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Abstract:
The studies described are the result of laboratory and field investigations carried on at Lethbridge,
Alberta, Canada, from 1936 to 1938, with supplemental data obtained at Montana state College,
Bozeman, Montana.

Say'S grain bug (Chlorochroa sayi Stal) has been a recurrent pest in the southwestern states for some
years, but it was not until 1932 that this insect was found in Montana in appreciable numbers, and from
there the infestation probably spread into Alberta in 1934 and 1933. Since that time the insect has been
spreading steadily northward, and in some localities has apparently become established in abundance.

The results of field observations on the hibernation of adults, oviposition, seasonal habits of nymphs
and adults, host plants, proportion of sexes, and number of generations are given in this paper. These
observations are supplemented by experiments with all stages of the insect at controlled temperatures.

Experiments on the effect of ultra-violet radiations on the change of color and resumption of activity
are fully described.

Notes are given on the parasites and predators affecting C. sayi Stal. both in the older areas of
occurrence and in Alberta.

Particular emphasis is given to the potentiality of this insect as a pest of grain, and several methods of
control are suggested. 
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F O  R E W A R D

At th e  t im e  t h i s  t h e s i s  w as w r i t t e n  i t  w as r e a l i z e d  

t h a t  t h e  common name f o r  C h lo ro c h ro a  s a y i  S t a l , a s  a d o p te d  by  

th e  C om m ittee on Common BTames o f  t h e  A m erican  A s s o c ia t io n  o f  

E conom ic E n to m o lo g is ts ,  i s  S a y ’ s  s t i n k  b u g .

S in c e  p r e v io u s  w r i t e r s  hav e  u se d  th e  common nam e, 

S a y ’ s  g r a i n  b u g , f o r  C h lo ro c h ro a  s a y I  S t a l , and  t h i s  name i s  

u n i v e r s a l l y  u se d  th ro u g h o u t  t h e  a r e a s  w here  t h i s  i n s e c t  i s  

p r e s e n t ,  i t s  u se  i s  c o n tin u e d  h e r e i n ,  p e n d in g  p o s s i b l e  a p p ro v a l  

b y  t h e  C om m ittee on Common Karnes a t  t h e i r  n e x t  r e v i s i o n .



STUDIES ON
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(CHLOROCHRPA SAYI STAL)

ABSTRACT

_ 1116 s t u d i e s  d e s c r ib e d  a r e  t h e  r e s u l t  o f  l a b o r a t o r y
an d  f i e l d  i n v e s t i g a t i o n s  c a r r i e d  on  a t  L e th b r id g e ,  A l b e r t a .  
C anada , fro m  1936 t o  1 9 )8 , w i th  s u p p le m e n ta l  d a ta  o b ta in e d  
a t  M ontana S t a t e  C o l le g e ,  Bozem an, M on tana .

S a y 's  g r a i n  b u g  (C h lo ro c h ro a  s a y I S t a l ) h a s  b e e n  
a  r e c u r r e n t  p e s t  i n  t h e  s o u th w e s te rn  s t a t e s  f o r  some y e a r s ,  
b u t  i t  was n o t  u n t i l  1932 t h a t  t h i s  i n s e c t  w as fo u n d  i n  
M ontana in  a p p r e c ia b le  n u m b ers , and  fro m  t h e r e  th e  i n f e s t a -  
t i o n  p ro b a b ly  s p r e a d  i n t o  A lb e r t a  i n  1 9 )4  and 1935 . S in c e  
t h a t  t im e  th e  i n s e c t  h a s  b e en  s p r e a d in g  s t e a d i l y  n o r th w a rd ,
an d  i n  some l o c a l i t i e s  h a s  a p p a r e n t l y  become e s t a b l i s h e d  i n  
a b u n d a n c e .

The r e s u l t s  o f  f i e l d  o b s e r v a t io n s  on  t h e  h ib e r n a ­
t i o n  o f  a d u l t s ,  o v i p o s i t i o n ,  s e a s o n a l  h a b i t s  o f  nymphs and  
a d u l t s ,  h o s t  p l a n t s ,  p r o p o r t i o n  o f  s e x e s ,  and  num ber o f  
g e n e r a t i o n s  a r e  g iv e n  i n  t h i s  p a p e r .  T hese o b s e r v a t io n s  a r e  
su p p le m e n te d  by  e x p e r im e n ts  w ith  a l l  s t a g e s  o f  th e  i n s e c t  a t  
c o n t r o l l e d  t e m p e r a tu r e s .

E x p e r im e n ts  on th e  e f f e c t  o f  u l t r a - v i o l e t  r a d i a ­
t i o n s  on th e  change  o f  c o lo r  and  r e s u m p tio n  o f  a c t i v i t y  a r e  
f u l l y  d e s c r ib e d .  -

__ . ,  N o te s  a r e  g iv e n  on  th e  p a r a s i t e s  and p r e d a t o r s
S t a l , b o th  i n  th e  o l d e r  a r e a s  o f  o c c u r r e n c e

and  in  A lb e r t a .

_ . P a r t i c u l a r  e m p h a s is  i s  g iv e n  t o  t h e  p o t e n t i a l i t y
o f  t h i s  i n s e c t  a s  a  p e s t  o f  g r a i n ,  a n d  s e v e r a l  m e th o d s  o f  
c o n t r o l  a r e  s u g g e s te d .
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S ay » s g r a i n  bug (C h lo ro o h ro a  s a y I  S t a l ) i s  a  new 

p e s t  o f  econom ic g r a i n s  i n  t h e  w e s te r n  p l a i n s  a r e a .  D u rin g  

th e  e a r l y  p e r i o d  o f  i t s  h i s t o r y ,  o c c u r re n c e  an d  econom ic 

damage w as c o n f in e d  t o  t h e  M ffe  s o u t h e r ly  s t a t e s  o f  t h e  U n ite d  

S t a t e s .  I t  i s  e v i d e n t l y  one  o f  t h o s e  i n s e c t s  w h ich  e x te n d  

t h e i r  b o u n d a r ie s  o f  d i s t r i b u t i o n  d u r in g  p e r i o d s  o f  f a v o r a b le  

c l i m a t i c  c o n d i t i o n s .  , , , _  ,

The b io lo g y  o f  t h i s  i n s e c t  w as s t u d i e d  i n  c o n s id ­

e r a b l e  d e t a i l  d u r in g  s e v e r a l  y e a r s  o f  s e v e re  i n f e s t a t i o n  i n  

New M exico  p r i o r  t o  1 9 1 ? . „I n  t h e  y e a r s  1931 t o  1937 t h i s  p e s t  

h a s  b e e n  r e c o r d e d  f ro m  U ta h , M o n tan a , N o rth  D ako ta  an d  

N e b ra sk a  i n  t h e  U n ite d  S t a t e s  and  from, v a r i o u s  l o c a l i t i e s  i n  

W e s te rn  C an ad a ., S in c e  i t  was fo u n d  i n  a p p r e c i a b le  num bers 

i n  t h i s  m ore n o r t h e r l y  p o r t i o n  o f  t h e  c o n t i n e n t ,  t h e r e  i s  

some c o n je c t u r e  a s  t o  w h e th e r  th e  i n s e c t  was in t r o d u c e d  o r  

w h e th e r  t h e  ab u n d an ce  c o n s t i t u t e d  a n  in c r e a s e  i n  num bers o f  

one  o f  t h e  n a t i v e  p e s t s .  The n a tu r e  o f  i t s  r a p i d  i n c r e a s e ,  

b o th  i n  num bers a n d  i n  e x t e n t  o f  t e r r i t o r y ,  seem s t o  le n d  

s t r e n g t h  t o  t h e  i n t r o d u c t i o n  th e o r y .

: r  S in c e  c l i m a t i c  c o n d i t i o n s  an d  l e n g t h  o f  s e a s o n s  

a r e  v e ry  d i f f e r e n t  i n  th e  G re a t  P l a i n s  a r e a  fro m  t h o s e  i n
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th e  s t a t e  o f  New M e iie o  an d  o t h e r  s o u th e r n  a r e a s ,  a  c o r r e s ­

p o n d in g  d i f f e r e n c e  i n  i n s e c t  d e v e lo p m e n t i s  t o  be  e x p e c te d .  

D u rin g  t h e  p r o g r e s s  o f  i n v e s t i g a t i o n s  on t h i s  i n s e c t  a  con ­

s i d e r a b l e  d e p a r tu r e  fro m  t h e  o r i g i n a l  f i n d i n g s  was n o te d .

A l l  o f  th e  f i e l d  o b s e r v a t io n s  and  some o f  t h e  

l a b o r a t o r y  e x p e r im e n ts  w ere  c o n d u c te d  w h ile  t h e  a u th o r  was 

i n  t h e  em ploy o f  th e  E n to m o lo g ic a l  B ra n c h , D om inion D e p a r t ­

m ent o f  A g r i c u l t u r e ,  a t  L e th b r id g e ,  A l b e r t a ,  C anada. O th e r  

e x p e r im e n ta l  i n v e s t i g a t i o n s  w ere  c o n d u c te d  a t  M ontana S t a t e  

C o l le g e ,  Bozeman, M o n tan a , U. S . A.

The w r i t e r  w is h e s  t o  th a n k  t h e  E n to m o lo g ic a l  

B ra n c h , O ttaw a , f o r  p e rm is s io n  to  u s e  t h e  d a ta  o b ta in e d  

w h ile  i n  t h e i r  em ploy f o r  t h e s i s  p u r p o s e s .

To M r. H. L . S eam ans, E n to m o lo g is t  i n  c h a r g e ,  a t  

L e th b r id g e ,  A l b e r t a ,  an d  o t h e r  B ran ch  o f f i c e r s ,  t h e  a u th o r  

i s  in d e b te d  f o r  s u s t a i n e d  I n t e r e s t  and  e n c o u ra g e m e n t.

F u r t h e r  in d e b te d n e s s  i s  a ck n o w led g ed  t o  P ro ­

f e s s o r s  A . L . S t r a n d ,  G. A . M a i l ,  H. B. M i l l s ,  J ,  H . P e p p e r ,  

and  A. J .  M. Jo h n so n  o f  M ontana S t a t e  C o l le g e  f o r  i n v a l u ­

a b l e  a s s i s t a n c e  and  e n co u rag e m en t th ro u g h o u t  v a r i o u s  s t a g e s  

o f  t h e  s tu d y .
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S a y ts  g r a i n  b u g  (C h lo ro c h ro a  a a y l  S t a l ) b e lo n g s  t o  

t h e  f a m i ly  P e n ta to m id a e , o r d e r  H em ip te r a ,  th e  m em bers o f  w h ich  

a r e  commonly r e f e r r e d  t o  a s  " s t i n k  b u g s " .  C h lo ro c h ro a  say  I  

S t a l  i s  som etim es known a s  S a y t8 s t i n k  b u g , b u t  i t s  econom ic  

im p o rta n c e  a s  a  g r a i n  f e e d e r  t e n d s  t o  make th e  nmm* " g r a i n  

bug" m ore a c c e p t a b l e .  The i n s e c t  w as f i r s t  a u t h e n t i c a l l y  

named by S t a l  ( I 872 ) 1 . I t  i s  q u i t e  s i m i l a r  to  a n o th e r  s p e c i e s  

o f  t h e  same g e n u s , C h lo ro c h ro a  u h l e r l  S t a l , i n  g e n e r a l  a p p e a r ­

a n c e  and h a b i t s .

The h i s t o r y  o f  t h e  econom ic o c c u r r e n c e  o f  t h i s

p e s t  i n  t h e  U n ite d  S t a t e s  was s e t  f o r t h  b y  C a f f r e y  an d  B a rb e r

(1 9 1 9 ) .  S p o ra d ic  o u tb r e a k s  o c c u r re d  fro m  a b o u t 1904 i n  th e

s t a t e s  o f  A r iz o n a ,  C o lo ra d o , C a l i f o r n i a  and  U tah  t o  th e  s e v e r e

i n f e s t a t i o n s  i n  Hew M exico i n  t h e  y e a r s  1915 and  1916 . Some

tim e  b e f o r e  t h i s  g e n e r a l  p e r i o d ,  S a u n d e rs  ( 1898 ) r e p o r t e d  c ro p

l o s s e s  i n  S o u th  D ak o ta  due  t o  a  p e n ta to m id  d e s c r ib e d  a t  t h a t

t im e  a s  U h le r *s  g r e e n  p l a n t  bu g  (C . u h l e r l  S t a l l .
— —— — ——  ,  *

D u rin g  t h e  d ro u g h t  y e a r s  fro m  1930 t o  1936 t h i s
. .  L . . .  . .

i n s e c t  was n o te d  a g a in  i n  a p p r e c i a b l e  n u m b ers , c o n s id e r a b ly  

rem oved fro m  t h e  o r i g i n a l  c e n t r e s  o f  I n f e s t a t i o n .  K how lton  

(1931) s t a t e d  t h a t  g r a i n  b u g s  w ere v e ry  num erous i n  n o r t h e r n  

U ta h , o f t e n  a s  many a s  f o u r  b u g s  b e in g  n o te d  f e e d in g  o n  a

x . R e fe re n c e  i s  made by  y e a r  t o  l i t e r a t u r e  c i t e d .
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s i n g l e  h e a d  i n  i n f e s t e d  w h ea t f i e l d s .  S h o r t l y  a f t e r ,  th e  

a p p a r e n t  f i r s t  o c c u r r e n c e  i n  n o r t h e r n  M ontana was r e c o rd e d  

by  S t r a n d  (1 9 3 4 ) . I n  H i l l  C oun ty  s e v e r a l  w h ea t f i e l d s  w ere 

a t t a c k e d  i n  1 9 3 2 . The n e x t  y e a r  th e  damage w as m ore s e v e r e  

and  o v e r  a  w id e r  r a n g e .  From 1934 t o  1937 , i n  t h e  n o r th e r n  

s e c t i o n  o f  t h e  s t a t e ,  s e v e r a l  th o u sa n d  a c r e s  o f  w heat w ere  

l e f t  u n c u t a s  a  r e s u l t  o f  t h e  f e e d in g  o f  t h i s  i n s e c t .  The 

y i e l d  was to o  low  t o  w a r r a n t  h a r v e s t i n g .  By 1 9 3 6 , r e p o r t s  

w ere r e c e iv e d  fro m  t h e  s t a t e s  o f  N o rth  D ak o ta  an d  N e b ra s k a .

The p r e s e n t  o u tb r e a k  i n  th e  p r o v in c e s  o f  A lb e r t a  

an d  S a sk a tch e w an  i n  C anada was a p p a r e n t ly  a n  e x te n s io n  o f  th e  

i n f e s t a t i o n  o f  t h e  a d jo i n i n g  s t a t e s  i n  t h e  U n ite d  S t a t e s .  A 

s i n g l e  sp ec im en  w as fo u n d  i n  A lb e r t a  a  few  m i le s  n o r th  o f  t h e  

I n t e r n a t i o n a l  B oundary  i n  th e  autum n o f  1 9 3 4 . The n e x t  y e a r  

£ L  s a y i  o c c u r r e d  o v e r  a  w id e r  t e r r i t o r y  an d  i n  a p p r e c ia b le  

n u m b ers . The h i s t o r y  o f  t h e  C a n a d ia n  in v a s io n  b y  t h i s  i n s e c t  

was re v ie w e d  b y  J a c o b s o n  ( 1936 ) .  S in c e  t h a t  t im e  th e  a r e a  o f  

i n f e s t a t i o n  i n  A lb e r t a  h a s  s t e a d i l y  p r o g r e s s e d  n o r th w a rd s ,  and  

a t  t h e  p r e s e n t  t im e  ( i n  1938 ) odd sp e c im en s  h av e  been  fo u n d  

s e v e r a l  h u n d re d  m i l e s  n o r th  o f  t h e  b o u n d a ry . I n  t h e  l a s t  few  

y e a r s ,  a l s o ,  l o c a l i z e d  i n f e s t a t i o n s  h av e  b een  r e p o r t e d  from, 

v a r io u s  s e c t i o n s  o f  s o u th e r n  S a sk a tc h e w a n .
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SEASONAL DETELOIMENT:

The s e a s o n  h i s t o r y  o f  S a y 's  g r a i n  hug  i s  n o t  n a r ­

ro w ly  d e f in e d  o r  r e g u l a r .  The i n d i v i d u a l  g e n e r a t i o n s ,  e x c e p t  

a  p o r t i o n  o f  th e  f i r s t ,  a r e  n o t  c l e a r l y  d e m a rc a te d , and  

s e a s o n a l  a c t i v i t i e s  a r e  s u b j e c t  to  some f l u c t u a t i o n  d e p e n d in g  

upon  c l i m a t i c  f a c t o r s  and  t h e i r  d e g re e  o f  y e a r l y  v a r i a t i o n .

The l e n g th  o f  t h e  v a r i o u s  s t a g e s  i n  th e  l i f e  h i s t o r y  and  t h e  

num ber o f  g e n e r a t i o n s  w ere  d e te rm in e d  b y  f r e q u e n t  o b s e r v a t io n s  

o f  th e  i n s e c t  i n  t h e  f i e l d  an d  b y  cag e  o b s e r v a t i o n s .

The w i n t e r  i s  p a s s e d  i n  th e  a d u l t  s t a g e ,  th e  i n d i ­

v i d u a l s  h i b e r n a t i n g  i n  w e l l  s h e l t e r e d  q u a r t e r s .  W ith  t h e  

r i s i n g  d a i l y  m ean te m p e r a tu r e s  i n  th e  s p r i n g ,  t h e  a d u l t s  

g r a d u a l ly  resu m e  a c t i v i t y ,  a n d  u s u a l l y  t h e  em ergence from  

h i b e r n a t i o n  i s  c o m p le te d  i n  t h e  l a t t e r  p a r t  o f  A p r i l  a n d  e a r l y  

May. O c c a s io n a l  f i n e  w e a th e r  b e f o r e  t h i s  p e r io d  may r e s u l t  

i n  a  p a r t i a l  r e s u m p tio n  o f  a c t i v i t y ,  p a r t i c u l a r l y  when h i b e r ­

n a t i o n  h a s  t a k e n  p la c e  i n  th o s e  l o c a t i o n s  w h ich  r e c e iv e  a l l  

t h e  w arm ing e f f e c t s  o f  t h e  su n  on t h e s e  f i n e  d a y s .

A d u l ts  u s u a l l y  r e q u i r e  s e v e r a l  w eeks o f  a c t i v i t y  

a n d  f e e d in g  b e f o r e  o v i p o s i t i o n  t a k e s  p l a c e .  D u rin g  t h i s  p r e -  

o v i p o s i t i o n  p e r io d  a  c o lo r  change o f  t h e  a d u l t s  t a k e s  p l a c e ,  

th e  d ra b  w in te r  c o l o r a t i o n  b e in g  g r a d u a l l y  r e p la c e d  by  a  

b r i g h t  g r e e n ,  w h ich  i s  c h a r a c t e r i s t i c  o f  t h e  a c t i v e  summer
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fo rm s » B oth  fo rm s w ere  com pared  t o  R id g w a y s  c o lo r  c h a r t .

The w in te r  fo rm  i s  d e s c r ib e d  a s  d ra b  o l i v e ,  w h ic h  t u r n s  t o  a  

f o r e s t  g re e n  to w a rd s  t h e  sum m er. :

C a f f r e y  an d  B a rb e r  (1 919 ) m e n tio n  t h a t  U n d e r  Kew 

M exico c o n d i t i o n s  t h e  o v a r i e s  o f  o v e r w in te r in g  fe m a le s  c o n ta in  

f u l l y  d e v e lo p e d  e g g s  an d  t h a t  o n ly  a  fe w  d a y s  o f  a c t i v i t y  p a s s  

b e f o r e  e g g - l a y in g  b e g in s .  T h is  a p p a r e n t l y  i s  n o t  th e  c a s e  

u n d e r  m ore n o r t h e r l y  c o n d i t io n s  su c h  a s  o c c u r  i n  W este rn  

C anada . D i s s e c t io n s  w ere m ade o f  o v e r w in te r in g  a d u l t s  a t  th e  

t im e  o f  t h e  f i r s t  e m e rg e n c e . T h ere  was no  s u g g e s t io n  o f  egg  

d e v e lo p m e n t, b u t  a s  tim e  p a s s e d , t h i s  d ev e lo p m e n t was p r o g r e s ­

s i v e ,  and  i t  was n o t  u n t i l  a b o u t  May 15 t h a t  a l l  d i s s e c t e d  

fe m a le s  c o n ta in e d  w e l l  d e v e lo p e d  e g g s .

