o  B a c i l l u s  t h u r i n g i e n s i s :  chemical i n s e c t i c i d e  combinations. J. 

I nve r t eb r .  Pa tho l .  26(2) :193-198. 



"Bac i l lus  t h u r i n g i e n s i s  mixed w i th  t h e  organophosphate i n s e c t i c i d e s ,  
0 f e n i t r o t h i o n  ( s u m i t h i o n ! ,  Gardona , and Orthene, o r  t h e  s y n t h e t i c  

py re th ro id ,  SBP 1382, was incorpora ted  i n t o  s y n t h e t i c  d i e t  and fed  l a r v a e  

of t h e  sp ruce  budworm, Choris toneura fumiferana,  and t h e  white-marked 

tussock  moth, Orgyia leucostigma." A l l  l a r v a e  were d i sease- f ree ,  

4 th - i n s t a r  rea red  i n  t h e  labora tory .  "Mor ta l i ty  was h i g h e s t  when l a r v a e  

were f ed  combinations of low concen t r a t i ons  of t h e  i n s e c t i c i d e s  and low 

t o  moderate concen t r a t i ons  of t h e  pathogen. The d a t a  i nd i ca t ed  t h a t  

a p p l i c a t i o n s  of a  B e t .  dosage expected t o  produce about  45% m o r t a l i t y  of 

t h e  3rd- and 4 th - i n s t a r  l a r v a e  of t h e  spruce  budworm combined wi th  a  

dosage of f e n i t r o t h i o n  causing about 40% m o r t a l i t y  o r  a  dosage of Orthene 

caus ing  from 5-25% m o r t a l i t y  should r e s u l t  i n  low budworm su rv iva l .  With 

a  B e t .  dosage causing 20-60% m o r t a l i t y  combined w i th  a  f e n i t r o t h i o n  

dosage caus ing  15-50% m o r t a l i t y  o r  a s u b l e t h a l  dosage of Gardona, a  low 

s u r v i v a l  r a t e  of young white-marked tussock  moth l a r v a e  may be expected. " 

No a d d i t i v e  e f f e c t  appeared f o r  t h e  B e t .  - pyrethrum (SBP 1382) 

combination f o r  e i t h e r  s p e c i e s  of moth. 

Re la ted  M a t e r i a l  - 3 

200. Mounts, J. 1976. 1974 Douglas-f i r  tussock  moth c o n t r o l  p r o j e c t .  J. 

For. 74(2):82-86. 

"In June  and J u l y  of 1974, 427,000 a c r e s  of Douglas-f i r  and grand 

f i r  t imberlands i n  Oregon, Washington, and Idaho were t r e a t e d  wi th  DDT t o  

c o n t r o l  t h e  Douglas-f i r  tussock  moth. Th i s  was t h e  l a r g e s t  a l l - h e l i c o p t e r  

f o r e s t  sp r ay  p r o j e c t  eve r  c a r r i e d  ou t  i n  t h e  United S t a t e s  and r equ i r ed  

coopera t ion  by many S t a t e  and Federa l  agenc ies ,  u n i v e r s i t i e s ,  and p r i v a t e  

landowners. Almost t o t a l  i n s e c t  m o r t a l i t y  occurred immediately a f t e r  

t r e a tmen t s  were appl ied .  D e f o l i a t i o n  ceased almost  completely,  and a  

high p ropo r t i on  of f o l i a g e  was saved." The development of t h e  outbreak,  

t h e  planning and a p p l i c a t i o n  of c o n t r o l  measures,  t h e  e f f e c t s  on t imber ,  

and t h e  impact on w i l d l i f e  a r e  descr ibed.  

Control  - 2 



201. Mounts, J., D. McComb, S. W. Meso, L. F. Kl ine ,  and G. C. ~ r o s t l e .  1973. 

Cooperat ive t e s t s  of chemical i n s e c t i c i d e s  f o r  c o n t r o l  of t h e  

Douglas-f i r  tussock  moth - 1973. USDA For. Serv. Reg. 6 ,  Po r t l and ,  

Oreg. 41  p. Unpubl. 

Four i n s e c t i c i d e s  were t e s t e d  i n  t h e  Blue Mountain 

(Oregon-Washington) Douglas-f i r  tussock  moth ou tbreak  i n  1973, i n  an  

a t t emp t  t o  f i n d  a  replacement f o r  DDT. The chemicals  t e s t e d  were: 

Zec t ran ,  a t  two dosage r a t e s ;  Dylox, a t  two dosage r a t e s ;  Sevin;  and BEM. 

App l i ca t i on  was by h e l i c o p t e r .  

Popula t ions  were surveyed b e f o r e  t rea tment  t o  determine d e n s i t y  

l e v e l s ,  a r e a s  of i n f e s t a t i o n ,  and v i r u s  incidence.  Each chemical was 

t e s t e d  a t  f o u r  independent ou tbreak  a r e a s ,  w i th  r e l a t i v e l y  h igh  tussock  

moth popula t ions .  Popula t ions  were sampled r epea t ed ly  a f t e r  t rea tment .  

Assessments of spray  d e p o s i t ,  f o l i a g e  r e t e n t i o n ,  and e f f e c t s  on non t a rge t  

i n s e c t s  were made. Environmental monitor ing covered wate r  q u a l i t y ,  sma l l  

mammal popula t ions ,  and a q u a t i c  popula t ions .  I n d i v i d u a l  i n s e c t i c i d e  

t e s t s  a r e  covered s e p a r a t e l y  i n  t h e  r e p o r t  a s  a r e  o p e r a t i o n a l  p rocedures  

and personnel .  

"Resu l t s  of t h e  tests were h igh ly  v a r i a b l e  and somewhat 

inconclusive."  Larva l  m o r t a l i t y  wi th  Zec t ran ,  Dylox, and Sevin  was high 

bu t  t h e  amount of f o l i a g e  saved was no t  s a t i s f a c t o r y .  BEM gave poor 

r e s u l t s  on l a r v a l  m o r t a l i t y ,  pos s ib ly  from too  low an  a p p l i c a t i o n  r a t e .  

Cont ro l  - 1 

202. Na t i ona l  Fo re s t  Produc ts  Assoc ia t ion .  1973. The tussock  moth epidemic: 

Why chemicals  a r e  needed t o  c o n t r o l  f o r e s t  pe s t s .  Nat l .  For. Prod. 

Assoc., Washington, D.C. 6  p. ( I n s e r t  t o  Oct. 26, 1976, 

Newslet ter . )  

The background i s  g iven  of a  tussock  moth ou tbreak  i n  p rog re s s  i n  

t h e  Northwest du r ing  1973. Arguments i n  f avo r  of t h e  u se  of DDT t o  

c o n t r o l  t h e  epidemic a r e  p resen ted .  These i nc lude  t h e  i n a b i l i t y  of any 



o t h e r  c o n t r o l  p r a c t i c e  t o  check t h e  epidemic, t h e  proved e f f e c t i v e n e s s  of 

DDT a g a i n s t  t h e  tussock  moth, and t h e  danger  of f i r e  hazard  from dead 

t r e e s  and a  p o s s i b l e  30-60 y e a r  s e tback  i n  t h e  f o r e s t  management of t h e  

r eg ion  i f  t h e  epidemic is l e f t  uncont ro l led .  

Cont ro l  - 4 

203. Neisess ,  J., G. P. Markin, and R. Schaefer .  1976. F i e l d  eva lua t i ons  of 

a cepha t e  and Dimi l in  a g a i n s t  t h e  Douglas-f i r  tussock  moth. J. Econ. 

Entomol. 69(6)  :783-786. 

" ~ f f i c a c ~  of acepha te  a t  1.0 and 0.5 l b  A1/2 g a l  p e r  a c r e  a g a i n s t  

Orgyia p seudo t suga t a  (McDunnough) was compared t o  DDT a t  0.75 l b  A ~ / g a l  

p e r  a c r e  on r e p l i c a t e d  20-acre p l o t s  i n  1974. Acephate a t  1.0 l b  AI/gal  

p e r  a c r e  and Dimi l in  [1-(4-chlorophenyl)-3-(2 ,6-dif luorobenzoyl)  u r e a ]  a t  

0.25 l b  AI /ga l  p e r  a c r e  were eva lua ted  on r e p l i c a t e d  150-acre p l o t s  i n  

1975. I n  both experiments ,  a l l  t r e a tmen t s  caused s i g n i f i c a n t  r educ t i on  

i n  l a r v a l  popula t ions .  I n  1974, t h e  1.0 l b  acepha te  t rea tment  r e s u l t e d  

i n  popu l a t i on  r educ t i ons  t h a t  were comparable t o  t h e  DDT t rea tment ;  

however, t h e  l a r v a l  knockdown was f a s t e r  f o r  DDT. Both acepha te  and 

Dimi l in  provided e x c e l l e n t  popu l a t i on  c o n t r o l  and f o l i a g e  p r o t e c t i o n  i n  

1975." 

Cont ro l  - 1, 2 

204. Neisess ,  J., and M. J. S t e l z e r .  1975. T e s t s  of m ic rob i a l  i n s e c t i c i d e s *  

West. For. and Conserv. Assoc., Perm. Assoc. Comm. Proc. 

1974:15-16, Po r t l and ,  Oreg. 

Various formula t ions  of a  nuc leopolyhedros i s  v i r u s  (NPV) and Dipe l ,  

a  commercial B a c i l l u s  t h u r i n g i e n s i s  were eva lua ted  i n  1973, a g a i n s t  t h e  

Douglas-f i r  tussock  moth. I n  t h e  1974 f i e l d  season ,  a  f s l lowup eva lua t i on  

of t h e  1973 t e s t  was made t o  determine long-term e f f e c t i v e n e s s ,  and t o  

i n v e s t i g a t e  f u r t h e r  new B. t .  fo rmula t ions  and a p p l i c a t i o n  s t r a t e g i e s .  

The e f f e c t i v e n e s s  of t h e s e  t e s t s  is repor ted .  

Control  - 5, 6  



205. Northwest F o r e s t  P e s t  ACTION Council  and t h e  Col lege  of Fo re s t ry ,  

Un ive r s i t y  of Washington. 1960. Douglas-f i r  tussock moth, 

Hemerocampa pseudotsuga ta  McD. (Manual f o r )  F o r e s t  P e s t  Sho r t  

Course, March 23-25, 1960. Northwest For. P e s t  ACTION C ~ u n c i l  and 

Col l .  For., Univ. Wash., S e a t t l e .  3 p. 

A d e s c r i p t i o n  of t h e  l i f e  cyc l e ,  phys i ca l  c h a r a c t e r i s t i c s ,  damage, 

and c o n t r o l  of t h e  Douglas-f i r  tussock  moth is ou t l i ned .  

General Background 

206. Odera, J. A. 1972. A d e f o l i a t o r  of p ine s ,  Orgyia hopk in s i  ( ~ e p i d o p t e r a :  

Lymantr i idae)  i n  Turbo, Kenya. Can. Entomol. 104 (3) :355-360. 

" sporad ic  ou tbreaks  of many p ine  d e f o l i a t o r s ,  i nc lud ing  Orgyia 

hopk in s i  Col l . ,  have occurred i n  many p ine  p l a n t a t i o n s  i n  Kenya i n  t h e  

l a s t  20 years .  A r e c e n t  ou tbreak  of 2, hopk ins i  i s  r epo r t ed  from young 

p l a n t a t i o n s  i n  Turbo. D i s t r i b u t i o n ,  h o s t s ,  and epidemiology of t h e  

i n s e c t  a r e  d i scussed .  The s t a g e s ,  l i f e  h i s t o r y ,  and h a b i t s  a r e  descr ibed .  

Eggs a r e  l a i d  on t h e  bark c l o s e  t o  pupa t ion  s i t e s  o r  on t h e  pupal  cases .  

The l a r v a e  feed  on t h e  f o l i a g e  and pupa te  fo l lowing  t h e  5 t h  i n s t a r . "  

Migra t ion  occurs  i n  t h e  l a r v a l  s tage .  Ea r ly  i n s t a r s  a r e  pa s s ive ly  

d i s t r i b u t e d  by wind when they  drop from t r e e s  by s i l k e n  s t r ands .  L a t e r  

i n s t a r s  a c t i v e l y  mig ra t e  by crawling t o  nearby t r e e s .  The l i f e  c y c l e  

l a s t s  76-94 days wi th  f o u r  gene ra t i ons  p e r  year .  The gene ra t i ons  over lap  

and l a r v a e  a r e  p r e sen t  cont inuously.  Two s p e c i e s  of p a r a s i t e s ,  Pimpla 

mahalensis  Grib. and Pimpla sp. (Hymenoptera: ~chneumonidae) ,  have been 

recorded. Other  f a c t o r s  of c o n t r o l  a r e  examined. A 2.5% s o l u t i o n  of DDT 

is  recommended f o r  chemical con t ro l .  

Re la ted  M a t e r i a l  - 3 

207. O r t i z ,  E., and J. Templado. 1975. Los cromosomas de c u a t r o  e spec i e s  de 

l iman t r i dos  (Lep. Lymantr i idae)  . [The chromosomes of f o u r  lymant r i id  

s p e c i e s ]  EOS REV ESP Entomol. 49(1-4) :225-232. [ I n  Spanish. 1 



The r e s u l t s  of a c y t o l o g i c a l  s t udy  of f o u r  s p e c i e s  of Lymantr i idae,  

Orgyia t r i g o t e p h r a s  Boisd., Leucoma s a l i c i s  L., Lymantria d i s p a r  L., and 

Eup roc t i s  chrysor rhoea  L. a r e  p resen ted .  The f i r s t  and l a s t  s p e c i e s  have 

n o t  been s t u d i e d  before .  A l l  specimens a r e  from c e n t r q l  Spain. The 

geographica l  d i s t r i b u t i o n ,  l i f e  cyc l e ,  and h o s t  of each s p e c i e s  is  b r i e f l y  

mentioned. The morphology and movement of chromosomes i n  m i t o s i s  and 

meios i s  was s t ud i ed  i n  t h e  l a r v a l ,  prepupal ,  and pupal  s t a g e s  i n  a l l  f o u r  

spec i e s .  The chromosome numbers a r e  a s  fo l lows  : 2. t r i g o t e p h r a s ,  

n  = 29; Leucoma s a l i c i s ,  n  = 30; Lymantria d i s p a r ,  n  = 31; E. chrysor rhoea ,  

n  = 14. Although s e v e r a l  s p e c i e s  i n  t h e  fami ly  Lymantr i idae have been 

examined, t h e  number is too  smal l  t o  make conc lus ive  deduc t ions  on 

chromosomal v a r i a t i o n  i n  t h i s  group. 

Related M a t e r i a l  - 3 

208. Page, M., and R. L. Lyon. 1973. I n s e c t i c i d e s  app l i ed  t o  wes te rn  tussock 

moth reared  on a r t i f i c i a l  d i e t :  Laboratory tests. J. Econ. ~ n t o m o l .  

66 (1) :53-55. 

" ~ i g h t e e n  i n s e c t i c i d e s  were t e s t e d  on 4 t h - i n s t a r  l a r v a e  of 

Hemerocampa v e t u s t a  (Baisduval) .  Eleven i n s e c t i c i d e s  were h igh ly  t ox i c ;  

py re th ro id s  were t h e  most tox ic .  S ix  o t h e r  i n s e c t i c i d e s  gave t o x i c i t y  

indexes between 48 and 68. Four were s l i g h t l y  more t o x i c  than  DDT. Two 

of t h e  i n s e c t i c i d e s  k i l l e d  l e s s  than  50% of  t h e  t e s t  popu l a t i on  a t  t h e  

h i g h e s t  dose t e s t e d ,  1,000 pg/g body weight.  Although t h e  wes te rn  tussock  

moth has  been r epo r t ed  t o  have f i v e  l a r v a l  s t a g e s ,  s i x  were observed. 

Larvae t h a t  molted t o  t h e  6 t h  i n s t a r  were u sua l l y  female." 

Related Ma te r i a l  - 3 

209. Palmer, L. 1976. Tussock moth r epo r t .  Pac. Search 10(7) :15. 

A b r i e f  r e p o r t  on t h e  s t a t u s  of t h e  Douglas-f i r  tussock  moth a s  a 

p e s t  and t h e  background of t h e  Expanded Douglas-f i r  Tussock Moth Research 

and Development Program is  presented.  Some of t h e  pre l iminary  r e s u l t s  of 

t h e  program's r e s e a r c h e r s  a r e  given. 

Re la ted  M a t e r i a l  - 2 



210. Patterson, J. E. 1938. Moths invade play area. West. Trees, parks and 

For. 1:7. 

An account is given of a 1935-37 infestation of Oslar's tussock 

moth, Hemerocampa oslari Banner, near the Mammoth Lakes in California. 

White-fir and Jeffrey pine were heavily defoliated, but red fir in the 

same stand was not attacked. The population crashed in 1937 from wilt 

disease and heavy predation. 

Related Material - 3 

211. Percy, J. E., ED J. Gardiner, and J. Weatherston. 1971. Evidence for a 

sex pheromone in female Orgyia leucos tigma (Lepidop tera: 

Lymantriidae). Can. Entomol. 103(5):706-712. 

 h he results of behavioral, chemical, and histological studies are 

reported showing the presence of a sex attractant in female Orgyia 

leucostigma J. E. Smith. A method of bioassaying the attractancy of the 

female moths by the use of 4-ft-long glass tubes is given. Extraction of 

female abdominal tips with dichloromethane yields material biologically 

active when tested on male 2. leucostigma. 

"The pheromone producing gland is a dorsally situated, crescent-shaped 

structure formed by modification of the epidermal cells in the 

intersegmental membrane between the eighth and ninth abdominal segments. 

The glandular cells are goblet-shaped and are arranged in an unusual 

manner. " 
Related Material - 3 

212. Perkins, R. F., and R. E. Dolph, Jr. 1967. Operational and entomological 

report on 1965 Burns project for Douglas-fir tussock moth control. 

USDA For. Serv. Pac. Northwest Reg. Insect Dis. Control Branch, 

Portland, Oreg. 28 p. Unpubl. 



"The 1964 coope ra t i ve  f o r e s t  a e r i a l  survey recorded over  41,000 

a c r e s  of t r u e  f i r  and Douglas-f i r  d e f o l i a t e d  by t h e  Douglas-f i r  tussock  

moth on t h e  Malheur and Ochoco Na t i ona l  ~ o r e s t s . "  A b i o l o g i c a l  e v a l u a t i o n  

i n d i c a t e d  a n  i n c r e a s i n g  popu l a t i on  and t h a t  b i o l o g i c a l  agen t s  were no t  

s u f f i c i e n t  t o  c o n t r o l  it. A c o n t r o l  p r o j e c t  was begun wi th  a e r i a l  

a p p l i c a t i o n  of DDT. Discussed i n  t h i s  r e p o r t  a r e  t h e  o p e r a t i o n a l  

procedures ,  l o g i s t i c s ,  personne l  and equipment, c o n t r a c t  o b l i g a t i o n s ,  

sp r ay ing  procedure,  and t h e  m o r t a l i t y  of t h e  tussock  moth. Maps of t h e  

sp r ay  a r e a  a r e  included.  The p r o j e c t  was de sc r i bed  a s  a success .  

Cont ro l  - 2 

213. Perlman, F., E. P r e s s ,  J. A. Googins, A. Malley, and H. Poarea. 1976. 

Tussockosis :  r e a c t i o n s  t o  Douglas-f i r  tussock  moth. Ann. Al le rgy  

36:302-307. 

"An unusua l ly  heavy i n f e s t a t i o n  of t h e  tussock  moth r e s u l t e d  i n  a 

h igh  i nc idence  of symptoms a f f e c t i n g  t h e  s k i n  and mucous membranes of 

t hose  exposed t o  h igh  concen t r a t i ons  of p a r t i c u l a t e  m a t t e r  of t h i s  i n s e c t .  

Ex tens ive  ep idemio log ica l  s t u d i e s  proved t h e s e  man i f e s t a t i ons  t o  be  bo th  

t o x i c  and a l l e r g i c .  The au tho r s  have g iven  t h i s  cond i t i on  t h e  name, 

Tussokosis .  C l i n i c a l  and immunological s t u d i e s  i nc lud ing  i n  v i t r o  

procedures  and d i r e c t  p a t i e n t  t e s t i n g  confirmed t h e  a l l e r g i n i c i t y ,  a s  

w e l l  a s  t h e  nonspec i f i c  i r r i t a t i o n  of m a t e r i a l  from t h i s  moth." 

Re la ted  M a t e r i a l  - 1 

214. P i e r c e ,  J. R. 1964. Douglas-f i r  tussock  moth i n f e s t a t i o n s  i n  no r the rn  

C a l i f o r n i a  - 1964. USDA For. Serv. Reg. 5 ,  San Franc isco ,  C a l i f .  

Unpubl. 

Report unava i lab le .  

Outbreaks - 2 

215. P i e r c e ,  J. R. 1970. B io log i ca l  eva lua t i on .  Douglas-f i r  t u s s m k  moth 

i n f e s t a t i o n s  i n  C a l i f o r n i a  - 1970. USDA For. Serv. Pac. Southwest 

Reg., San Franc isco ,  Ca l i f .  13 p. Unpubl. 



Douglas-f i r  tussock  moth i n f e s t a t i o n s  were de t ec t ed  i n  f o u r  a r e a s  of 

C a l i f o r n i a  i n  1970; t h e  l a r g e s t  was 100,000 a c r e s ,  and t h e  remaining 

t h r e e  were of minor importance. White f i r  was t h e  p r e f e r r e d  h o s t ,  bu t  

some damage was done t o  o t h e r  s p e c i e s  i n  t h e  same s tands .  Sequen t i a l  

sampling was used t o  e v a l u a t e  t h e  popu l a t i on  based on egg mass numbers. 

Of t h e  159 p o i n t s  sampled, 40 were i n  t h e  t h r e a t e n i n g  o r  i n t e rmed ia t e  

c l a s s ,  i n  t h e  l a r g e s t  i n f e s t e d  a rea .  Pupal p a r a s i t i s m  was about  81%. 

Two of t h e  s m a l l e r  a r e a s  had i n c r e a s i n g  popula t ions .  Fu r the r  sampling is  

recommended t o  e v a l u a t e  t h e  need f o r  c o n t r o l  measures. Tes t i ng  of new 

c o n t r o l  chemicals  is a l s o  needed. 