I n  A l b e r t a ,  t h e  f i r s t  e g g s  a r e  fo u n d  a b o u t May 1 5 . 

O v ip o s i t io n  by  t h e  o v e r w in te r in g  a d u l t s  a p p a r e n t l y  becom es 

g e n e r a l  a b o u t Ju n e  I  and  c o n t in u e s  t o  a b o u t t h e  f i r s t  w eek in  

J u l y .  The e g g s  d e p o s i te d  d u r in g  May a n d  Ju n e  r e q u i r e  a  lo n g  

p e r io d  o f  i n c u b a t i o n ,  p r o b a b ly  a s  much a s  tw e n ty  d a y s .  As 

m ean t e m p e r a tu r e s  i n c r e a s e ,  t h e  l e n g th  o f  t h e  in c u b a t io n  

p e r io d  i s  s h o r te n e d  p r o p o r t i o n a t e l y .

- The nymphs p a s s  th r o u g h  f i v e  i n s t a r s  fro m  t h e  tim e  

o f  h a tc h in g  u n t i l  t h e  a d u l t  s t a g e  i s  r e a c h e d .  U nder f i e l d  

c o n d i t io n s  t h e  d u r a t io n  o f  t h e  nym phal p e r io d  v a r i e s  fro m  42 

d a y s  t o  o v e r  6 0 . The l e n g t h  o f  t h e  nym phal p e r io d  i s  d i r e c t l y  

p r o p o r t i o n a l  t o  t e m p e r a tu r e .  I n  m idsum m er, d ev e lo p m en t i s
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v e ry  r a p i d  and i n  e a r l y  au tnm n  c o n s id e r a b ly  s lo w e r .

The e g g s  l a i d  by o v e r w in te r in g  a d u l t s  b e g in  h a t c h ­

in g  a b o u t  Ju n e  I ,  and  th e  f i r s t  nymphs m a tu re  a b o u t t h e  f i r s t  

week i n  J u l y .  O v e rw in te r in g  a d u l t s  a r e  s t i l l  o v i p o s i t i n g  by 

t h e  tim e  th e  f i r s t  nymphs h a v e  r e a c h e d  th e  a d u l t  s t a g e ,  i n d i ­

c a t i n g  a  m arked o v e r la p p in g  o f  g e n e r a t i o n s .

The f i r s t - g e n e r a t i o n  a d u l t s  b e g in  o v i p o s i t i o n  

a b o u t  J u l y  2 0 , a n d  e g g s  fro m  t h i s  g e n e r a t i o n  a r e  fo u n d  a s  

l a t e  a s  S ep tem b er I .  The f i r s t  nymphs fro m  th e s e  e g g s  m a tu re  

a b o u t t h e  m id d le  o f  S e p tem b er and  t h e  l a s t  a s  l a t e  a s  Novem­

b e r  1 5 . T h ere  a r e  o n ly  tw o g e n e r a t io n s  i n  A lb e r t a  com pared 

w ith  t h r e e  and a  p a r t i a l  f o u r t h  i n  New M ex ico , a s  r e p o r t e d  by  

C a f f r e y  and  B a rb e r  (1 9 1 9 ) . T h is  i s  p r o b a b ly  d u e  t o  th e  

s h o r tn e s s  o f  t h e  a c t i v e  s e a s o n  i n  A lb e r t a  and  t h e  c o m p a ra t iv e ly  

s h o r t  p e r io d  o f  v e r y  h ig h  t e m p e r a t u r e s .

A d ia g ra m m a tic  r e p r e s e n t a t i o n  o f  t h e  s e a s o n a l  

h i s t o r y  i s  shown i n  f i g .  I .  The o v e r la p p in g  o f  g e n e r a t i o n s

i s  v e ry  e v id e n t  i n  t h i s  f i g u r e .  I n  J u l y ,  e g g s  o f  b o th  o v e r -
-- ?

w in te r in g  an d  f i r s t - g e n e r a t i o n  a d u l t s  a r e  p r e s e n t ,  a n d  f o r  

s e v e r a l  w eeks a l l  s t a g e s  o f  nym phs, o v e r w in te r in g  and  f i r s t -  

g e n e r a t i o n  a d u l t s  a r e  fo u n d  a t  t h e  same t i m e •

EIBEBNATI ON:

As m e n tio n e d  b e f o r e ,  C. s a y l  p a s s e s  t h e  w in t e r  i n :  

t h e  a d u l t  s t a g e .  Nymphs a r e  u n a b le  t o  s u r v iv e  t h e  w i n t e r ,
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a l th o u g h  o n  many o c c a s io n s  t h e  l a t e r  nym phal s t a g e s  w ere 

fo u n d  i n  h i b e r n a t i o n  q u a r t e r s  w ith  t h e . a d u l t s .  H ow ever, th e y  

l i v e d  f o r  o n ly  a  s h o r t  t im e V
■

G ra in  b u g s  a r e  fo u n d  i n  h i b e r n a t i o n  i n  m any ty p e s  

o f  s h e l t e r .  U s u a l ly  t h e  w in te r  i s  p a s s e d  u n d e r  p i l e s  o f  

w eed s , s t u b b l e ,  an d  d e b r i s  a c c u m u la te d  i n  d i t c h e s ,  a lo n g  

f e n c e s ,  i n  d e p r e s s io n s  a lo n g  r o a d  a l lo w a n c e s ,  a n d  i n  abandoned  

f i e l d s .  H ib e r n a t in g  i n d i v i d u a l s  w ere  o f t e n  fo u n d  among u n c u t 

t u f t s  o f  n a t i v e  g r a s s e s .  I n  c u l t i v a t e d  a r e a s  a  f a v o r i t e  

l o c a t i o n  i s  an  u n b i l l e d  f e n c e  c o rn e r  w here  t i l l a g e  im p lem en ts  

c a n n o t r e a c h  th e  w eeds and  w here w eeds an d  t r a s h  h av e  b e e n  

d e p o s i te d  by  th e  w in d . H ib e r n a t in g  a d u l t s  h av e  b e e n  fo u n d  

u n d e r  r o c k s ,  h o r s e  d r o p p in g s ,  s c r a p s  o f  lo o s e  p a p e r ,  an d  on  

one o c c a s io n  u n d e r  a  s e c t i o n  o f  t h r e s h e r  d r a p e r  c a n v a s , 

s e v e r a l  f e e t  s q u a r e ,  t h a t  h a d  b lo w n  i n t o  a  c o rn e r  o f  a n  i n ­

f e s t e d  f i e l d .

I n  c e r t a i n  a r e a s  o f  W este rn  C anada g ro w in g  c ro p s  

h av e  b e e n  t h r e a t e n e d  b y  s o i l  d r i f t i n g . ; S e v e ra l  m e th o d s  o f  

c o n t r o l  f o r  t h i s  m enace a r e  now i n  p r a c t i c e ,  th e  m ore r e c e n t  

o f  w hich  i s  t h e  u s e  o f  p lo u g h le s s  s u a m e r fa l lo w . The b a s ic  

p r i n c i p l e  o f  t h i s  m e th o d , a s  o u t l i n e d  by  H o p k in s , P a lm e r and  

C h e p il  (1 9 3 7 ) i  i s  t h e  k e e p in g  down o f  weed g ro w th  w i th o u t  

b u ry in g  t h e  s t u b b l e  o r  o t h e r  t r a s h .  Im p lem en ts  su c h  a s  o n e ­

way d i s c s ,  d o u b le  d i s c s , d u c k - fo o t  c u l t i v a t o r s  and  ro d -w e e d e rs  

a r e  b e in g  u s e d  i n  f i e l d s  o f  h e a v y  s tu b b le  o r  d e n se  weed c o v e r -
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I n g . I n  many c a s e s ,  p a r t i c u l a r l y  w here  t h e  s tu b b l e  I s  v e r y  

lo n g  and  d e n s e , th e  t r a s h  I s  d e p o s i te d  on  t h e  s u r f a c e  I n  lo o s e  

b u n c h e s . Where th e  s t u b b l e  a n d  weed g ro w th  I s  l i g h t e r ,  t h e  

t r a s h  I n  c o u rs e  o f  c u l t i v a t i o n  i s  m ore o r  l e s s  in c o r p o r a te d  

w ith  t h e  s o i l ,  w i th  s m a l l  c lum ps e x te n d in g  above  t h e  s u r f a c e .

T h is  t r a s h  on  su m m erfa llo w ed  l a n d ,  w hich  i s  l e f t  

t o  l i e  on t h e  s u r f a c e  u n to u c h e d  d u r in g  t h e  w in t e r  m o n th s , h a s  

p ro v id e d  a n  i d e a l  h i b e r n a t i o n  c o v e r  f o r  o v e r w in te r in g  g r a i n  

b u g s , i n  s t r i p  f a r m in g ,  m ig r a t i o n  o f  t h e  bugs t a k e s  p la c e  

from  th e  i n f e s t e d  g r a i n  t o  t h e  a d jo in in g  s t r i p  o f  t r a s h  c o v e r .  

The h i b e r n a t i n g  a d u l t s  a r e  u s u a l l y  fo u n d  on t h e  s o i l  s u r f a c e  

u n d e r  lo o s e  b u n c h es  o f  t r a s h  w here  t h e  c o v e r in g  i s  q u i t e  

t h i c k .  Where th e  t r a s h  i s  l i g h t e r  and  p a r t l y  bound  w i th  th e  

s o i l  t h e  b ugs a r e  fo u n d  bu rro w ed  i n t o  th e  s m a ll  c lu m p s , o f t e n  

b e lo w  t h e  a c t u a l  s o i l  s u r f a c e .

D u rin g  t h e  w i n t e r ,  snow a c c u m u la te s  a ro u n d  t h i s  

t r a s h  c o v e r  and p r o v id e s  e x t r a  i n s u l a t i o n  fro m  t h e  c o ld  f o r . t h e  

h i b e r n a t i n g  i n s e c t s .  When t h e  snow m e l t s ,  d r a in a g e  an d  d ry in g  

i s  r a p i d .  T h is  i s  o f  c o n s id e r a b le  im p o r ta n c e , p a r t i c u l a r l y  

d u r in g  m id w in te r  th a w s , s i n c e  v e ry  l i t t l e  w a te r  i s  a l lo w e d  t o  

a c c u m u la te  i n  c lo s e  p r o x im i ty  t o  t h e  i n s e c t s .  T ra s h  c o v e r  

p r o v id e s  a n  i d e a l  ty p e  o f  h i b e r n a t i n g  q u a r t e r s  f o r  g r a i n  b u g s 

com pared w i th  t h e  o th e r  t y p e s  c h o se n .

D u r in g  t h e  e a r l y  p e r io d  o f  h i b e r n a t i o n  th e  g r a i n  

b u g s  do n o t  re m a in  c o m p le te ly  i n a c t i v e .  Some m e a su re  o f
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a c t i v i t y  i s  resu m ed  d x ir in g  th e  w arm er p o r t i o n s  o f  t h e  d a y , 

and  a t  n i g h t  t h e  i n d i v i d u a l s  c o n g r e g a te .  T h is  h a b i t  o f  

c o n g re g a t io n  i s  one  o f  t h e  p r e p a r a t i o n s  f o r  a c t u a l  h i b e r n a t i o n .  

C o ld  w e a th e r ,  u s u a l l y  acco m p an ied  by  a  snow s to rm , m ark s  th e  

b e g in n in g  o f  th e  a c t u a l  h i b e r n a t i o n  p e r i o d .  Once s u c h  a  

s to rm  h a s  t a k e n  p la c e  and  snow h a s  d r i f t e d  a ro u n d  th e  s p o t s  

w here  th e  i n s e c t s  h a v e  c o n g re g a te d ,  t h e  b u g s  u s u a l l y  r e m a in  

i n a c t i v e  u n t i l  s p r i n g .  T h is  c o n g re g a t io n  i s  o f t e n  v e ry  

m ark ed , p a r t i c u l a r l y  a lo n g  e d g e s  o f  i n f e s t e d  f i e l d s  w here 

c lo s e  t o  a  h u n d re d  i n d i v i d u a l s  h a v e  b e e n  fo u n d  i n  a  s m a ll  

a r e a .  When h i b e r n a t i o n  t a k e s  p l a c e  i n  t r a s h  c o v e r  t h e  h a b i t  

o f  c o n g re g a t io n  i s  n o t  a s  m arked  a s  u n d e r  weed p i l e s .  The 

bugs a r e  fo u n d  s i n g l y  a n d ■u s u a l l y  d i s p e r s e d  o v e r  a  g r e a t e r  

a r e a .

Some tim e  b e f o r e  a c t u a l  h i b e r n a t i o n  t h e  c o lo r  

change o f  t h e  a d u l t s  t a k e s  p l a c e . The b r i g h t  g r e e n  o f  th e  

a c t i v e  i n s e c t s  i s  r e p la c e d  b y  a  d ra b  o l i v e  c o l o r a t i o n ,  c h a r ­

a c t e r i s t i c  o f  th e  o v e r w in te r in g  a d u l t s , 1 and  t h e  g re e n  c o l o r ­

a t i o n  d o e s  n o t  r e t u r n  u n t i l  a f t e r  t h e  p e r io d  o f  s p r in g  

a c t i v i t y .  Nymphs e x h i b i t  some c h an g e  i n  c o l o r a t i o n  i n  th e  

au tum n , u s u a l l y  m arked  by  a  g r a d u a l  d a rk e n in g  t o  a lm o s t  b l a c k  

o f  t h e  l e g s  and s c u t e l l a r  r e g i o n s .

The re s u m p tio n  o f  s p r i n g  a c t i v i t y  i s  j u s t  th e  

r e v e r s e  o f  th e  e n t r a n c e  t o  h i b e r n a t i o n .  E a r l y  a c t i v i t y  t a k e s  

p la c e  d u r in g  m id d a y , t h e  i n s e c t s  t e n d in g  to  c o n g re g a te  a g a in
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d u r in g  th e  c o o l  n i g h t s .  The r e t u r n  t o  a c t i v i t y  i s  som etim es 

h a s te n e d  i n  t h e  s p r in g  b y  w in d s  w hich  te n d  to  d r y  o u t  th e  

h i b e r n a t i n g  c e n t r e s  and  warm up  th e  s o i l .

I n  193>6 h i b e r n a t i o n  was g e n e r a l  a b o u t O c to b e r  20 . 

f o l lo w in g  a  s e v e re  sn o w sto rm . E ven th o u g h  th e  w e a th e r  was 

q u i te  m ild  a f t e r  t h a t  t im e ,  th e  a c t u a l  h i b e r n a t i n g  s i t e s  d id  

n o t  warm s u f f i c i e n t l y  t o  s t i m u l a t e  f u r t h e r  a c t i v i t y .  The 

autum n o f  1937 was v e r y  m i ld ,  an d  s i n c e  no  snow f e l l  u n t i l  

q u i te  l a t e ,  a d u l t s  and  nymphs re m a in e d  a c t i v e  a f t e r  th e  f i r s t  

week i n  N ovem ber. A c tu a l  h i b e r n a t i o n  to o k  p l a c e  a  few  d a y s  

l a t e r .  The g r a i n  b u g s  h ad  l e f t  t h e i r  h i b e r n a t i n g  q u a r t e r s  i n  

th e  s p r i n g  o f  1936 and  1937 a b o u t  A p r i l  2 0 , and a c t i v i t y  an d  

f e e d in g  was q u i t e  g e n e r a l .  On p l o t t i n g  m ean te m p e r a tu r e s  o v e r  

10 -d a y  p e r i o d s  a g a i n s t  a c t i v i t y ,  i t  was fo u n d  t h a t  t h e  c e s s a ­

t i o n  o f  a c t i v i t y  i n  th e  au tum n an d  th e  r e s u m p tio n  i n  t h e  s p r in g  

o c c u r re d  d u r in g  p e r i o d s  when t h e  m ean te m p e r a tu r e  w as a p p ro a c h ­

i n g  45 t o  5 5 °  F .

The a d u l t s  i n  h i b e r n a t i o n  in c lu d e  a d u l t s  o f  t h e  

f i r s t  a n d  seco n d  g e n e r a t i o n s .  C ages w ere s to c k e d  w i th  o v e r ­

w in t e r in g  a d u l t s  and  f i r s t -  an d  s e c o n d - g e n e r a t io n  f i f t h - i n s t a r  

nym phs. I n  t h i s  way a d u l t s  o f  e a c h  g e n e r a t i o n  w ere  a s s u r e d .  

From t h e s e  c a g e  o b s e r v a t io n s  th e  c e r t a i n t y  o f  th e  f i r s t -  and  

s e c o n d - g e n e r a t io n  a d u l t s  e n t e r i n g  h i b e r n a t i o n  was e s t a b l i s h e d .  

T h e re  was a l s o  a  p o s s i b i l i t y  t h a t  t h e  o c c a s io n a l  o v e rw in te r in g  

a d u l t  e n te r e d  h i b e r n a t i o n  w i th  t h e  o t h e r s ,  s in c e  s e v e r a l  caged  

i n d i v i d u a l s  w ere s t i l l  a l i v e  a s  l a t e  a s  O c to b e r .
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O v lp o s l t lo n  s t u d i e s  w ere  b a se d  on  f i e l d  o b s e r v a -
■ s v.

t i o n s  and  on  e g g s  r e c o v e r e d  from, th e  a d u l t s  o f  e a c h  g e n e r a t i o n
' - - - ^ y'  ̂ ' : , *  ,  ;

p la c e d  i n  s e p a r a t e  c a g e s .  The f i r s t  d a t e s  a n d  d u r a t i o n  o f

o v l p o s i t i o n  w ere  d e te rm in e d  a c c u r a t e l y  fro m  c ag e  o b s e r v a t i o n s .  

aHd o t h e r  d a ta  w ere o b ta in e d  fro m  f i e l d  o b s e r v a t i o n s .

' C o p u la t io n ;

S a y ’ s  g r a i n  b ug  a d u l t s  a r e . f o u n d  i n . c o p u l a t i o n  a t  

an y  t im e  o f  t h e  day on fo o d  p l a n t s , >u n d e r  r u b b i s h , o r  a ro u n d  

th e  b a s e s  o f  p l a n t s . ,  I n  t he e a r l y  s p r i n g , .  c o p u l a t i on i s  c o n - 

flB G & .to  p e r io d s  when t h e  t e m p e r a tu r e  i s  above 650 p .  The 

m a t i n g .p a i r  f a c e  i n  o p p o s i t e  d i r e c t i o n s , a n d  t h e  t im e  o f  

c o p u la t io n  v a r i e s  fro m  a  few  m in u te s  t o  s e v e r a l  h o u r s .  On 

s e v e r a l  o c c a s io n s  when c o p u la t i o n  to o k  p la c e  on t h e i r  fo o d  

p l a n t ,  f e e d in g  c o n t in u e d  d u r i n g . t h e  a c t .

'' O v i p o s l t io n ; - : ■ '' *■' ' ‘ : ■ . u  L -j :

-  O v ip o s l t lo n  w as o b s e rv e d  a t  a l l  t im e s  o f  t h e  d ay  

and q u i t e  o f t e n  a t  n i g h t .  When o v i p o s i t i n g ,  t h e  l e g s  a r e  

s t r o n g l y  b ra c e d  and  th e  abdom en i s  i n c l i n e d  a t  a n  a n g l e . ' As 

e a c h  eg g  i s  f o r c e d  th r o u g h  t h e  t i p  o f  t h e  o v i p o s i t o r ,  t h e  t i p  - 

o f  th e  abdom en b e n d s  and  t h e  e g g  i s  d e p o s i t e d  i n  i t s  a p p o in te d  

p o s i t i o n .  A d u lts  h av e  b e e n  o b s e rv e d  i n  th e  a c t  o f  o v i p o s i t i o n , _  

an d  th e  t im e , r e q u i r e d ' f o r  t h e  d e p o s i t i o n  o f  e a c h  e g g  t a k e s  a h o jb  

one m in u te .  S '
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D u ra t io n  o f  t h e  O v ip o s i t  Io n  P e r i o d : ■ ; ; i

The a d u l t s  em erged from  h i b e r n a t i o n  a b o u t t h e  l a s t  

w eek i n  A p r i l .  C o p u la t io n  to o k  p l a c e  so o n  a f t e r ,  a n d  o v i -  

p o s i t i o n  was g e n e r a l  a b o u t  t h e  l a s t  w eek i n  May. I n  b o th  y e a r s  

o f  o b s e r v a t io n  t h e  f i r s t  e g g s  w ere  fo u n d  i n  t h e  f i e l d  a b o u t  May 

l p .  F i r s t - g e n e r a t i o n  a d u l t s  commenced e g g - l a y in g  a b o u t  IO  d a y s  

a f t e r  t h e y  re a c h e d  m a t u r i t y .  S e c o n d -g e n e r a t io n  a d u l t s  d id  n o t  

l a y  e g g s , b u t  e n te r e d  h i b e r n a t i o n  to  c o p u la te  and  o v i p o s i t  th e  

n e x t  y e a r .

The d u r a t i o n  o f  t h e  o v i p o s i t ! o n  p e r io d  o f  o v e r -  * 

w i n t e r i n g  and  s e c o n d - g e n e r a t io n  a d u l t s  i s  shown i n  f i g .  I .  I n  

1937 eg g s  l a i d  by , o v e r w in te r in g  a d u l t s  w e re  r e c o v e re d  fro m  c a g e s  

a s  l a t e  a s  A ugust I .  F i r s t - g e n e r a t i o n  a d u l t s  c o n tin u e d  o v i ­

p o s i t  io n  - i n  1 9 3 6 ;u n t i l  a b o u t : A ugust ,1 0  an d  i n  1937 t o  S e p tem b er 

I * I  The l e n g t h ; o f  ^ th e  o v i p o s i t i o n  p e r io d  a p p e a r s  t o  be  d e p e n d ­

e n t  upon t h e  w e a t h e r .  ̂ I n  1936 J u l y  was e x tr e m e ly  warm and ; 

o v i p o s i t  io n  c e a s e d  so o n  a f t e r *  t h e .  te m p e r a tu r e  becam e, m o re :- . 

m o d e ra te . The p e r io d  w as lo n g e r  i n  1 9 3 7 , t h e  w e a th e r  b e in g  

a v e ra g e  ^ in  J u l y  an d  A u g u s t, and t h e  d e c l in e  i n  t e m p e r a tu r e  was 

n o t  m arked  u n t i l  a b o u t S e p tem b er I .  I n  t h a t  y e a r , - o v ip o s i t i o n  

c e a s e d  a b o u t <th e  * same t im e . Dawson (1931) : found  t h a t  t h e  d e ­

c l i n e  o f  m ean t e m p e r a tu r e s  l i m i t e d  t h e  num ber o f  g e n e r a t i o n s  o f  

T e le a  po lyphem us C ram er i n  d i f f e r e n t  i s o th e r m ic  r e g i o n s .  The 

te m p e ra tu re  d e c l in e  i n  A ugust may g o v e rn  t h e  c e s s a t i o n  o f  e g g -  

l a y i n g  b y  Ci  s a y 1 . I t  w as a l s o  n o te d  t h a t  e g g s  l a i d  l a t e r  i n
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t h e  s e a s o n  f a i l e d  t o  h a tc h ,  f o r  r e a s o n s  a t  p r e s e n t  unknow n.

"  ■ -  f

TEIE EGG:

D e s c r i p t i o n :

The e g g  o f  C h lo ro c h ro a  s a y I  S t a l  i s  o v o id  i n  fo rm , 

and  a s  v iew ed  fro m  ab o v e , i s  c h a r a c t e r i z e d  b y  t h r e e  w h ite  c I r - , 

c l e s  e n c lo s in g  a  c e n t r a l  d u l l - g r e y  a r e a  an d  two c i r c u l a r  b an d s  

o f  t h e  same c o l o r .  The e g g  i s  u s u a l l y  a b o u t 1*1 t o  1 .2  mm. 

lo n g  and  0 .6  t o  0 .9  mm. w id e . C. s a y l  eg g s  e x h b l t ' t h e  u s u a l  - 

h e m ip te ro u s  a p p e a ra n c e  a n d  a r e  d e p o s i te d  i n  d e f i n i t e  c l u s t e r s .

L o c a t io n  o f  t h e  E g g s : , : i

' ;  c ln  t h e  f i e l d ,  e g g s  l a i d  b y  o v e r w in te r in g  a d u l t s  

w ere fo u n d  on  th e  u n d e r  s u r f a c e  o f  th e  l a t e r a l  b ra n c h e s  o f  

d ead  R u s s ia n  t h i s t l e  and  tu m b lin g  m u s ta r d , on w h e a t s t u b b l e ,  

an d  on  d e b r i s  n e a r  t h e  p l a n t s  u n d e r  w h ic h  th e y  had  so u g h t 

s h e l t e r .  L a t e r  i n  t h e  s e a s o n ,  e g g s  w ere fo u n d  on t h e  u n d e r  

s id e  o f  new g ro w th  o f  R u s s ia n  t h i s t l e  and  o t h e r  w e ed s . O f te n  

e g g s  h a v e  b e e n  fo u n d  g lu e d  on  th e  s te m s  an d  l e a v e s  o f  g ro w in g  

w heat an d  o c c a s i o n a l l y  on th e  g lum es o f  h ead ed  g r a i n .

. I n  c a g e s ,  e g g s  a r e  u s u a l ly , f o u n d  on  t h e  p l a n t s  i n .
'  VA ^ - ' . 4 - , ,

■ * " •• - -f > ' V J -»
t h e  sam e p o s i t i o n  a s  i n  th e  f i e l d .  F r e q u e n t ly  e g g s .w e re  fo u n d  

g lu e d  on  th e  s c r e e n  and wooden s u p p o r t s  o f - t h e  c a g e . . E g g ... J l 

c l u s t e r s  h av e  b een  o b s e rv e d  on c lo d s  o f  e a r t h  and  e v en  on th e  

h a rd e n e d  s o i l  s u r f a c e .  5 : - -
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When l a i d  on a  b ra n c h  o r  same o t h e r  s i m i l a r l y  r e ­

s t r i c t e d  s u r f a c e ,  t h e  e g g s  w ere  u s u a l l y  i n  a  d o u b le  ro w  e x te n d ­

in g  a lo n g  th e  l e n g th  o f  th e  b r a n c h . The a rra n g e m e n t w as m ore 

s ta g g e r e d  when o w ip o s i t io n  o c c u r r e d  on  th e  f lo w e r s  o f  R u s s ia n  

t h i s t l e ,  on c ag e  s u r f a c e s  o r  on  t h e  s o i l .  The c l u s t e r s  w ere 

u s u a l l y  f o u r  o r  m ore e g g s  w ide  an d  t h e  e g g s  i r r e g u l a r l y  p l a c e d .
( " j  » '

: : ' ' - : . -  < _ I

Number o f  Eggs L a id ?

The num ber o f  eg g s  p e r  c l u s t e r  v a r i e s  c o n s id e r a b ly .

C l u s t e r s  i n  th e  f i e l d  u s u a l l y  c o n ta in  from  14 t o  30 e g g s .’ Q u ite
" " - - • -■ - 

f r e q u e n t l y  a s  few  a s  2 o r  4 e g g s  w ere  fo u n d  i n  a  c l u s t e r ,  and

th e  l a r g e s t  num ber o b s e rv e d  was 5 8 . C o u n ts  w e re  made i n  1936

and  1937 o f  t h e  num ber o f  eg g s p e r  c l u s t e r  c o l l e c t e d  i n  th e

f i e l d  and  i n  c a g e s  o v e r  t h e  e n t i r e  a c t i v e  p e r i o d .  The summary

o f  t h e  f i n d i n g s  a r e  g iv e n  i n  t a b l e  I .

TABLE I  •

Summary o f  I g g  C o u n ts  i n  th e  F i e ld  an d  In  C ages

" f - F i e l d  Cage T o ta l  Me a n

No. c l u s t e r s  9 4 .0  4 9 .0  1 4 3 .0  -  . -
g o .  e g g s  2 ,2 3 4 .0  1 ,3 4 1 .0  3 ,3 9 3 : 0 ' -  . -
Mean n o .  e g g s  p e r  c l u s t e r  2 3 .9  2 7 .4  -  . -  26.3
L a r g e s t  n o . e g g s  p e r  c l u s t e r  33*0 58 .0  -  . -  3 3 .3

The a v e ra g e  num ber o f _ e g g s  fo u n d  p e r  c l u s t e r  was 

26 . 5 , w h ich  i s  a p p ro x im a te ly  th e  num ber r e p o r t e d  e l s e w h e r e .  An



i n t e r e s t i n g  p o i n t  i n  r e g a r d  t o  th e  num ber p e r  c l u s t e r  was th e  

num ber o f  c l u s t e r s  w hich  c o n ta in e d  e g g s  i n  m u l t i p l e s  o f  7 ,

Many o f  t h e  c l u s t e r s  fo u n d  c o n ta in e d  28 e g g s .  T h is  i s  e x ­

p l a in e d  by  t h e  f a c t  t h a t  t h e  f e m a le s  p o s s e s s  7 o v a r ia n  t u b u l e s .

The fe m a le s  n o rm a l ly  do n o t  d e p o s i t  t h e i r  f u l l  

com plem ent o f  e g g s  a t  one tim e  o r  i n  a  s i n g l e  c l u s t e r .  The 

l e n g th  o f th e  f e r t i l i t y  p e r io d  o f  fe m a le s  v a r i e s  w i th  d i f f e r ­

e n t  i n d i v i d u a l s ,  and  th e  e n t i r e  o v i p o s i t i o n  p e r io d  i s  shown 

i n  f i g .  I .  Caged i n d i v i d u a l s  r e t a i n e d  t h e i r  f e r t i l i t y  f o r  30 

d a y s  o r  m o re . The num ber o f  e g g s  d e p o s i te d  by  e a c h  fem a le  

was found  t o  v a r y  fro m  a  minimum o f  9 t o  68 . S e v e r a l  c l u s t e r s  

o f  e g g s  may be  l a i d  d u r in g  t h e  f e r t i l e  p e r io d .  C a f f r e y  and - 

B a rb e r . (1 919 ) found  th e  maximum o f  e g g s  l a i d  by one fe m a le  t o  

t e  1 0 7 .

D u ra t io n  o f  t h e  I n c u b a t io n  P e r i o d :

The d u r a t i o n  o f  t h e  egg  s t a g e  i s  a p p a r e n t l y  d e ­

p e n d e n t upon t h e  d e g re e  o f  t e m p e r a tu r e .  U nder f i e l d  c o n d i t i o n s  

t h e  in c u b a t io n  p e r i o d  v a r i e d  fro m  a s  low  a s  4 d a y s  to  a s  h ig h  a s  

2 w e ek s , o r  l o n g e r .  The e g g  s t a g e  w as much s h o r t e r  d u r in g  th e  

m id d le  o f  th e  summer t h a n  d u r in g  e a r l y  s p r in g  o r  l a t e  sum m er.

An e x p e r im e n t w as s e t  up to  d e te rm in e  th e  d u r a t i o n  

o f  th e  in c u b a t io n  p e r i o d  a t  v a r i o u s  c o n t r o l l e d  c o n s t a n t  te m p e r­

a t u r e s .  Eggs w ere  r e c o v e r e d  d a i l y  f ro m  cag ed  a d u l t s  so  

t h a t  th e  e x a c t  d a te  o f  o v i p o s i t i o n  was a lw a y s  d e f i n i t e l y

-  19 -
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know n. F iv e  o r  m ore c l u s t e r s  w ere  p la c e d  a t  e a c h  o f  th e  

f o l lo w in g  t e m p e r a tu r e s :  )2 0  C . ,  29° C .,  25 °  C . ,  21° C. and

1 3 °  C . No e g g s  h a tc h e d  a t  130 c . , a l th o u g h  t h e  f i r s t  e g g s  

w ere  a l lo w e d  t o  re m a in  a t  t h i s  t e m p e r a tu r e  f o r  th e  e n t i r e  

p e r io d  o f  th e  e x p e r im e n t .  T a b le  I I  l i s t s  t h e  r e s u l t s  ob­

t a i n e d  .

TABLE I I

The E f f e c t  o f  T e m p e ra tu re  on th e  D u ra t io n  o f  
t h e  I n c u b a t io n  P e r io d  o f  Eggs o f  C h lo ro c h ro a  s a y i  S t a l

320 c . 290 c . 250 C. 210  C.

Time ( i n  d a y s ) 4 .0 0 0 5.000 5 .800 11.700
R a te  o f  d e v e lo p m e n t 0 .0 2 5 0.020 0 .0 1 7 0.008

From th e  d a ta  p r e s e n te d  i n  t a b l e  I I  an d  r e p r e s e n te d  

g r a p h i c a l l y  i n  f i g .  2 , t h e  r e l a t i o n  o f  th e  l e n g th  o f  t h e  i n c u ­

b a t i o n  p e r io d  t o  t e m p e r a tu r e  i s  c l e a r l y  s e e n .  As th e  te m p e r ­

a t u r e  d e c r e a s e d ,  t h e  l e n g t h  o f  t h e  i n c u b a t io n  p e r io d  i n c r e a s e d .  

H u m id ity  a p p e a re d  t o  h av e  l i t t l e  e f f e c t  on h a tc h in g .  S e v e r a l  

c l u s t e r s  o f  e g g s  w ere  p la c e d  a t  25° C. w ith  r e l a t i v e  h u m id i t i e s  

o f  30% and  80%. H a tc h in g  o c c u r r e d  a t  th e  same tim e  u n d e r  th e  

two c o n d i t i o n s  o f  r e l a t i v e  h u m id i ty .

The r a t e  o f  d e v e lo p m e n t o r  v e l o c i t y  i s  d e f in e d  a s  

t h e  r e c i p r o c a l  o f  t h e  tim e  r e q u i r e d  t o  c o m p le te  th e  I n c u b a t io n
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p e r i o d ,  o r  i n  t h i s  c a s e ,  th e  v a lu e  o f  one d a y  a t  a  g iv e n  

t e m p e r a tu r e .  From, t h e  v e l o c i t y  t e m p e r a tu r e  c u rv e  th e  r e g r e s ­

s io n  l i n e  was co m p u ted , and  i t  i n d i c a t e d . t h a t  t h e  t h r e s h o ld  

o f  d ev e lo p m en t f o r  g r a in - b u g  e g g s  w as b e tw ee n  13© c .  and  13°  

C. T h is  was s u b s t a n t i a t e d  t o  some d e g re e  b y  t h e  f a i l u r e  o f  

eg g s  t o  h a tc h  a t  1 3 °  C. .

THB NYMPH: '

G e n e ra l O b s e r v a t io n s ;

Newly h a tc h e d  nymphs re m a in  g ro u p e d  on  t h e  p a r e n t  

e g g - c l u s t e r  f o r  some t im e  a f t e r  h a t c h in g .  Soon a f t e r  th e  

seco n d  i n s t a r  i s  r e a c h e d  th e y  w an d er away s i n g l y  i n  s e a r c h  o f  

fo o d , b u t  u s u a l l y  a r e  fo u n d  f e e d in g  v e ry  c lo s e  t o g e t h e r .

D u rin g  t h e  l a t e r  i n s t a r s  t h e  nymphs becom e m ore s o l i t a r y  i n  

h a b i t . F r e q u e n t ly  t h e  e n t i r e  p ro g e n y  o f  one e g g - c l u s t e r  

r e a c h e s  m a t u r i t y  w i th in  a  few  f e e t  fro m  th e  p l a c e  o f  h a tc h in g ,  

p a r t i c u l a r l y  i f  t h e  fo o d  s u p p ly  i s  a b u n d a n t .  D i s p e r s a l  i s  

g r e a t e s t  among f i f t h - i n s t a r  nym phs, a s  e v id e n c e d  b y  t h e  num bers 

fo u n d  f e e d in g  i n  w h ea t f i e l d s ,  u s u a l l y  q u i t e  some d i s t a n c e  

from  t h e  n e a r e s t  w e e d s .

Nymphs depend  a lm o s t  e n t i r e l y  upon  w e ed s , p r i n c i ­

p a l l y  R u s s ia n  t h i s t l e  an d  tu m b lin g  m u s ta r d ,  f o r  f o o d .  T h i s  

may n o t  a lw ay s  be a  q u e s t io n  o f  c h o ic e ,  b u t  r a t h e r  a  r e s u l t  o f  

t h e i r  im m o b i l i ty  d u r in g  t h i s  s t a g e  o f  d e v e lo p m e n t. T h is  was
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shown t o  b e  th e  c a s e  i n  a  f i e l d  i n  w hich a l l  s t a g e s  o f  

nymphs w ere  fo u n d  on  w h e a t .  A s m a l l  p o r t i o n  o f  t h e  f i e l d  

was s e v e r e l y  i n f e s t e d  w ith  p a l e  w e s te r n  cutw orm  (A g r o t i s  

o r th o g o n ia  M o rr . )  and  ov erg ro w n  w i th  R u s s ia n  t h i s t l e ,  w ith  

th e  o c c a s io n a l  w h ea t p l a n t  g ro w in g  among t h e  w e e d s . T h is  

weed p a tc h  w as i n f e s t e d  w i th  a d u l t  g r a i n  b u g s ;  a n d  i n  due 

c o u rs e  p r a c t i c a l l y  e v e r y  p l a n t  h ad  e g g - c l u s t e r s  on  th e  b r a n ­

c h e s .  As t h e  nymphs d e v e lo p e d , a l l  s t a g e s  w ere  fo u n d  on  t h e  

w h eat p l a n t s  a s  w e l l  a s  on  t h e  w e e d s .

F r e q u e n t ly  f o u r t h -  a n d  f i f t h - i n s t a r  nymphs w ere  

fo u n d  f e e d in g  on  w h ea t h e a d s  some d i s t a n c e  from  a v a i l a b l e  

w e ed s . T h is  i n d i c a t e s  t h a t  th e  l a t e r  nymphs w i l l  m ig r a te  

some d i s t a n c e  f o r  fo o d . S a u n d e rs  (1 8 ^8 ) m e n tio n e d  t h a t  i n  

S o u th  D ako ta  f i f t h - i n s t a r "nymphs w ere  o f t e n  s e e n  m ig r a t i n g  I n  

l a r g e  d ro v e s  a c r o s s  f i e l d s  t o  a r e a s  o f  m ore s u c c u le n t  fo o d . 

T h is  m ig r a to r y  h a b i t  h a s  n o t  b een  o b s e rv e d  i n  r e c e n t  y e a r s ,  . 

b u t  i n  t im e s  o f  v e r y  s e v e r e  i n f e s t a t i o n  t h e  l i k e l i h o o d  o f  - 

t h i s  h a b i t  i s  n o t  a t  a l l  im p ro b a b le .

The E f f e c t  o f  T e m p e ra tu re  on  Hvmnhal D e v e lo p m en t:

: The a tm o s p h e r ic  te m p e ra tu re  i s  one o f  t h e  m o st

im p o r ta n t  f a c t o r s  i n  t h e  d e v e lo p m e n t and  r a t e  o f  g ro w th  o f  

t h e  nymphs o f  C h lo ro c h ro a  s a y I  S t a l . D evelopm ent o f  nymphs 

i n  th e  s p r in g  a n d  au tum n  when th e  m ean t e m p e r a tu r e s  a r e  low  

i s  c o n s id e r a b ly  s lo w e r  t h a n  a t  p e r io d s  o f  h i g h e r  t e m p e r a t u r e .
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An e x p e r im e n t  w as p la n n e d  t o  show  th e  e f f e c t  o f  

te m p e ra tu re  on  d e v e lo p m e n t. S e v e ra l  m e th o d s  o f  r e a r i n g  w ere  

u s e d .  M ass r e a r i n g  was u s e d  f o r  t h e  f i r s t  i n s t a r ,  s i n c e  a l l  

nymphs h a tc h e d  a t  t h e  sam e t im e .  T hese  nym phs w ere  u s u a l l y  

o b ta in e d  fro m  t h e  e g g s  u s e d  i n  t h e  i n c u b a t io n  e x p e r im e n ts .