Outbreaks - 2 

216. Po r t l and  Me t ropo l i t an  Environmental Educat ion Counci l  (Tussock Moth 

Educat ion Committee). [n.d.] The tussock  moth i s sue .  Po r t l and  

Metrop. Environ. Educ. Counc., 59 p. 

Th i s  is  a  s imu la t i on  game about t h e  c u r r e n t  tussock  moth c o n t r o l  

i s s u e ,  geared f o r  secondary schools .  The process  i n  t h i s  s tudy  is  a  

s e r i e s  of a c t i v i t i e s  focus ing  on a  c u r r e n t  environmental  i s s u e  o r  

s i t u a t i o n .  It was developed because of t h e  need t o  engage s t u d e n t s  i n  

t h e  s t udy  of c u r r e n t  problems and i s s u e s  r e l a t i n g  t o  environment and 

r e sou rce  use. The a c t i v i t i e s  combine t h e  elements  of r o l e  p l ay ing  w i th  a 

s imula ted  decisionmaking p roce s s  o r  s imu la t i on  game. 

Cont ro l  - 4 

217. Prebble ,  M. L., and K. Graham. 1945. The c u r r e n t  ou tbreak  of d e f o l i a t i n g  

i n s e c t s  i n  c o a s t  hemlock f o r e s t s  of B r i t i s h  Columbia. P a r t  I. 

Desc r ip t i on  of ou tbreak  and damage. B e  C. Lumberman 29 (2)  :25-24, 

42, 44, 46, 48. 

Conspicuous d e f o l i a t i o n  was f i r s t  no t i c ed  i n  t h e  hemlock f o r e s t s  i n  

1940 and 1941, i n  smal l  s c a t t e r e d  a r e a s  i n  t h e  sou the rn  p a r t  of t h e  c o a s t  

r eg ions  of B r i t i s h  Columbia. By 1943, d e f o l i a t i o n  w a s  n o t i c e a b l e  

throughout  t h e  hemlock s t a n d s  of southwest Vancouver I s l and .  Up t o  and 

i nc lud ing  1944, t h e  black-headed budworm h a s  been t h e  most numerous, 

widespread, and d e s t r u c t i v e  f o r e s t  p e s t  bu t  t h r e e  o t h e r  d e f o l i a t i n g  

i n s e c t s ,  i nc lud ing  t h e  wes te rn  r u s t y  tussock  moth, i nc r ea sed  i n  abundance 



i n  1944. The l i f e  cyc l e ,  g r o s s  morphology, h o s t s ,  d i s t r i b u t i o n ,  and 

damage a r e  g iven  f o r  a l l  f o u r  i n s e c t s .  These popula t ions  a r e  thought  t o  

b u i l d  up i n  p l ace  i n s t e a d  of spread ing  l o c a l i z e d  i n f e s t a t i o n s .  

Re la ted  Ma te r i a l  - 3 

218. P r i e s n e r ,  E. 1975. Electroantennogram responses  t o  female sex  pheromones 

i n  f i v e  genera of Lymantr i idae (Lepidoptera) .  Z. Naturforsch.  Sect .  

C. Biosci .  30(5):676-679. 

"Sex pheromones of European s p e c i e s  of Lymantria,  Euproc t i s ,  

S t i l p n o t i a ,  Orgyia,  and Dasychira  (Lymantriidae) have been cross-checked 

by record ing  male electroantennogram (EAG) responses  t o  exc i sed  female 

pheromone glands.  Within t h e  same genus, t h e r e  was i n v a r i a b l y  f u l l  

r e c i p r o c i t y  of t h e  gland e f f e c t s .  Between d i f f e r e n t  genera,  however, i n  

a l l  s p e c i e s  combinations i n v e s t i g a t e d ,  t h e  males s t r o n g l y  p r e f e r r e d  t h e i r  

own s pec i e s .  From t h i s  p a t t e r n ,  i t  is concluded t h a t  t h e  major pheromone 

c o n s t i t u e n t s  a r e  d i f f e r e n t  f o r  t h e  f i v e  genera. In accordance with t he se  

r e s u l t s ,  s e v e r a l  s p e c i e s  of Lymantria a r e  e i t h e r  known o r  supposed t o  

produce t h e  same s exua l  a t t r a c t a n t ,  cis-7,8-epoxy-2-methyloctadecane 

( d i s p a r l u r e ) ,  whereas f o r  one s p e c i e s  of Orgyia  t h e  sex  pheromone was 

r e c e n t l y  i d e n t i f i e d  (Smith e t  a l . ,  Sc ience  188.63 [1975]) a s  

cis-6-heneicosen-11-one. None of t h e  a d d i t i o n a l  lymant r i id  pheromones 

have y e t  been chemical ly  def ined .  I n  EAG s c r een ing  t e s t s ,  some s p e c i e s  

of t h i s  fami ly  were s p e c i f i c a l l y  respons ive  t o  hydrocarbons r e l a t e d  t o  

cis-7,2-methyloctadecene, t h e  o l e f  i n i c  p r ecu r so r  of d i spa r l u r e . "  

Related M a t e r i a l  - 3 

219. Richards ,  W. C., and Y. Hayashi. 1970. De t ec t i on  of n a t u r a l  i n f e c t i o n  

by cy top lasmic  po lyhedros i s  v i r u s  (CPV) occu r r i ng  i n  midgut c e l l s  of 

t h e  white-marked tussock  moth la rvae .  J. I nve r t eb r .  Pa tho l .  

16:280-281. 

The paper  r e p o r t s  on a r a d i o t r a c e r  t echnique  t o  d e t e c t  n a t u r a l  

i n f e c t i o n  by cytoplasmic po lyhedros i s  v i r u s e s  (CPV) i n  i n s e c t s .  The 

exper imenta l  i n s e c t s  used were f i e l d - c o l l e c t e d  l a r v a e  of Orgyia 

leucost igma from a popula t ion  i n  which v i r u s  i n f e c t i o n  w a s  suspected.  



F i f t h - i n s t a r  l a r v a e  were f ed  on a s y n t h e t i c  d i e t  con ta in ing  uridine-3H 

t o  l a b e l  t h e  RNA of any developing v i rons .  The midguts were d i s s e c t e d ,  

incuba ted  a t  0-4OC f o r  30 days,  and t h e  m a t e r i a l  f o r  a n a l y s i s  i s o l a t e d  by 

t h e  method f o r  CPV p u r i f i c a t i o n .  The r a d i o a c t i v e  p r o f i l e s  and absorbance 

a t  260 nm of f r e e ,  uridine-3H-labeled CPV v i r i o n s  ( c o n t r o l )  and of t h e  

i s o l a t e d  m a t e r i a l  were compared. The absorbance peak of t h e  i s o l a t e d  

m a t e r i a l  was lower t han  t h e  c o n t r o l ,  bu t  t h e  r a d i o a c t i v i t y  p r o f i l e s  were 

s i m i l a r .  This  g ive s  evidence f o r  a n a t u r a l  i n f e c t i o n  of CPV i n  

0. leucost igma t h a t  can be de t ec t ed  by t h i s  method. 

Related M a t e r i a l  - 3 

220. R i o t t e ,  J. C. E. 1967. Anmerkungen zu r  Nomenklatur e i n i g e r  e u r o ~ g i s c h e r  

und nordamerikanischer  Arten d e r  Gattung Orgyia  (Lepidoptera ,  

Lymantr i idae)  . [Remarks about  t h e  nomenclature of s e v e r a l  European 

and North American s p e c i e s  of t h e  genus Orgyia  (Lepidoptera ,  

Lymantr i idae)  .] Dtsch. Entomol. Z. 14(1/2) :163-168. [ I n  ~ e r m a n . ]  

"The c o r r e c t  a p p l i c a t i o n  of t h e  s p e c i f i c  names an t i qua  and recens  i n  

t h e  l yman t r i i d  genus Orgyia is  d iscussed .  This  was necessary  because of 

f r equen t ,  r e cen t  confus ion  regard ing  t h e  two spec i e s .  The ' s c a r c e  

vapourer '  is  Orgyia  recens  Hubner and t h e  'vapourer l  is  Orgyia  an t i qua  

Linnaeus a s  shown by Lempke (1950). 

"The North American s p e c i e s  of t h e  genus a y i a  were s epa ra t ed  i n t o  

two genera f i r s t  by Dyar (1897). The new genus, Hemerocampa, was e r ec t ed  

on t h e  b a s i s  t h a t  s p e c i e s  were t o  be ass igned  t o  t h e  genus i f  two p a i r s  

of  s p u r s  were p r e sen t  on t h e  h ind  t i b i a .  However, Dyar himself  (1902) 

v i o l a t e d  t h i s  system by i n c o r r e c t l y  s e p a r a t i n g  t h e  s p e c i e s  concerned i n t o  

t h e i r  r e s p e c t i v e  genera. T h e r e a f t e r  no d i s t i n c t i o n  has  been made between 

Orgyia and Hemerocampa. Bryk (1934),  Schauss & S e i t z  (1940),  and 

McDunnough (1921 and 1938) t r e a t e d  a l l  s p e c i e s  concerned a s  Hemerocampa, 

excep t  an t i qua .  Schauss made t h e  a d d i t i o n a l  e r r o r  of say ing  t h a t  

Hemerocampa had on ly  one p a i r  of spu r s  on t h e  h ind  t i b i a ,  t h e  oppos i t e  

c o n d i t i o n  t o  Dyar's p roposa l ,  and thereby  f u r t h e r  confused t h e  mat te r .  

Forbes (1948) seems t o  have a r r i v e d  a t  a s a t i s f a c t o r y  s o l u t i o n  t o  t h e  

problem by p l ac ing  t hose  s p e c i e s  wi th  two p a i r s  of spu r s  on t h e  hind 



t i b i a  i n  t h e  subgenus Hemerocampa of t h e  al l -compris ing genus Orgyia. 

The au tho r  is  i n  agreement w i th  t h i s  view. 

"Here, d o r s a l  t u f t s  on t h e  a d u l t  moths a r e  used f o r  t h e  f i r s t  t i m e  a s  

a  f u r t h e r  c r i t e r i o n  i n  a s s i gn ing  t h e  s p e c i e s  of Orgyia t o  t h e  a p p r o p r i a t e  

subgenus. The male g e n i t a l i a  a r e  homogenous i n  bo th  subgenera." 

Related M a t e r i a l  - 3 

221. Roberts ,  P. H., and J. C. Evendon. 1949. Con t ro l l i ng  t h e  tussock  moth. 

I n  Trees ,  USDA Yearbook of Agr i cu l t u r e  1949. p. 436-442. - 
Washington, D.C. 

The d e t a i l s  of t h e  c o n t r o l  p r o j e c t  i n i t i a t e d  a g a i n s t  t h e  1946-47 

Douglas-f i r  tussock  moth ou tbreak  n e a r  Moscow, Idaho,  a r e  ou t l i ned .  

Included is a  d e s c r i p t i o n  of t h e  l i f e  cyc l e ,  economic s t a g e ,  and method 

of  d i ssemina t ion  of t h e  i n s e c t .  The USDA Fore s t  Se rv i ce  and t h e  Bureau 

of  Entomology and P l an t  Quaran t ine  j o i n t  survey i n  l a t e  1946 r epo r t ed  a  

p r e sen t  i n f e s t a t i o n  of 350,000 a c r e s  and a  p o t e n t i a l  l o s s  of more t han  

100 m i l l i o n  d o l l a r s  i f  no t  co n t ro l l ed .  A e r i a l  a p p l i c a t i o n  of DDT between 

May 20 and June  30, 1947, was recommended. The c o n t r o l  p r o j e c t ,  

admin is te red  by t h e  USDA, inc luded  numerous government and p r i v a t e  

agencies .  A t o t a l  of  413,409 a c r e s  i n  Idaho and Washington were sprayed 

between May 22 and J u l y  2, 1947. No l i v e  l a r v a e  were found i n  t h e  t r e a t e d  

a r e a  1 week a f t e r  spraying.  Monitoring of t h e  environmental  impact of 

t h e  DDT a p p l i c a t i o n  by t h e  F i sh  and W i l d l i f e  Se rv i ce  revea led  no s e r i o u s  

e f f e c t s  on b i r d s ,  mammals, o r  f i s h ,  bu t  a  marked r educ t i on  i n  fish-food 

organisms occurred.  

Cont ro l  - 2 

222. Robertson, J. L., L. M. Boe t l e r ,  R. M.  uss sell, and N. E. Savin. 1978. 

V a r i a t i o n  i n  response t o  i n s e c t i c i d e s  by Douglas-f i r  tussock  moth, 

Orgyia pseudotsuga ta  (Lepidop t e r a :  ~ y m a n t r i i d a e )  , popula t ions  Can. 

Entomol. 110(3) :325-328. 



"Selected i n s e c t i c i d e s  were t o p i c a l l y  applied t o  d i f f e r e n t  

populat ions of t h e  Douglas-fir tussock moth, Orgyia pseudotsugata 

(McDunnough) . For each insec t i c ide ,  t h e  hypothesis  of equal response 

curves was r e j ec t ed  by t h e  l ike l ihood r a t i o  t e s t .  Even f o r  two successive 

genera t ions  of the  same populat ions,  t h e  hypothesis  of equa l i ty  was not 

accepted f o r  some insec t i c ides .  Chemical con t ro l  programs d i r ec t ed  a t  

d i f f e r e n t  populat ions of t h i s  i n sec t  may be adversely a f f ec t ed  by such 

v a r i a t i o n s  ." 
Control - 1 

223. Robertson, J. L., and R. L. Lyon. 1973. ~ o u g l a s - f i r  tussock moth: 

contac t  t o x i c i t y  of 20 i n s e c t i c i d e s  applied t o  t h e  larvae.  J. Econ. 

Entomol. 66(6) : 1255-1257. 

"Twenty chemicals were t e s t ed  f o r  t h e i r  t o x i c i t y  t o  4 th- ins tars  of 

Hemerocampa pseudotsugata McDunnough. Eleven were more t o x i c  than t h e  

standard mexacarbate, a t  both LD50 and LDgO." They a r e  l i s t e d  i n  

decreasing order  of t o x i c i t y  a t  both LD50 and LDgO. "Data were a l s o  

obtained on t h e  e f f e c t  of post treatment holding condi t ions  and on t h e  

e f f e c t  of dye t r a c e r s  and s t a b i l i z i n g  adjuvants  on the  i n s e c t i c i d a l  

a c t i v i t y  of pyrethrins."  Dyes and s t a b i l i z e r s  do not  a f f e c t  t h e  

i n s e c t i c i d a l  a c t i v i t y  of the  pyre thr ins  used. 

Control - 1 

224. Roettgering,  B. H. 1971. Biological  evaluation.  The Douglas-fir 

tussock moth i n  Ca l i fo rn ia  - 1971. USDA For. Serv., San Francisco, 

Cal i f .  19 p. Unpubl. 

I n  1970, populat ions of t h e  Douglas-fir tussock moth were detected 

i n  four  sepa ra t e  s tands  of white f i r  i n  the  Cascade and S i e r r a  Nevada 

Mountain ranges. Evaluation of the  i n f e s t a t i o n s  showed they would p e r s i s t  

and i n  some loca t ions  increase  i n  populat ion i n  1971. 

I n  J u l y  1971, a  ground survey f o r  e a r l y  i n s t a r  tussock moth la rvae  

was conducted i n  f i f t e e n  a reas  with a h i s t o r y  of Douglas-fir tussock moth 

a c t i v i t y ,  t o  de tec t  i nc ip ien t  i n fe s t a t ions .  The survey employed  aso on' s 



(1969) s e q u e n t i a l  sampling technique  and a b e a t i n g  c l o t h  technique  t o  

determine t h e  presence  o r  absence of t h e  moth. Aside from t h e  f o u r  

i n f e s t a t i o n s  d i scovered  i n  1970, no unknown i n f e s t a t i o n  wi th  ou tbreak  

p o t e n t i a l  was de t ec t ed .  

S h o r t l y  a f t e r  t h e  1971 survey ,  s e v e r e  d e f o l i a t i o n  was de t ec t ed  on a 

t o t a l  of 3,800 a c r e s  of whi te  f i r  i n  two a r e a s ,  and i n c i p i e n t  i n f e s t a t i o n s  

were d i scovered  i n  t h r e e  a d d i t i o n a l  a r ea s .  Of t h e  11 popu l a t i on  c e n t e r s  

t h a t  formed i n  1971, on ly  two were found a s  p a r t  of t h e  organized 

d e t e c t i o n  survey. A l l  of t h e  remaining were found by f o r e s t e r s  and woods 

workers i n  con junc t ion  w i th  t h e i r  work a c t i v i t i e s .  

The 11 c e n t e r s  were surveyed i n  October-November of 1971. Egg 

masses were c o l l e c t e d  and s e n t  t o  t h e  USDA Fore s t  Se rv i ce  l abo ra to ry  a t  

C o r v a l l i s ,  Oregon, f o r  v i r u s  and egg v i a b i l i t y  r e p o r t s .  A resume of t h e  

i n fo rma t ion  a v a i l a b l e  on t h e  c l a s s i f i c a t i o n  of t h e  Douglas-f i r  tussock  

moth popu l a t i ons  i n  each of t h e  11 i n f e s t e d  a r e a s  is given.  The r e p o r t  

makes s e v e r a l  recommendations f o r  f u r t h e r  s t a t ew ide  surveys  of tussock 

moth popula t ions .  

Outbreaks - 2 

225. Roe t tger ing ,  B. H. 1972. The Douglas-f i r  tussock  moth i n  C a l i f o r n i a  - 
1972. USDA For. Serv., San Franc isco ,  Ca l i f .  5 p. Unpubl. 

This  is a r e p o r t  on t h e  con t i nua t i on  of t h e  1971 Douglas-f i r  tussock  

moth d e t e c t i o n  and popu l a t i on  t r end  survey conducted i n  t h e  wh i t e  f i r  

b e l t  of t h e  Cascade and S i e r r a  Nevada Mountain Range i n  Ca l i f o rn i a .  The 

1972 survey  season  began i n  June  and ended i n  September. Nine a r e a s  of 

i n f e s t a t i o n  where t h e  moth had caused n o t i c e a b l e  damage were de tec ted .  

Color  a e r i a l  photographs of t h e  i n f e s t a t i o n s  were taken  i n  October t o  

h e l p  e v a l u a t e  t h e  e x t e n t  of t h e  damage. Four a r e a s  were v i s i t e d  i n  

November t o  survey overwintered egg masses and t h e  e x t e n t  of d e f o l i a t i o n .  

Egg masses c o l l e c t e d  from t h e s e  a r e a s  were s e n t  t o  t h e  Fo re s t ry  Sc iences  

Laboratory i n  C o r v a l l i s  f o r  d i s e a s e  d iagnos i s .  Three maps d e t a i l i n g  t h e  

p o s i t i o n  of t h e  i n f e s t a t i o n  a r e a  a r e  appended. 

Outbreaks - 2 



226. Rohrmann, G. F. 1977. C h a r a c t e r i z a t i o n  of N-polyhedrin of two 

bacu lov i ru s  s t r a i n s  pa thogenic  f o r  Orgyia pseudotsuga ta .  

Biochemistry 16 (8) : 1631-1634. 

'IN-polyhedrin of i n c l u s i o n  bodies  of two nuc leopolyhedros i s  v i r u s e s  

of Orgyia  pseudotsuga ta  were cha r ac t e r i z ed .  Alka l i -d i sso lved  N-polyhedrin 

from both  v i r u s  s t r a i n s  was of s i m i l a r  s i z e  and cons i s t ed  of a 12s  

molecule of 209,000 da l t ons .  E igh t  s u b u n i t s  of about  26,000 d a l t o n s  were 

found t o  form t h e  12s  molecules.  N-polyhedrin from bo th  v i r u s e s  showed 

two main a n t i g e n s  by immunodiffusion. The s u b u n i t s  appear  t o  possess  one 

an t i gen ,  and upon formula t ion  of t h e  12s molecule,  a new a n t i g e n  is 

c r ea t ed .  Both t h e  subun i t  and 12s a n t i g e n s  from t h e  two v i r u s  s t r a i n s  

were shown t o  be  a n t i g e n i c a l l y  r e l a t e d .  The 12s molecule of bo th  v i r u s e s  

a l s o  appears  t o  possess  a minor a n t i g e n  unique t o  each virus ."  

Biology - 5 

227. Rohrmann, G. F., and G. S. Beaudreau. 1977. C h a r a c t e r i z a t i o n  of DNA 

from polyhedra l  i n c l u s i o n  bodies  of t h e  nuc leopolyhedros i s  s ingle-rod 

v i r u s  pathogenic  f o r  Orgyia  pseudotsuga ta .  Virology 83(2):474-478. 

6 
"A n u c l e o t i d e  sequence complexity of 88.5X10 was determined f o r  t h e  

DNA of t h e  nuc leopolyhedros i s  s ingle-rod (un icaps id)  v i r u s  of Orgyia  

p seudo t suga t a  u s ing  o p t i c a l  r ena tu r a t i on .  I n  a d d i t i o n  t h e  genome s i z e  
6 was determined t o  be  85x10 by comparison of g R l  r e s t r i c t i o n  

endonuclease fragments  wi th  markers of known s i z e  us ing  agarose  g e l  

e l e c t r o p h o r e s i s .  A G+C concen t r a t i on  of 44% f o r  t h e  v i r a l  DNA was 

es t imated  from i t s  mel t ing  p r o p e r t i e s  and buoyant d e n s i t y  i n  C s C 1 .  

Evidence from buoyant d e n s i t y  i n  C s C l  i n d i c a t e s  t h a t  DNA which is occluded 

i n  t h e  po lyhedra l  ma t r i x  bu t  n o t  a s s o c i a t e d  w i th  v i r i o n s  is of v i r a l  

origin. ' '  

Biology - 5 

228. Rohrmann, G. F., J. W. Carnegie ,  M. E. Mart ignoni ,  and G. S. Beaudreau. 

1977. C h a r a c t e r i z a t i o n  of t h e  genome of t h e  nucleopolyhedrosis  

bundle  v i r u s  pathogenic  f o r  Orgyia pseudotsuga ta .  Virology 

80(2)  :421-425. 