A f te r  t h e  e g g s  h ad  h a tc h e d  a t  t h e  e x p e r im e n ta l  t e m p e r a tu r e s ,  

t h e  new ly  h a tc h e d  nymphs w ere  f e d  w i th  s p r o u te d  w h e a t or. s p r i g s  

o f  R u s s ia n  t h i s t l e . When t h e  se c o n d  i n s t a r  w as r e a c h e d  th e  

nymphs w ere  t r a n s f e r r e d  t o  i n d i v i d u a l  c o n t a i n e r s .

F o r  i n d i v i d u a l  r e a r i n g  e a c h  nymph was p la c e d  i n  a  

tw o -o u n c e , g l a s s - to p p e d  t i n  b o x . S p r ig s  o f  R u s s ia n  t h i s t l e ,  

p a r t i c u l a r l y  th o s e  b r a n c h e s  b e a r i n g  t h e  f l o r e t s ,  w ere u s e d  f o r  

fo o d . The fo o d  w as ch an g ed  when i t  b eg an  to  w i l t ,  w h ic h , a t  

t h e  h ig h e r  t e m p e r a tu r e s ,  n e c e s s i t a t e d  d a i l y  c h a n g in g . I n  

a d d i t i o n  t o  t h e  s e c o n d - i n s t a r  nymphs o b ta in e d  fro m  m ass r e a r i n g , 

nymphs o f  a l l  i n s t a r s  w ere  c o l l e c t e d  i n  t h e  f i e l d  an d  r e a r e d .

The d a t e  o f  e a c h  m o lt  w as r e c o r d e d  a n d  t h e  c a s t  s k i n  rem oved ftom 

t h e  t i n .  I n  t h i s  way th e  d u r a t i o n  o f  e ach  i n s t a r  was d e t e r ­

m in e d . T h is  l a t t e r  p ro c e d u re  w as n e c e s s a r y  s in c e  m o r t a l i t y  

u n d e r  r e a r i n g  c o n d i t i o n s  was e x c e s s i v e ,  and  o n ly  r a r e l y  w ere  

nymphs r e a r e d  th r o u g h  th e  e n t i r e  nym phal p e r i o d .

D u rin g  th e  c o u rs e  o f  th e  r e a r i n g  program m e some 

v a r i a t i o n  i n  th e  l e n g t h  o f  t im e  r e q u i r e d  f o r  e a c h  i n s t a r  a t  

t h e  same te m p e r a tu r e  w as e v id e n c e d .  T h is  w as m ore n o t i c e a b l e  

w ith  th e  l a t e r  t h a n  w i th  t h e  e a r l i e r  i n s t a r s ,  and  may h av e
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b een  due t o  a  s e a s o n a l  v a r i a t i o n  I n  d e v e lo p m e n t. Nymphs w ere
r ' * e a tr /» f- * r . _  .. .r ;

c o l l e c t e d  th ro u g h o u t  t h e  s e a s o n ,  and  I t  w as n o te d  t h a t  nymphs
. *: ■

c o l l e c t e d  i n  th e  au tum n  d e v e lo p e d  m ore r a p i d l y  t h a n  th o s e  c o l -
I !

! a c t e d  e a r l i e r  i n  t h e  s e a s o n .  , F o r  t h i s  r e a s o n ,  th e  maximum,
-I ; ; . I

m ean an d  minimum r a t e s  o f  d e v e lo p m e n t f o r  e a c h  te m p e ra tu re

w ere com pu ted . The r e s u l t s  o f  t h i s  e x p e r im e n t a r e  p r e s e n te d
’ ■ ■ ■ ■ .  ̂ - - i

in  t a b l e  I I I .
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The d a ta  p r e s e n te d  i n  t a b l e  I I I  show t h a t  t h e  r a t e  

o f  d e v e lo p m e n t o f  t h e  nymphs in c r e a s e d  d i r e c t l y  w ith  an  i n ­

c r e a s e  i n  t e m p e r a tu r e .  H ow ever, s i n c e  t h e  t e m p e r a tu r e s  u se d  

w ere  c o n s t a n t ,  t h e y  a r e  n o t w h o l ly  comparable w ith  a l t e r n a t i n g  

t e m p e r a tu r e s  s u c h  a s  a r e  fo u n d  u n d e r  f i e l d  c o n d i t i o n s .  Parker 

(1 9 3 0 ) found  t h a t  nym phs o f  Cam nula p e l l u c l d a  S c u d , and  

M e lan o p lu s  m ex lcan u s m e z lc a n u s  S a u s . ,  r e a r e d  a t  a l t e r n a t i n g  

h ig h  an d  low  te m p e r a tu r e s ,  d e v e lo p e d  m ore r a p i d l y  a t  t h e  a l t e r ­

n a t i n g  t e m p e r a tu r e s  t h a n  a t  c o n s t a n t  te m p e r a tu re s  o f  t h e  same 

m ean . An a c c e l e r a t i o n  a t  h ig h  t e m p e r a tu r e s  was fo u n d  by  Cook 

(1927) t o  h av e  ta k e n  p l a c e  w i th  l a r v a e  o f  A g r o t i s  o r th o g o n ia  

M o rr . when th e  l a r v a e  w ere b ro u g h t  fro m  a  low  t o  a  h ig h  te m p - 

e r a t u r e . ».  ̂ . *>

I n  f i g .  2 t h e  g ro w th  c u rv e s  and  v e l o c i t y  , te m p e ra ­

t u r e  c u rv e s  a r e  show n. The c u rv e s  a s  d e p ic te d  by  t h e  d o t t e d  

l i n e s  a r e  r e a s o n a b ly  r e g u l a r ,  t h e  d e p a r tu r e  a t  250 C. p o s s i b l y  

b e in g  d u e  t o  t h e  d i f f e r e n c e s  i n  r e l a t i v e  h u m id ity  a t  t h e  o t h e r  

t e m p e r a tu r e s .  S in c e  no m eth o d  o f  c o n t r o l l i n g  h u m id i ty  a t  

t h e s e  te m p e r a tu r e s  was a v a i l a b l e ,  no f u r t h e r  c h e c k  o n ; t h i s  

f a c t o r  c o u ld  b e  m ad e . The r e g r e s s i o n  l i n e  o f  t h e  v e l o c i t y -  

t e m p e r a tu r e  c u rv e s  show ed t h e  t h r e s h o ld  o f  d e v e lo p m e n t t o  b e  

b e tw een  1 3 °  C. an d  1 5 °  C . As was t h e  c a s e  w i th  t h e  e g g s ,  

t h i s  was f u r t h e r  s u b s t a n t i a t e d  by  t h e  i n a b i l i t y  o f  t h e  nymphs 

t o  d e v e lo p  fro m  one i n s t a r  t o  a n o th e r  a t  130 <3. T h e re  w as 

0Ile e x c e p t  io n ,  h o w ev er, when n e w ly  h a tc h e d  nymphs c o m p le te d



- 2 7

th e  f i r s t  i n s t a r  a t  Xjo c . i n  20 d a y s .  S in c e  i n d i v i d u a l  

s t a g e s  r e a c t : in d e p e n d e n t ly  o f  t h e  e n t i r e  nym phal p e r i o d ,  t h i s  

one e x c e p t io n  d o e s  n o t  a l t e r  t h e  f i n d i n g s  a s  p r e s e n t e d .  The 

d i f f e r e n c e  i n  t im e  r e q u i r e d  by  nymphs t o  m a tu re  a t  d i f f e r e n t  

p e r io d s  o f  t h e  s e a s o n  i s  r e a d i l y  a p p l i c a b l e  t o  t h e  d a ta  shown 

The i n a b i l i t y  o f  t h e  eg g s  t o  h a tc h  and  t h e  nymphs t o  d e v e lo p  

can  b e  c o r r e l a t e d  w i th  t e m p e r a tu r e s  lo w e r t h a n  th e  d e v e lo p ­

m e n ta l  z e r o  d u r in g  p e r i o d s  o f  in c le m e n t  w e a th e r  o c c u r r in g  i n  

e a r l y  s p r i n g  and  l a t e  au tu m n .

THE ADULT: „V.

H ost P l a n t s :

A t r u e  h o s t  p l a n t  i s  t a k e n  t o  be  one on  w hich  th e  

e g g , nymph and  a d u l t  s t a g e s  o f  a n  i n s e c t  a r e  f o u n d .  I t  i s  

so m etim es im p o s s ib le  t o  a s c e r t a i n  w h e th e r  t h e  h o s t s  r e c o r d e d  

from  v a r i o u s  s o u r c e s  a r e  t r u e  h o s t s  o r  w h e th e r  t h e  i n s e c t s  

fo u n d  w ere  t h e r e  m e re ly  t r a n s i t o r i l y  o r  h i b e r n a t i n g .  I n  

g e n e r a l , nymphs o f  C , s a y I  a r e  fo u n d  on t e n d e r ,  s u c c u le n t  

p l a n t s  w h ich  a r e  r e a d i l y  a v a i l a b l e .  The a d u l t s  p r e f e r  th e  

same ty p e  o f  v e g e t a t i o n ,  an d  when p l a n t s  a r e  r i p e n i n g ,  e x te n d  

t h e i r  f e e d in g  t o  in c lu d e  th e  s e e d s  o f  m any p l a n t s .

The f o l lo w in g  i s  a  l i s t  o f  h o s t  p l a n t s  o f  S a y ts  

g r a i n  bu g  w h ich  o c c u r  i n  A lb e r t a ,  some o f  w h ic h  w ere r e c o r d e d  

by C a f f r e y  an d  B a rb e r  (1919)»  a n d  t h e  o t h e r s  o f  w h ic h  a p p e a r  

t o  be  new h o s t s  u n d e r  A l b e r t a  c o n d i t i o n s : -
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C rop P l a n t s

A l f a l f a  
4 B a r le y
#  B eans
#  Buckw heat
#  C abbage
#  C orn 

F la x
4  L e t tu c e

4 O ats  
t  P e a s .

P o ta to
4 R y e

S a i n f o in  
S u g a r  b e e t s  

4 Tomato 
#  W heat

W ild and  O rn am en ta l P l a n t s

I

R u s s ia n  t h i s t l e  (S a l s o l a  k a l i  L . )
T um bling  m u s ta rd  (S isym brium  a l t l s s lm u m  L . J 
H are  * s - e a r  m u s ta rd  (C o n r in g ia  o r i e n t a l i s  L . ) 
G reen  t a n s y  m u s ta rd  (S isym brium  l n c l sum E n g e lm .) 
Lamb*s  q u a r t e r s  ( C henepodlum  a lb u m  L . )
W ild  o a t s  (Avena f a t u a  L . )
Ground c e d a r  (J u n ip e r u s  h o r l z o n t a l i s  M oench. )  
G o ld en ro d  ( S o l id a g o  s p . )  "*
S u n flo w e r  (H e l la n th u s  sp .)
P e r e n n i a l  sow  t h i s t l e  ( S onchus a r v e n a I a L .)  
D a n d e lio n  ( T araxacum  o f f i c i n a l e  W eber)
S age (A r te m e s ia  f r l g l d a  l l l l d . i
N a tiv e  g r a s s e s  ( s p e c i e s  o f  A gro p v ro n . p o a ,

B o u te lo u a i

§  Food p l a n t s  r e c o r d e d  b y  C a f f r e y  an d  B a rb e r  (1 9 1 9 ) .

F e e d in g  H a b i t s :

A d u lt  g r a i n  b ugs w ere in t r o d u c e d  i n t o  c a g e s  i n  

w hich  w h ea t w as g ro w in g  i n  v a r i o u s  s t a g e s  o f  d e v e lo p m e n t. The 

i n s e c t s  f e d  r e a d i l y  on t h e  d e v e lo p in g  w h ea t k e r n e l s ,  p a r t i c u ­

l a r l y  when t h e  k e r n e l  w as i n  t h e  m i lk  and dough  s t a g e s .  F e e d -  

in g  p u n c tu r e s  w ere  e a s i l y  l o c a t e d ,  a n d  u n d e r  a  lo w -p o w er 

m a g n i f i c a t i o n  a p p e a re d  a s  s m a ll  h o l e s  a b o u t t h e  s i z e  o f  a  p i n



-  29 -

p r i c k  on  t h e  k e r n e l s  an d  t h e  o u t e r  g lu m e s . I n  t h e  w h eat 

v a r i e t i e s  i n  w h ich  a  p o r t i o n  o f  t h e  k e r n e l  w as e x p o s e d , th e  

s i t e  o f  th e  p u n c tu r e  c o u ld  be  e a s i l y  s e e n  w i th  th e  n ak ed  e y e ,  

made m ore n o t i c e a b l e  by  a  s c a b - l i k e  m ass fo rm ed  by th e  b l e e d ­

in g  o f  th e  b e r r y  a t  t h e  p u n c tu r e .

As many a s  6 b u g s h a v e  b e e n  n o te d  f e e d in g  on  a  

s i n g l e  w h ea t h e a d  a t  t h e  same t im e ,  th e  u s u a l  num ber b e in g  2 

o r  3 .  The s e t a e  a r e  f o r c e d  th ro u g h  t h e  g lum e n e a r  i t s  p o i n t  

o f  a t ta c h m e n t  and  i n t o  t h e  k e r n e l . O fte n  a n  a d u l t  was s e e n  

w ith  i t s  m o u th p a r ts  t h r u s t  downward th r o u g h  t h e  glum e o p e n in g  

t o  t h e  k e r n e l .  Once th e  m o u th p a r ts  a r e  f i x e d  f o r  f e e d in g ,  th e  

I n d i v i d u a l  w i l l  re m a in  i n  t h a t  p o s i t i o n  f o r  some t im e ,  o f t e n  

f o r  s e v e r a l  h o u r s .

W heat h e a d s  w h ic h  h a v e  n o t  begun  k e r n e l  d e v e lo p m e n t 

show v e ry  p o s i t i v e  sym ptom s o f  f e e d i n g .  A f t e r  s e v e r a l  days* 

c o n tin u e d  f e e d in g ,  th e  h e a d  becom es n o t i c e a b l y  l i g h t e r  in  

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

q u i t e  n o rm a l .  T h is  p re m a tu re  l i g h t e n i n g  i n  c o l o r  i s  one o f  

th e  few  sym ptom s o f  g r a in - b u g  dam age.

When th e  k e r n e l  i s  i n  t h e  l a t e  m i lk  o r  e a r l y  dough 

s ta g e  no e x t e r n a l  sym ptom s a r e  m a n i f e s t .  On c lo s e  e x a m in a t io n  

t h e  s i t e  o f  t h e  f e e d in g  p u n c tu r e s  can  b e  fo u n d , an d  th e  k e r n e l  

e x h i b i t s  a  r a t h e r  s t a r c h y  a p p e a r a n c e .  T h is  s t a r c h y  c o l o r  o f  

t h e  b e r r y ,  acco m p an ied  by  s h r i v e l l i n g ,  i s  p r o b a b ly  due t o  th e  

p a r t i a l  w i th d ra w a l  o f  l i q u i d  c o n te n t .  When w h eat i s  a t t a c k e d



— 30 —

soon  a f t e r  h e a d  e m e rg en c e , k e r n e l  d ev e lo p m en t i s  r e d u c e d  t o  

a  minimum. On t h r e s h i n g  o u t  t h e s e  h e a d s  o n ly  s h r i v e l l e d  

v e s t i g e s  o f  th e  o r i g i n a l  k e r n e l  can  be fo u n d , a l th o u g h  t h e  

g lum es h av e  a p p a r e n t ly  d ev e lo p ed  q u i t e  n o rm a l ly .

B ecau se  o f  t h e  l a c k  o f  d e f i n i t e  f i e l d  symptoms o f  

g r a in - b u g  f e e d i n g ,  a p p r a i s a l  o f  t h e  e x t e n t  o f  dam age in c u r r e d  

i n  a  c ro p  i s  v e r y  d i f f i c u l t  by v i s u a l  m ean s. I n f e s t e d  an d  

u n i n f e s t e d  p l a n t s  a p p e a r  t h e  sam e, a n d  i t  i s  u s u a l l y  n e c e s s a r y  

t o  t h r e s h  o u t  & num ber o f  h e a d s  i n  o r d e r  t o  d e te rm in e  w h e th e r  

o r  n o t  t h e  i n f e s t a t i o n  h a s  p ro d u c e d  h a rm fu l e f f e c t s .

F i e l d  o b s e r v a t io n s  i n  t h e  l i t e r a t u r e  a n d  i n v e s t i ­

g a t i o n s  i n  M ontana h av e  show n t h a t  d e p r e d a t io n s  c an  b e  v e r y  

e x te n s i v e .  I n  M o n tan a , a c c o r d in g  t o  S t r a n d  (1 9 2 4 ) ,  s e v e r a l  

f i e l d s  i n  H i l l  C oun ty  w ere  l e f t  u n h a rv e s te d  i n  1932 b e c a u se  

i n f e s t a t i o n s  h a d  so  re d u c e d  t h e  y i e l d  t h a t  t h e  g r a i n  was a  

t o t a l  l o s s .  F i e l d s  w ith  a n  a p p a r e n t  y i e l d  o f  25 b u s h e l s  p e r  

a c r e  o r  m ore w ere  o f t e n  fo u n d  on  h a r v e s t i n g  t o  y i e l d  o n ly  

a b o u t 4 o r  5 b u s h e ls  p e r  a c r e .  On one  o c c a s io n  i n  a  f i e l d  i n  

s o u th e r n  A lb e r t a  w h ich  was t h e  c e n t r e  o f  a  l o c a l  i n f e s t a t i o n ,

50 h e a d s  o f  w heat w ere  c h o se n  a t  random . When th r e s h e d  o u t , 

o n ly  a b o u t 25 w ho le  k e r n e l s  w ere  r e c o v e r e d ,  an d  t h e s e  w ere  v e ry  

b a d ly  s h r i v e l l e d .  Frcm  s u c h  i n s t a n c e s  i t  i s  q u i t e  e a s y  t o  

d e te rm in e  th e  p o t e n t i a l i t y  o f  t h i s  I n s e c t  a s  a  v e r y  d e f i n i t e  

m enace to  g ro w in g  w h e a t .
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A d u lt  g r a i n  b u g s  h a v e  b e e n  r e p o r t e d  dam aging  

f i e l d s  o f  s e e d  a l f a l f a  i n  A r iz o n a  by  L e b e r t  {1931) an d  a l s o  

f e e d in g  on  s u g a r  b e e t  s e e d  i n  C a l i f o r n i a  (McKenzie 1936 ) .

M ig r a t io n  and  F l i g h t?

U nder n o rm a l c o n d i t i o n s  w here  fo o d  i s  r e a d i l y  

a v a i l a b l e ,  nymphs and  a d u l t s  o f  C h lo ro c h ro a  s a y l  S t a l  show 

v e r y  l i t t l e  te n d e n c y  to w a rd  m ig r a t i o n .  As m e n tio n e d  p r e v i o u s ly ,  

S a u n d e rs  (1898) r e p o r t e d  l a r g e  d ro v e s  o f  nym phs, p ro b a b ly  

f i f t h - i n s t a r ,  m ig r a t i n g  to w a rd  c u l t i v a t e d  f i e l d s .  T h is  h a s  

n o t  b e e n  o b s e rv e d  i n  r e c e n t  y e a r s ,  a l th o u g h  t h e r e  i s  no d o u b t

t h a t  nymphs w i l l  m ore "on  f o o t "  s e v e r a l  h u n d re d  y a rd s  i n  s e a r c h  

o f  s u i t a b l e  fo o d .

T h ere  i s  no d o u b t o f  t h e  a b i l i t y  o f  t h i s  i n s e c t  t o  

f l y  g r e a t  d i s t a n c e s  u n d e r  c e r t a i n  c o n d i t i o n s .  U s u a l ly ,  how­

e v e r ,  t h e  f l i g h t  i s  l i m i t e d  t o  s h o r t  d i s t a n c e s .  As a  r u l e ,  

when a d u l t s  a r e  d i s t u r b e d  i n  t h e  f i e l d ,  i n d i v i d u a l s  w h ich  do 

n o t  f a l l  t o  t h e  g ro u n d  t a k e  w ing  a n d  s e t t l e  down s e v e r a l  h u n ­

d re d  y a rd s  aw ay. On J u l y  1 5 , 1 9 3 6 , M r. Seam ans o f  t h e  L e th ­

b r id g e  E n to m o lo g ic a l  L a b o ra to ry  n o te d  a  h e a v y  f l i g h t  o f  S a y ts  

g r a i n  b u g s  s e t t l i n g  i n t o  a  p r e v i o u s ly  u n i n f e s t e d  f i e l d .  They 

w ere f l y i n g  i n  l a r g e  num bers fro m  th e  s o u th w e s t .  W ith in  a  

s h o r t  t im e  e v e ry  p l a n t  o v e r  a  c o n s id e r a b le  a r e a  h a d  one o r  

m ore o f  t h e  b u g s f e e d in g  on  i t .  A n o th e r  a c t u a l  c a s e  o f  f l i g h t  

was r e p o r t e d  b y  M r. M a i l ,  t h e n  o f  t h e  M ontana E x p e rim e n t
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S t a t i o n ,  Bozeman. D u rin g  J u l y ,  1 9 3 6 , a  h e a v y  f l i g h t  o f  g r a i n  

bugs s e t t l e d  i n  a  w h ea t f i e l d  i n  th e  i r r i g a t e d  s e c t i o n  a ro u n d  

M a l ta ,  M o n tan a . The bugs f e d  t h e r e  f o r  a  w eek o r  m ore and  th e n  

d i s a p p e a r e d .  T h is  one w e e k 's  f e e d in g  was s u f f i c i e n t  t o  r e d u c e  

t h e  y i e l d  from  a  p r o b a b le  40 b u s h e l s  p e r  a c r e  t o  fe w e r  th a n  1 0 . 

The n e a r e s t  p r e v i o u s ly  known i n f e s t a t i o n  o f  g r a i n  b u g s  was 

a lm o s t  100 m i le s  d i s t a n t .

A c t i v i t y  a n d  T e m p e ra tu re ;

D u rin g  t h e  ca lm , p l e a s a n t  w e a th e r  o f  t h e  summer 

m o n th s  t h e  a d u l t s  o f  C1. s a y l  a r e  a c t i v e  an d  f e e d in g  th ro u g h o u t  

t h e  g r e a t e r  p a r t  o f  t h e  d a y  an d  e a r l y  e v e n in g .  Nymphs a r e  

u s u a l l y  fo u n d  n e a r  t h e  g ro u n d  o r  on  t h e  lo w e r  b ra n c h e s  o f  t h e i r  

fo o d  p l a n t  and  seem  t o  a v o id  e x c e s s iv e  h e a t  a s  much a s  p o s s i b l e .  

D u rin g  m ore m o d e ra te  t im e s  o f  t h e  d a y , nymphs c an  be  fo u n d  

f e e d in g  on t h e  h i g h e r  l e a v e s  an d  b r a n c h e s .  A d u l t s , on th e  

o t h e r  h a n d , a r e  u s u a l l y  fo u n d  i n  t h e  o p en  a n d  do n o t  a v o id  e x ­

c e s s iv e  t e m p e r a tu r e s  t o  t h e  sam e e x t e n t  a s  th e  nym phs. On 

one o c c a s io n  when t h e  a i r  t e m p e r a tu r e  r e a c h e d  1040 F . ,  th e  

bugs w ere fo u n d  a t  t h e  lo w e r  l e v e l s  s e e k in g  a l l  t h e  a v a i l a b l e  

s h a d e . Toward e v e n in g ,  a s  th e  te m p e r a tu re  m o d e ra te d , t h e  

i n d i v i d u a l s  resum ed  t h e i r  p o s i t i o n s  on  t h e  h e a d s  o f  t h e  w h ea t 

p l a n t s .  D u rin g  p e r i o d s  o f  h ig h  w in d , r a i n  o r  h a l l  s to r m s ,  

and  when th e  n i g h t l y  t e m p e r a tu r e  i s  be low  60°  F . ,  t h e  i n s e c t s  

c e a se  t h e i r  a c t i v i t i e s  an d  s e e k  s h e l t e r ,  g e n e r a l l y  u n d e r  some
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o b je c t  on t h e  g ro u n d  o r  a ro u n d  th e  b a s e s  o f  t h e i r  fo o d  

p l a n t s .  A lb e r t a  a n d  M ontana n i g h t s  a r e  g e n e r a l l y  q u i t e  c o o l ,  

and  i t  was o n ly  r a r e l y  t h a t  a d u l t s  and  nym phs w ere  fo u n d  f e e d ­

in g  d u r in g  th e  n i g h t .

I n  o r d e r  t o  d a t e m i n e  t h e  t r e n d  o f  i n s e c t  r e s p o n s e  

t o  a  w ide  r a n g e  o f  t e m p e r a tu r e s ,  a d u l t  b u g s  w ere  c a g e d  o v e r  

w heat i n  t h e  g re e n h o u s e  i n  th e  w i n t e r  o f  1936 and  1 9 3 7 . G reen ­

h o u se  t e m p e r a tu r e s  r a n g e d  from  a  minimum o f  40° F .  a t  n i g h t  

t o  a s  h ig h  a s  H O 0 F . a t  m id d a y . O b s e rv a t io n s  w ere  made d a i l y ,  

and  t h e  d a t a  w ere  sum m arized  a t  th e  en d  o f  t h e  w i n t e r  p e r i o d . 

T a b le  IV g iv e s  a  sum m ary o f  t h e  te m p e r a tu re  r a n g e  o f  v a r io u s  

a c t i v i t i e s  a s  d e te rm in e d  u n d e r  t h e  ab o v e  c o n d i t i o n s .

TABLE IV

A c t i v i t y  o f  C h lo ro c h ro a  s a y l  S t a l  A d u lts  
i n  R e la t i o n  to  A i r  T e m p e ra tu re

T em p e ra tu re  
F a h r . C e n t. A c t i v i t y

Up t o 550 Up t o  1 3 .00 R e s t in g ,  i n a c t i v e .
35°  t o 600 1 3 .0 0 t o  15.30 B e g in n in g  t o  move a b o u t .
600 t o 700 1 5 .5 0 t o  21.10 S e a rc h in g  f o r  fo o d , some f e e d in g
700 t o 900 21.10 t o  32.00 Optimum f e e d in g  r a n g e .
900 t o IlQO 32.00 t o  4 3 .3 0 F ly in g  i n  e a r l y  p a r t  o f  r a n g e .

T endency  t o  f l i g h t  becam e m ore m ark ed  a s  th e  tem p ­

e r a t u r e  i n c r e a s e d  a b o v e  9 0 °  F .  T h is  w as fo u n d  t o  h o ld  t r u e



u n d e r  f i e l d  c o n d i t i o n s ,  s in c e  f l i g h t  w as o b s e rv e d  o n ly  on  

v e ry  warm d a y s  and u s u a l l y  d u r in g  m id a f te r n o o n .

The optim um  te m p e r a tu r e  o f  a b o u t  9QO jr , i n  t h e  

g re e n h o u se  was f u r t h e r  show n b y  o t h e r  e x p e r im e n ta l  m ea n s . At 

M ontana S t a t e  C o l le g e  a  t e m p e r a tu r e  p r e f e r e n c e  b o x  was made 

a v a i l a b l e .  T h is  box c o n s i s t e d  o f  a  w ooden e n c lo s u r e  f i t t e d  

o v e r  a  c o p p e r  b a r  4 f e e t  i n  l e n g t h ,  4 in c h e s  w ide and a b o u t  

3 /8  in c h  t h i c k .  One end  o f  t h e  b a r  was f a s t e n e d  t o  a  r e f r i g e r ­

a t i o n  p ip e  c o u p l in g ,  and t h e  o t h e r  end  e x te n d e d  fro m  t h e  box 

an d  c o u ld  be h e a te d  w i th  a n  a l c o h o l  lam p . A s h e e t  o f  g l a s s  

f i t t e d  i n t o  t h e  box  fro m  a b o v e , r e s t i n g  on s u p p o r t s  a t  a  d i s ­

ta n c e  o f  a b o u t  £  in c h  from  t h e  c o p p e r  b a r .  T en  a d u l t s  w ere 

p la c e d  i n  t h i s  box f o r  e a c h  s e r i e s  o f  r e a d i n g s .  The box  was 

c o v e re d  w i th  b la c k  c l o t h  t o  m in im iz e  i n t e r f e r e n c e  o f  l i g h t  

r e s p o n s e  w ith  t h a t  o f  t e m p e r a tu r e .  On t h e  b a s i s  o f  s e v e r a l  

r e a d in g s  th e  optim um  te m p e r a tu re  p r e f e r e n c e  w as fo u n d  t o  be 

b e tw ee n  25° an d  31® C . ,  o r  770 t o  87 . 8°  F . D u rin g  t h e  c o u rs e  

o f  s e v e r a l  ru n s  i t  was i n t e r e s t i n g  t o  n o te  t h a t  o c c a s io n a l  

i n d i v i d u a l s  w ould  move i n t o  e i t h e r  t h e  h o t  o r  c o ld  e n d ,  p a s s  

th e  c r i t i c a l  t e m p e r a tu r e ,  a n d  d ie  t h e r e  w i t h in  a  s h o r t  t im e .

The E f f e c t  o f  C o n s ta n t  a n d  A l t e r n a t i n g  T e m p e ra tu re  
on  A c t i v i t y  and O v ln o s l t io n  o f  H ib e rn a t in g  A d u l t s :

An e x p e r im e n t  was s e t  up t o  d e te rm in e  t h e  e f f e c t  o f  

c o n s ta n t  and  a l t e r n a t i n g  te m p e r a tu r e  on h i b e r n a t i n g  a d u l t s .
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In  t h e  c o u rs e  o f  w i n t e r  e x p e r im e n ta t io n  i t  was fo u n d  t h a t  

i t  was v e r y  d i f f i c u l t  t o  in d u c e  o v i p o s i t i o n  o f  a d u l t s  t a k e n  

from  h i b e r n a t i o n .  A p p a re n t ly  some c o m b in a t io n  o f  te m p e r a tu re  

c o n d i t io n s  i n  t h e  s p r in g  b r in g s  a b o u t th e  r e s u m p tio n  o f  n o rm al 

a c t i v i t y  and  u l t i m a t e l y  o v i p o s i t i o n .  B ased  on t h i s  su p p o ­

s i t i o n  a n  e x p e r im e n t w as d e v is e d  u s in g  one t e m p e r a tu r e  i n  th e  

optim um  ra n g e  an d  t h e  o t h e r  i n  t h e  t r a n s i t i o n  t e m p e r a tu r e  

r a n g e .

T h ir ty - tw o  a d u l t s ,  a n  e q u a l  num ber o f  m a le s  and  

f e m a le s ,  w ere  u se d  i n  e a c h  o f  t h e  f o u r  s e r i e s .  The a d u l t s  

w ere c o l l e c t e d  from  h i b e r n a t i o n  d u r in g  M arch and  k e p t  i n a c t i v e  

a t  6°  C. u n t i l  th e  e x p e r im e n t  was b e g u n . The te m p e ra tu re  co n ­

d i t i o n s  f o r  e ac h  s e r i e s  w ere a s  f o l l o w s : -

S e r i e s  n o .  I  -  32° G. c o n s t a n t .
2 -  16 h o u rs  a t  32° C .,  8 h o u r s  a t  21° C.
3 -  8 h o u rs  a t  3 2 °  C l ,  16 h o u r s  a t  21 °  C.
4 -  21° C. c o n s t a n t .

The a d u l t s  w ere  c o n f in e d  i n  s c r e e n - c l o t h  c y l i n d e r s  

o v e r  6- i n c h  f lo w e r  p o t s  i n  w h ich  s p r o u te d  w h ea t w as g ro w in g . 

Some d i f f i c u l t y  was e n c o u n te re d  i n  m a in t a in in g  t h e  w h eat i n  

a  d e s i r a b l e  c o n d i t i o n  f o r  f o o d ,  p a r t i c u l a r l y  a t  th e  h ig h e r  

t e m p e r a tu r e s .  T h is  w as p a r t l y  overcom e b y  c h a n g in g  th e  fo o d  

d a i l y  a t  t h e  h ig h e r  t e m p e r a tu r e s .  A l t e r n a t i o n s  w ere  m ade a t  

9*00 a .m . and  3*00 p .m . D a l ly  n o t e s  w ere m ade on m o r t a l i t y ,  

c o p u la t i o n ,  o v i p o s i t i o n  and f e r t i l i t y .  The e g g s  r e c o v e r e d  

w ere p la c e d  a t  320 c .  f o r  h a t c h in g .  The f e r t i l i t y  r a t i n g  was
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b a se d  on t h e  num bers o f  e g g s  l a i d  e a c h  day  w h ich  a c t u a l l y  

h a tc h e d ,  an d  w as com puted i n  t h e  f o l lo w in g  m a n n e r : f o r  t o t a l

h a tc h  a  r a t i n g  o f  1 .0  was g iv e n ;  f o r  p a r t i a l  h a tc h  a  r a t i n g  

o f  0 .5 ,  a n d  f o r  no h a t c h ,  0 . 0 .  A summary o f  t h e  r e s u l t s  ob­

t a in e d  i s  g iv e n  i n  T a b le  7 .

TABLE 7

The E f f e c t  o f  C o n s ta n t  an d  A l t e r n a t i n g  T em p e ra tu re  
on H ib e r n a t in g  A d u l ts  o f  C h lo ro c h ro a  s a y l  S t a l

T em p e ra tu re  
C o lo r  c h an g e  a f t e r  
F i r s t  eg g s  a f t e r  
No. e g g s  a f t e r  10 d a y s  
Ho. e g g s  a f t e r  20 d a y s  
No. e g g s  a f t e r  50 d a y s  
T o ta l  e g g s
M o r t a l i t y  a f t e r  10 d a y s  
M o r t a l i t y  a f t e r  20 d a y s  
M o r t a l i t y  a f t e r  30 d a y s  
M o r t a l i t y  a f t e r  40 d a y s  
S e r i e s  f i n i s h e d  a f t e r  
F e r t i l i t y  r a t i n g  
Mean te m p e ra tu re  
D e g re e -h o u rs  p e r  d a y

S e r i e s  No.
I  2

32°  c . 320-210
4 d a y s 5 d ay s
7 d ay s 8 d a y s

66 61
263 238
268 259
268 259

5 3
17 11
32 29

o 32 32
28 d a y s 37 d a y s

0.15 0.50
320 c . 28°  c ,

768 680

3 4

210- 32° 210 c .
6 d a y s 7 d a y s

10 d a y s Nb eggs
14 n

288 w  .

298 N

298 N

2 2
6 7

29 17
31 21

41 d a y s 64 d a y s
0.70 No e g g s

240 c . 210 C.
592 504

I t  m u st b e  b o rn e  i n  m ind t h a t  t h e  d a ta  show n i n  

t a b l e  7  a r e  t h e  r e s u l t s  o f  one  e x p e r im e n t ,  a n d  b e c a u s e  o f  

t h i s  no d e f i n i t e  c o m p a riso n s  c an  be m ade b e tw e e n  t h e  s e r i e s  

u n t i l  s u b s t a n t i a t e d  by  a d d i t i o n a l  e x p e r im e n ta t io n .  G e n e ra l
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t r e n d s  c a n , h o w ev er, b e  d raw n  w i th  some a c c u ra c y .

From t h e  sum m arized  d a ta ,  t h e  r a t e  o f  c o l o r  c h a n g e , 

th e  p r e - o v i p o s i t i o n  p e r i o d ,  an d  t h e  d u r a t i o n  o f  t h e  e x p e r i ­

m en t d e c r e a s e d  d i r e c t l y  w i th  a n  i n c r e a s e  i n  t e m p e r a tu r e .

The r a t e  o f  c o lo r  c h an g e  i s  a  v a r i a b l e  f a c t o r ,  

a s  o t h e r  e x p e r im e n ts  h av e  show n. I t  was fo u n d  t h a t  t h e  r a t e  

o f  ch an g e  from  th e  d ra b  w in te r  c o lo r in g  t o  t h e  b r i g h t  g r e e n  

o f  t h e  summer fo rm s  d e p en d e d  l a r g e l y  on  th e  p e r io d  o f  th e  

y e a r  when th e  a d u l t s  w ere  t a k e n  from  h i b e r n a t i o n .  I n s e c t s  

c o l l e c t e d  i n  th e  f i e l d  d u r in g  e a r l y  w i n t e r  r e q u i r e d  c o n s i d e r ­

a b ly  m ore tim e  t o  ch an g e  c o lo r  t h a n  d id  th o s e  c o l l e c t e d  a  few  

w eeks b e f o r e  t h e  n o rm a l r e s u m p tio n  o f  s p r i n g  a c t i v i t y .  E x c e p t 

f o r  t h i s  s e a s o n a l  v a r i a t i o n ,  t h e  r a t e  u n d e r  e x p e r im e n ta l  c o n ­

d i t i o n s  w as a lw a y s  p r o p o r t i o n a l  t o  t h e  t e m p e r a tu r e .

T e m p e ra tu re  a p p a r e n t l y  h ad  a  v e r y  d e f i n i t e  b e a r i n g  

on o v i p o s i t  i o n .  F e r t i l i t y  in c r e a s e d  w i th  lo w e r  t e m p e r a t u r e s ,  

and  w as lo w e s t  a t  t h e  h i g h e r  c o n s ta n t  t e m p e r a t u r e s .  The 

l e n g th  o f  t h e  p r e - o v i p o s i t i o n  p e r io d  was i n  d i r e c t  r e l a t i o n ­

s h ip  t o  c h an g e s  i n  m ean t e m p e r a tu r e .  The num ber o f  e g g s  from  

e ac h  s e r i e s  was h a r d l y  s i g n i f i c a n t ,  a l th o u g h  t h e  g r e a t e s t  

num bers w ere  r e c o v e r e d  fro m  t h e  s e r i e s  w ith  t h e  h ig h e s t  

f e r t i l i t y  r a t i n g ,  n a m e ly , 8 h o u r s  a t  32° C . and  16 h o u r s  a t  

210 c .  No o v i p o s i t i o n  to o k  p la c e  a t  21° C . c o n s ta n t  te m p e ra ­

t u r e .  From m is c e l la n e o u s  o b s e r v a t io n s  i t  was n o te d  t h a t  co p u ­

l a t i o n  g e n e r a l l y  o c c u r r e d  a t  th e  lo w e r te m p e r a tu r e  a n d  o v i p o s i ­

t i o n  a t  th e  h i g h e r .
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The m ost s i g n i f i c a n t  p o i n t  i n  t h i s  e x p e r im e n t  a p ­

p e a re d  t o  be t h a t  a  h ig h  te m p e r a tu r e  p r e f e r a b l y  a l t e r n a t i n g  

w ith  a  low  was n e c e s s a r y  t o  in d u c e  o v i p o s i t i o n .

The E f f e c t  o f  U l t r a - v i o l e t  R a d ia t i o n  on H ib e r n a t in g  
A d u l t s :

D u rin g  r e c e n t  y e a r s  t h e  e f f e c t  o f  u l t r a - v i o l e t  

l i g h t  h a s  r e c e iv e d  c o n s id e r a b le  a t t e n t i o n  from  i n v e s t i g a t i o n s  

a s  a  f a c t o r  on  v a r io u s  b i o l o g i c a l  r e s p o n s e s . M ost n o te w o r th y  

i s  th e  r e s e a r c h  i n  t h e  f i e l d  o f  m e d ic in e ,  u t i l i z i n g  u l t r a ­

v i o l e t  i n  a  s u c c e s s f u l  t h e r a p e u t i c  r o l e .

The w o rk  on  i n s e c t s ,  i n  e x t e n t  o f  e x p e r im e n ta t io n  

and  am ount o f  r e s u l t s  o b t a i n e d ,  i s  i n c o n s e q u e n t i a l ,  p a r t i c u ­

l a r l y  w hen com pared w ith  th e  o t h e r  s c i e n c e s .  I n  common w i th  

i n v e s t i g a t i o n s  o n  p l a n t s ,  b o th  s t i m u l a t i v e  and  d e s t r u c t i v e  

e f f e c t s  have  b e e n  fo u n d . T h ro u g h o u t a l l  t h e s e  i n v e s t i g a t i o n s  

th e  p o i n t  o f  d e m a rc a t io n  b e tw e e n  t h e s e  tw o h a s  n o t  a lw a y s  b een  

c l e a r l y  d e te rm in e d .  T h e re  h a s  a l s o  b e e n  a  l a c k  o f  s u s t a i n e d  

e f f o r t  to w a rd  s t a n d a r d i z e d  m e th o d s o f  e x p e r im e n ta t io n ,  an d  a s  

a  r e s u l t  no e q u i t a b l e  m eans o f  c o m p a riso n  i s  a v a i l a b l e  b e tw e e n  

th e  d i f f e r e n t  r e s u l t s  o b t a i n e d .