"BY reassociation kinetics the DNA from the nucleopolyhedrosis 

bundle virus of Orgyia pseudotsugata was found to have a nucleotide 
6 

sequence complexity of approximately 86x10 daltons using both optical 

renaturation and S1 nuclease assay to follow the renaturation. The 

molecular weight of the viral DNA by sedimentation analyses was determined 
6 to be 96x10 . The viral DNA has a Tm as 76.9' which corresponds to a 

guanine plus cytosine base composition of 54%." 

Biology - 5 

229. Rohrmann, G. F., R. H. McParland, M. E. Martignoni, and G. S. Beaudreau. 

1978. Genetic relatedness of two nucleopolyhedrosis viruses 

pathogenic for Orgyia pseudotsugata. Virology 84(1):213-217. 

"DNA from two nucleopolyhedrosis viruses pathogenic for Orgyia 

pseudotsugata showed no common patterns when restriction endonuclease 

fragments of both DNAs were compared by agarose-gel electrophoresis. 

Furthermore, DNA-DNA hybridization indicated at most 1% homology between 

DNAs from the two viruses." 

Biology - 5 

230. Ross, D. A., and J. Arrand. 1968. Douglas-f ir tussock moth in British 

Columbia. Can. Dep. For., Insect and Dis. Surv., For. Pest Leafla 

9, 3 p. For. Res. Lab., Victoria, B.C. 

This is a fact sheet on the Douglas-fir tussock moth in British 

Columbia that includes a brief history of outbreaks, list of hosts, area 

of distribution, description of the insect, its life history, a 

description of the damage, and methods of control. Malathion, 25% 

wettable powder at 2 lbs/100 gal of water is the recommended chemical 

control. 

General Background 

231. Ross, S. A*, and D. Evans. 1954. Annotated list of forest insects of 

British Columbia, Part I - Lasiocampidae, Saturniidae, Liparidae. 
Entomol. Soc. B e  C. Proc. 51:40-43. 



"This is  t h e  f i r s t  i n  a s e r i e s  of annotated lists of i n s e c t s  

co l l ec t ed  o r  reared by personnel of t h e  Fores t  Insec t  Survey i n  B r i t i s h  

Columbia s ince  1937. . . . Precise  c o l l e c t i o n  l o c a l i t i e s  a r e  noted only 

where l e s s  than f i v e  sca t t e red  l o c a l i t y  records a r e  l i s t e d  f o r  a given 

species ;  otherwise,  broad d i s t r i b u t i o n  ca tegor ies  a r e  used. . . . Brief 

desc r ip t ions ,  genera l ly  of the  full-grown l a rvae  a r e  included i n  t h e  

annotated l is t  where such s t ages  a r e  known t o  one o r  both of t h e  writers." 

Hemerocampa pseudotsugata is  l i s t e d ,  along with a l a r v a l  desc r ip t ion  and 

a b r i e f  h i s t o r y  of outbreaks i n  B r i t i s h  Columbia. 

Taxonomy 

232. Rossmoore, H. W., L. Elder, and E. A. Hoffman. 1970. Suscep t ib i l i t y  of 

l a rvae  of Hemerocampa leucostigma t o  seve ra l  v a r i e t i e s  of 

c r y s t a l l i f e r o u s  bacter ia .  J. Invertebr.  Pathol. 16(1):102-106. 

"Twelve i s o l a t e s  belonging t o  s i x  H-antigen serotypes were evaluated 

f o r  t h e i r  e f f ec t iveness  aga ins t  Hemerocampa leucostigma larvae.  A l l  

except one, Baci l lus  f in i t imus  var. f in i t imus ,  produced high l eve l s  of 

mor ta l i t y  i n  four days. I n  addi t ion ,  we found no d i f f e rence  i n  

s u s c e p t i b i l i t y  t o  Baci l lus  thu r ing iens i s  var .  t hu r ing iens i s  among 1st- 

through 5 th-ins t a r  larvae. " 
Related Mater ia l  - 3 

233. Rossmoore, H a  W., and E m  A. Hoffman. 1971. The e f f e c t  of 1 3 7 ~ S  r a d i a t i o n  

on growth, development, and mor ta l i t y  of t h e  la rvae  of t h e  tussock 

moth, Hemerocampa leucostigma. J. Invertebr.  Pathol. 

17(2) :277-281. 

"Larvae and pupae of Hemerocampa leucostigma were i r r a d i a t e d  i n  a 

137~s Radcell and observed f o r  e f f e c t s  on growth, development, and 

mor ta l i ty .  I r r ad ia t ed  la rvae  were ha l f  of con t ro l  weight 10 days 

postradiat ion."  No di f ferences  appeared i n  head-capsule s i ze .  " ~ l t h o u g h  

pupae were extremely r e s i s t a n t ,  r e l a t i v e l y  low doses t o  la rvae  prevented 

emergence. LDIOO of f i r s t  i n s t a r s  was 30 kr ,  while t h a t  of t h i r d  i n s t a r s  

was 85 kr. No delay i n  median time t o  pupation was noted." 

Related Mater ia l  - 3 



234. Rossmoore, H. W., and E. A. Hoffman. 1971. The e f f e c t  of gamma r a d i a t i o n  

on l a r v a l  r e s i s t a n c e  t o  B a c i l l u s  t h u r i n g i e n s i s  i n f e c t i o n .  J. 

I nve r t eb r .  Pa tho l .  17(2) :282-283. 

Some of t h e  r e l a t i o n s  between r a d i a t i o n  dose and t h e  s u s c e p t i b i l i t y  

of  Hemerocampa leucost igma l a r v a e  t o  B a c i l l u s  t h u r i n g i e n s i s  i n f e c t i o n  a r e  

examined. Various combinations of r a d i a t i o n  and spo re - c ry s t a l  dosages,  

r o u t e  of admin i s t r a t i on ,  and v a r i e t y  of pathogen were used. No e f f e c t  of 

r a d i a t i o n  on s u s c e p t i b i l i t y  t o  B e t .  was d i scerned .  When p o s t r a d i a t i o n  

t i m e  f o r  b a c t e r i a  i n f e c t i o n  was extended t o  10 days,  however, r e s i s t a n c e  

t o  B e t .  i n f e c t i o n  w a s  depressed.  Percen t  l a r v a l  s u r v i v a l  was 74.1 f o r  

t h e  c o n t r o l s  and 56.7 f o r  t h e  r ad i a t i on - t r e a t ed  la rvae .  

Re la ted  M a t e r i a l  - 3 

235. Ruggles, A. G, 1917. The wh i t e  marked tussock  moth. Minn. Off S t a t e  

Entomol. Circ .  42,  4  p. St .  Pau l ,  Minn. 

The c i r c u l a r  d e s c r i b e s  t h e  white-marked tussock  moth, Hemerocampa 

leucost igma,  i t s  l i f e  h i s t o r y ,  n a t u r a l  f a c t o r s  c o n t r o l l i n g  i ts  popula t ion ,  

and a method of mechanical c o n t r o l  by t h e  phys i ca l  removal of 

overwin te r ing  egg masses. The i n s e c t  is  c i t e d  a s  p r i m a r i l y  a  p e s t  of 

shade t r e e s .  

Related M a t e r i a l  - 3 

236. Sager ,  S. M. 1958. S tud i e s  on t h e  ep i zoo t i o logy  of a  v i r u s  d i s e a s e  i n  

t h e  Douglas-f i r  tussock  moth, (Hemerocampa pseudotsuga ta  MCD.). 

I n t e r i m  Rep. Can. Dep. Agric. ,  For. Biol .  Div., For. ~ i o l .  Lab., 

V i c t o r i a ,  B.C. 27 p. Unpubl. 

"The l a r v a l  tussock  moth\ popula t ion  a t  Cascade, B.C., du r i ng  t h e  

summer of 1955, appeared t o  be i n  an advanced s t a g e  of a  po lyhedros i s  

v i r u s  ep i zoo t i c .  A r e l a t i v e l y  high evidence of t h e  d i s e a s e  was p r e sen t  

i n  t h e  young l a r v a e  and increased  t o  100% i n  samples of l a t e - i n s t a r  

l a rvae .  Other  d i s e a s e  organisms and p a r a s i t e s  were found i n  n e g l i g i b l e  

amounts, bu t  b i r d s  o r  o t h e r  p r eda to r s  may have been e f f e c t i v e  i n  he lp ing  

t o  reduce t h e  l a r v a l  popula t ions .  A survey  a t  t h e  end of t h e  season  



showed t h e  number of cocoons t o  be extremely low, and t h e  predic t ion  

seemed reasonable t h a t  t h e  1956 tussock moth populat ion would be 

negl ig ib le .  

"A high incidence of advanced v i r u s  in fec t ions  i n  the  ear ly- ins tar  

l a rvae  suggested t h a t  a  c e r t a i n  proport ion may have been t r ansovar i a l ly  

infec ted;  a  l a t e r  increase  i n  incidence of i n f e c t i o n  may have been t h e  

r e s u l t  of larva-to-larva transmission of the  disease.  Regions of t h e  

Cascade outbreak with comparatively high l a r v a l  d e n s i t i e s  showed s l i g h t l y  

higher r a t e s  of i n f e c t i o n  and mor ta l i t y  from t h e  v i r u s  than did a reas  of 

lower densi ty.  . . . 
"Virus inc lus ion  bodies found associa ted  wi th  a n t s  and p a r a s i t e s  i n  

t h e  Cascade outbreak a rea  gave some evidence t h a t  these  i n s e c t s  may a c t  

a s  a  means of dissemination of the  v i rus .  

"Small s c a l e  v i r u s  dissemination t e s t s  were attempted and the  r e s u l t s  

indica ted  t h a t  increas ing  t h e  concentrat ion of v i r u s  spray increased 

l a r v a l  mortality." 

Biology - 5; Control - 6 

237. Sager, S. M. 1960. On t h e  t r a n s t a d i a l  t ransmission of in sec t  v i ruses .  

J. Insec t  Pathol. 2 (3) :307-309. 

Observations on seven species  of Lepidoptera i n d i c a t e  t h a t  complete 

t r a n s t a d i a l  t ransmission of in sec t  v i ruses  does occur i n  t h e i r  respect ive  

hosts .  Nuclear polyhedrosis and granulos is  v i ruses  were studied.  In  

Hemerocampa pseudotsugata, Orgyia antiqua,  and Lambdina f i s c e l l a r i a ,  

polyhedral inc lus ions  were found i n  every s t age  except the  egg. In  

Hemerocampa, t h i s  was confirmed by i n f e c t i v i t y  t e s t s .  

Biology - 5; Related Mater ia l  - 3 

238. Schreuder, G.  F. 1977. An approach t o  evaluat ing  e f f e c t s  of a l t e r n a t i v e  

con t ro l s  f o r  Douglas-fir tussock moth. Bull. Entomol. Soc. Am. 

23 (3) : 178-179. 



The socioeconomic impact of a v a r i e t y  of c o n t r o l  s t r a t e g i e s ,  rang ing  

from no c o n t r o l  t o  t h e  u se  of chemical o r  m ic rob i a l  c o n t r o l s  a r e  be ing  

i nco rpo ra t ed  i n t o  a model. The model concen t r a t e s  on t h e  impacts  on wood 

produc t ion ,  t h e  hyd ro log i ca l  system, w i l d l i f e  and f i s h ,  r e c r e a t i o n a l  

a c t i v i t i e s ,  and f i r e  incidence.  

Cont ro l  - 11 

239. Schroeder ,  J. E. 1973. The Douglas-f i r  tussock  moth: An impact 

s ta tement  r e l a t i n g  t o  p r i v a t e  l ands  i n  n o r t h e a s t e r n  Oregon. Oreg. 

S t a t e  For. Dep., Salem, Oreg. 17 p. Unpubl. 

"This s ta tement  d e s c r i b e s  t h e  impact of t h e  Douglas-f i r  tussock moth 

i n f e s t a t i o n  i n  n o r t h e a s t e r n  Oregon a s  i t  has  a f f e c t e d  t h e  S t a t e  and 

p r i v a t e l y  owned l ands  f o r  which t h e  Department of Fo re s t ry  ha s  s t a t u t o r y  

r e spons ib i l i t y . "  The problem is  d iscussed  i n  terms of t h e  economic and 

a e s t h e t i c  l o s s e s  r e s u l t i n g  from tussock  moth d e f o l i a t i o n .  

Outbreaks - 5 

240. Sc r i bne r ,  W. A. 1965. Report of opera t ions .  P o t l a t c h  tussock  1110th 

c o n t r o l  p r o j e c t ,  1965. S t a t e  of Idaho Coop. Board For., Off. S t a t e  

For., Boise,  Idaho. 29 p. Unpubl. 

The planning,  o rgan i za t i on ,  and ope ra t i on  of t h e  P o t l a t c h  tussock  

moth c o n t r o l  p r o j e c t  of 1965 is  descr ibed.  DDT a t  3/4 l b / a c r e  was appl ied  

t o  86,533 a c r e s  of f o r e s t .  Environmental monitor ing was undertaken by 

t h e  F i sh  and Game Department. Mor t a l i t y  of l a r v a e  was h igh ,  and t h e  

p r o j e c t  was considered succe s s fu l .  Recommendations f o r  improvement of 

c o n t r o l  p r o j e c t s  of t h i s  type a r e  included.  

Control  - 2, 3 

241. Shea, K.  R. 1975. Progress  on i n t e g r a t e d  p e s t  management: Douglas-f i r  

t u s sock  moth, gypsy moth, and sou the rn  p ine  bee t l e .  Soc. Am. For. 

Proc. 1975 Nat l .  Conv., p. 218-223. Washington, D O C .  



The creation of the Combined Forest Pest Research and Development 

Program, its organization and administration, and its objectives, status, 

and plans are outlined. The cooperative effort to develop pest management 

systems for the Douglas-fir tussock moth, the southern pine beetle, and 

the gypsy moth is planned for completion within 3-5 years at an estimated 

cost of $46.8 million. 

Related Material - 2 

242. Shea, P. J. 1977. Testing of chemical and microbial insecticides for 

safety . . . some techniques. Bull. Entomol. Soc. Am. 23(3):176-178. 

The effects of chemical and microbial insecticides on nontarget 

organisms have been examined for Bacillus thuringiensis, the Douglas-fir 

tussock moth nucleopolyhedrosis virus, Dimilin, Orthene, and 

Sevin-4-oil. Both laboratory and field tests were conducted using a 

variety of animals. The impact on terrestrial and aquatic insects, 

mammals, and birds was monitored using several techniques. The results 

of the studies on microbial insecticides indicate that neither Bat. nor 

the tussock moth virus poses a threat to the environment. The results of 

the chemical studies are not completely analyzed as yet. 

Control - 1, 5, 6 

243. Shepard, R. F. 1976. Douglas-fir tussock moth: Review of 1975-76 

field experiments, pilot trials and operational projects, 

Kamloops, B.C. West. For. Conserv. Assoc., p. 67, Perm. Comm. 

Proc., Portland, Oreg. 

In 1975-76, the Douglas-fir tussock moth polyhedrosis virus, Bacillus 

thuringiensis, Orthene, and Dimilin were field tested against the 

Douglas-fir tussock moth in Kamloops, B.C. Orthene was the most effective 

in preservation of new foliage, but its short residual life made timing 

of application critical. Dimilin achieved a greater population reduction 

but less foliage protection. The virus was very effective in population 

control, reducing it to innocuous levels. Bat. neither sufficiently 



reduced the population nor provided foliage protection. The environmental 

impact of these control agents on nontarget organisms was examined. 

Control - 1, 5, 6 

244. Silver, G. T. 1962. Province of British Columbia, forest insect survey. 

Annu. Rep. For. Insect Dis. Surv. 1961, p. 107-119, Can. Dep. For., 

For. Entomol. and Pathol. Branch, Ottawa, Ont. Unpubl. 

Among the various insects discussed, the Douglas-fir tussock moth 

was infecting part of the Okanagan Valley, with moderate to severe 

defoliation at some places. "Infestations include single isolated trees, 

small open-grown stands around agricultural buildings, and compact stands 

of Douglas-fir up to 20 acres in extent." Egg counts indicate that 

severe defoliation might occur in some stands in 1962. Mortality from a 

polyhedrosis virus infection was discovered in several late-instar 

larvae and pupae, on each of the larger infestations. 

The rusty tussock moth was reported as being numerous on Vancouver 

Island. 

Outbreaks - 2 

245. Silver, G. T., and D. A. Ross. 1963. Province of British Columbia, 

forest insect conditions. Annu. Rep. For. Insect Dis. Surv., 1962, 

p. 107-123, Can. Dep. For., For. Entomol. and Pathol. Branch, Ottawa, 

Ont. Unpubl. 

 h he Douglas-fir tussock moth epidemic continued for the second 

successive year in the North Okanagan and at ~edley." Experimental 

control was carried out with DDT or malathion. Virus was sprayed from 

the ground and reduced the population considerably. 

Outbreaks - 2; Control - 1, 2, 6 



246. Smith, F. W. 1977. The effects of Douglas-fir tussock moth defoliation 

on stand dynamics. M.S. thesis. Univ. Wash., Seattle. 50 p. 

Unpubl. 

Unavailable, 

Outbreaks - 5 

247. Smith, R. G., G. E. Daterman, and G. D. Daves, Jr. 1975. Douglas-fir 

tussock moth: sex pheromone identification and synthesis. Science 

188 (4183) :63-64. 

"The sex pheromone of the Douglas-fir tussock moth, Orgyia 

~seudotsugata (McD.), has been isolated and identified as 

(Z)-6-heneicosen-11-one. This compound and its E isomer have been 

synthesized and are highly potent in laboratory bioassays and field 

trials." At certain concentrations, the synthetic Z isomer was preferred 

over the extracted compounds of tussock moth females. 

Biology - 2 

248, Smith, R. G., G. D. Daves, Jr., and G. E, Daterman, 1975, Synthesis of 

(Z)-6-heneicosen-11-one. Douglas-fir tussock moth sex attractant. 

J. Org. Chem. 40(11):1593-1595. 

"The synthesis of (Z)-6-heneicosen-11-one, the principal component 

of the sex attractant of the Douglas-fir tussock moth and the 

corresponding E isomer are described. The stereochemistries of the 

products were determined by selective reductions of the common 

intermediate, 6-heneicosyn-11-01. The lower limits of isomeric purity of 

the products, determined by gas chromatographic analysis of the 

corresponding epoxides, was greater than 97% and 98% for the Z and E 

isomers, respectively." 

Biology - 2 

249. Sorenson, R, 1973. Between the devil and DDT: A report on the current 

tussock moth infestation. Pac. Search 8(3):12-15. 



An ana lys i s  is presented of the  controversy concerning t h e  use of 

DDT t o  con t ro l  t h e  Douglas-fir tussock moth outbreak of 1972-73 i n  t h e  

P a c i f i c  Northwest. The l i f e  h i s t o r y  of the  in sec t ,  b io log ica l  con t ro l  

agents ,  t he  c y c l i c  p a t t e r n  of outbreaks, and t h e  i n s e c t ' s  capacity f o r  

des t ruc t ion  a r e  b r i e f l y  outl ined.  The h i s t o r y  of t h e  present  i n f e s t a t i o n  

and t h e  pros and cons of t h e  EPA r e f u s a l  t o  grant  t h e  USDA Forest  Service  

reques t  f o r  emergency use of DDT a r e  explored. 

Control - 4 

250. Sower, L. L., and G. E. Daterman. 1977. Evaluation of syn the t i c  sex 

pheromone a s  a cont ro l  agent f o r  Douglas-fir tussock moths. Environ. 

Entomol. 6 (6) :889-892. 

"synthet ic  pheromone evaporated from cont ro l led-re lease  app l i ca to r s  

s u b s t a n t i a l l y  reduced t h e  a b i l i t y  of male Douglas-fir tussock moth, 

Orgyia pseudotsugata (McDunnough) , t o  l o c a t e  females and mate i n  the  

f i e l d .  Dosages of 0.05-5.0 mg/ha/day were t e s t ed ;  t h e  2 s t ronges t  

t reatments of 1.0 and 5.0 mg/ha/day were t h e  most e f f ec t ive .  The 

d i s rup t ion  e f f e c t  was r e l a t i v e l y  g r e a t e r  with t r a p s  ba i ted  with l i v e  

females than with t r a p s  ba i ted  with syn the t i c  pheromone. Catches of 

males i n  t r a p s  increased with increased height  of t r a p s  above t h e  1.5-m 

treatment l e v e l  up t o  18.3 m," 

Biology - 2,  Control - 10 

251. S t a i r s ,  G. R. 1971. Use of v i ruses  f o r  microbial  cont ro l  of insec ts .  

I n  Microbial con t ro l  of i n s e c t s  and mites,  p. 97-124. H. D. Burges - 
and N, W. Hussey, ed. Acad. Press,  London and New York. 

The host-virus r e l a t i o n s  and t h e  use of v i ruses  i n  both long-range 

and short-range pes t  cont ro l  i s  discussed f o r  seve ra l  important pes t  

species.  A b r i e f  paragraph on t h e  Douglas-fir tussock moth mentions t h e  

s u s c e p t i b i l i t y  of t h e  la rvae  t o  a nucleopolyhedrosis v i rus .  Attempts a t  

t e s t i n g  NPV con t ro l  of t he  tussock moth l a rvae  were hampered by t h e  

presence of an ep izoo t i c  i n  the  t e s t  population. Suf f i c i en t  information 



was ob ta ined  t o  i n d i c a t e  t h a t  e p i z o o t i c s  can be i n i t i a t e d  i n  i n c i p i e n t  

ou tbreak  popula t ions .  

Control  - 6 

252. S t a r k ,  R. W. 1973. Statement.  Symposium on t h e  s t a t u s  of knowledge on 

t h e  Douglas-f i r  tussock  moth. EPA, Nov. 16,  1973, p. 106-115, 

S e a t t l e ,  Wash. 