The p o s i t i o n  o f  u l t r a - v i o l e t  l i g h t  i n  r e l a t i o n  t o  

th e  re m a in d e r  o f  t h e  e le c t r o m a g n e t i c  sp e c tru m  i s  show n i n  th e  

fo l lo w in g  sum m arized  t a b u l a t i o n  a d a p te d  fro m  R a d le y  an d  G ra n t 

(1955) : -
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Cosmic r a y s  
Gamma r a y s  
X -ra y s
U l t r a - v i o l e t  r a y s  
V i s i b l e  r a y s  
S o la r  r a d i a t i o n  
I n t r a - r e d  r a y s

.0005  t o  .0 0 5  A ngstrom  u n i t s

.0050  t o  1.000  " »

.1000  t o  1 , 000.000  " »
1 3 6 .0 0 0 0  t o  4 ,0 0 0 .0 0 0  " ,  " ,

4 .0 0 0 .  0000 t o  7 ,0 0 0 .0 0 0  ■ "
2 , 900.0000  t o  20 , 000,000  " "
8 .0 0 0 .  0000 t o  4 z  106 " «

Frcm  t h e  ab o v e  summary i t  c a n  b e  r e a d i l y  s e e n  t h a t

t h e r e  i s  c o n s id e r a b le  o v e r l a p p in g  b e tw e e n  th e  v a r i o u s  a r b i t r a r y  

c l a s s i f i c a t i o n s  o f  t h e  e n t i r e  s p e c tru m . F o r  e x a m p le , s o l a r  

r a d i a t i o n s  in c lu d e  r a y s  fro m  t h e  u l t r a - v i o l e t , v i s i b l e  an d  

i n f r a - r e d  p o r t i o n s .

P re v io u s  t o  a b o u t 1926 v e r y  l i t t l e  h ad  b e e n  w r i t t e n  

a b o u t th e  p o s s i b l e  e f f e c t s  o f  u l t r a - v i o l e t  r a d i a t i o n s  on i n ­

s e c t s .  The s u b j e c t  o f  l i g h t  h ad  b e e n  g e n e r a l l y  c o n s id e r e d  i n  

r e l a t i o n  t o  i n s e c t  b e h a v io r  and  t r o p i c  r e s p o n s e s .  From  t h i s  

th e  r o l e  o f  u l t r a - v i o l e t  w as e v o lv e d ,  f i r s t  a s  a  m eans o f  

c o n t r o l  w i th  l i g h t - t r a p s ,  a n d  e v e n t u a l l y  a s  a  d e f i n i t e  f a c t o r  

o f  i n s e c t  b e h a v io r  and  p h y s io lo g y .

Much o f  t h e  w ork  w as a n  outcom e o f  t h e  e f f e c t  o f  

u l t r a - v i o l e t  i n  p ro d u c in g  m u ta t io n s  i n  g e n e t i c  i n v e s t i g a t i o n s  

w ith  D ro s o p h ila  m e la n o g a s te r  M e jg . G e ig y  (1 926 ) m s  th e  f i r s t  

t o  o b s e rv e  t h a t  i r r a d i a t i o n s  c a u s e d  c e r t a i n  m u ta t io n s  t h a t

w ere n o t  i n h e r i t e d .  The i n v e s t i g a t i o n s  o f  Prom ptov. (1932) 

d i s c lo s e d  t h a t  t h e  s h o r t  r a y s  o f  th e  u l t r a - v i o l e t  s p e c tru m  w ere  

q u i te  f e e b l e  i n  t h e i r  a b i l i t y  t o  p ro d u c e  m u t a t i o n s , p a r t i c u ­

l a r l y  when com pared  w i th  R o e n tg e n  r a y s .  S e v e r a l  y e a r s  l a t e r  

S te e n  (1934) p u r s u e d  t h i s  f u r t h e r  a n d  fo u n d  t h a t  t h e  r a d i a t i o n s
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i n h i b i t e d  o v i p o s i t i o n ,  p a r t i c u l a r l y  when a d m in i s t e r e d  i n  lo n g  

e x p o s u r e s .

M acG regor (1 9 )2 )  i r r a d i a t e d  l a r v a e  an d  p u p ae  o f  

A edes e lg y n t I  L . an d  C u lex  n i n i e n s  L i n n . , and  fo u n d  t h a t  a  

p e c u l i a r  f a t a l  i n j u r y  r e s u l t e d .  S i m i l a r  a b n o r m a l i t i e s  o f  t h e  

s t r u c t u r e  o f  i r r a d i a t e d  e g g s ,  l a r v a e  a n d  a d u l t s  o f  B ru ch u s 

(M y la b ru s ) o b t e c tu s  S ay  w ere  r e p o r t e d  by  M acleod  (1 9 3 3 ) . The 

eg g s  w ere  r e n d e re d  i n f e r t i l e  a n d  th e  l a r v a e  w ere  k i l l e d .  I r ­

r a d i a t e d  a d u l t s  showed ho p a r t i c u l a r  i n j u r y ,  e x c e p t  t h a t  th e  

eg g s  r e c o v e r e d  from  i r r a d i a t e d  f e m a le s  w ere l a r g e l y  s t e r i l e .

An a t t e m p t  w as made b y  B e r th o l f  (1933) t o  d e te rm in e  

some m ethod  o f  i r r a d i a t i n g  h o n e y  b e e s  w h ic h , b y  r e s u l t a n t  

i n c r e a s e d  h o n ey  p r o d u c t io n ,  w ould  b e  o f  some c o m m erc ia l 

im p o r ta n c e .  He fo u n d  t h a t  t h e  u l t r a - v i o l e t  r a y s  o f  t h e  s h o r t e r  

w a v e - le n g th s  w ere d e f i n i t e l y  h a rm fu l  t o  t h e  l a r v a e  and  a d u l t s .  

The lo n g e r  w a v e - le n g th s ,  a l th o u g h  n o t  h a rm f u l ,  c a u s e d  l i t t l e  

d i f f e r e n c e  i n  r e s p o n s e l  The m a in  c o n c lu s io n  o f  t h e  i n v e s t i ­

g a t io n  was t h a t  s i n c e  u l t r a - v i o l e t  r a d i a t i o n s  w ere  h a rm f u l ,  no 

i n c r e a s e  i n  h o n e y  p r o d u c t io n  c o u ld  b e  b ro u g h t  a b o u t  b y  th e  

co m m erc ia l u s e  o f  su c h  r a d i a t i o n s .

I n  t h e  l i g h t  o f  o t h e r  i n v e s t i g a t i o n s  and s in c e  t h e  

a d u l t s  o f  C h lo ro c h ro a  s a y l  S t a l  em erged fro m  h i b e r n a t i o n  i n  

t h e  s p r in g  when t h e  s o l a r  r a d i a t i o n  was i n c r e a s i n g ,  i t  w as 

th o u g h t t h a t  u l t r a - v i o l e t  w ould be  o f  some im p o r ta n c e  i n  

s t i m u l a t i n g  n o rm a l a c t i v i t y  an d  o v i p o s i t i o n .  The p l a n  o f  th e
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e x p e rim e n t was v e r y  s i m i l a r  t o  t h e  p r e v io u s  one on  t h e  

e f f e c t  o f  c o n s t a n t  an d  a l t e r n a t i n g  t e m p e r a tu r e ,  e x c e p t  t h a t  

u l t r a - v i o l e t  r a d i a t i o n s  w ere  a d d e d .

The s o u rc e  o f  t h e  r a d i a t i o n s  was a  m e rc u ry  a r c  

lamp m a n u fa c tu re d  by  th e  H an o v ia  C hem ica l an d  M a n u fa c tu r in g  

Company, N ew ark , New J e r s e y .  The tu b e  w as i n  t h e  fo rm  o f  a  

h e l i c a l  g r i d ,  an d  w as o p e r a te d  i n  c o n ju n c t io n  w i th  a  t r a n s ­

fo rm e r  w h ich  s u p p l ie d  a  s e c o n d a ry  v o l t a g e  o f  5 ,0 0 0  v o l t s .  

A c co rd in g  t o  t h e  m a n u fa c tu r e r  1S m e a su re m e n ts , a b o u t  92 p e r  

c e n t  o f  t h e  r a d i a t i o n s  w ere  o f  2 ,5 3 7  A n g stro m  u n i t s .  M ost o f  

th e  r e m a in in g  8 p e r  c e n t  f e l l  w i th in  th e  v i s i b l e  p o r t i o n  o f  

th e  s p e c tru m .

The i n s e c t s  w ere i r r a d i a t e d  a t  a  c o n s ta n t  d i s t a n c e  

o f  5 in c h e s  fro m  th e  o u t e r  ed g e  o f  t h e  h e l i c a l  g r i d .  The 

d u r a t i o n  o f  t h e  e x p o su re  w as a l s o  c o n s t a n t  f o r  t h e  i r r a d i a t i o n  

o f  e a c h  s e r i e s .  An e x p o s u re  o f  3 m in u te s  w as u s e d ,  t im e d  f o r  

each  s e r i e s  w i th  th e  a i d  o f  a  s to p - w a tc h .

The h i b e r n a t i n g  a d u l t s  f o r  t h i s  e x p e r im e n t  w ere  

c o l l e c t e d  fro m  th e  sam e o b s e r v a t i o n  f i e l d s  d u r in g  D ecem ber 

• an d  s to r e d  a t  a b o u t 4 °  C. u n t i l  r e q u i r e d .

F o r t y  i n d i v i d u a l s ,  e q u a l  num bers o f  m a le s  a n d  

f e m a le s ,  made up e a c h  s e r i e s .  The i n d i v i d u a l  s e r i e s  w ere  

c o n f in e d  u n d e r  c e l l u l o i d  s l e e v e  c a g e s  w i th  a  c o t t o n  to p  o v e r  

6 - in c h  f lo w e r  p o t s  o f  s p r o u te d  w h e a t .  The same c a r e  i n  ch an g ­

in g  fo o d  a s  f o r  t h e  p r e v io u s  e x p e r im e n t w as e x e r c i s e d .
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T h e . t r e a tm e n t  o f  e a c h  s e r i e s  i s  shown i n  t h e  fo l lo w in g

t a b u l a t i o n :

S e r i e s  No. I
2 -

3 -
4 -

10

30°  G. c o n s t a n t .
16 h o u rs  a t  30°  C . ,  8 h o u rs  a t  20°  C.

8 h o u r s  a t  30 °  C . ,  16 h o u r s  a t  20° C.
200 c . c o n s t a n t .
300 c . c o n s t a n t .
16 h o u r s  a t  30° C .,  8 h o u rs  a t  2 0 °  C.

8 h o u r s  a t  30°  0 * , 16 h o u r s  a t  2QO c .
200 c . c o n s t a n t .
C heck , room  t e m p e r a tu r e .
C heck , g re e n h o u se  t e m p e r a tu r e .

4  I r r a d i a t e d

The a l t e r n a t i o n s  w ere  made a t  8 .3 0  a .m . an d  4 .3 0  

p .m . The i r r a d i a t i o n s  w ere  made a t  th e  same tim e  e a c h . I n  

t h e  i r r a d i a t i o n  p e r io d  t h e  u n I r r a d i a t e d  s e r i e s  w ere  rem oved  

from  th e  c a b i n e t s  f o r  o b s e r v a t i o n .  I n  t h i s  way th e  two s e t s  

o f  s e r i e s  r e c e iv e d  a p p ro x im a te ly  th e  sam e t r e a tm e n t  e x c e p t  f o r  

t h e  a d d i t i o n  o f  u l t r a - v i o l e t  i n  one s e t .

The r e s u l t s  o b ta in e d  a r e  sum m arized  i n  t a b l e  T I .

The d a ta  a r e  p r e s e n te d  u n d e r  a p p ro x im a te ly  th e  sam e h e a d in g s  

u se d  i n  t a b l e  T .



TABLE T I

The E f f e c t  o f  U l t r a - v i o l e t  an d  T e m p e ra tu re  on H lb e rn a t i n g  C. s a y l  A d u l ts

S e r i e s Ho. .

I 2 3 4 -~ ? 5 #8

T em p e ra tu re 300 c .

OOC
V

lI
OOK

X 2 0 0 -3 0 ° 20° C. 30°  c . Vi O 0 1 ro O O 2 0 0 -3 0 ° 20°  c .
C o l .  c h . ,  d a y s 8 9 11 17 9 10 12 171 s t  e g g s ,  d a y s 10 13 17 no eggs 8 16 26 no e g g s
T o ta l  eg g s 88 193 55 - 109 14 23 —

M o r t . ,  10 d ay s % 9 3 I 4 11 4 0
" , 20 " 28 24 . 13 3 35 23 15 3
" , 30 " 40 34 24 7 40 40 31 8
" , 40 " 40 40 34 19 40 40 37 22

F i n i s h e d ,  d ay s 25 35 49 59 25 30 50 60

^  I r r a d i a t e d  w i th  u l t r a - v i o l e t .
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The tw o e x p e r im e n ts  sum m arized  i n  t a b l e s  Y a n d  Y I 

a r e  co m p arab le  s i n c e  i n  b o th ,  c o n d i t i o n s  o f  c o n s ta n t  a n d  

a l t e r n a t i n g  te m p e ra tu re  a r e  u s e d .  I n  t h e  e x p e r im e n t w i th  

te m p e ra tu re  a lo n e ,  32° C. an d  21° C. a r e  u s e d ,  an d  i n  th e  

above e x p e r im e n t 30° C . an d  20° C. The h i s t o r i e s  o f  th e  

i n d i v i d u a l s  u se d  i n  t h e  tw o e x p e r im e n ts  a r e  d i f f e r e n t ,  an d  

a s  a  r e s u l t  have  c o n s id e r a b le  b e a r in g  o n  th e  r e s u l t s  o b t a i n e d .  

I n  th e  fo rm e r  th e  i n d i v i d u a l s  w ere c o l l e c t e d  d u r in g  M arch , 

w h ile  i n  t h e  l a t t e r  t h e  i n s e c t s  w e re  c o l l e c t e d  d u r in g  th e  

m onth  o f  D ecem ber. T h e r e f o r e ,  i n  t h e  l a t t e r  c a s e  t h e  r e ­

su m p tio n  o f  c e r t a i n  a c t i v i t i e s  was c o n s id e r a b ly  s lo w e r  th a n  

when th e  a d u l t s  w ere  c o l l e c t e d  to w a rd s  t h e  en d  o f  th e  h i b e r ­

n a t i o n  p e r i o d .

The d i f f e r e n c e s  b e tw ee n  th e  tw o e x p e r im e n ts  o f  

th e  tim e  r e q u i r e d  f o r  t h e  c o l o r  change  a n d  t h e  t o t a l  o v i?  

p o s i t i o n  may be  a t t r i b u t e d  t o  t h e  h i s t o r y  o f  t h e  tw o s e t s  o f  

i n d i v i d u a l s .  The r a t e  o f  c o l o r  change  i n  t h e  i n d i v i d u a l s  

c o l l e c t e d  i n  Decem ber was g r e a t e r  th a n  i n  t h o s e  c o l l e c t e d  i n  

M arch , a l th o u g h  b o th  r e t a i n e d  t h e  d i r e c t  c o r r e l a t i o n  w i th  

t e m p e r a tu r e .  S i m i l a r l y ,  t h e  d i f f e r e n c e s  i n  o v i p o s i t i o n  a n d  

f e r t i l i t y  e n c o u n te re d  i n  th e  two e x p e r im e n ts  a r e  due  i n  a l l  

p r o b a b i l i t y  to  t h e  same c o n d i t i o n .

The a p p l i c a t i o n  o f  u l t r a - v i o l e t  r e s u l t e d  i n  v e r y  

l i t t l e  d e p a r tu r e  f ro m  th e  s e r i e s  w h ich  r e c e i v e d  no  i r r a d i a t i o n .  

At t h i s  t im e  i t  m u st b e  n o te d  t h a t  t h e  o u tp u t  o f  t h e  lam p was



l im i t e d  v e r y  d e f i n i t e l y  t o  o n ly  a  s m a ll  p o r t i o n  o f  t h e  u l t r a ­

v i o l e t  s p e c tru m , n am ely , t o  2 ,5 3 7  A ngstrom  u n i t s .  Any r e s p o n s e  

o b ta in e d  would be  due to  t h i s  w a v e - le n g th  an d  w ould e x c lu d e  

an y  p a r a l l e l  c o m p a riso n  w i th  s o l a r  r a d i a t i o n s ,  s i n c e  t h e  

u l t r a - v i o l e t  i n  th e  s u n 's  r a y s  e x te n d  fro m  2,900  t o  4,000 

A ngstrom  u n i t s .

The c o lo r  c h an g e  o f  th e  i r r a d i a t e d  s e r i e s  a p p e a re d  

t o  l a g  b e h in d  t h e  u n i r r a d i a t e d ,  a s  show n i n  t a b l e  and f i g .  3 . 

T h is  d i s c r e p a n c y  was n o t s u f f i c i e n t l y  s i g n i f i c a n t  t o  draw  an y  

d e f i n i t e  c o n c lu s io n s  a n d  may h a v e  b e e n  due m ore t o  i n d i v i d u a l  

v a r i a t i o n  th a n  to  t h e  e f f e c t  o f  t h e  u l t r a - v i o l e t .  A s i m i l a r  

c o n d i t io n  was found  i n  co m p a rin g  th e  e g g s  l a i d  w i th in  t h e  two 

s e t s  o f  s e r i e s .  Some s u g g e s t io n  o f  i n h i b i t e d  o v i p o s i t i o n  i s  

shown i n  th e  t o t a l  num ber o f  e g g s  l a i d ,  336 f o r  t h e  u n i r r a d i ­

a te d  s e r i e s  an d  146 f o r  t h e  r a d i a t e d .  F u r th e r  e x a m in a t io n  o f  

th e  d a ta  i n  t a b l e  V I show s t h a t  t h i s  d o e s  n o t  h o ld  t r u e  w i th in  

t h e  s e t s  o f  s e r i e s .  I n  s e r i e s  n o .  I ,  w h ich  was n o t  i r r a d i a t e d ,  

fe w e r  e g g s  w ere  fo u n d  t h a n  i n  s e r i e s  n o .  5 , w hich was i r r a d i ­

a t e d .  I n  s e r i e s  n o s .  2 and  6 t h e r e  w as a  c o m p le te  r e v e r s a l  

o f  t h i s  f i n d i n g .

The d u r a t i o n  o f  e a c h  s e r i e s  was fo u n d  to  be  

d i r e c t l y  d e p e n d e n t upon  t h e  t e m p e r a tu r e ,  an d  t h e  a d d i t i o n  

o f  u l t r a - v i o l e t  was o f  no  s i g n i f i c a n c e .  On co m p a rin g  t h e  

d u r a t io n  o f  e a c h  s e r i e s  i n  t a b l e s  V and  VI t h e  r e s u l t s  w ere  

a p p ro x im a te ly  th e  sam e. C om parison  o f  t h e  i r r a d i a t e d  a n d  u n -
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i r r a d i a t e d  s e r i e s  i s  shown p i c t o r i a l l y  i n  f i g .  4 , an d  h e re  

a g a in  th e  s i m i l a r i t y  i s  f u r t h e r  b o rn e  o u t .

I n  c o n c lu s io n ,  t h e  a d d i t i o n  o f  u l t r a - v i o l e t  p r o ­

duced  no d e f i n i t e  a d d i t i o n a l  r e s p o n s e .  T h ere  w as some 

s u g g e s t io n  o f  h a rm fu l e f f e c t ,  w h ich  was i n  k e e p in g  w i th  

o t h e r  i n v e s t i g a t i o n s  i n  w h ich  u l t r a - v i o l e t  r a d i a t i o n s  o f  

s h o r t  w a v e - le n g th  w ere  u s e d .