Although t h e  Douglas-f i r  tussock  moth is  one of t h e  most d e s t r u c t i v e  

d e f o l i a t o r s  i n  t h e  Western United S t a t e s ,  on ly  26 s c i e n t i f i c  papers  have 

been w r i t t e n  on i t ,  and only 6 of t h e s e  d e a l  w i th  b a s i c  research .  The 

au tho r  concludes t h a t  t h e  tussock  moth should be  g iven  a  h ighe r  r e s ea r ch  

p r i o r i t y .  Four a r e a s  of knowledge need ex t ens ive  r e sea r ch ;  t h e  impact of 

damage t o  t h e  f o r e s t  and economy, t h e  popu l a t i on  dynamics, r e g u l a t o r y  

t a c t i c s  and s t r a t e g i e s ,  and t h e  development of an  i n t e g r a t e d  p e s t  

management program. He b e l i e v e s  a  commitment from t h e  USDA Fore s t  Se rv i ce  

and t h e  EPA f o r  a  s u s t a i n e d  r e sea r ch  program is needed. 

Related Ma te r i a l  - 2 

253. S te inhaus ,  E. A.  1951. Report on d i agnos i s  of d i s ea sed  i n s e c t s ,  

1944-1950. H i lga rd i a  20(22):629-678. 

This  paper  p r e s e n t s  a  gene ra l  and summarized r e p o r t  on t h e  d i agnos i s  

f o r  575 acce s s ions  of dead and d i seased  i n s e c t s ,  p lu s  27 acce s s ions  of 

hea l t hy  i n s e c t s  examined f o r  symbiotes,  rece ived  a t  t h e  Laboratory of 

I n s e c t  Pathology, D iv i s i on  of B io log i ca l  Cont ro l ,  i n  Berkeley, C a l i f o r n i a ,  

between August 1, 1944, and December 31, 1950. 

Severa l  new s p e c i e s  of v i r u s e s ,  b a c t e r i a ,  f ung i ,  protozoa,  and 

symbiotes a r e  recorded. The f i n d i n g s  of some smal l  r e s ea r ch  p r o j e c t s  

inc lude :  obse rva t i ons  of s e v e r a l  new and p r ev ious ly  recognized v i r u s  

i n f e c t i o n s ;  r e s u l t s  of an a t tempt  t o  grow i n s e c t  v i r u s e s  i n  embryonated 

hen eggs; r e i s o l a t i o n  and rede te rmina t ion  of t h e  bacter ium r e spons ib l e  

f o r  widespread e p i z o o t i c s  among grasshoppers;  a  r e eva lua t i on  of t h e  

pathogenic  e f f e c t s  of so-cal led B a c i l l u s  "C" f o r  s c a l e  i n s e c t s ;  new h o s t  

and l o c a l i t y  d a t a  f o r  s e v e r a l  important  entomophagous fung i  and protozoa;  



and new r eco rds  regard ing  c e r t a i n  i n t r a c e l l u l a r  and caeca l  symbiotes of 

i n s e c t s .  

The Douglas-f i r  tussock moth l a r v a e  s e n t  from Troy, Oregon, s u f f e r e d  

from polyhedra l  v i r u s  i n f ec t i on .  

Biology - 5 

254. S te inhaus ,  E. A., and G ,  A. Marsh. 1962. Report of d iagnoses  of d i seased  

i n s e c t s ,  1951-1961. H i lga rd i a  33(9):349-490. 

This  r e p o r t  p r e s e n t s  t h e  f i n d i n g s  of l abo ra to ry  d iagnoses  of d i seased  

i n s e c t s  du r ing  t h e  per iod  of January 1, 1951, t o  December 31, 1961. The 

d iagnoses  r epo r t ed  a r e  b r i e f  s t a t emen t s  a s  t o  t h e  source  of t h e  d i s ea sed  

i n s e c t  and t h e  e t i o l o g y  of i t s  d isease .  A new approach t o  d i agnos i s  uses  

more p r e c i s e  procedures ,  more d e t a i l e d  forms f o r  record ing  d a t a ,  and a  

more e f f i c i e n t  method of c o l l e c t i n g  da t a .  Douglas-f i r  tussock  moth 

l a r v a e  were found t o  have po lyhedros i s  v i r u s  i n  two ou t  of f i v e  samples 

analyzed. 

Biology - 5 

255. S t e l z e r ,  M a  J. 1972. Ep i zoo t i o log i ca l  i n v e s t i g a t i o n .  P a r t  IV. 

R e s u l t s  of f i e l d  experiments  f o r  c o n t r o l l i n g  Douglas-f i r  tussock 

moth w i th  a e r i a l  a p p l i c a t i o n  of po lyhedros i s  v i r u s  and a s soc i a t ed  

s t u d i e s .  USDA For. Serv. Prog. Rep., 8 p. Pac. Northwest For. and 

Range Exp. Stn. ,  C o r v a l l i s ,  Oreg. Unpubl. 

"An a e r i a l  a p p l i c a t i o n  of t h e  po lyhedros i s  v i r u s  of t h e  Douglas-f i r  

tussock  moth was t e s t e d  i n  1971 on t h e  Eldorado Na t i ona l  Fo re s t .  The 

v i r u s  was app l i ed  by h e l i c o p t e r  a t  a  dosage of 100 b i l l i o n  polyhedra i n  

1 g a l  of a  water-based formula t ion  p e r  ac re .  Two p l o t s ,  each of about  40 

a c r e s  i n  a r e a ,  were sprayed,  

"Per iod ic  pos t t rea tment  eva lua t i ons  showed on ly  low l e v e l s  of v i r u s  

m o r t a l i t y ,  rang ing  from 2-12% of t h e  l a r v a l  popula t ion ,  r e s u l t e d  from t h e  

t rea tment .  Inadequate  spray  coverage, improper t iming,  and i n a c t i v a t i o n  



of t h e  v i r u s  by u l t r a v i o l e t  r a d i a t i o n  a r e  pos tu l a t ed  a s  t h e  causes  f o r  

t h e  low r a t e s  of i n f e c t i o n  induced by t h e  t rea tment .  

"An assessment  of su rv iv ing  tussock  moth popu l a t i on  on t h e  Eldorado 

Nat iona l  Fo re s t  is  e s s e n t i a l  t o  determine whether o r  no t  t h e  v i r u s  becomes 

e s t a b l i s h e d  o r  p rov ides  e f f e c t i v e  c o n t r o l  i n  1972." 

Cont ro l  - 6 

256. S t e l z e r ,  M., J. Neisess ,  J. C. Cunningham, and J. R. McPhee. 1977. 

F i e l d  e v a l u a t i o n  of bacu lov i rus  s t o c k s  a g a i n s t  Douglas-f i r  tussock  

moth i n  B r i t i s h  Columbia. J. Econ, Entomol. 70(2) :243-246. 

"Aerial  a p p l i c a t i o n s  of t h r e e  bacu lov i rus  s t o c k s  were t e s t e d  a g a i n s t  

Orgyia  p seudo t suga t a  (McDunnough) i n  B r i t i s h  Columbia i n  June  1975. A 

dosage of 100 b i l l i o n  polyhedra/acre ,  formulated i n  a  molasses  and a  

nonmolasses fo rmula t ion  and app l i ed  a t  1 o r  2  g a l l a c r e ,  provided 

popu l a t i on  c o n t r o l  and e x c e l l e n t  f o l i a g e  p r o t e c t i o n ,  Larvae c o l l e c t e d  

from t h e  t r e a t e d  a r e a s  5 days a f t e r  spray ing  showed v i r u s  i n f e c t i o n  r a t e s  

t h a t  ranged from 60-87%. With t h e  except ion  of one t rea tment  t h a t  was 

app l i ed  under extremely adverse  meteoro log ica l  cond i t i ons  t h e r e  were no 

s i g n i f i c a n t  d i f f e r e n c e s  between v i r u s  t rea tments .  Popula t ion  d e n s i t i e s  

were reduced by more than  90% a t  21 days pos t t r e a tmen t ,  and no evidence 

of s u r v i v a l  t o  t h e  pupal s t a g e  was found on t h e  v i ru s - t r e a t ed  areas.'' 

Cont ro l  - 6 

257. S t e l z e r ,  M, J., J. Neisess ,  and C. G. Thompson. 1975. A e r i a l  a p p l i c a t i o n  

o f  nuc leopolyhedros i s  v i r u s  and B a c i l l u s  t h u r i n g i e n s i s  a g a i n s t  t h e  

Douglas-fir  tussock  moth. J. Econ. Entomol. 68(2):269-272. 

"Eff icacy of a p p l i c a t i o n  of a  nuc leopolyhedros i s  v i r u s  (NPV) and 

Dipe l  (Bac i l l u s  t hu r ing i ens  is Be r l i ne r )  a g a i n s t  Orgyia  pseudo t s u g a t a  

(McDunnough) was determined on r e p l i c a t e d  f i e l d  p l o t s  of 20 a c r e s  i n  

s i z e .  Popula t ion  r educ t i ons  exceeded 95% a t  35 days on p l o t s  t r e a t e d  

wi th  NPV dosages of 100 x 10' and a t  100 x 10" po lyhed ra l ac r e  i n  

2  g a l l a c r e  of 25% molasses  formulat ion.  Appl ica t ion  of Dipe l  a t  1 l b l a c r e  

i n  25% molasses  was a s  e f f e c t i v e  a s  t h e  NPV. These t r e a tmen t s  a l s o  



provided excellent foliage protection, with estimated defoliation below 

25%. In contrast, Dipel formulated in Biofilm failed to reduce larval 

densities to a satisfactory level or to prevent severe defoliation." 

Control - 5, 6 

258. Stevens, R. E. 1957. Control of an infestation of the Douglas-fir 

tussock moth with DDT aerial spray. Calaveras and Tuolumne Counties, 

California. USDA For. Serv., Calif. For. and Range Exp. Stn., 

Berkeley, Calif. 13 p. Unpubl. 

An aerial spray operation was implemented on July 31 and August 1 

and 2, 1956, for control of the Douglas-fir tussock moth in Calaveras and 

Tuolumne Counties, California. Nearly 10,000 acres were sprayed with DDT 

in seven separate units. The infestation was closely monitored in 1955 

to determine the need for control in 1956. "~ostspray appraisals, based 

primarily on assessment of feeding damage and an intensive search for new 

egg masses, indicated that satisfactory control was achieved. 'I 

Control - 2 

259. Strickler, Go S. 1975. DDT residue accumulation and decline in kidney 

fat of lambs grazing sprayed forest range. USDA For. Serv. Res. 

Note PNW-256, 6 p. Pac. Northwest For. and Range Expo Stn., 

Port land, Oreg. 

"DDT residues in fat of weaner lambs grazing 1, 2, 6, 10, and 14 

weeks (five treatment groups) in forests sprayed with DDT for 

Douglas-fir tussock moth control increased rapidly up to 2 weeks, then 

decreased. After removal of lambs to unsprayed feed for 14 to 22 weeks, 

fat residues declined, but only those in the 1- and 2-week treatments 

fell significantly below the 5 ppm tolerance level." 

Control - 3 

260. Strickler, G. S., and P. J. Edgerton. 1970. Monitoring DDT residues on 

forage plants following a forest insect control program. Pestic. 

Monit. Jo 4(3):106-110. 



"The amount of DDT reaching understory vegetation grazed by cattle, 

deer, and elk, and the DDT residues in herbage samples of sedge, lupine, 

and sagebrush were determined for one prespray and three postspray 

sampling dates up to 1 year following aerial application of DDT for 

forest insect control. The DDT was applied at the start of the livestock 

grazing period. Ground-level DDT dosage ranged from 3-78% of the 

designated 3/4 lb/acre rate. . . . Residue in species plot samples from 
the first two postspray dates were significantly related to ground-level 

dosage. Cycling of DDT was not indicated; a greater elk sedge residue 

1 year after spraying was attributed to differences in sampling. 

Associated DDT residues in cattle and big game are briefly discussed." 

Control - 3 

261. Stoszek, K. J. 1977. Factors influencing tree and stand susceptibility 

to Douglas-fir tussock moth attack. Bull. Entomol. Soc. Am. 

23 (3) : 171-172. 

A report on studies undertaken in 1972-74 to determine the 

probability that a given stand will suffer defoliation by the 

Douglas-fir tussock moth. Both ground and aerial survey procedures were 

used to assess the physiographic edaphic and phytoceonotic characteristics 

of the site; and the species composition, structure, and vigor of the 

stand. Preliminary results indicate that: stands on ridge tops and 

upper slopes have significantly higher defoliation; defoliation increased 

with tree age; and grand fir was more susceptible to defoliation than 

Douglas-fir. Several other factors, such as aspect, elevation, canopy 

structure, and number of stories also influence the probability of tussock 

moth defoliation. 

Outbreaks - 5 

262. Sugden, B. A. 1957. A brief history of outbreaks of Douglas-fir tussock 

moth, Hemerocampa pseudotsugata McD., in British Columbia. Entomol. 

Soc. B o  C. Proc. 54:37-39. 



Douglas-fir tussock moth outbreaks are listed and analyzed. Results 

of analysis indicate outbreaks have recurred at intervals in a limited 

part of B.C., mostly in open-grown stands of Douglas-fir. They build up 

quickly in a few suitable sites, last for a short period, and then 

collapse. In a few localities where an outbreak has never been recorded, 

a small population always persists. 

Outbreaks - 1 

263. Swaine, J. M. 1917-1918. The control of the white-marked tussock moth. 

Rep. Soc. Prot. Plants, 10 p. (On file: Pac. Northwest For. and 

Range Exp. Stn., Corvallis, Oreg.) 

The white-marked tussock moth is a serious native defoliator of 

hardwoods in the Mountain Provinces of Canada. An outbreak was expected 

the summer of 1918 [after this report]. A description of the stages of 

the moth's life cycle, the life history, and type of injury of the moth 

is given. Preventive control, i.e.,maintaining healthy trees, is listed 

as the primary means of controlling the white-marked tussock moth. The 

egg and larval stages are the best targets for applications of artificial 

control. Destruction of egg masses during dormant months is an effective 

control method, as is spraying the larvae with arsenate compounds. 

Banding the trees with tanglefoot will prevent reinfestation from any 

wandering larvae. 

Related Material - 3 

264. Swaine, J. Ma, and G. E. Sanders. 1918. The white-marked tussock moth 

and its control on shade trees and ornamental trees. Can. Dep. 

Agric. Entomol. Branch, Circ. 11, 12 p. 

The white-marked tussock moth can be controlled by destroying the 

egg masses, either by removal or painting with creosote, and by spraying 

larvae with arsenate compounds and banding the trees with sticky tape to 

prevent larval migration. For control in orchards, a paste of lead 

arsenate or arsenate of lime is used. A description of the life stages 

and biology of the moth is included. 

Related Material - 3 



265. Ta r r an t ,  R. F., D. G. Moore, W. B e  Bollen, and B. R. Loper. 1972. 

P e s t i c i d e s  i n  s o i l .  DDT r e s i d u e s  i n  f o r e s t  f l o o r  and s o i l  a f t e r  

a e r i a l  spray ing ,  Oregon--1965-68. Pe s t i c .  Monit. J. 6(1):65-72. 

"One month a f t e r  a e r i a l  a p p l i c a t i o n  of DDT (12 oz /acre )  t o  an e a s t e r n  

Oregon f o r e s t ,  3  oz / ac r e  of DDT r e s i d u e s  (DDT, i t s  isomers and 

metabolites--DDD, DDE, p,pl-DDT, and o,pl-DDT) were de t ec t ed  i n  t h e  

f o r e s t  f l o o r ;  3  yea r s  l a t e r ,  t h e  DDT conten t  had decreased by more t han  

50%, and had no t  leached i n t o  t h e  s u r f a c e  minera l  s o i l .  

"At  t h e  t i m e  of spray ing ,  wate r  from two s t reams  d r a in ing  t h e  sprayed 

a r e a  had a  t o t a l  DDT con t en t  of about  0.3 ppb. Th i s  low concen t r a t i on  

decreased  r a p i d l y  t o  l e v e l s  below l i m i t s  of a n a l y t i c a l  de t ec t i on .  No 

e f f e c t  of t h e  spray ing  was noted on s o i l  m ic rob i a l  popula t ions ,  

n i t r i f i c a t i o n  r a t e ,  o r  amount of n i t r a t e  n i t r ogen  i n  t h e  s o i l .  

"Of t h e  12 oz of DDT app l i ed  p e r  a c r e ,  about  26% reached t h e  ground 

s u r f a c e  i n i t i a l l y ;  and over  36 months, about  6% more was brought t o  t h e  

ground i n  l i t t e r f a l l .  Thus, approximately one-third of t h e  sprayed 

chemical reached t h e  f o r e s t  f l o o r .  The need f o r  more e f f i c i e n t  a e r i a l  

methods of chemical a p p l i c a t i o n  i s  evident ,"  

Control  - 3 

266. Teakle ,  R. E. 1973. A n u c l e a r  po lyhedros i s  v i r u s  of t h e  pa in ted  app l e  

moth (Orgyia a n a r t o i d e s  (Walker)). Queensland J. & r i c e  h i m .  Sci .  

30(2) : 179-190. 

"A d i s e a s e  of t h e  pa in ted  app l e  moth (Orgyia a n a r t o i d l s  (walk.)) 

caused by a  nuclear-polyhedrosis  v i r u s  was i nves t i ga t ed .  The v i r u s  is  

de sc r i bed  on t h e  b a s i s  of i t s  morphology and pathology and t h e  i n f l uence  

of l a r v a l  age and s i z e  of v i r u s  dosage on i ncuba t i on  period." I n  t e s t s  

of c r o s s - i n f e c t i v i t y ,  v i r u s e s  from 2. a n a r t o i d e s  and 2. a u s t r a l i s  

demonstrated i d e n t i c a l  s e r o l o g i c a l  r e a c t i o n s  and r e c i p r o c a l  

c r o s s - i n f e c t i v i t y .  



"The nuclear polyhedrosis virus studied in the current work is a 

virulent pathogen. The habit of 2. anartoides of depositing eggs in 
clumps and the gregarious tendency displayed by early instar larvae 

favors early cross-transmission of the virus." Larvae of early instars 

are more susceptible to the virus. Cross-transmission is favored by the 

lack of mobility of the wingless female adult. Thus the distribution of 

this insect is usually restricted to individual trees. 

Related Material - 3 

267. Templado, J. 1974. Biological observations on Orgyia trigotephras 

Biosd. (Lep., Lymantriidae) . Bol. Estac. Cent. Ecol. 3(6) :63-67. 

Article unavailable. 

Related Material - 3 

268. Terrell, T. T. 1955. Douglas-fir tussock moth outbreak in northeastern 

Washington. Season of 1955. USDA For. Serv. Intermt. For. and 

Range Exp. Stn., Missoula, Mont. 3 p. Unpubl. 

An infestation of the Douglas-fir tussock moth which had been 

moderately active for several years in northeastern Washington, developed 

into a serious outbreak in 1955. In September, 1955, an aerial survey 

was made of the infested Douglas-fir forests by the Missoula Forest 

Insect Laboratory. Stevens County contained the heaviest infestations, 

with small scattered spots of infestation in Spokane and Pend Oreille 

Counties. "Altogether, 87 separate areas of infestation, ranging from 

single infested trees to as much as 2,000 acres of tree defoliation, were 

mapped during the flights." The history of the infestation, and the 

methods used to survey damage are presented. 

Outbreaks - 2 

269. Thomas, J. W., and Dm C. McClusky. 1974. Effects of aerial application 

of DDT for tussock moth control on nestling survival of mountain 

bluebirds and house wrens. USDA For. Serv. Res. Pap. PNW-185, 37 p. 

Pac. Northwest For. and Range Exp. Stn., Portland, Oreg. 



The EPA approval of the use of DDT against the Douglas-fir tussock 

moth in 1974 was contingent upon intensive environmental monitoring to 

determine the impact on nontarget organisms. The present study was 

undertaken to assess if DDT application had adverse, short-term effects 

on reproductive performances of insectivorous birds. The study was 

limited to cavity-nesting, insectivorous birds such as mountain bluebirds, 

western bluebirds, and house wrens. 

Birds were encouraged to nest in specially constructed nest boxes in 

spray and nonspray areas. The boxes were checked at intervals from 2-21 

days to determine: clutch size, condition of eggs; number of young 

hatched, their condition and approximate age; and number of young fledged. 

Reproductive success was measured by comparisons of mean number of eggs 

per clutch, egg fertility, nestling mortality, and number of young fledged 

between spray and nonspray areas. 

DDT reaching the ground was monitored with oil-sensitive cards in 

the spray area only. 

No detrimental, short-term effects on clutch size or nestling 

survival of the selected species of birds were detected by this study. 

Control - 3 

270. Thompson, C. G. 1966. Tests to determine effectiveness of different 

virus dosages and concentrations. In Results of test to develop 
operational procedures for controlling Douglas-fir tussock moth with 

aerial application of polyhedral virus spray. USDA Agric. Res. 

Serv. and For. Serv., Portland, Oreg. 27 p. Unpubl. 

"A simulated field test was conducted during the summer of 1965 to 

determine virus spray dosage and concentrations required for control of 

the Douglas-fir tussock moth. Specific objectives were to determine the 

effectiveness of three different virus polyhedra rates applied by 

helicopter in 1 gal and in 3 gal of spray per acre. The optimum timing 

of application was also investigated. Spray was applied by helicopter at 



5-weekly i n t e r v a l s  t o  potted t r e e s ,  which were subsequently colonized 

with l a rvae  t o  determine pathogenici ty of t h e  d i f f e r e n t  treatments. . . . 
"Applications of 1, 5, and 50 b i l l i o n  polyhedra i n  1 ga l / ac re  were a s  

e f f e c t i v e ,  o r  s l i g h t l y  b e t t e r ,  than app l i ca t ions  of the  same v i r u s  r a t e s  

i n  3 ga l /acre .  The app l i ca t ions  were more e f f e c t i v e  with increas ing  

v i r u s  r a t e .  Only t h e  r a t e  of 50 b i l l i o n  polyhedra per  a c r e  was 

s u f f i c i e n t l y  e f f e c t i v e  t o  i n d i c a t e  a s a t i s f a c t o r y  con t ro l  po ten t i a l .  

Applicat ions were most e f f e c t i v e  aga ins t  2nd-instar larvae. Larvae from 

egg masses co l l ec t ed  i n  northern Ca l i fo rn ia  were apparently more 

suscep t ib l e  t o  i n f e c t i o n  on Douglas-fir than on grand f i r .  