W in te r  M o r t a l i t y  o f  H ib e r n a t in g  A d u lt  a »

I n  y e a r s  o f  s e v e r e  i n f e s t a t i o n  t h e  p r o b a b le  

d e g re e  o f  i n j u r y  w ould  d ep en d  l a r g e l y  u p o n  th e  p e r c e n ta g e  

s u r v i v a l  o f  h i b e r n a t i n g  i n s e c t s .  I n  o r d e r  t o  become f a m i l ­

i a r  w i th  th e  w in te r  h a r d i n e s s  o f  C h lo ro c h ro a  s a y I  S t a l  and  

t h e  f a c t o r s  a f f e c t i n g  s u c c e s s f u l  s p r i n g  e m e rg e n c e , a  c o u rs e  

o f  h i b e r n a t i o n  s t u d i e s  w as c a r r i e d  o u t  d u r in g  t h e  w i n t e r s  

o f  193 6 -1 9 3 7  and  1 9 3 7 -1 9 3 8 . O b s e rv a t io n s  w ere  m ade i n  a  

num ber o f  ty p e  f i e l d s ,  an d  m o r t a l i t i e s  w ere  com puted  fro m  

c o l l e c t i o n s  made o f  d i f f e r e n t  k in d s  o f  c o v e r  th r o u g h o u t  th e  

e n t i r e  h i b e r n a t i o n  p e r i o d . S u p p le m e n ta ry  i n v e s t i g a t i o n s  w ere  

c o n d u c te d  i n  th e  l a b o r a t o r y .

P a t to n  and  M a il  (1 9 3 5 ) made f r e e z i n g - p o i n t  d e t e r ­

m in a t io n s  o f  h i b e r n a t i n g  a d u l t s  a n d  fo u n d  t h a t  th e  t e m p e r a tu r e  

m ust d e c l in e  t o  -1 3 °  C. a n d  lo w e r  i n  o r d e r  t o  h a v e  an y  l e t h a l  

e f f e c t . E x te n s iv e  t e m p e r a tu r e  m e a su re m e n ts  by  M a il  (1 935 ) 

showed t h a t  a  snow c o v e r in g  p ro v id e d  a d e q u a te  i n s u l a t i o n
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a g a i a s t  e x tre m e  c o ld .  S a l t  (1 9 3 6 ) o b s e rv e d  t h a t  whan 

i n s e c t s ,  in c lu d in g  C. s a y l  S t a l . w ere  i n o c u l a t e d  w i th  w a te r  

t h e r e  w as a  d e f i n i t e  te n d e n c y  t o  r e d u c e ,  o r  e v e n  e l i m i n a t e , 

s n d e r e o o l i n g  o f  t h e  i n s e c t s .  Frraa t h e  ab o v e  f i n d i n g s  i t  

w o u ld  a p p e a r  t h a t  u n d e r  o r d i n a r y  h i b e r n a t i n g  co n d ition s  

g r a i n  b u g s  w ould  n o t  b e  a f f e c t e d  b y  s e v e r e  tem peratures. On 

S h e  o t h e r  h a n d , d u r in g  p e r io d s  o f  a l t e r n a t e  thawing and 

f r e e z i n g ,  when t h e  i n s e c t s  w ere  i n o c u l a t e d  w i th  m e l t in g  snow , 

o r  d u r in g  s u b - z e r o  w e a th e r  w ith  no snow c o v e r in g ,  t h e  p o s s i ­

b i l i t y  o f  h eav y  m o r t a l i t y  w ou ld  be g r e a t .

D u rin g  e x tre m e  c o ld  w e a th e r ,  s e v e r a l  s e r i e s , w et 

d r y ,  w ere  p la c e d  o u td o o r s .  A f u r t h e r  c h e c k  on p r e v io u s  

w ork  w as o b t a i n e d ,  a s  shown i n  t a b l e  Y I I .

TABLE Y II

The E f f e c t  o f  Low T e m p e ra tu re s  on 
S u r v iv a l  o f  A d u l ts  o f  C h lo ro c h ro a  s a y l  S t a l

Minimum P e r c e n t S u r v i v a l
te m p e ra tu re l e t Dry

-  6 .7 °  C. 16 100
- 1 6 .7 °  c . O 50
- 2 3 .3 °  C. O O
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The f r e e z i n g  p o i n t  o f  t h e  d r y  i n d i v i d u a l s  i n  t h e  

above e x p e r im e n t v a r i e d  fro m  - 1 6 .7 °  G. t o  -2 3 » 5 °  C . ,  w h ich  

was q u i t e  c o m p a rab le  w i th  th e  r a n g e s  d e te rm in e d  b y  P a t to n  an d  

M a il  (1935) an d  S a l t  (1 9 5 6 ) .  T he a b i l i t y  o f  c o n ta c t  m o is tu r e  

t o  re d u c e  th e  f r e e z i n g  p o i n t s  was e v i d e n t , s i n c e  th e  m o r t a l i t y  

o f  t h e  w et s e r i e s  a t  a l l  t e m p e r a tu r e s  w as p r a c t i c a l l y  100 p e r  

c e n t .

The u se  o f  t h e s e  p r i n c i p l e s  i s  r e a d i l y  a p p l i c a b l e  

t o  f i e l d  c o n d i t i o n s .  As t h e  a d u l t s  u s u a l l y  h i b e r n a t e  i n  

s m a l l  d e p r e s s io n s  i n  t h e  s o i l  a n d  h a v e  no  o t h e r  c o v e r  th a n  th e  

a c c u m u la te d  d e b r i s  d u r in g  p e r i o d s  o f  th a w in g , w a te r  c o u ld  

e n t e r  t h e s e  l o c a t i o n s .  I n  su ch  p e r i o d s ,  p a r t i c u l a r l y  i f  

fo l lo w e d  by  low  f r e e z i n g  t e m p e r a t u r e s ,  f i e l d  m o r t a l i t i e s  w ould  

t e n d  t o  i n c r e a s e .

W in te r  F i e ld  O b s e r v a t io n s :

D e f in i t e  o b s e r v a t i o n  s i t e s  i n  t h e  f i e l d  w ere  c h o se n  

and  p e r i o d i c . c o l l e c t i o n s  a n d  c o u n ts  o f  l i v i n g  an d  d e a d  i n s e c t s  

m ade . From t h e s e  c o u n ts  t h e  p e r c e n t  s u r v i v a l  w as co m p u ted . 

W herever p o s s i b l e , t e m p e r a tu r e s  w i t h i n  th e  h i b e r n a t i n g  s i t e s  

w ere  t a k e n  a n d  c h ec k ed  a g a i n s t  t h e  p r e v a i l i n g  a i r  t e m p e r a tu r e .

The au tum n o f  1936 was m arked  by  i n t e r m i t t e n t  snow s 

a n d  th a w in g  w e a th e r . a f t e r  O c to b e r  2 0 , t h e  a p p ro x im a te  d a te  

when h i b e r n a t i o n  com m enced. From a b o u t  D ecem ber 10 t o  24
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t h e  w e a th e r  was v e ry  m i ld ,  an d  t h e  snow was c o m p le te ly  r e ­

m oved. O ver a  p e r io d  o f  44 d a y s ,  fro m  December 24 t o  

F e b ru a ry  6 , 1 9 3 7 , t h e  w e a th e r  w as e x tr e m e ly  c o l d ,  u n b ro k e n  

by  a  th aw  o f  a n y  k in d .  O ver 17 in c h e s  o f  snow f e l l ,  and  th e  

minimum te m p e r a tu re  was - 3 6 °  F . A p e r io d  o f  m o d e ra te  te m p e r ­

a t u r e  f o l lo w e d ,  an d  no f u r t h e r  s u s t a i n e d  c o ld  w e a th e r  w as 

e x p e r ie n c e d .  I n  sum m ary, t e m p e r a tu r e s  d u r in g  th e  w i n t e r  w ere  

c o n s id e r a b ly  lo w e r t h a n  a v e r a g e ,  w h ich  was o f f s e t  b y  m ore 

t h a n  a v e ra g e  s n o w f a l l .

The au tum n o f  1937 w as q u i t e  m i l d .  No snow  o r  

c o ld  w e a th e r  was e x p e r ie n c e d  u n t i l  l a t e  i n  N ovem ber. As a  

r e s u l t ,  a d u l t  g r a i n  b u g s  re m a in e d  a c t i v e  f o r  a lm o s t  a  m onth  

lo n g e r  t h a n  i n  th e  p r e v io u s  y e a r .  C o n s id e r a b le  snow f e l l  

i n  th e  l a t t e r  p a r t  o f  t h i s  m o n th , b u t i n  t h e  e n s u in g  m ild  

s p e l l  i n  e a r l y  D ecem ber th e  snow m e l t e d .  T h e re  w as a  s h o r t  

p e r io d  o f  c o ld  w e a th e r  fro m  D ecem ber 23 t o  2 8 , w ith  o n ly  a  

l i g h t  sk im  o f  snow , when minimum te m p e r a tu r e s  ra n g e d  t o  - 22°

F . J a n u a r y  1938 was v e r y  m i ld ,  a lm o s t  a p p ro a c h in g  t h e  sam e 

r e c o r d  m onth  o f  1931 . C old  w e a th e r  p r e v a i l e d  d u r in g  m o st o f  

F e b r u a r y ,  f o l lo w e d  by  a  d r y ,  m ild  M arch a n d  a  w e t A p r i l .

The o b s e r v a t io n  f i e l d s  w ere  c h o s e n  t o  in c lu d e  t h e  

tw o ty p e s  o f  c o v e r ,  ro a d  a l lo w a n c e s  an d  f i e l d  m a rg in s  w i th  

weed c o v e r in g ,  and  t r a s h - c o v e r  su m m e rfa llo w . C o l l e c t i o n s  

w ere  made w h en ev er w e a th e r  a n d  p a s s a b i l i t y  o f  r o a d s  p e r m i t t e d .  

I t  w as n o te d  t h a t  m o r t a l i t i e s  in c r e a s e d  a f t e r  e a c h  m ild  s p e l l .



T h is  was p a r t i c u l a r l y  t r u e  d u r in g  th e  w in t e r  o f  1 9 ) 7 - 1 9 ) 8 ,  

when p e r i o d s  o f  m ild  w e a th e r  w ere  m ore f r e q u e n t .  As a  r e s u l t ,  

s p r in g  s u r v i v a l  was c o n s id e r a b ly  lo w e r  i n  19)8  t h a n  i n  t h e  

p r e c e d in g  y e a r .

I n  r o a d - a l lo w a n c e  and  f i e l d - m a r g i n  s i t e s  t h e  i n ­

c r e a s e  i n  m o r t a l i t y  was c o r r e l a t e d  w i th  p e r i o d s  i t i e n  snow a s  

a n  i n s u l a t i n g  medium  w as a b s e n t  an d  p e r i o d s  when th e  i n s e c t s  

w ere  e x p o se d  to  low  t e m p e r a tu r e s  w h i le  th e y  w ere  i n  w e t s u r ­

r o u n d in g s .  T h is  p ro v e d  t o  b e  t h e  c a s e  i n  one h i b e r n a t i o n  

s i t e ,  w here  t h e  i n s e c t s  s o u g h t  s h e l t e r  a lo n g  a n  u n g ra d e d  r o a d  

a llo w a n c e  i n  t h e  fu r ro w s  fo rm ed  b y  a  f i r e - g u a r d  a n d  i n  s m a ll  

d e p r e s s io n s .  D u rin g  th e  m ild  w e a th e r  i n  t h e  e a r l y  s p r in g  o f  

1938 t h e s e  l o c a t i o n s  w ere  p a r t l y  in u n d a te d  w i th  m e l te d  snow . 

M o r t a l i t i e s  com puted  fro m  c o l l e c t i o n s  made i n  t h i s  l o c a t i o n  

w ere  a b o u t  62 p e r  c e n t ,  t h e  h i g h e s t  r e c o r d e d  i n  t h e  tw o y e a rs*  

o b s e r v a t i o n s .

The m o st re m a rk a b le  f i n d i n g  o f  t h e s e  o b s e r v a t io n s  

was t h a t  t r a s h - c o v e r e d  su m m erfa llo w  p r o v id e d  a n  a lm o s t  i d e a l  

h i b e r n a t i o n  s i t e  f o r  g r a i n  b u g s .  The t r a s h  i n  t h i s  ty p e  o f  

f i e l d  p r o v id e d  m ore a d e q u a te  s h e l t e r ,  s i n c e  t h e  i n s e c t s  c o u ld  

b u rro w  i n t o  t h e  t r a s h  t o  a  p o i n t  be low  t h e  a c t u a l  s o i l  s u r f a c e .  

I n  a d d i t i o n ,  s in c e  l e s s  snow a c c u m u la te d  i n  t h e s e  f i e l d s  and  

d r y in g - o u t  was v e r y  r a p i d  i n  th e  s p r i n g ,  t h e  p o s s i b i l i t y  o f  

w et s u r r o u n d in g s  w as m in im iz e d .
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A c o m p a riso n  o f  s p r i n g  m o r t a l i t y  fro m  t h e  tw o 

ty p e s  o f  s h e l t e r  i s  p r e s e n t e d  f o r  th e  tw o y e a r s  o f  o b s e r v a ­

t i o n  i n  t a b l e  V I I I .

!FABU V III

S p r in g  M o r t a l i t i e s
o f  H ib e r n a t in g  A d u l ts  o f  C . s a y i  S t a l  f o r  1937 and  1938

T ra s h  C over O th e r  S h e l t e r s
M o r t a l i t y M o r t a l i t y

S p r in g , 1937 10% 27*
S p r in g , 1938 6% 64%

I t  c a n  be  s e e n  fro m  t h e  d a t a  p r e s e n t e d  i n  t a b l e

V I I I  t h a t  i n  b o th  y e a r s  t h e  m o r t a l i t y  o f  h i b e r n a t i n g  a d u l t s  
c o l l e c t e d  from  ro a d  a l lo w a n c e s ,  u n d e r  w eed p i l e s ,  an d  i n

s i m i l a r  s i t e s ,  was c o n s id e r a b ly  h i g h e r  th a n  i n  c o l l e c t i o n s  

made i n  t r a s h - c o v e r  su m m erfa llo w . The i n c r e a s e  i n  m o r t a l i t y  

o f  a d u l t s  c o l l e c t e d  i n  s i t e s  o t h e r  t h a n  t r a s h  c o v e r  i n  19)8 

o v e r  th e  p r e v io u s  y e a r  i s  r e m a rk a b le  i n  t h a t  t h i s  i n c r e a s e  

c a n  b e  c o r r e l a t e d  w i th  th e  m i ld e r  w i n t e r .  I n  th e  au tum n  o f  

1937 and  th e  w i n t e r  m o n th s o f  1938 t h e  w e a th e r  was m ark ed  b y  

m any p e r io d s  o f  a l t e r n a t e d  th a w in g  an d  f r e e z i n g ,w h i c h  w as n o t  

t h e  c a se  th e  p r e v io u s  y e a r .
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The summer p o p u l a t i o n  o f  1937 was c o n s id e r a b ly

g r e a t e r  th a n  t h a t  o f  1 9 3 6 . T h is  b u i ld - u p  o c c u r r e d  d e s p i t e
will

a  s p r i n g  m o r t a l i t y  o f  a b o u t 26 p e r  c e n t .  I t / b e  i n t e r e s t i n g  

t o  n o te  w h e th e r  a  c o r r e s p o n d in g  in c r e a s e  i n  num bers w i l l  b e  

p r e s e n t  i n  1938 o r  w h e th e r  t h e  p o p u la t i o n  w i l l  be  l i m i t e d  b y  

th e  g r e a t e r  s p r in g  m o r t a l i t y .

Proportion o f Sexes:

The p r o p o r t i o n  o f  s e x e s  th ro u g h o u t  th e  y e a r  d o e s  

n o t  v a r y  g r e a t l y .  C o l l e c t i o n s  and c o u n ts  w ere  made i n  t h e  

l a s t  two y e a r s  t o  d e te rm in e  t h e  e x a c t  r e l a t i o n  i n  n u m b e rs , 

i f  a n y , b e tw e e n  t h e  s e x e s  an d  t h e  s e a s o n a l  p r o p o r t i o n .  C o l­

l e c t i o n s  o f  g r a i n  b u g s  w ere  made i n  t h e  f i e l d  on  v a r i o u s  h o s t s  

a n d  i n  h i b e r n a t i o n  th ro u g h o u t  th e  y e a r ,  and c o u n ts  w ere  a l s o  

k e p t  o f  t h e  s e x  r a t i o  o f  a d u l t s  r e a r e d  i n  t h e  l a b o r a t o r y .  I n  

a l l ,  2,870  a d u l t s  w ere  c o u n te d , o f  w h ich  I ,211  w ere  m a le s  and  

1 ,6 5 9  f e m a le s ,  w h ic h  g iv e s  a  r a t i o  o f  4 2 .2  p e r  c e n t  m a le s  and 

5 7 .8  p e r  c e n t  f e m a le s .

No seasonal varia tion  of th is  ra tio  w as found, and 

individual co llec tio n s  maintained about the same proportion.

A reversal of sex r a t io  was found in  co llec tio n s  made in  a 

f ie ld  from which migration was taking p lace , in d icatin g  that 

females were the f i r s t  to  m igrate.
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■ S e v e r a l  p a r a s i t e s  and  p r e d a t o r s  o f  C h lo ro c h ro a  # a y l  

S t a l  w ere  fo u n d  d u r in g  th e  c o u r s e  o f  r e c e n t  I n v e s t i g a t i o n s .

T te  f i n d i n g s  w ere  g e n e r a l l y  a b o u t th e  sam e a s  th o s e  r e p o r t e d  

b y  C a f f r e y  and  B a rb e r  (1919) and  S t r a n d  (1 9 3 7 ) .

E ggs o f  Ci  s a y l  S t a l  fo u n d  i n . th e  f i e l d  w ere  p a r a ­

s i t i z e d  by a  c h a l c i d ,  d e te rm in e d  by  E u e se b e c k  a s  Telennmnm 

m e s s l l l a e  C k l . I n  Ju n e  1 9 3 7 , e g g s  l a i d  by  o v e r w in te r in g  

a d u l t s  w ere fo u n d  t o  b e  p a r a s i t i z e d  b y  t h i s  s p e c i e s .  O b se rv a ­

t i o n s  i n  th e  f i e l d  i n d i c a t e d  t h a t  p a r a s i t i s m  by t h i s  i n s e c t  

was g r e a t e r  on  s e c o n d - g e n e r a t io n  e g g s  t h a n  on  f i r s t - g e n e r a t i o n .  

U nder l a b o r a t o r y  c o n d i t i o n s , r e c e n t l y  em erged  p a r a s i t e s  w ere  

c o n f in e d  w ith  n ew ly  l a i d  e g g s  o f  C, s a v l  s t a l .  O v ip o s i t io n  b y  

t h e  p a r a s i t e s  to o k  p l a c e  w i t h i n  a  few  m in u te s , f l i e s  e m e rg in g  

fro m  t h e s e  e g g s  a b o u t 15 d a y s  l a t e r .  B ecau se  o f  t h i s  s h o r t  

l i f e  c y c l e ,  p a r a s i t i s m  i n  J u l y  a n d  A ugust was c o n s id e r a b ly  

g r e a t e r  th a n  e a r l i e r .  P a r a s i t i s m  by t h i s  c h a l c i d  was e s t im a te d  

fro m  c o u n ts  made i n  t h e  f i e l d  t o  b e  fro m  a b o u t 5 t o  10 p e r  c e n t ,  

E ggs w h ic h  had  b e e n  p a r a s i t i z e d  w ere  q u i te  u n l ik e  n o rm a l ly  

h a tc h e d  e g g s  i n  a p p e a ra n c e .  The ro u n d  a p e r t u r e  th r o u g h  w h ich  

t h e  a d u l t  p a r a s i t e  had  em erged w as t o t a l l y  d i f f e r e n t  i n  a p p e a r ­

a n c e  from  t h e  l i f t e d  o p e rc u lu m  o f  e g g s  fro m  w h ich  nymphs h a d  

e m e rg e d . An e g g  p a r a s i t e  o f  th e  same gemma (T alenom y^ Smgpam ai 

M o r r i l ) was r e c o r d e d  b y  C a f f r e y  and B a rb e r  (1 9 1 9 ) i n  Eew M exico
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an d  b y  S tr a n d  (1 937 ) i n  M o n tan a .