"Following an  i n i t i a l  wave of polyhedrosis  r e s u l t i n g  d i r e c t l y  from 

v i r u s  appl ica t ions ,  waves of polyhedrosis  occurred a t  about 2-week 

i n t e r v a l s .  These l a t t e r  waves were apparently due t o  na tu ra l  contagion 

and spread of t h e  d i sease  from those  dying a s  a d i r e c t  r e s u l t  of t h e  

applicat ion."  

Control - 6 

271. Thompson, C. G. 1975. Comparison of environmental s t r e s s e s  between 

f i e l d  and insec ta ry  populations. 3 Baculoviruses f o r  in sec t  Pes t  

con t ro l :  Safety cons idera t ions ,  p. 158. M. Do Summers, R e  Engler, 

L. A. Falcon, and P a  V. Vail ,  eds. Am. Soc. Microbial. 

Two comments a r e  of fered  concerning t h e  use of v i r u s  f o r  

Douglas-fir tussock moth control .  F i r s t ,  t h e  amount of v i r u s  applied f o r  

con t ro l  is minimal compared t o  the  amount n a t u r a l l y  produced by the  

l a rvae  moth during an epizoot ic .  Secondly, t h e  s t r e s s  on 

laboratory-reared i n s e c t s  is much l e s s  than the  s t r e s s  suf fered  by f i e l d  

populations. Thus t h e  poss ib le  favoring of mutant v i r u s  s t r a i n s  from 

laboratory-stressed i n s e c t s  can be discounted. 

Biology - 5; Control - 6 

272. Thompson, C. G., J. Neisess, and H. 0. Batzer. 1977. F ie ld  t e s t s  of 

Baci l lus  thu r ing iens i s  *and a e r i a l  app l i ca t ion  s t r a t e g i e s  on western 



mountainous t e r r a i n .  USDA For. Sew.  Res. Pap. PNW-230, 12 P. Pace 

Northwest For. Range Exp. Stn., Port land,  Oreg. 

Control - 5, 8 

273. Tol iver ,  M. E. [nod.] Bionomics of egg pa ras i to ids  of t h e  Douglas-fir 

tussock moth i n  t h e  Southwestern United Sta tes .  Unpubl. L i t .  Rev. 

Study Plan (On f i l e :  Rocky M t .  For. and Range Exp. Stn., 

Albuquerque, N,M, 34 p. 

The primary ob jec t ive  of the  study plan presented is t h e  

determination of t h e  r o l e  of egg paras i t i sm by Telenomus c a l i f o r n i c u s  and 

Baryscapus sp. i n  endemic and epidemic populat ions of the  Douglas-fir 

tussock moth i n  t h e  Southwest. The secondary ob jec t ives  include: 

determination of egg p a r a s i t e s  and o the r  mor ta l i t y  f a c t o r s  ac t ing  on t h e  

Douglas-fir tussock moth i n  t h e  Southwest, desc r ip t ion  of t h e  l i f e  h i s t o r y  

of 2. c a l i f o r n i c u s  and Baryscapus sp., determination of e f f e c t s  of egg 

mass exposure on paras i t i sm,  desc r ip t ion  of t h e  paras i te -paras i te  

i n t e r a c t i o n s ,  desc r ip t ion  of parasi te-host  i n t e rac t ions ,  and t h e  

determination of e f f e c t s  of Baci l lus  thu r ing iens i s  and nucleopolyhedrosis 

v i r u s  on 2. c a l i f o r n i c u s  and Baryscapus sp. 

The study plan contains a d e t a i l e d  l i t e r a t u r e  review covering t h e  

Douglas-fir tussock moth l i f e  h i s t o r y ,  n a t u r a l  enemies, and h i s t o r y  of 

outbreaks. 

A research schedule and cos t  es t imates  a r e  included. 

Biology - 3 

274. Torgersen, T. R. 1977. I d e n t i f i c a t i o n  of p a r a s i t e s  of t h e  Douglas-fir 

tussock moth, based on a d u l t s ,  cocoons and puparia. USDA For. Serv. 

Res. Pap. PNW-215, 28 p. Pac. Northwest For. and Range Exp. Stn., 

Port land,  Oreg. 



"A key f o r  t h e  i d e n t i f i c a t i o n  of egg, l a r v a l ,  and pupal p a r a s i t e s  of 

t h e  Douglas-f i r  tussock  moth is suppl ied .  Determinat ions a r e  based on 

f e a t u r e s  of a d u l t  p a r a s i t e s ,  t h e i r  cocoons, o r  puparia .  Notes on 

a d d i t i o n a l  d i a g n o s t i c  c h a r a c t e r s  and b i o l o g i e s  a r e  a l s o  given." 

Biology - 3 

275, Tucker, R. K.,  and D. G. Crabtree.  1970. Handbook of t o x i c i t y  of 

p e s t i c i d e s  t o  w i l d l i f e .  U.S. Resour. Publ,  No. 84,  p. 88-89. 

The a c u t e  o r a l  t o x i c i t y  summary of t h e  nuc leopolyhedros i s  v i r u s  of 

t h e  Douglas-f i r  tussock  moth is  presented.  LD50s f o r  mal la rd  ducks, 

pheasan ts ,  house sparrows, a l b i n o  r a b b i t s ,  and mule dee r  a r e  given. 

Cont ro l  - 6 

276. Tunnock, S. 1962. B io log i ca l  eva lua t i ons  of t h r e e  Douglas-f i r  tussock 

moth i n f e s t a t i o n s  i n  no r the rn  Idaho, 1961. USDA For. Sew . ,  Dive 

S t a t e  and Priv.  For. Reg. 1, Missoula,  Mont. 7 p. U n ~ u b l .  

Cocoon samples were c o l l e c t e d  from t h r e e  i n f e s t e d  s i t e s  i n  no r the rn  

Idaho t o  determine t h e  s t a t u s  of t h e  i n f e s t a t i o n .  Cocoons were examined 

f o r  egg masses, a d u l t  emergence, and pupal mor t a l i t y .  High r a t i o s  of 

c u r r e n t  egg masses t o  o l d e r  masses i n  two a r e a s  i n d i c a t e d  a probable  

popu l a t i on  i n c r e a s e  f o r  1962. Female moths were s l i g h t l y  more abundant 

t han  males i n  a l l  t h r e e  a r ea s .  Dipterous p a r a s i t e s  were found i n s i d e  

pupae more f r e q u e n t l y  t han  hymenopterous p a r a s i t e s .  

Outbreaks - 2 

277. Tunnock, S, 1963. Douglas-f i r  tussock  moth i n f e s t a t i o n s  i n  no r the rn  

Idaho and nor thwes te rn  Montana, 1963. USDA For. Sew. ,  Diva S t a t e  

and Pr iv .  For. Reg. 1, Missoula,  Mont. 5 p. Unpubl. 

I n  October 1963, b i o l o g i c a l  eva lua t i ons  of s e v e r a l  Douglas-f i r  

tussock  moth i n f e s t a t i o n  s i t e s  i n  Montana and Idaho were made t o  determine 

t h e i r  growth p o t e n t i a l  f o r  1964. Cocoon samples were c o l l e c t e d  t o  

determine:  r a t i o  of o ld  t o  c u r r e n t  egg masses, s u c c e s s f u l  a d u l t  

emergence, causes  of pupal m o r t a l i t y ,  and percen t  and kind of 



parasitization. The probable infestatfon trends for 1964, based on 

percentages of current egg masses and pupal mortality, are presented for 

each infestation site. 

Outbreaks - 2 

278. Tunnock, S. 1963. Trends of Douglas-fir tussock moth infestations in 

northern Idaho and Colbert, Washington, 1962. USDA For. Serv., Diva 

State and Priv. For. Reg. 1, Missoula, Mont. 7 p. Unpubl. 

Aerial surveys of nine centers of Douglas-fir tussock moth 

infestation in northern Idaho and northeastern Washington were made in 

1962 to determine the extent of defoliation. Biological evaluation of 

the tussock moth population intensity was made during October to determine 

the population trend for 1963. Cocoon samples were collected and examined 

for egg masses, adult emergence, and causes of pupal mortality. Dipterous 

parasites were found inside pupae more often than hymenopterous parasites. 

Population trends for each area are listed individually, based on 

the percentage of current egg masses and on pupal mortality. 

Outbreaks - 2 

279. Tunnock, S. 1964. Status and trends of Douglas-fir tussock moth 

infestations in northern Idaho and northwestern Montana. USDA For. 

Serv., Div. State and Priv. For. Reg. 1, Missoula, Mont. 10 P O  

Unpub 1. 

Biological evaluations of the major Douglas-fir tussock moth 

outbreaks in Idaho and Montana were made during October 1964 to determine 

their status and trend in 1965. Cocoon samples were examined for percent 

of current to old egg masses and pupal mortality. The results are listed 

in tabular form for each infestation site. 

A history of tussock moth outbreaks in the Northwest and a summary 

of the life history of the moth is included. 

Outbreaks - 2 



280. Tunnock, S. 1965. Eva lua t ion  of Douglas-f i r  tussock  moth i n f e s t a t i o n s  

i n  no r the rn  Idaho and nor thwes te rn  Montana, 1965. USDA For. Serv., 

Div. S t a t e  and Pr iv .  For. Reg. 1, Missoula,  Mont. 5 p. Unpubl. 

" ~ o u g l a s - f i r  tussock  moths caused va r i ous  degrees  of d e f o l i a t i o n  

du r ing  1965 i n  50 a c r e s  sou th  of Polson, Montana; i n  t h r e e  10- t o  

40-acre a r e a s  sou th  of Elmo, Montana; and w i t h i n  225,000 a c r e s  i n  Benewah 

and Latah Counties ,  Idaho. These i n f e s t a t i o n s  were examined dur ing  

October 1965 t o  determine t h e  r a t i o  of c u r r e n t  egg masses t o  o l d  and t o  

e v a l u a t e  t h e  e f f e c t s  of n a t u r a l  m o r t a l i t y  f a c t o r s .  No c u r r e n t  egg masses 

were found i n  Montana and only a  few were c o l l e c t e d  i n  Idaho. 

Observat ions showed t h a t  t h e  i n f e s t a t i o n s  had d ied  out .  Fac to r s  

r e spons ib l e  f o r  t h i s  were nuc l ea r  po lyhedros i s  v i r u s ,  p a r a s i t e s ,  and 

a e r i a l  a p p l i c a t i o n s  of DDT i n  Idaho." 

Outbreaks - 2 

281. Tunnock, S. 1966. A p i l o t  t e s t  t o  c o n t r o l  Douglas-f i r  tussock  moth by 

a n  a e r i a l  a p p l i c a t i o n  of nuc l ea r  po lyhedros i s  v i r u s  dur ing  1965. 

USDA For. Serv.,  Div. S t a t e  and Pr iv .  For., Reg. 1, Missoula,  Mont. 

17 p. Unpubl. 

"The e f f e c t i v e n e s s  of a  nuc l ea r  po lyhedros i s  v i r u s  ob ta ined  from 

d i s ea sed  Douglas-f i r  tussock  moth l a r v a e  was t e s t e d  dur ing  t h e  summer of 

1965. A h e l i c o p t e r  was used t o  spray  1,220 a c r e s  a t  t h e  r a t e  of 1 b i l l i o n  

polyhedra i n  1 g a l  of wate r  p e r  a c r e  when most l a r v a e  were 2nd i n s t a r s .  

Larvae,  c o l l e c t e d  b e f o r e  t rea tment  and a t  weekly i n t e r v a l s  a f t e r  

t r e a tmen t ,  were r ea r ed  on a r t i f i c i a l  media i n  p l a s t i c  cups a t  a n  i n s e c t a r y  

u n t i l  they  d i e d  from polyhedros i s ,  were k i l l e d  by o t h e r  agen t s ,  o r  emerged 

a s  a d u l t s .  

"Mor ta l i ty  from po lyhed ros i s  was c o n s i s t e n t l y  h i g h e r  i n  an  un t r ea t ed  

a r e a  t han  i n  a  t r e a t e d  a rea .  Therefore ,  t h e  a p p l i c a t i o n  of 1 b i l l i o n  

polyhedra p e r  a c r e  d i d  no t  s i g n i f i c a n t l y  dec r ea se  t h e  Douglas-f i r  tussock 

moth populat ion.  M o r t a l i t y  from o t h e r  d i s ea se s ,  p a r a s i t e s ,  and unknown 

agen t s  was no t  above 17.6% du r ing  any of t h e  c o l l e c t i o n  per iods .  



Hymenopterous and d ip t e rous  p a r a s i t e s  caused most of t h i s  mor t a l i t y .  

F ive  s p e c i e s  of wasps k i l l e d  96.7% of  t h e  p a r a s i t i z e d  la rvae .  

"Some a d u l t  emergence occurred i n  each c o l l e c t i o n .  However, many 

a d u l t s  were malformed, which i nd i ca t ed  t h a t  they  may have been i n f e c t e d  

wi th  v i ru s .  No c u r r e n t  egg masses could be  found i n  t r e a t e d  and un t r ea t ed  

a r e a s  dur ing  t h e  f a l l  of 1965." 

Cont ro l  - 6 

282. Tunnock, S. 1973. The Douglas-fir  tussock  moth i n  t h e  no r the rn  reg ion*  

A c a r t og raph i c  h i s t o r y  of t h e  ou tbreaks  from 1928 t o  1973. USDA 

For, Serv.,  Div. S t a t e  and Priv.  For., Missoula,  Mont. Report 73-27, 

18 p. 

"The Douglas-f i r  tussock  moth, Orgyia pseudotsuga ta  (Ma. ) , 
p e r i o d i c a l l y  d e f o l i a t e s  Douglas-fir ,  t r u e  f i r s ,  and o t h e r  h o s t  t r e e s  i n  

f o r e s t s  of t h e  United S t a t e s .  I n  t h e  no r the rn  region,  t h e s e  i n f e s t a t i o n s  

occur  about  once every decade. 

"This h i s t o r y  covers  t h e  e a r l i e s t  recorded ou tbreak  i n  n o r t h e a s t e r n  

Washington from 1928 t o  1930 and i nc ludes  in format ion  about  ou tbreaks  i n  

no r the rn  Idaho and e a s t e r n  Washington from 1944 t o  1947, n o r t h e a s t e r n  

Washington and no r the rn  Idaho from 1950 t o  1955, n o r t h e r n  Idaho and 

wes te rn  Montana from 1961 t o  1975, and t h e  c u r r e n t  ou tbreak  i n  no r the rn  

Idaho,  n o r t h e a s t e r n  Washington, and wes te rn  Montana which began i n  1970. 

" ~ h e s e  ou tbreaks  u s u a l l y  l a s t  from 2-4 y e a r s  i n  f o r e s t e d  a r e a s  and 

t y p i c a l l y  go through a bu i ldup  phase t h e  1st year ,  a n  ou tbreak  phase t h e  

2nd yea r ,  and a d e c l i n i n g  phase t h e  3rd  y e a r  due t o  p a r a s i t e s  and /or  

po lyhed ros i s  v i ru s .  Except ions a r e :  It may t a k e  a n  ou tbreak  2 yea r s  t o  

b u i l d  up, o r  occa s iona l l y  n a t u r a l  c o n t r o l  a g e n t s  can cause  a popula t ion  

c o l l a p s e  a t  t h e  end of t h e  2nd year." 

Outbreaks - 1 



283. Tunnock, S. 1974. Impact of egg viability, egg parasitism and virus on 

1974 Douglas-fir tussock moth defoliation potential in western 

Montana. USDA For. Serv. North. Reg. Insect and Dis. Rep. 74-11. 

4 p. Div. State and Priv. For., Missoula, Mont. 

"~ouglas-fir tussock moth egg mass studies during winter 1974 

indicate that natural factors such as low egg viability, egg parasitism, 

and virus do not alter the potential for heavy defoliation in two sections 

south of Frenchtown and one section northwest of Lolo, ~ontana." The 

percent virus infection was low from the egg masses and ranged from 1.0 

to 5.3. More than 30% virus in an area is needed to classify it as a low 

risk from the standpoint of potential damage. 

Outbreaks - 2 

284. Tunnock, S. 1975. Impact of egg viability, egg parasitism, and virus 

on 1975 Douglas-fir tussock moth defoliation potential in the lower 

Flathead Valley, Montana. USDA For. Serv. North. Reg. For. Environ. 

Prot. Rep. 75-9, 7 p. Div. State and Priv. For., Missoula, Mont. 

"Evaluation of Douglas-fir tussock moth, Orgyia pseudotsugata, egg 

masses collected from an outbreak area in the lower Flathead Valley 

indicated that overall egg viability was relatively high, egg parasitism 

was low, and virus infestation averaged 7.1% northwest of Polson, 17.9% 

south of St. Ignatius, and 57.0% west of Ravalli. In the three areas, a 

total of 2,240 acres may be visibly defoliated in 1975, and light 

defoliation may be scattered over an additional 5,600 acres. The outbreak 

is expected to decline due to natural causes by the end of 1975." 

Outbreaks - 2 

285. Tunnock, S., J. E. Dewey, S. Kohler, and S. Hagland. 1974. Evaluation 

of a Douglas-fir tussock moth outbreak in the lower Flathead Valley, 

Montana. USDA For. Serv. North. Reg. Insect and Dis. Rep. 74-24, 

10 p. Div. State and Priv. For., Missoula, Mont. 



"An a e r i a l  survey during 1974 revealed approximately 5,000 ac res  of 

va r ious  degrees of Douglas-fir tussock moth, Orgyia pseudotsugata McD., 

d e f o l i a t i o n  i n  t h e  lower Flathead Valley. An egg mass survey was made i n  

September t o  determine t h e  p o t e n t i a l  f o r  damage i n  1975." The number of 
2 new egg masses/1,000 i n  of fo l i age ,  t h e  r a t i o  of o ld  t o  new egg masses, 

and t h e  number of cocoons per  egg mass were ca lcula ted .  P l o t s  containing 
2 0.1 o r  more new egg masses/l,OOO i n  of f o l i a g e  were considered "high 

r isk",  and con t ro l  may be advisable.  Based on t h e  survey, s i g n i f i c a n t  

d e f o l i a t i o n  was predic ted  on 2,880 acres .  

Outbreaks - 2 

286. Tunnock, S., J. E. Dewey, Re Lood, and R. L. Livingston. 1973. S ta tus  

of Douglas-fir tussock moth i n f e s t a t i o n s  i n  t h e  northern region,  

1973. USDA For. Serv. North. Reg. Insec t  and D i s .  Rep. 73923% 9 Pa 

Div. S t a t e  and Priv. For., Missoula, Mont. 

Aer i a l  surveys of Douglas-fir tussock moth i n f e s t a t i o n  s i t e s  i n  

Washington, Idaho, and Montana were conducted i n  July-August of 1973 t o  

d e t e c t  t h e  ex ten t  of de fo l i a t ion .  The surveys revealed a t o t a l  of 127,000 

a c r e s  of a e r i a l l y  v i s i b l e  damage. Damage occurred i n  two sepa ra t e  

pa t te rns .  Most of t h e  outbreaks were charac ter ized  by p a r t i a l  d e f o l i a t i o n  

of varying i n t e n s i t i e s  occurring over e n t i r e  h i l l s i d e s  o r  s tands.  The 

s t ands  were predominately grand f i r .  The o the r  type of i n f e s t a t i o n  

a s soc ia t ed  wi th  pure s tands  of young Douglas-fir, was charac ter ized  by 

heavi ly  de fo l i a t ed  c l u s t e r s  of t r e e s  (1/2-50 a c r e s ) ;  some almost 

completely de fo l i a t ed .  

Maps of de fo l i a t ed  a reas  a r e  included. 

Outbreaks - 2 

287. Tunnock, S., and R. L. Livingston. 1974. Po ten t i a l  Douglas-fir tussock 

moth damage i n  nor thern  Idaho i n  1974 based on a 1973 f a l l  egg mass 

survey. USDA For. Serv. North. Reg. Insec t  and D i s .  Rep. 74-4, 

26 p. Div. S t a t e  and Priv. For., Missoula, Mont. 



"An epidemic of the Douglas-fir tussock moth was detected in northern 

Idaho in 1972. In 1973, aerial surveys showed that nearly 100,000 acres 

contained various degrees of visible defoliation. An egg mass survey of 

five reporting units made in the fall of 1973 determined potential for 

damage in 1974. Based on new egg mass densities and new-to-old egg mass 

ratios, damage is predicted to be sufficiently high to warrant control on 

34,138 acres in the Coeur d'Alene unit, 64,779 acres in the St. Joe unit, 

4,433 acres in the Clearwater unit, 4,762 acres in the Craigmont unit, 

and 33,501 acres in the NezPerce unit. Total acres qualifying for 

treatment are 141,613. In addition, some damage might occur on 81,554 

acres within the five units. These areas will be further evaluated to 

determine if they qualify for treatment .'I 

Outbreaks - 2 

288. Tunnock, S., R. L. Livingston, and W. E. Bousfield. 1974. Impact of egg 

viability, egg parasitism, and virus on 1974 Douglas-fir tussock 

moth defoliation potential in northern Idaho. USDA For. Servo 

North. Reg. Insect and Dis. Rep. 74-9, 10 p. Div. State and Priv. 

For., Missoula, Mont. 

Egg masses collected fall 1973 in northern Idaho were studied to 

assess the effects of egg viability, egg parasitism, and virus infection 

on the defoliation potential of the area. Egg masses were stored 

overwinter and incubated in February; the surviving larvae were reared. 

Dead larvae were examined for virus polyhedra. The percent nonviable 

eggs ranged from 0.3-68.9, and egg parasitism ranged from 0-14.9% (two 

species of Hymenoptera were recovered). Virus incidence was generally 

low. The acreage to be treated for tussock moth control was adjusted 

according to the findings of this survey. 

Outbreaks - 2 

289. U. S. Department of Agriculture. Douglas-Fir Tussock Moth Program. 1975 

Douglas-Fir Tussock Moth Newsletter. 



The Douglas-Fir Tussock Moth Newsle t te r  is  a monthly p u b l i c a t i o n  

cover ing  t h e  c u r r e n t  a c t i v i t i e s  of t h e  program. It i nc ludes  r e p o r t s  on 

program meet ings,  a  c a l enda r  of even ts ,  p rog re s s  r e p o r t s  on tussock  moth 

r e sea r ch ,  r e p o r t s  on c u r r e n t  r e s ea r ch  on o t h e r  f o r e s t  p e s t s ,  lists of 

r e c e n t  p u b l i c a t i o n s ,  and a r t i c l e s  on program personnel .  

Re la ted  Ma te r i a l  - 2 

290, U.S. Department of Agr i cu l t u r e ,  A g r i c u l t u r a l  Research Se rv i ce  and Fo re s t  

Serv ice .  1966. Resu l t s  of t e s t s  t o  develop o p e r a t i o n a l  procedures  

f o r  c o n t r o l l i n g  Douglas-f i r  tussock  moth with a e r i a l  a p p l i c a t i o n  of 

po lyhedra l  v i r u s  spray .  USDA Agric. Res. Serv. and For. Serv.,  

Po r t l and ,  Oreg. Unpubl. 

A four -par t  r e p o r t  on t h e  coopera t ive  tests i n  1965 by t h e  

A g r i c u l t u r a l  Research Se rv i ce  and t h e  Fo re s t  Se rv i ce  t o  develop 

o p e r a t i o n a l  p rocedures  f o r  a p p l i c a t i o n  of water-based po lyhedros i s  v i r u s  

sp r ays  i n  Douglas-f i r  tussock  moth con t ro l .  Each p a r t  is a b s t r a c t e d  

s e p a r a t e l y  and f i l e d  under t h e  au thor .  For a b s t r a c t s ,  s e e  t h e  fo l lowing  

au tho r s :  C. W. Getzendaner; C ,  G. Thompson; K. H. Wright and R. R. Mason; 

and V. D. Young. 

Cont ro l  - 6,  9 

291. U.S. Department of Agr i cu l t u r e ,  Fo re s t  Serv ice .  1966. Prospec tus  f o r  a 

j o i n t  r e s ea r ch  a d m i n i s t r a t i v e  e f f o r t  t o  develop and t e s t  a method 

f o r  u s ing  a  nuc l ea r  po lyhedros i s  v i r u s  a g a i n s t  t h e  Douglas-f i r  

tussock  moth. USDA For. Serv. Pac. Northwest For. and Range Exp. 

Stn.  and Reg. 6 ,  Po r t l and ,  Oreg. 9  p. Unpubl. 

The p r e sen t  p rospec tus  is a n  expansion of a  p rev ious  o u t l i n e  of 

s t e p s  f o r  o p e r a t i o n a l  t e s t i n g  of t h e  nuc l ea r  po lyhedros i s  v i r u s  i n t o  a  

p roposa l  i n d i c a t i n g  t h e  scope of t h e  under tak ing  and e s t i m a t i n g  t h e  

funds,  manpower, f a c i l i t i e s ,  and time needed t o  c a r r y  ou t  t h e  p r o j e c t .  

"The proposa l  c a l l s  f o r  combining r e g u l a r  r e s ea r ch ,  survey ,  and c o n t r o l  

e f f o r t s  and supplementing them wi th  funds t o  speed o p e r a t i o n a l  t e s t i n g  of 

t h e  nuc l ea r  po lyhedros i s  v i r u s  a s  a  c o n t r o l  agent." The t e s t  w i l l  be  



conducted in 1967, or "as soon thereafter as a suitable area becomes 

available .I1 

Control - 6 

292. U.S. Department of Agriculture, Forest Service. 1971. Douglas-fir 

tussock moth in California forests 1970-1971. Calif. Reg. Pam. 

A Douglas-fir tussock moth epidemic was reported in several locations 

in California in 1970. This publication discusses the history of past 

outbreaks, ecological factors leading to outbreaks, the life cycle and 

damage, and possible control methods. 

General Background 

293. U.S. Department of Agriculture, Forest Service. 1972. Results of field 

experiments for controlling Douglas-fir tussock moth with aerial 

application of polyhedrosis virus, and associated studies. USDA 

For. Serv., Prog. Rep. Pac. Northwest For. and Range Exp. Stn., 

Corvallis, Oreg. Unpubl. 

This is a six-part report on the 1971 field test of nuclear 

polyhedrosis virus spray application for control of the Douglas-fir 

tussock moth. A stand of white fir in the Eldorado National Forest, 

California, served as the test site. Each report is abstracted 

separately. For abstracts see the following authors: D. L. Dahlston and 

R. F. Luck; B. Maksymiuk; M. Em Martignoni; R. R. Mason; R. D. Orchard; 

M. J. Stelzer; R. A. Waite; and B. E. Wickman. 

Control - 6, 9 

294. U.S. Department of Agriculture, Forest Service. 1973. Environmental 

statement, Douglas-fir tussock moth pest management plan, Oregon and 

Washington - 1973. USDA For. Serv. Pac. Northwest Reg., Portland, 

Oreg. 205 p. Unpubl. 

"The USDA Forest Service proposed a pest management program for 

integrating natural biological control agents, silvicultural practices, 

and chemicals to minimize forest resource losses, particularly timber and 



recreational values. This objective will be accomplished by: (1) harvest 

cutting of affected areas of commercial-size timber where serious tree 

damage has been and is expected to occur and where economic, 

environmental, and other factors warrant; (2) chemically treating affected 

high-use, high value recreational areas with Zectran on an operational 

test basis; (3) and reforestation of all affected areas where necessary." 

The proposed Zectran treatment will be at a dosage of 0.15 lb/acre in two 

aerial applications. 

"The environmental impact of the proposed action and the alternatives 

are considered and evaluated." Plans for environmental monitoring are 

presented. 

The appendices include an entomological evaluation of the pest 

population status in Oregon and Washington in 1972-73 and comments 

received on the tussock moth outbreak and possible control from interested 

persons and agencies. 

Control - 1 

295. U.S. Department of Agriculture, Forest Service. 1973. USDA-USDI 

Environmental Statement. Cooperative Douglas-f ir tussock moth 

management plan. Idaho-Oregon-Washington. USDA For. Serv., Pac. 

Northwest Reg., Portland, Oreg. 301 p. Unpubl. 

The USDA Forest Service proposed to treat chemically an estimated 

650,000 acres of Douglas-fir tussock moth-infested forest land in Oregon, 

Washington, and Idaho in the spring of 1974. The environmental impact of 

the proposed DDT treatment is evaluated. 

The statement covers: the appraisal of the forest situation, the 

biology of the Douglas-fir tussock moth, the history of destructive 

epidemics, proposed DDT control plan, the environmental monitoring plan, 

the impact on the environment of DDT application, the unavoidable adverse 

effects of DDT, the benefits of DDT use, the alternatives to control with 

DDT, and public response to the proposed DDT control project. 



The appendices  include:  t h e  entomological  e v a l u a t i o n  of t h e  p e s t  

s t a t u s  i n  Oregon, Washington, and Idaho i n  1973, t h e  cos t -bene f i t  

a n a l y s i s ,  and t h e  P e s t  Act ion c o u n c i l ' s  Reso lu t ion  and problem a n a l y s i s  

on t h e  Douglas-f i r  tussock  moth outbreak. 

Cont ro l  - 2,  3  

296. U.S. Department of Agr i cu l t u r e ,  Fo re s t  Serv ice .  1974. Douglas-f i r  

t u s sock  moth p r o j e c t  - 1974. Oregon-Washington-Idaho. USDA For. 

Serv. I n s e c t  and D i s .  Control ,  Reg. 6 ,  Po r t l and ,  Oreg. 18 p. 

Unpubl . 
This  r e p o r t  on t h e  Douglas-f i r  Tussock Moth Cont ro l  Program was 

submit ted t o  t h e  Environmental P r o t e c t i o n  Agency a s  r equ i r ed  by t h e  

February 28, 1974, Order au tho r i z ing  t h e  emergency u s e  of DDT f o r  tussock  

moth con t ro l .  

The l o c a t i o n ,  q u a n t i t y ,  t imes,  and p l ace s  of a e r i a l  a p p l i c a t i o n  a r e  

included.  A t rea tment  summary f o r  each P r o j e c t  Uni t  showing t h e  d a t e  

t r e a t e d ,  t h e  number of g a l l o n s  app l i ed ,  and t h e  a c r e s  t r e a t e d  by numbered 

sp r ay  b locks  is a l s o  included.  A summary of t h e  Dylox and Sevin-4-oil 

t r e a tm en t s  is  given. Accounts of i n s e c t i c i d e  a c c i d e n t s  t h a t  occurred 

dur ing  t h e  ope ra t i on  a r e  included. 

Cont ro l  - 1, 2 

297. U.S. Department of Agr i cu l t u r e ,  Fo re s t  Serv ice .  1974. Environmental 

Analysis .  Douglas-f i r  tussock  moth, m ic rob i a l  i n s e c t i c i d e  p i l o t  

tests. USDA For. S e n .  North. Reg., Missoula,  Monte 31  p a  Unpubl. 

The USDA Fore s t  Se rv i ce  proposes t o  p i l o t  t e s t  two b i o l o g i c a l  

c o n t r o l  agen t s ,  B a c i l l u s  t h u r i n g i e n s i s  and a  nuc leopolyhedros i s  v i r u s ,  on 

t h e  Douglas-f i r  tussock  moth ou tbreak  i n  no r the rn  Idaho, t o  o b t a i n  d a t a  

l e ad ing  t o  t h e  p o s s i b l e  r e g i s t r a t i o n  of one o r  both. A p i l o t  test is  

proposed on 17,500 ac r e s .  The tussock  moth is p red i c t ed  t o  cause  

d e f o l i a t i o n  on 104,000 a c r e s  i n  1974. 



The report examines the impact of the Douglas-fir tussock moth on 

timber stands if left uncontrolled, the favorable and unfavorable 

environmental effects of control with virus or B.t., and the alternative 

control measures available. 

Appended is a work plan for pilot tests, a history of pest epidemics 

and suppression activities, an entomological evaluation of the epidemic, 

and background information on the microbial agents. 

Control - 5, 6 

298. U.S. Department of Agriculture, Forest Service. 1974. Project plans for 

the 1974 tussock moth control project. USDA For. Serv., Pace 

Northwest Reg., Insect and Dis. Control Branch, Portland, Oreg. 

106 p. Unpubl. 

This report gives detailed plans for a proposed control project 

against the Douglas-fir tussock moth in 1974. The area will be sprayed 

with 3/4 lb of DDT in 1 gal of No. 2 fuel oil and auxiliary hydrocarbon 

solvent per acre. About 376,000 acres will be sprayed in Oregon and 

Washington. Application will be made from helicopters flying in tandem 

with an observation helicoper supervising. Areas will be released for 

control according to the results of natural virus and egg viability tests 

completed in March 1974. The report details the organization and duties 

of project personnel; the project procedures; the communications, 

meteorological, and environmental monitoring plans; and the safety plans 

for all phases of the project. General provisions in contracts for 

insecticide mixing and spraying are presented. 

The sampling procedure and data analysis to measure population 

survival, assess foliage saved, measure the number of egg masses in the 

fall after treatment, and determine the success of treatment in preventing 

top-kill and tree mortality is outlined. Appended are lists of 

terminology used, tagging techniques, a sample of all forms used for 

recording data, sample organization charts, monitoring procedures for 

residues in the environment, and emergency phone numbers. 

Control - 2 



299. U.S. Department of Agriculture, Forest Service. 1974. Situation 

statement, Douglas-fir tussock moth, Oregon-Washington-Idaho. 

May 23, 1974. Pac. Northwest For. and Range Exp, Stn., Portland, 

Oreg. 8 p. Unpubl. 

An analysis of the tussock moth outbreak in the Northwest is 

presented, Subjects considered are the host life cycle, biological 

evaluation, environmental statements, the role of the DFTM Interagency 

Steering Committee, treatment plans for 1974, and research currently 

being done on control of the tussock moth. 

Outbreaks - 2; Control - 2; Related Material - 2 

300. U.S. Department of Agriculture, Forest Service. 1974. Proceedings. 

Workshop -- Aerial application of insecticides against forest 
defoliators (chemicals and microbials). Univ. Mont., Missoula. 

April 23-25, 1974. USDA For. Serv., State and Private Forestry, 

North. Reg., Missoula, Mont. 128 p. 

A series of discussions is presented on the problem of improving 

aerial spray technology to provide effective aerial application of 

insecticides against forest defoliators. It includes discussions on 

mixing and formulation of chemicals, selection of aircraft, meteorological 

prediction models for spray-deposit assessments, sampling and monitoring 

techniques, and safety and disposal systems for toxic chemicals. 

Articles by W. E. Bousfield; P. R. Canutt; Re K. ~umbauld, 

H. E. Cramer, and J. W. Barry; P. A. Grau; and P. J. Iwai and 

M. E. Martignoni are abstracted separately. 

Control - 7 

301. U.S. Department of Agriculture, Forest Service. 1974. W D A  Envi~~nmental 

statement. Cooperative Douglas-fir tussock moth pest management 

plan. USDA For. Serv., Pac. Northwest Reg., Portland, Oreg. 335 p. 

Unpub 1. 



I n  accordance wi th  t h e  requirements  of t h e  EPA, t h e  USDA Fore s t  

Se rv i ce  prepared a  s ta tement  on t h e  environmental  impact of t h e  proposed 

t rea tment  w i th  DDT of t h e  Douglas-f i r  tussock  moth ou tbreak  i n  Washington, 

Oregon, and Idaho. The s ta tement  covers  a l l  a f f e c t e d  lands  t o  be  t r e a t e d  

r e g a r d l e s s  of ownership. 

The s ta tement  covers:  t h e  a p p r a i s a l  of t h e  f o r e s t  s i t u a t i o n ,  t h e  

b io logy  of t h e  Douglas-f i r  tussock  moth, t h e  h i s t o r y  of d e s t r u c t i v e  

epidemics ,  t h e  proposed DDT c o n t r o l  p l an ,  t h e  environmental  monitor ing 

p lan ,  t h e  impact on t h e  environment of DDT a p p l i c a t i o n ,  t h e  unavoidable  

adverse  e f f e c t s  of DDT, t h e  b e n e f i t s  of DDT use ,  t h e  a l t e r n a t i v e s  t o  

c o n t r o l  w i th  DDT, t h e  p u b l i c  response t o  t h e  proposed DDT c o n t r o l  p r o j e c t ,  

and t h e  suppo r t i ng  r e sea r ch  and development programs f o r  a  Douglas-f i r  

tussock  moth p e s t  management plan.  

Cont ro l  - 2, 3  

302. U.S. Department of Agr i cu l t u r e ,  Fo re s t  Serv ice .  [nod.  1 Saving t h e  

f o r e s t s .  Burns p r o j e c t ,  tussock  moth con t ro l .  USDA For. Serv., 

Malheur, Ochoco Nat l .  For. 4  p. Unpubl. 

A popula r  account  i s  g iven  of p l ans  f o r  a  f o r e s t  p e s t  c o n t r o l  sp r ay  

p r o j e c t  i n  t h e  Malheur and Ochoco Nat iona l  F o r e s t s ,  a g a i n s t  t h e  

Douglas-f i r  tussock  moth. H i s t o r i e s  of p a s t  ou tbreaks  and t h e  p r e sen t  

one a r e  b r i e f l y  examined. The p r e sen t  and p o t e n t i a l  economic l o s s  from 

d e f o l i a t i o n ,  t h e  a c r e s  t o  be  sprayed,  t h e  groups approving t h e  c o n t r o l  

p r o j e c t ,  and t h e  s u r v e i l l a n c e  e f f o r t s  t o  be  c a r r i e d  ou t  f o r  p o s s i b l e  

e f f e c t s  of t h e  sp r ay  on o t h e r  resources  a r e  reviewed. 

Cont ro l  - 2 

303. U. S. Department of Agr i cu l t u r e ,  Fo re s t  Se rv i ce  and Cooperators .  1974. 

I n t e r im  r e p o r t .  Douglas-f i r  tussock  moth r e sea r ch  and p i l o t  t e s t  

program season  of 1974. USDA For. Serv.,  Pac. Northwest For. and 

Range Exp. Stn. ,  Po r t l and ,  Oreg. 24 p. Unpubl. 



A f t e r  a  conc i s e  examinat ion of t h e  h i s t o r y  and s t a t u s  of t h e  c u r r e n t  

Douglas-f i r  tussock  moth ou tbreak  i n  Oregon, Washington, and Idaho (Blue 

Mountains), 1972-1974, t h i s  r e p o r t  concen t r a t e s  on a  summary of t h e  about  

30 s t u d i e s  i n i t i a t e d  i n  1974 on t h e  popu l a t i on  dynamics of t h e  moth and 

i t s  c o n t r o l ,  Fourteen of t h e s e  s t u d i e s  a r e  summarized s e p a r a t e l y  i n  t h e  

Appendix 

Findings of p a r t i c u l a r  s i g n i f i c a n c e  a t  t h i s  po in t  i n  t h e  r e s ea r ch  

program a r e :  f o r  a  g iven  l o c a l i t y ,  t h e  p r e sen t  ou tbreak  conformed t o  t h e  

3-year cyc l e ;  t r e e  m o r t a l i t y  was r e l a t e d  t o  t h e  percen tage  of 

Douglas-f i r  i n  t h e  i n f e s t e d  s t and ;  t e s t s  of m ic rob i a l  i n s e c t i c i d e s ,  

nuc leopolyhedros i s  v i r u s ,  and B a c i l l u s  t h u r i n g i e n s i s  showed promise f o r  

c o n t r o l ;  p i l o t  tests of Sevin-4-oil a t  2  l b / a c r e  gave e f f e c t i v e  c o n t r o l ,  

and Dylox a l s o  appeared promising bu t  more t e s t i n g  is  needed. DDT was 

more e f f e c t i v e  a g a i n s t  t h e  tussock  moth t han  any o t h e r  m a t e r i a l  t e s t e d ,  

and a  reduced dosage of 1/2 l b / a c r e  was a s  e f f e c t i v e  a s  t h e  s t anda rd  

3/4 l b / a c r e ,  Small-scale a e r i a l  tests of Orthene gave promising r e s u l t s  

f o r  f u r t h e r  t e s t i n g ;  i n  ground-appl icat ion s c r een ing  t e s t s  of 14 new 
@> i n s e c t i c i d e s ,  f i v e  gave over  90% c o n t r o l ,  wi th  two compounds, Phosvel 

and FMC-33297, reduc ing  popula t ion  l e v e l s  by 99%; t h e  n a t u r a l  s ex  

a t t r a c t a n t  of t h e  tussock  moth h a s  been i d e n t i f i e d ,  syn thes ized ,  and 

f i e l d  t e s t e d  wi th  e x c e l l e n t  r e s u l t s  a s  a  f i e l d  sampling technique. 

Biology - 2; Outbreaks - 4; Cont ro l  - 1, 2,  5 ,  6 ;  Re la ted  Ma te r i a l  - 2 

304. U.S. Department of Agr i cu l t u r e ,  Fo re s t  Serv ice ,  and Cooperat ive S t a t e  

Research Serv ice .  1976. The tussock  moth program. USDA Fore Serve  

and Coop. S t a t e  Res. Serv. Pam. 

"The USDA Expanded Douglas-f i r  Tussock Moth Research and Development 

Program is a 3-year e f f o r t  (1975-1977) designed t o  s o l v e  problems caused 

by p e r i o d i c  ou tbreaks  of t h e  Douglas-f i r  tussock  moth i n  wes te rn  c o n i f e r  

f o r e s t s .  Major goa l s  of t h e  program a r e  t o :  (1)  implement methods t h a t  

a r e  p r e s e n t l y  a v a i l a b l e  t o  reduce damage caused by t h e  tussock  moth 

ou tbreaks ,  and ( 2 )  develop t h e  new knowledge necessary  t o  p revent  o r  

suppress  f u t u r e  outbreaks." This  pamphlet d i s c u s s e s  t h e  need f o r  new 

c o n t r o l  methods, t h e  p a s t  s t a t u s  of t h e  tussock  moth, t h e  expected 



accomplishments of t h e  program, and t h e  means by which t h e  o b j e c t i v e s  

w i l l  be accomplished. 

Related Ma te r i a l  - 2 

305. U.S. Department of Agr i cu l t u r e ,  Fo re s t  Se rv i ce  and Cooperat ive S t a t e  

Research Serv ice .  1976. Tussock moth program p rog re s s  r epo r t .  

USDA For. Serv. and Coop. S t a t e  Res. Serv. Pam. 

This  pamphlet d i s c u s s e s  t h e  purpose and background of t h e  Douglas-f i r  

tussock  moth program and r e p o r t s  on t h e  progress  made i n  each of i ts  f i v e  

main phases.  Researchers  have lea rned  t h a t  t h e  n a t u r a l  sex  pheromone of 

t h e  moth can be used t o  d e t e c t  low-level popula t ions .  They have developed 

techniques  f o r  sampling low-level popula t ions ,  explored t h e  

p r eda to r -pa r a s i t e  complex a t t a c k i n g  t h e  moth, s t ud i ed  t h e  r e l a t i o n  of 

ou tbreaks  t o  f o r e s t  cond i t i ons ,  t e s t e d  chemical a l t e r n a t i v e s  t o  DDT, 

experimented w i th  mic rob i a l  i n s e c t i c i d e s ,  and developed improved methods 

of a e r i a l  a p p l i c a t i o n  of i n s e c t i c i d e s .  

Re la ted  Ma te r i a l  - 2 

306. U.S. Department of Agr i cu l t u r e ,  Fo re s t  Se rv i ce  and Cooperat ive S t a t e  

Research Serv ice .  1977. Tussock moth program p rog re s s  r epo r t .  

USDA For. Serv. and Coop. S t a t e  Res. Serv. Pam. 

This  pamphlet d i s c u s s e s  t h e  purpose and background of t h e  Douglas-f i r  

Tussock Moth Program and r e p o r t s  on t h e  p rog re s s  made i n  each of t h e  f i v e  

main phases  of t h e  program. The sex  a t t r a c t a n t  of t h e  tussock  moth is 

be ing  used t o  p rov ide  b e t t e r  survey techniques and t hus  a  b e t t e r  

understanding of popu l a t i on  dynamics. S i t e  f a c t o r s  a r e  being analyzed t o  

e l u c i d a t e  t h e  r e l a t i o n  of ou tbreaks  t o  f o r e s t  condi t ions .  Chemical and 

microb ia l  i n s e c t i c i d e s  a r e  be ing  t e s t e d  t o  develop new methods of 

suppress ion  and r egu l a t i on .  A conceptua l  economic model h a s  been 

developed t o  determine t h e  socioeconomic impact of t h e  tussock  moth. A 

pest-management system w i l l  r e s u l t  from a s y n t h e s i s  of t h e  f i r s t  f o u r  

phases.  

Related Ma te r i a l  - 2 



307. Van Dyke, W. 1974. The Douglas-f i r  tussock moth. The s i t u a t i o n  a s  of 

January 1974. OSPIRG Reports.  40 p. Unpubl. 

The paper  r e p o r t s  t h e  r e s ea r ch  undertaken by OSPIRG t o  determine t h e  

n e c e s s i t y  of t h e  USDA Fore s t  Se rv i ce  r eques t  f o r  u se  of DDT t o  c o n t r o l  

t h e  Blue Mountain ou tbreak  i n  1973 and 1974. OSPIRG concludes t h a t  DDT 

would no t  have prevented a  l a r g e  p ropo r t i on  of t h e  damage t h a t  occurred 

i n  1973 because more than  h a l f  of t h e  s eve re  damage was i n  a r e a s  where i t  

was no t  a n t i c i p a t e d  by t h e  Fo re s t  Se rv i ce  surveys  and t hus  no t  included 

i n  t h e  proposed spray  a r ea s .  It charges  t h a t  t e s t s  of a l t e r n a t i v e  

chemical i n s e c t i c i d e s  were poor ly  handled and t h e  r e s u l t s  equivocal .  

OSPIRG contends t h a t  t h e  Fo re s t  Se rv i ce  h a s  no t  e s t a b l i s h e d  e i t h e r  t h a t  

DDT i s  t h e  most e f f e c t i v e  c o n t r o l  a g a i n s t  t h e  Douglas-f i r  tussock  moth o r  

t h a t  t h e  Blue Mountain i n f e s t a t i o n  wa r r an t s  c o n t r o l  by DDT based on 

accu ra t e  assessments  of popula t ion  t rends .  

OSPIRG recommends t h a t :  a r e a s  a l r e a d y  s e v e r e l y  damaged should no t  

be  considered f o r  con t ro l ;  a  new popula t ion  survey and a  r ev i s ed  e s t i m a t e  

of p o t e n t i a l  damage i s  needed; a r e a s  f o r  spray  t rea tment  should be  chosen 

on t h e  b a s i s  of d a t a  demonstrat ing s i g n i f i c a n t  p o t e n t i a l  damage; t h e  EPA 

should r e q u i r e  v e r i f i c a t i o n  of t h e  e f f i c a c y  of DDT a g a i n s t  t h e  moth; and 

t h e  Fo re s t  Se rv i ce  should demonstrate  t h a t  ga in s  from DDT u s e  o f f s e t  

p o t e n t i a l  hazards .  

Control  - 4 

308. Volck, W. H. 1907. The C a l i f o r n i a  tussock moth. Univ. Ca l i f  , Coil. 

Agric. Bul l .  183 :191-215. Agric. Exp. Stn. ,  Berkeley, Ca l i f .  

P re l iminary  s t u d i e s  of a tussock moth a f f e c t i n g  app l e  t r e e s  i n  

C a l i f o r n i a  a r e  p resen ted .  Although t h e  moth was no t  i d e n t i f i e d ,  i t s  l i f e  

h i s t o r y  and t h e  f eed ing  h a b i t s  of t h e  l a r v a e  a r e  we l l  descr ibed .  Young 

l a r v a e  feed  on both t h e  f o l i a g e  and t h e  newly formed f r u i t .  Older  l a r v a e  

a r e  s t r i c t l y  f o l i a g e  feeders .  Rearing of c o l l e c t e d  l a r v a e  and pupae 

y i e lded  a  number of p a r a s i t e s  i nc lud ing  a  t a c h i n i d  f l y ,  s e v e r a l  s p e c i e s  

of ichneumonid wasps, o t h e r  p a r a s i t i c  wasps and a  cha l c id  wasp. Eggs a r e  



at tacked by a hymenopteran (Telenomus orgyia  Ash.) and the  l a rvae  of a 

dermestid bee t l e .  Disease was scarce.  

Control by chemicals is d i f f i c u l t  because t h e  la rvae  a r e  r e l a t i v e l y  

r e s i s t a n t  t o  a r s e n i c  compounds. F i r s t - i n s t a r  la rvae  a r e  t h e  most 

suscept ib le .  Contact poisons were ine f fec t ive .  The only r e l i a b l e  con t ro l  

is  hand removal of t h e  overwintered egg masses. I f  t h e  l a rvae  emerge 

before  egg mass removal, a secondary con t ro l  measure is  beat ing  t h e  t r e e s  

t o  fo rce  the  la rvae  t o  f a l l  and a t t ach ing  a s t i c k y  band t o  t h e  t r e e  trunk 

t o  prevent reascent  of the  larvae.  

Related Mater ia l  - 3 

309. Waite, R. A. 1977. Spread f a c t o r s  of p e s t i c i d a l  spray formulations on 

Kromekote cards. USDA For. Serv. Res. Note PNW-286, 7 pa Pat. 

Northwest For. and Range Exp. Stn., Port land,  Oreg. 

"To determine sphe r i ca l  drop s i z e  from a known spot  s i z e  on a 

p a r t i c u l a r  sampling surface  i t  is necessary t o  know t h e  spread f a c t o r  f o r  

d rop le t s  of p e s t i c i d e  formulations ." Preparat ions of t h e  Douglas-f i r  

tussock moth nucleopolyhedrosis v i rus ,  NPV, were among t h e  formulations 

t e s t ed .  

Control - 7, 8 ,  9 

310. Washburn, R. I., and W. E. Cole. 1960. The use of v i r u s  t o  cont ro l  

tussock moth. USDA For. Serv. Prog. Rep., 11 p. Intermt. For. and 

Range Exp. Stn., Ogden, Utah. Unpubl. 

This s tudy attempted t o  determine s u s c e p t i b i l i t y  of var ious  tussock 

moths t o  the  Douglas-fir tussock moth v i rus ,  approximate dosage required 

f o r  establishment,  and expected mor ta l i t y  curve from t h e  var ious  dosages 

tes ted .  I n  addi t ion ,  i t  was intended t o  develop p r a c t i c a l  means of 

propagating t h e  v i r u s  s o  t h a t  an adequate supply would be ava i l ab le  f o r  

f i e l d  t e s t s .  



"Supplies of v i r u s  can be maintained o r  increased i n  t h e  laboratory 

by spraying immature tussock moth l a rvae  with a v i r u s  s o l u t i o n  a t  t he  

r a t e  of 1 mi l l ion  polyhedra per  m l ,  1/12 m l  per  cage; optimum v i r u s  

concentrat ion t e s t ed  was 10 m i l l i o n  polyhedra per  m l ,  1/12 m l  pe r  cage. 

Infec ted  immature l a rvae  yielded approximately 50 m i l l i o n  and mature 

l a rvae  yielded about 300 mi l l ion  polyhedra per  individual .  

 h he v i r u s  was es tabl i shed when applied a t  t h e  r a t e  of 10 mi l l ion  

polyhedra per  a c r e  aga ins t  a  tussock moth i n f e s t a t i o n  on b i t t e rb rush .  

Excellent  con t ro l  can be obtained t h e  same year wi th  an app l i ca t ion  of 50 

mi l l ion  polyhedra per  acre." 

This work showed t h a t  tussock moths i n f e s t i n g  b i t t e r b r u s h  i n  Nevada, 

white f i r  i n  New Mexico, and Douglas-fir i n  southern Idaho were 

suscep t ib l e  t o  the  v i r u s  stock. 

Control - 6 

311. Watt, K. E. F. 1968. A computer approach t o  ana lys i s  of d a t a  on weather, 

populat ion f luc tua t ions ,  and disease.  Biometeorology, p. 145-159 . 
W. P. Lowry, ed. Proc. 28th Ann. Biol. Colloq., 1967. Oreg. S t a t e  

Univ. Press ,  Corvall is .  

Using h i s t o r i c a l  records from i n t e r i o r  B r i t i s h  Columbia, a  

c o r r e l a t i o n  was found between mean monthly temperature during J u l y  and 

August and numbers of the  Douglas-f i r  tussock moth. 

Biology - 1 

312. Wear, J. F., and W. J. Buckhorn. 1955. Organization and conduct of 

f o r e s t  i n sec t  a e r i a l  surveys i n  Oregon and Washington. USDA For. 

Serv., Pac. Northwest For. and Range Exp. Stn., Port land,  

41 p. Unpubl. 

This r epor t  descr ibes  the  organiza t ion  and conduct of annual f o r e s t  

i n s e c t  a e r i a l  reconnaissance surveys of the  49,000,000 a c r e s  of fores ted  

lands i n  Oregon and Washington a s  now prac t iced  by t h e  Divis ion  of Forest  

Insec t  Research of t h e  P a c i f i c  Northwest Fores t  and Range Experiment 



Station and its cooperators. Surveys for the Douglas-fir tussock moth 

are conducted from July 1 to September 1. 

Outbreaks - 2 

313. Webb, W. L., and J. J. Karchesy. 1977. Starch content of Douglas-fir 

defoliated by the tussock moth. Can. J. For. Res. 7(1):186-188. 

"Defoliation by the Douglas-fir tussock moth (Orgyia pseudotsugata 

(McDunnough)) resulted in a reduction of total tree reserve energy in the 

form of starch, proportional to the intensity of defoliation. This 

reduction was significantly less on a site with faster growing trees." 

Outbreaks - 5 

314. Webb, W. L., and K. Kilpatrick. 1976. Defoliation of Douglas-fir in a 

tussock moth outbreak near Kamloops, B.C. In Proc. Symp. Terr. - 
Aquat. Ecol. Stud. Northwest, March 26-27, p. 135-143. East. Wash= 

State Coll., Chaney. 

"Refoliation of trees defoliated by the Douglas-fir tussock moth is 

likely related to bud incidence and available tree reserve energy. In 

this paper, we present data on the variation in bud incidence and 

variation in starch content for both defoliated and undefoliated 

Douglas-fir. Some of the data show a decline in bud incidence with 

increased defoliation, and show also a linear decline in foliar starch 

with increased defoliation." 

Outbreaks - 5 

315. Weeds Trees and Turf. 1975. Aerial war on two fronts: tussock and 

gypsy moths. Weeds Trees and Turf 14(3):16-17, 28, 30. 

A popular account is given of the control projects on the tussock 

and gypsy moth outbreaks. DDT was used effectively on the tussock moth 

outbreak in Washington, Oregon, and Idaho and Dylox was used on the gypsy 

moth, on small, widely scattered tracts in Pennsylvania. 

Control - 2 



316. Wel lens te in ,  Von G., and K. Fab r i t i u s .  1973. Beobachtungen am 

Schlehenspinner  (Orgyia an t i qua  L.) und s e i n e n  Pa ra s i t en .  

(Observat ions of Orgyia an t i qua  L. and i t s  p a r a s i t e s )  Anz. 

Schaedlingskd. Pf lanzenschutz  46(2) :24-30. [ I n  Ger. 1 

The f i r s t  appearance i n  l a r g e  numbers of Orgyia a n t i q u a  i n  t h e  

sp ruce  f o r e s t  of sou the rn  Germany gave t h e  oppor tun i ty  of observing t h i s  

i n s e c t  p e s t  and its p a r a s i t o i d s  under f i e l d  and l abo ra to ry  condi t ions .  

I n  warm r eg ions  and yea r s ,  t h i s  i n s e c t  ha s  2 gene ra t i ons  a year .  

The o l d e r  l a r v a e  bea r  poison h a i r s .  Extended handl ing  of t h e  

cocoon cause  s eve re  i r r i t a t i o n  ( u r t i c a r i a ) .  

The ou tbreak  of Orgyia a n t i q u a  i n  middle-European f o r e s t s  occurs  i n  

i n t e r v a l s  from 50 t o  60 yea r s ,  wi th  no p r e f e r ence  f o r  any one a rea .  High 

popu l a t i ons  i n  t h e  same s t and  f o r  s e v e r a l  y e a r s  a r e  seldom encountered. 

A l o s s  of increment r e s u l t s  from a h igh  popu l a t i on  dens i ty .  The ou tbreaks  

g e n e r a l l y  occur  i n  t h e  c e n t e r  of c losed  f o r e s t s .  

I n  t h e  s tudy  a r e a  (about 7 km n o r t h  of Bad Wurzbach, 

Baden-Wurttemberg), t h e  au tho r s  found 48.4% females  i n  t h e  second 

gene ra t i on ,  and a pupal  m o r t a l i t y  of 4.4%. The number of eggs l a i d  was 

h ighe r  i n  t h e  c e n t e r  than  i n  t h e  p e r i p h e r a l  zones of t h e  i n f e s t a t i o n .  

The most important  p a r a s i t o i d s  were Coccygomimus t u r i o n e l l a e  (L.) 

(pupae),  Phobocampe c r a s s i u s c u l a  (Grav.) ( l a r v a e ) ,  and Telenomus d a h ~ n n i  

(Ratz.) (eggs) .  The d e n s i t y  of t h e  popu l a t i on  of t h e s e  p a r a s i t o i d s  ha s  

been s t u d i e d  i n  h e a v i l y  i n f e s t e d  a s  we l l  a s  i n  l i g h t l y  populated a r ea s .  

The sy s t ema t i c s ,  h o s t  s p e c i e s ,  l i f e  cyc l e ,  s exua l  index,  and t h e  

behavior  of t h e  p a r a s i t o i d  Telenomus dalmanni a r e  descr ibed .  

Re la ted  M a t e r i a l  - 3 

317. Wernz, J., and G. P. Markin. 1977. Flow r a t e s  and c h a r a c t e r i s t i c s  of 

Dimil in ,  Dylox 1.5, Orthene 75S, and Sevin  4-oil. USDA For. Sew . ,  



Res. Note PNW-300, 16 p. Pac. Northwest For. and Range Exp. Stn., 

Portland, Oreg. 

Tests of aerial application of insecticides for Douglas-fir tussock 

moth control require knowledge of the flow rate of each chemical through 

the spray nozzle. Standardized equipment was used to evaluate the flow 

rates for Dimilin, Dylox 1.5, Orthene 75S, and Sevin 4-oil at five 

pressures and four temperatures with three standard T-jet nozzles. 

"Physical properties of settling, density, and viscosity and handling 

characteristics are also discussed." 

Control - 7 

318. Wert, S. L., and B. E. Wickman. 1968. White fir stands killed by 

tussock moth . . . 70 mm color photography aids detection. USDA 

For. Serv. Res. Note PSW-168, 5 p. Pac. Southwest For. and Range 

Exp. Sth., Berkeley, Calif. 

An aerial survey technique to determine the extent and severity of 

white fir damage after defoliation by the Douglas-fir tussock moth is 

described. Large-scale, 70-mm aerial photography was used to increase 

detection accuracy and allow for stereoscopic viewing of the film in an 

uncut roll. Aerial photographs were taken of three separate sites at the 

tussock moth infestation in the Modoc National Forest, California. 

Comparisons were made between field assessments of tree crown conditions 

and interpretations from aerial photographs of selected 0.2-acre plots 

within the test sites. Interpreters of the aerial photographs were able 

to detect dead white fir trees with a high degree of accuracy but were 

less able to distinguish the degree of top-kill or thin foliage compared 

with ground estimates of the same trees. With more training, the 

interpreters could more accurately detect top-kill and thin foliage 

crowns. 

Host Relationships - 1; Outbreaks - 5 

319. Wert, S. L., and B. E. Wickman. 1970. Impact of Douglas-fir tussock 

moth . . . color aerial photography evaluates mortality. USDA For. 



Serv. Res. Pap. PSW-60, 6 p. Pac; Southwest For. and Range Exp. 

Stn., Berkeley, Calif. 

Large-scale, 70-mm aerial photography was tested as a method of 

measuring white fir mortality and crown conditions after defoliation by 

the Douglas-fir tussock moth in the Warner Mountains, California. The 

surveys took place 3 years after a serious outbreak of the moth. In 

addition, the use of small-scale (1:8,000), 9-by-9 inch format, color 

aerial photographs to map and stratify insect damage was examined. 

Ground surveys of the areas to be photographed were made both as a 

check against the photographs and to provide sample data for estimating 

total white fir damage in the area. "Comparisons of the photo 

interpretations with a sample ground cruise gave high correlations (0.78 

to 0.95) for tree mortality and top-kill, and an estimate of mortality 

made from photos was within 5% of the ground cruise estimate." 

Host Relationships - 1; Outbreaks - 5 

320. Wickman, B. Em 1958. Mortality of white fir following defoliation by 

the Douglas-fir tussock moth in California, 1957. USDA For. Servo 

Calif. For. and Range Exp. Stn. Res. Note 137, 4 p. Berkeley, 

Calif. 

The 1954-56 Douglas-fir tussock moth infestation of white fir in the 

Stanislaus National Forest covered seven scattered blocks and 10,000 

acres. A study conducted in 1957 of tree mortality on selected plots in 

the infestation sites showed 21% of the trees were killed on heavily 

defoliated plots. One-fourth of the mortality was caused by defoliation 

alone, the other defoliated trees were killed by bark beetles. Only 

trees 50-100% defoliated were killed. Damage to trees less than 50% 

defoliated resulted in reduced growth. 

The plots will be checked annually in August until 1960. 

Host Relationships - 1; Outbreaks - 5 



321. Wickman, B. E. 1963. Mortality and growth reduction of white fir 

following defoliation by the Douglas-fir tussock moth. USDA For. 

Serv. Res. Pap. PSW-7, 15 pa Pac. Southwest For. and Range Exp. 

Stn., Berkeley, Calif. 

"Damage caused by the Douglas-fir tussock moth was studied in white 

fir stands in California. The data collected were from the Stanislaus 

infestation of 1954-56 and the Inyo infestation of 1934-38. Mortality of 

white fir was caused by defoliation alone and by a combination of 

defoliation and attacks by cambium-mining beetles. More small trees were 

killed than large ones. In the most heavily defoliated stands, 20% of 

the saw-timber volume (11,071 fbm per acre) died in the 5 years 

immediately after the end of the Stanislaus outbreak. Twenty-nine % of 

the volume (10,595 fbm per acre) was killed in the 5 years after the Inyo 

outbreak. 

"Top damage in the Stanislaus infestation was most severe in the 

heavily defoliated trees; 12% of them being top-killed as a result of 

tussock moth feeding. Many small trees suffered temporary top dieback, 

but later grew new leaders. Loss of radial growth was pronounced and 

similar for both infestations. The loss was most noticeable in trees 

more than 30% defoliated. Defoliation had an immediate effect upon white 

fir growth, and when feeding stopped, growth increased immediately. 

Differences in growth between top, midcrown, and base were noticeable 

before and after defoliation. In almost every case the base was growing 

more slowly and the magnitude of loss was proportionately greater in the 

upper crown." 

Growth losses of merchantable white fir combined with mortality 

totaled 12,184 fbm per acre, or more than one-fifth of the original stand 

volume. 

Host Relationships - 1; Outbreaks - 5 

322. Wickman, B. E. 1972. Preliminary report on the effects of Douglas-fir 

tussock moth larval populations on defoliation of white fir. 

Part V. Results of field experiments for controlling Douglas-fir 



tussock  moth wi th  a e r i a l  a p p l i c a t i o n  of po lyhedros i s  v i r u s  and 

a s s o c i a t e d  s t u d i e s .  Progress  Report. USDA For. Serv.,  Pace 

Northwest For. and Range Exp. Stn.,  C o r v a l l i s ,  Oreg. 9  Pa U n ~ u b l .  

"Est imates  of whi te  f i r  d e f o l i a t i o n  by tussock  moth l a r v a e  were made 

through t h e  1971 growing season  on t h e  I r o n  Mountain p l o t s  and on a n  

unde fo l i a t ed  p l o t  a t  Alder  Ridge. Purposes of t h e  measurements were t o  

c o r r e l a t e  d e f o l i a t i o n  wi th  popula t ion  l eve l s .  The major f i nd ings  of t h i s  

exp lo r a to ry  work a r e  a s  fol lows.  Sampling methods must be  improved f o r  

e s t i m a t i n g  d e f o l i a t i o n .  There was no measurable d i f f e r e n c e  i n  d e f o l i a t i o n  

on t h e  I r o n  Mountain t r e a t e d  and un t r ea t ed  p l o t s ,  bu t  t h e r e  was a  

s i g n i f i c a n t  d i f f e r e n c e  wi th  a  nearby nondefo l ia ted  p lo t .  Larva l  

popu l a t i ons  i n  t h e  35 p e r  1,000 i n 2  of f o l i a g e  ca tegory  cause  s i g n i f i c a n t  

f o l i a g e  removal through one growing season. Th i s  r e l a t e s  t o  v i s u a l  crown 

e s t i m a t e s  which showed t h a t  75% of t h e  sample trees on t h e  I r o n  Mountain 

p l o t s  s u f f e r e d  " l i gh t "  d e f o l i a t i o n .  Q u a n t i t a t i v e  d a t a  was ob ta ined  on 

wh i t e  f i r  f o l i a g e  produc t ion  which w i l l  be va luab l e  f o r  f u t u r e  energy 

f low models of f i r  t r e e s  and t h e i r  f o l i a g e  consumers." 

Outbreaks - 4,  5  

323, Wickman, B. E. 1975. Research on popu l a t i on  dynamics and impact i n  t h e  

Blue Mountains. West. For. Conserv. Assoc., Perm. ASSOC. P ~ o c .  

1974:15. Por t land ,  Oreg. 

A b r i e f  synops i s  of t h e  tussock  moth r e sea r ch  underway a t  t h e  P a c i f i c  

Northwest F o r e s t  and Range Experiment S t a t i o n ,  C o r v a l l i s ,  Oregon, i s  

presen ted .  The popu l a t i on  dynamics of t h e  Douglas-f i r  tussock  moth have 

been s t u d i e d  i n  depth a t  t h e  ex t ens ive  ou tbreak  i n  t h e  Blue Mountains t o  

determine t h e  n a t u r e  of popula t ion  change, n a t u r a l  m o r t a l i t y  f a c t o r s ,  and 

tree damage under n a t u r a l  condi t ions .  

Outbreaks - 4 

324. Wickman, B. E. 1976. Douglas-f i r  tussock  moth egg ha t ch  and l a r v a l  

development i n  r e l a t i o n  t o  phenology of grand f i r  and Douglas-fir  

i n  n o r t h e a s t e r n  Oregon. USDA For, Serv. Res. Pap. PNW-206, 1 3  Pa 

Pac. Northwest For. and Range Exp. Stn. ,  Po r t l and ,  Oreg. 



"Bud bur s t ,  shoot elongation,  egg hatch, and l a r v a l  development were 

s tudied  on s i x  a reas  i n  a 1973 i n f e s t a t i o n  i n  t h e  Blue ~ o u n t a i n s . "  The 

study s i t e s  were located a t  various e levat ions  i n  both pure s tands  of 

grand f i r  and Douglas-fir and i n  mixed stands.  " ~ u d  development was 

s i m i l a r  f o r  both t r e e  species  except on the  lower e l eva t ion  p l o t  where 

Douglas-fir bud b u r s t  preceded grand f i r  by severa l  days. . . ." 
"Bud bur s t  and egg hatch were found t o  be c lose ly  r e l a t e d  t o  

accumulated degree-days, and peak egg hatch occurred a f t e r  a l l  buds had 

b u r s t  and shoots were 50% o r  more elongated." F i r s t  egg hatch occurred 

a t  80-100% bud b u r s t  on grand f i r  and 70-97% bud bur s t  on Douglas-f ir. 

"Larval development c lose ly  followed shoot elongation. This  synchrony of 

hos t  and i n s e c t  phenology provides an e a s i l y  observable f i e l d  event f o r  

monitoring Douglas-f i r  tussock moth development." 

Biology - 1; Host Relat ionships - 2, 3 

325. Wickman, B. E. 1976. Phenology of white f i r  and Douglas-fir tussock 

moth egg hatch and l a r v a l  development i n  Cal i fornia .  Environ. 

Entomol. 5(2):316-322. 

"The phenology of bud bur s t  and shoot elongation of the  host  t r e e  

and egg hatch and l a r v a l  development were s tudied  on th ree  a reas  i n  a 

1972 in fes t a t ion .  Bud bur s t  and egg hatch (of t h e  Douglas-fir tussock 

moth) were found t o  be c lose ly  r e l a t ed  t o  accumulated degree-days, and 

peak egg hatch occurred when 77097% of the  buds had burst." Complete 

d i s p e r s a l  of t h e  la rvae  from t h e  egg masses and extens ive  feeding occurred 

a f t e r  100% of t h e  buds had burs t .  " ~ a r v a l  development then c lose ly  

followed shoot elongation." 

Biology - 1; Host Relat ionships - 1 

326. Wickman, B. E. 1977. Douglas-fir tussock moth egg hatch and l a r v a l  

development i n  r e l a t i o n  t o  phenology of white f i r  i n  southern Oregon. 

USDA For. Serv. Res. Note PNW-295, 9 p. Pac. Northwest For. and 

Range Exp. Stn., Port land,  Oreg. 



The r e l a t i o n  between bud b u r s t  and shoot  e l onga t i on  i n  wh i t e  f i r  and 

egg ha t ch  and l a r v a l  development i n  t h e  Douglas-f i r  tussock  moth was 

s t u d i e d  i n  two a r e a s  nea r  Fo r t  Klamath, Oregon.  h he s tudy  a r e a s  had low 

popula t ions  of t h e  Douglas-f i r  tussock  moth. Bud b u r s t  was found t o  be 

c l o s e l y  r e l a t e d  t o  accumulated degree-days, and peak egg ha t ch  occurred 

a f t e r  a l l  buds had b u r s t  and shoo t s  were 40% elongated.  Larva l  

development t hen  c l o s e l y  followed shoot  e longat ion.  " The phenolog ica l  

r e l a t i o n s  f o r  tussock  moth egg ha tch  and l a r v a l  development on whi te  f i r  

i n  C a l i f o r n i a  and on grand f i r  and Douglas-fir  i n  n o r t h e a s t e r n  Oregon a r e  

s i m i l a r  t o  t hose  i n d i c a t e d  by t h i s  s tudy.  

Biology - 1; Host Re l a t i onsh ip s  - 1 

327. Wickman, B. E. 1977. Observat ions on s p i d e r  p r e d a t i o n  of e a r l y  i n s t a r  

l a r v a e  of Douglas-f i r  tussock moth, Orgyia p seudo t suga t a  (McDunnough) 

(Lepidoptera:  Lymant r i i d a e )  . Pan-Pac, Entomol. 5 3 : 4 6 .  

On one occas ion  a medium-sized s p i d e r  (about  6-8 mm long) removed 

and appa ren t l y  s t ung  two newly hatched Douglas-f i r  tussock  moth la rvae .  

On two o t h e r  occas ions ,  medium-sized s p i d e r s  (5-8 mm) were s een  opening 

tussock  moth eggs and e a t i n g  t h e  l a r v a e  t h a t  were ready t o  emerge. 

Biology - 3 

328. Wickman, B. E., R. R. Mason, and H. G. Paul.  1975. F l i g h t ,  a t t r a c t i o n ,  

and mating behavior  of t h e  Douglas-f i r  tussock  moth i n  Oregon. 

Environ. Entomol. 4 (3) :405-408. 

"Continuous observa t ions  and measurements were made of a d u l t  f l i g h t ,  

mating, and o v i p o s i t i o n  of Orgyia pseudotsuga ta  McDunnough over  a 31-h 

per iod  i n  e a s t e r n  Oregon. Male f l i g h t  s t a r t e d  a t  1,000 (P.S.T.), 

g r adua l l y  increased  t o  a peak per iod  a t  ca. 1700, and concluded a t  1930. 

This  coincided wi th  peak mating a c t i v i t y  wi th  t h e  wingless  females.  

Ov ipos i t i on  occurred immediately a f t e r  mating." Females were observed 

mating more than  once, on s e v e r a l  occas ions  a f t e r  o v i p o s i t i n g  most of 

t h e i r  eggs. Some females  ov ipos i t ed  wi thout  mating. "Virgin females 

a t t a ched  t o  s t i c k y  t r a p s  were very  e f f e c t i v e  f o r  a t t r a c t i n g  and cap tu r i ng  



male moths. The female sex pheromone o f f e r s  a poss ib le  technique f o r  

e a r l y  de tec t ion  of Douglas-f i r  tussock moth populations." 

Biology - 1, 2 

329. Wickman, B. E., R. R. Mason, and C. G. Thompson. 1973. Major outbreaks 

of t h e  Douglas-fir tussock moth i n  Oregon and Cal i fornia .  USDA For. 

Serv. Gen. Tech. Rep. PNW-5, 18 p. Pac. Northwest For. and Range 

Exp. Stn., Port land,  Oreg. 

"case h i s t o r i e s  of f i v e  tussock moth outbreaks t h a t  occurred i n  

Ca l i fo rn ia  and Oregon between 1935 and 1965 a r e  discussed. Information 

i s  given on t h e  s i z e  and dura t ion  of t h e  outbreaks, t h e  presence of 

n a t u r a l  con t ro l  agents  and t h e  damage caused. Most of t h e  outbreaks were 

eventual ly  t r e a t e d  wi th  DDT. However, enough information was ava i l ab le  

from unt rea ted  por t ions  t o  show t h e  probable trend of na tu ra l  events  i n  

t h e  absence of d i r e c t  control .  Repeated p a t t e r n s  observed i n  each of the  

outbreaks enabled c e r t a i n  genera l iza t ions  t o  be made about n a t u r a l  

populat ion behavior and t r e e  impact. 

" A l l  i n f e s t a t i o n s  followed a 3-year cycle with inconspicuous t o  

minimal d e f o l i a t i o n  t h e  f i r s t  year ,  severe fo l i age  l o s s  the  second year,  

and u l t ima te  col lapse  of t h e  populat ion by t h e  end of t h e  t h i r d  year. 

The most severe  t r e e  damage occurred i n  t h e  second year. Addit ional  l o s s  

of f o l i a g e  before  populat ion col lapse  i n  t h e  t h i r d  year  was usual ly  of 

minor importance i n  terms of t o t a l  impact. Although o the r  n a t u r a l  f a c t o r s  

were involved, a v i r u s  d isease  appeared t o  be t h e  p r inc ipa l  cause of 

i n s e c t  mor ta l i t y  during ~ o l l a p s e . ' ~  

Outbreaks - 1 

330. Wickman, B. E., and D. A. Renton. 1975. Evaluating damage caused t o  a 

campground by Douglas-fir tussock moth. USDA For. Serv. Res. Note 

PNW-257, 5 p. Pac. Northwest For. and Range Exp. Stn., Port land,  

Oreg. 



The impact of Douglas-fir tussock moth d e f o l i a t i o n  on r ec rea t iona l  

va lues  was s tudied  a t  t he  Stowe Reservoir  campground, Modoc National 

Forest.  Tree mor ta l i t y  and top-ki l l  of white f i r  were t a l l i e d  and 

evaluated. "cleanup c o s t s  f o r  hazardous t r e e s  and dead tops  amounted t o  

$23.75 p e r  camp uni t .  When e s t h e t i c  va lues  were assigned t o  t r e e s ,  t h e  

i n s e c t  damage c o s t s  increased t o  $126.88 pe r  camp uni t .  Campground t r e e s  

should be assigned some replacement value r a t h e r  than t h e i r  timber value 

t o  a i d  t h e  pes t  management s p e c i a l i s t  i n  determining t h e  l e v e l  and kind 

of suppression technique t o  be applied aga ins t  a given pest." 

Host Rela t ionships  - 1; Outbreaks - 5 

331. Wickman, B. E., and R. F. Sharpf. 1972. Decay i n  white f i r  top-killed 

by Douglas-fir tussock moth. USDA For. Serv. Res. Pap. PNW-133, 

9 p. Pac. Northwest For. and Range Exp. Stn., Port land,  

"Stands heavi ly  de fo l i a t ed  i n  1936-37 by t h e  Douglas-f i r  tussock 

moth, Hemerocampa pseudotsugata McD., a t  Mammoth Lake, Cal i fornia ,  were 

s tudied  t o  determine t h e  incidence and extent  of decay i n  top-damaged 

t r ees .  This  was done by d i s sec t ing  t h e  tops of t r e e s  f e l l e d  during 

logging. Comparisons were made with white f i r  i n  a nearby logged a rea  

t h a t  was not  de fo l i a t ed  during t h e  o ld  outbreak. Few decay organisms 

were i s o l a t e d  from t r e e s  top-kil led by Douglas-fir tussock moth. However, 

o ld  top damage and a condit ion known a s  wetwood were common i n  t h e  

in fes t ed  area.  Wetwood was found i n  17 of 21 top-damaged t r e e s  i n  t h e  

in fes t ed  a r e a  and i n  one of 50 t r e e s  i n  t h e  uninfested area. We conclude 

the re fo re ,  t h a t  i n  east-side S i e r r a  Nevada white f i r  s tands,  t h e  t h r e a t  of 

defec t  is  not economically se r ious  i n  l a rge  t r e e s  t h a t  w i l l  be logged 

wi th in  35-40 years  a f t e r  top-damage." 

Host Rela t ionships  - 1; Outbreaks - 5 

332. Wickman, B. E., G. C. T ros t l e ,  and P. E. Buffam. 1973. Douglas-fir 

tussock moth. USDA For. Serv. For. Pes t  Leafl .  86, 6 p. (Rev.) 

This l e a f l e t  covers a b r i e f  h i s t o r y  of t h e  Douglas-fir tussock moth 

i n f e s t a t i o n s ;  t h e  outbreak cycle;  a desc r ip t ion  of the  damage of t h e  



l a r v a e ;  a  d e s c r i p t i o n ,  l i f e  h i s t o r y  and p r e f e r r e d  h o s t s  of t h e  moth; and 

t h e  a l t e r n a t i v e s  of n a t u r a l  and chemical con t ro l .  

General Background 

333. Williams, C. B., Jr. 1974. F i e l d  t e s t  of f o u r  i n s e c t i c i d e s  a g a i n s t  t h e  

Douglas-f i r  tussock  moth i n  Oregon. West. For. and Conserve Assoc., 

Perm. Assoc. Comm. Proc. 1973:77-83. Por t land ,  Oreg. 

"In t h e  s p r i n g  and e a r l y  summer i n  1973, Federa l  and S t a t e  resource  

agenc i e s  t e s t e d  f o u r  i n s e c t i c i d e s  on epidemic popula t ions  of t h e  

Douglas-f i r  tussock  moth (Orgyia pseudotsugata)  i n  t h e  egg and e a r l y  

l a r v a l  s tages . "  App l i c a t i on  was by h e l i c o p t e r .  I n s e c t i c i d e s  and dosage 

r a t e s  app l i ed  were: Bioethanomethrin (BEM) a t  0.01 l b / a c r e ;  c a r b a r y l  

(Sevin) a t  1 lb / ac r e ;  t r i c h l o r f o n  (Dylox) a t  1 l b l a c r e ;  and mexacarbate 

(Zectran)  a t  0.15 l b / ac r e .  F i e l d  dosages were determined from l abo ra to ry  

t o x i c i t y  tests and dosages r e g i s t e r e d  f o r  s i m i l a r  s p e c i e s  of d e f o l i a t i n g  

moths. Zec t ran  and Dylox were t e s t e d  i n  s i n g l e  and double a p p l i c a t i o n s ,  

BEM and Sevin  by a  s i n g l e  app l i c a t i on .  

Resu l t s  of t h e  tests were h igh ly  v a r i a b l e  and i n c o n s i s t e n t .  Some of 

t h e  v a r i a b i l i t y  i n  m o r t a l i t y  r e s u l t e d  from i n c r e a s e s  i n  popu l a t i on  

d e n s i t i e s  du r ing  t h e  t e s t s ,  because spray ing  was done be fo r e  a l l  l a r v a e  

had hatched. Poor o r  h igh ly  v a r i a b l e  sp r ay  d e p o s i t  and coverage f u r t h e r  

i nc r ea sed  t h e  v a r i a b i l i t y  of t h e  popu l a t i on  da ta .  

Resu l t s  of t h e  test appa ren t l y  do no t  p rov ide  s u f f i c i e n t  in format ion  

t o  e v a l u a t e  t h e  performance of t h e  f o u r  m a t e r i a l s  a g a i n s t  t h e  

Douglas-f i r  tussock  moth. More f i e l d  t e s t i n g  w i th  d i f f e r e n t  sp r ay  

s t r a t e g i e s  i s  needed. 

Control  - 1 

234. Wolf, K. 1975. Eva lua t ion  of t h e  exposure of f i s h  and w i l d l i f e  t o  

nuc l ea r  po lyhedros i s  and g r a n u l o s i s  v i r u s e s .  Baculoviruses  f o r  

i n s e c t  p e s t  c o n t r o l :  Sa f e ty  cons ide r a t i ons ,  p. 109-111. 

M. D. Summers, R. Engler ,  L. A. Falcon, and P. V. Vai l ,  eds.  Am. 

Soc. Microbiol .  



Suggest ions f o r  t e s t i n g  t h e  impact of t h e  Douglas-f i r  tussock  moth 

po lyhedros i s  v i r u s  on nonta rge t  organisms by t h e  u se  of t i s s u e  c u l t u r e s  

and i n  v ivo  experiments  a r e  presented.  Attempts t o  r e p l i c a t e  t h e  v i r u s  

i n  c e l l  c u l t u r e s  of bo th  f i s h  and amphibians have g iven  nega t i ve  r e s u l t s .  

Control  - 6 

335. Wright, K. H. 1975. An expanded r e sea r ch  and development program f o r  

t h e  Douglas-f i r  tussock  moth -- 1975 t o  1978. West. For. Conserv. 

Assoc., Perm. Assoc. Proc. 1974:24-30. Por t land ,  Oreg. 

An a c c e l e r a t e d  3-year research  program h a s  been designed by t h e  

USDA, t o  d e t e c t ,  p r e d i c t ,  and manage popula t ions  of t h e  Douglas-f i r  

tussock  moth. From 1975 t o  1978, members of t h e  F o r e s t  Se rv i ce  and t h e  

Cooperat ive S t a t e  Research Se rv i ce s  w i l l  work t o  develop an  i n t e g r a t e d  

p e s t  management system. 

This  paper  summarizes t h e  o b j e c t i v e s ,  o rgan i za t i on ,  and p l ans  of t h e  

tussock  moth coopera t ive  r e sea r ch  and development program. 

Related M a t e r i a l  - 2 

336. Wright, K. H. 1977. The Douglas-f i r  tussock  moth r e sea r ch  and 

development program, Bull.  Entomol. Soc. Am. 23(3) :167-168. 

The background of t h e  c r e a t i o n  of t h e  Combined F o r e s t  P e s t  Research 

and Development Program and its o rgan i za t i on  and management a r e  presented.  

Douglas-f i r  tussock  moth program planning is b r i e f l y  d e t a i l e d  and t h e  

f i v e  main phases  of i n v e s t i g a t i o n  a r e  descr ibed.  A s h o r t  d e s c r i p t i o n  of 

t h e  Douglas-f i r  tussock  moth and i ts  s t a t u s  a s  a p e s t  is included. 

Related M a t e r i a l  - 2 

337. Wright, K. H., and R. R. Mason. 1966. F i e l d  t e s t s  a t  M t .  Hood, Oregon, 

t o  determine performance of wate r  v i r u s  sprays.  P a r t  11. Resu l t s  

of tests t o  develop o p e r a t i o n a l  procedures  f o r  c o n t r o l l i n g  

Douglas-f i r  tussock  moth wi th  a e r i a l  a p p l i c a t i o n  of po lyhedra l  v i r u s  

spray.  USDA Agric. Res. Serv. and For. Serv., Por t land ,  Oreg. 

36 p. Unpubl. 



"Helicopter  tests were undertaken i n  June,  1965, on t h e  M t .  Hood 

Nat iona l  Fo re s t  t o  f u r t h e r  knowledge on how t o  apply  wate r  sp r ays  of t h e  

t ype  used f o r  app ly ing  po lyhedra l  v i r u s  of t h e  Douglas-f i r  tussock  moth. 

S p e c i f i c  o b j e c t i v e s  were t o  determine (1) t h e  amount and d i s t r i b u t i o n  of 

wa t e r  sp r ay  depos i t ed  under vary ing  f o r e s t  cond i t i ons  when app l i ed  a t  t h e  

r a t e  of 1 and 3 g a l / a c r e ,  and (2)  e f f i c a c y  of us ing  f l u o r e s c e n t  t r a c e r  

m a t e r i a l  f o r  e v a l u a t i n g  sp r ay  d i s t r i b u t i o n . "  

The average dye spray  recovery i n  t r e e  crowns was 0.30 and 0.63 

g a l / a c r e ,  r e s p e c t i v e l y ,  from t r e e s  sprayed a t  t h e  r a t e  of 1 and 

3 g a l / a c r e ,  and 0.14 and 0.60 g a l / a c r e  was recovered on t h e  ground beneath 

t h e  canopy. Coverage a t  t h e  3-gal r a t e  was c o n s i s t e n t l y  more uniform. 

No s i g n i f i c a n t  d i f f e r e n c e  occurred i n  t h e  amount of dye spray  recovered 

w i t h i n  t r e e s  from top ,  middle,  and lower crowns. "Average d e p o s i t s  of 

f l u o r e s c e n t  spray  on sample ca rd s  a t  top,  midcrown, and lower crown was 

45, 30, and 25% r e s p e c t i v e l y  of t h e  t o t a l  depos i t ed  on t h e  trees. 

D i f f e r ences  between top  and o t h e r  p o s i t i o n s  were s t a t i s t i c a l l y  

s i g n i f i c a n t .  This  is i n  va r i ance  wi th  f i n d i n g s  from dye spray." 

"In gene ra l ,  t h e  f l u o r e s c e n t  t r a c e r  m a t e r i a l  (Calcof l u o r  white)  

worked w e l l  a s  a t agg ing  ma te r i a l .  F luorescen t  m a t e r i a l s  a r e  advantageous 

over  dyes f o r  e a s e  of a s s e s s ing  spray  coverage i n  t h e  f i e l d .  Drople t s  

f l uo re sced  b r i g h t l y  f o r  1 month a f t e r  app l ica t ion ."  

Control  - 9 

338. Young, V. D. 1966. Development of equipment and methods f o r  app ly ing  

v i r u s  wate r  sprays.  P a r t  I. R e s u l t s  of tests t o  develop 

o p e r a t i o n a l  procedures  f o r  c o n t r o l l i n g  Douglas-f i r  tussock  moth wi th  

a e r i a l  a p p l i c a t i o n  of po lyhedros i s  v i r u s  spray.  USDA Agric. Res. 

Serv. and For. Serv., Por t land ,  Oreg. 21 p. Unpubl. 

The r e s u l t s  of t e s t s  of equipment development and sp r ay  formula t ion  

a r e  repor ted .  Phys ica l  f a c t o r s  i n f l uenc ing  d r o p l e t  s i z e  a r e  reviewed. 

A h e l i c o p t e r  mounted w i th  a 29-foot boom equipped w i th  37 nozz l e s  was 

t e s t e d  f o r  e f f e c t s  of nozz le  s i z e ,  and type,  and speed of a p p l i c a t i o n  on 

d e p o s i t  spectrum. Formulation t e s t s  cen te red  on t h e  d i scovery  of a 



sticker that would not affect  colorimeter readings of a dye tracer 

incorporated into the solution. Corn syrup proved to be the most 

compatible. Appendices include the results of helicopter nozzle 

calibration tes t s ,  spray pattern data, and spray deposition cards. 

Control - 9 
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The mission of the PACIFIC NORTHWEST FOREST 
AND KANGE EXPERIMENT STATION is to provide the 
knowledge, technology, and alternatives for present and 
future protection, management, and use of forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research to facilitate and to accelerate progress 
toward the following goals: I 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and 
levels of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made 
available promptly. Project headquarters are at: 

Fairbanks, Alaska Portland, Oregon 
Juneau, Alaska Olympia, Washington 
Bend, Oregon Seattle, Washington 
Corvallis, Oregon Wenatchee, Washington 
La Grande, Oregon 

Mailing address: Pacific Northwest Forest and Range 
Experiment Station 

P.O. Box 3141 
Portland, Oregon 9 7208 
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