Two i n t e r n a l  t a c h i n i d  p a r a s i t e s  w e re  r e a r e d  fro m  

a d u l t s ,  Gymnosoma f u l l g l n o a a  Des v .  and  C y lln d ro m y ia  a rm a ta  

A ld r i c h .  Of t h e  tw o , t h e  fo rm e r  was fo u n d  t o  b e  m o st a b u n ­

d a n t .  The b io lo g y  o f  t h e s e  p a r a s i t e s  h a s  n o t  b e e n  a c c u r a t e l y  

w orked o u t .  I t  i s  know n, h o w e v e r, t h a t  t h e  p a r a s i t e  o v e r ­

w in t e r s  w i t h in  t h e  h o s t .  The l a r v a  em erg es  th r o u g h  th e  a n a l  

o p e n in g  i n  t h e  s p r in g  a n d  p u p a te s  i n  t h e  s o i l .  The p u p a l  

p e r io d  h a s  b e e n  fo u n d  t o  v a r y  b e tw e e n  10 an d  20 d a y s .  The 

p a r a s i t i z e d  h o s t  r e t a i n s  i t s  a c t i v i t y  a n d  p o w e rs  o f  f e e d in g  

t o  w i t h in  a  s h o r t  t im e  o f ,  and  o f t e n  a f t e r ,  t h e  em ergence  o f  

t h e  p a r a s i t e .  The a d u l t s  o f  t h e s e  p a r a s i t e s  w ere  f i r s t  o b ­

s e rv e d  i n  t h e  f i e l d  a b o u t  t h e  l a s t  w eek  i n  May. T hey  w ere  

m o st a b u n d a n t d u r in g  J u l y  and  A u g u s t, and w e re  p r e s e n t  i n  

s m a l l e r  num bers u n t i l  t h e  t im e  o f  th e  f i r s t  s e v e r e  f r o s t s .

The l a r v a e  o f  th e  p a r a s i t e s  w e re  o b s e rv e d  w h ile  m ak ing  d i s s e c ­

t i o n s  on t h e  h o s t  a d u l t s  f o r  o v a r i a n  d e v e lo p m e n t .  The d i s s e c ­

t i o n s  w ere  made fro m  e a r l y  s p r i n g  u n t i l  l a t e  au tu m n . From 

t h e s e  o b s e r v a t io n s  i t  w as fo u n d  t h a t  t h e  a v e r a g e  p a r a s i t i s m  

f o r  t h e  e n t i r e  p e r io d  was a b o u t 18 p e r  c e n t ,  w i th  a  maximum o f  

30 p e r  c e n t  i n  A u g u s t.

The t a c h i n i d  p a r a s i t e ,  O e ty p te r o id e s  e u c h e n o r  W a lk .,

reported b y  Caffrey and Barber (1 9 1 9 , was found to  b e  synono- 

mous with Cyllndromyla armata A ldrich. The correction was
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made by  A ld r ic h  (1 9 2 6 ) fro m  t h e  r e a r e d  sp e c im e n s  o b ta in e d  

fro m  t h e  o r i g i n a l  w o rk e r s .  A new t a c h i n i d ,  S e n o t a l n l a  

Y lg l l a n s  A l le n ,  w h ich  h i t h e r t o  h a d  n o t  b e e n  r e p o r t e d  a s  a  

p a r a s i t e  o f  C_L s a ^ j- S t a l , was r e a r e d  d u r in g  1956 i n  M ontana 

( S t r a n d  1 9 5 6 ) .

S e v e r a l  i n s e c t s  w ere  fo u n d  p r e y in g  on  g r a i n  b u g s  

i n  th e  f i e l d ,  and t h e i r  p r e d a c io u s  t e n d e n c ie s  w ere  c o n firm e d  

i n  th e  l a b o r a t o r y .  C a ra b id  b e e t l e s  o f  t h e  g e n u s  C a lo soma 

w ere  o f t e n  q u i t e  a b u n d a n t i n  f i e l d s  i n  w h ich  g r e a t  num bers o f  

g r a in - b u g  a d u l t s  an d  nymphs w ere  a l s o  p r e s e n t .  I n  t h e  l a b o r s  

t o r y  t h e s e  b e e t l e s  f e d  a v i d l y  on  a d u l t s  and  nym phs. Two 

h e m ip te ro u s  p r e d a t o r s ,  S ln e a  d lad am a  F a b r . and  Phym ata  e ro a a  

S t a l , w ere  fo u n d  t o  f e e d  on  nymphs i n  t h e  f i e l d .  The g round  

b e e t l e s  w ere o f t e n  o b s e rv e d  f e e d in g  o n  e g g s  o f  C. s a y j  S t a l . 

b u t  th e  m a jo r  p o r t i o n  o f  t h e  f e e d in g  was p r o b a b ly  done b y  a  

s m a l l  m e ly r id  b e e t l e  w h ich  was o f t e n  fo u n d  t o  b e  q u i t e  num er­

o u s  .

Up t o  t h e  p r e s e n t  t im e  t h e  o n ly  a c c e p te d  m eth o d  o f  

c o n t r o l  was t h e  s p r i n g  b u rn in g  o f  w eeds an d  t r a s h  a lo n g  r o a d  

a l lo w a n c e s ,  i n  f i e l d  m a rg in s  a n d  i n  d i t c h e s .  T h is  m ethod  was 

f i r s t  s u g g e s te d  b y  S a u n d e rs  (1898 ) and  l a t e r  b y  C a f f r e y  a n d  

M r b e r  (1 9 1 9 ) an d  S t r a n d  (1 9 3 4 ) .  The s p r i n g  b u r n in g  a p p l i e s  

p a r t i c u l a r l y  t o  t h e  d e ad  R u s s ia n  t h i s t l e  i n  ab an d o n ed  f i e l d s
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and  a lo n g  i r r i g a t i o n  d i t e l e s ,  ch eek  r i d g e s  a n d  f e n c e  rows#—

In f a c t ,  a l l  lo c a t io n s  where the aeoemmlatlons o f  weed* e ffo r d

s u i t a b l e  h i b e r n a t i n g  q u a rters . I n  d i s t r i c t s  w here  the p r i n c i ­

p l e s  o f  good fa rm in g  p r e v a i l ,  t h i s  m ethod  i s  a  n a t u r a l  outcom e 

o f  t h e  a c c e p te d  c le a n - u p  program m es c o n d u c te d  i n  c o n ju n c t io n  

w i th  n o x io u s  weed c o n t r o l .  On t h e  o t h e r  hand, ab an d o n ed  f i e l d s  

a n d  o u t - o f - th e - w a y ,  u n c u l t i v a t e d  l a n d s  a r e  o v e r lo o k e d , an d  th u s  

s e r v e  a s  r e s e r v o i r s  f o r  f u t u r e  i n f e s t a t i o n s .  Such  f i e l d s  make 

t h e  p ro b le m  o f  c o n c e r te d  com m unity  a c t i o n  f o r  p e s t  c o n t r o l  v e ry  

d i f f i c u l t  a s  p a s t  e x p e r i e n c e s  w i t h  o t h e r  i n s e c t  p e s t s  have 

show n. The m o st s e r i o u s  o b j e c t i o n  t o  t h e  b u r n in g  m ethod o f  

c o n t r o l  i s  t h a t  s p r i n g  burning o f  s t u b b l e  f i e l d s  i s  v e ry  co n ­

d u c iv e  t o  s o i l  d r i f t i n g .  S in c e  t h e  p ro b le m  o f  s o i l  e r o s i o n  and  

co n tro l i s  a very  im portant one both in  Western Canada and th e  

U n ite d  S t a t e s , m e th o d s  which w ould com p licate  t h i s  problem  

c a n n o t b e  a d v o c a te d .

The s t u d y  o f s o i l  e r o s io n  and co n tr o l has brought

a b o u t a n o th e r  remarkable r e l a t i o n s h i p  w ith  t h e  c o n t r o l  o f  t h i s  

i n s e c t .  S in c e  h i b e r n a t i n g  a d u l t s  u t i l i z e  t h e  r e c e n t l y  i n t r o -  

duoed tra sh -c o v er  summerfallow fo r  h ib ern a tio n , th e  s i t u a t io n

i s  c o n s id e r a b ly  a l t e r e d .  The i n s e c t s  are how c a p a b le  o f  p a s s ­

in g  t h e  w i n t e r  w i th  l e s s  m o r t a l i t y  i n  a ty p e  o f  c o v e r  d e v is e d  

t o  c u r t a i l  s o i l  d r i f t i n g .

L a b o ra to ry  e x p e r im e n ts  were c o n d u c te d  which showed 

t h a t  nymphs and  a d u l t s  o f  S a y ’ s  g r a i n  bug w ere  unable t o  w i th -



s t a n d  b u r i a l  i n  s o i l .  I h e n  a d u l t s  w ere  b u r i e d  t o  a  d e p th  o f  

2 in c h e s  o r  m o re , m o r t a l i t y  was a b o u t  100 p e r  c e n t .  Hymphs 

w ere  l e s s  a b le  t o  make t h e i r  way s u c c e s s f u l l y  t o  th e  s u r f a c e  

t h a n  t h e  a d u l t s .

S a u n d e rs  (1 8 9 8 ) m e n tio n e d  t h a t  th e  a d u l t  i n s e c t s  

w ere o f t e n  fo u n d  a t  a  d e p th  o f  s e v e r a l  in c h e s  i n  t h e  s o i l  

a n d  c o n c lu d e d  t h a t  t h e y  w ere  a b le  t o  b u rro w  i n t o  t h e  s o i l  a t  

w i l l .  T h is  i s  p r o b a b ly  n o t  t h e  e a s e ,  b u t  t h e  i n s e c t s  t o  w hich  

he r e f e r r e d  h ad  p r o b a b ly  t a k e n  s h e l t e r  i n  c r a c k s  i n  b ak ed  

s o i l ,  and  n a t u r a l  w e a th e r in g  h a d  t r a p p e d  them  b e lo w  t h e  s o i l  

s u r f a c e .  The in te r m e n t  o f  a d u l t s  i n  s o i l  b y  t h i s  m eans may 

p o s s i b l y  c o n s t i t u t e  some m e a su re  o f  n a t u r a l  c o n t r o l .

F u tu r e  r e s e a r c h  on  th e  c o n t r o l  w i l l  be  b a s e d  on th e  

i n a b i l i t y  o f  t h i s  i n s e c t  t o  w i t h s t a n d  b u r i a l  i n  s o i l ,  p a r t i c u ­

l a r l y  b u r i a l  o f  s e v e r a l  i n c h e s .  S in c e  t r a s h - c o v e r  s im m e rfa llo w  

h a s  b e e n  u t i l i z e d  f o r  h i b e r n a t i o n  and  s p r i n g  c u l t u r a l  o p e r a t io n s  

u s u a l l y  b e g in  a t  a b o u t th e  same t im e  a s  s p r i n g  a c t i v i t y  o f  th e  

i n s e c t s ,  some m ethod  o f  c u l t u r a l  c o n t r o l  m ay b e  e v o lv e d .

E a r ly  i n  t h e  s e a s o n  th e  im m ature  s t a g e s  o f  t h e  

f i r s t  g e n e r a t i o n  a r e  u s u a l l y  c o n c e n t r a te d  on th e  new g ro w th  o f  

R u s s ia n  t h i s t l e  and o t h e r  n a t i v e  h o s t  p l a n t s  i n  c e r t a i n  a r e a s  

o f  c u l t i v a t e d  f i e l d s .  A t t h i s  t im e  t h e  m u l t i p l i c a t i o n  o f  t h e  

s p e c i e s  may b e  g r e a t l y  r e s t r i c t e d  b y  s p r a y in g  t h e s e  a r e a s  w i th  

a  s t r o n g  h e r b i c i d e ,  t h u s  k i l l i n g  t h e  i n s e c t s  a n d  t h e i r  o b ­

n o x io u s  fo o d  p l a n t s  i n  one o p e r a t i o n .  T h is  m eans o f  c o n t r o l
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w ould  be  m ore a d v is a b l e  i n  a r e a s  o f  i n t e n s i v e  f a m i n g ,  au eh  

a s  i r r i g a t e d  l a n d ,  r a t h e r  t h a n  u n d e r  l a r g e - s c a l e  d r y la n d  

c o n d i t i o n s .

M e c h a n ic a l m eans o f  c o n t r o l ,  su ch  a s  hand  p i c k i n g  

and th e  u se  o f  d o z e r s ,  w ould b e  o f  n o  v a l u e ,  e x c e p t  u n d e r  

v e ry  s p e c i a l  c i r c u m s ta n c e s .

S ay*s  g r a i n  bug (C h lo ro c h ro a  s a y I  S t a l ) was f i r s t  

r e p o r t e d  c a u s in g  l o s s e s  i n  1904 i n  t h e  s t a t e s  o f  A r iz o n a , 

C o lo ra d o  an d  C a l i f o r n i a .  S e v e re  i n f e s t a t i o n s  o c c u r r e d  i n  Hew 

M ex ico , i n  t h e  y e a r s  1915 a n d  1 9 1 6 . I n  r e c e n t  y e a r s ,  m arked  

by  d r o u g h t ,  th e  i n s e c t  h a s  a p p e a re d  f a r t h e r  n o r t h ,  show ing  up 

Ih  M ontana i n  1932 and i n  A l b e r t a ,  C an ad a , i n  1 9 3 6 , f o r  th e  

f i r s t  t im e .
. ' ' : :

Known d i s t r i b u t i o n  r e c o r d s  i n  N o r th  A m erica  in c lu d e

th e  s t a t e s  o f  A r iz o n a , C o lo ra d o , C a l i f o r n i a ,  New M e x ico , U ta h , 

M o n ta n a , N o rth  D a k o ta , S o u th  D ak o ta  a n d  N e b ra sk a  i n  t h e  U n ite d  

S t a t e s ,  and  t h e  p r o v in c e s  o f  A lb e r t a  and S a sk a tc h e w a n  i n  

C an ad a .

The w i n t e r  i s  p a s s e d  i n  t h e  a d u l t  s t a g e , c h i e f l y  

u n d e r  s h e l t e r  o f  w eeds an d  o t h e r  d e b r i s .  I n  C an ad a , h i b e r n a ­

t i o n  h a s  t a k e n  p l a c e  i n  t r a s h - c o v e r  su m m e rfa llo w , a  c u l t u r a l  

d e v e lo p m e n t d e v is e d  f o r  th e  c o n t r o l  o f  s o i l  d r i f t i n g .
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A bout th e  l a s t  o f  A p r i l  th e  o v e r w in te r in g  a d u l t s  

em erge from  h i b e r n a t i o n  and resum e a c t i v i t y  a n d  f e e d i n g .  E g g - 

l a y in g  commences a b o u t May 1 5 , a n d  t h e  f i r s t  nymphs fro m  th e s e  

e g g s  m a tu re  i n  e a r l y  J u l y .  T h e re  a r e  tw o d i s t i n c t  g e n e r a t i o n s  

e a c h  y e a r ,  w i th  c o n s id e r a b le  o v e r l a p p in g .  The f i r s t  e g g s  o f  

th e  seco n d  g e n e r a t i o n  a r e  l a i d  i n  l a t e  J u l y ,  and  o v i p o s l t i o n  

c o n t in u e s  u n t i l  th e  l a s t  w eek i n  A u g u s t. T he f i r s t  nymphs o f  

t h e  se c o n d  g e n e r a t i o n  m a tu re  i n  m id -S e p te m b e r , an d  nymphs a r e  

p r e s e n t  u n t i l  l a t e  a u tu m n .

The nym phal p e r i o d  v a r i e s  i n  l e n g t h  fro m  a b o u t 42 t o  

60 d a y s ,  d e p e n d in g  upon  t h e  s e a s o n .

A d u l ts  e n t e r  h i b e r n a t i o n  i n  O c to b e r  o r  N ovem ber, o f  

b o th  f i r s t  an d  s e c o n d  g e n e r a t i o n .  Nymphs a r e  u n a b le  t o  s u r v iv e  

t h e  w i n t e r .

O v ip o s l t io n  i s  g e n e r a l  th ro u g h o u t  th e  e n t i r e  p e r io d  

o f  i n s e c t  a c t i v i t y .  The e g g s  a r e  u s u a l l y  l a i d  on  t h e  u n d e r  

s i d e  o f  s t u b b l e  an d  th e  b r a n c h e s  o f  h o s t  p l a n t s .  The a v e ra g e  

num ber o f  e g g s  p e r  c l u s t e r  w as fo u n d  t o  b e  a b o u t 2 6 . E ach  

fe m a le  i s  c a p a b le  o f  l a y i n g  s e v e r a l  c l u s t e r s ,  t h e  num ber o f  

e g g s  v a ry in g  f ro m  9 t o  68 o r  m o re .

U nder f i e l d  c o n d i t i o n s  t h e  i n c u b a t io n  p e r io d  v a r i e s  

fro m  4 d a y s  t o  2 w eeks o r  l o n g e r ,  t h e  d u r a t i o n  b e in g  d e p e n d e n t 

upon  th e  m ean t e m p e r a t u r e . By l a b o r a t o r y  e x p e r im e n ts  t h e  

t h r e s h o ld  o f  d e v e lo p m e n t o f  e g g s  w as found  t o  be  b e tw e e n  15® c .  

a n d  15 °  C.
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Nymphs u s u a l l y  c o n f in e  t h e i r  f e e d in g  t o  w e ed s , 

an d  t h e r e  I s  l i t t l e  movement f ro m  t h e  p la c e  o f  h a t c h in g  d u r in g  

t h e  nym phal p e r i o d ;  ~

The r a t e  o f  d e v e lo p m e n t o f  nymphs i n c r e a s e s  d i r e c t l y  

w i th  a n  i n c r e a s e  i n  t e m p e r a tu r e .  The t h e o r e t i c a l  z e r o  p o in t  

o f  d ev e lo p m en t i s  a b o u t I 50 G. t o  1 5 °  C.

The h o s t  p l a n t ' l i s t  i n c lu d e s  m any u n c u l t i v a t e d  

p l a n t s  a n d  c u l t i v a t e d  c r o p s . The f a v o r i t e  h o s t s  a r e  R u s s ia n  

t h i s t l e  an d  tu m b lin g  m u s ta r d ,  a n d  t h e  c ro p  m o st commonly 

I n j u r e d  i s  w h e a t .

The p r im a ry  i n j u r y  done b y  Cim s a v i  S t a l  I s  th e  

w ith d ra w a l  o f  t h e  l i q u i d  c o n te n t s  o f  t h e  d e v e lo p in g  w heat 

k e r n e l , r e s u l t i n g  i n  g e n e r a l  s h r i v e l l i n g  o f  t h e  g r a i n  an d  r e ­

duced  y i e l d .

A p p a re n t ly  t h e  a d u l t s  a r e  c a p a b le  o f  f l y i n g  co n ­

s i d e r a b l e  d i s t a n c e s  i n  s e a r c h  o f  m ore s u c c u le n t  fo o d .

The a d u l t s  a r e  a c t i v e  b e tw e e n  55 °  F . a n d  H G 0 F . ,  

t h e  optim um  ra n g e  o f  a c t i v i t y  b e in g  b e tw e e n  7 0 °  F . a n d  9QO p .

A l t e r n a t i n g  t e m p e r a tu r e s  a r e  m ore  c o n d u c iv e  t o  

o v i p o s i t ! o n  by  a d u l t s  c o l l e c t e d  fro m  h i b e r n a t i o n  th a n  a re  

c o n s ta n t  t e m p e r a t u r e s .

U l t r a - v i o l e t  r a d i a t i o n s  o f  2 ,5 3 7  A ngstrom  u n i t s  

h a v e  a p p a r e n t l y  no  m ark ed  e f f e c t  o n  h i b e r n a t i n g  a d u l t s .

W in te r  m o r t a l i t i e s  a r e  lo w e r  i n  t r a s h - c o v e r  sum m er- 

f a l l o w  th a n  i n  o t h e r  t y p e s  o f  s h e l t e r .
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The no rm al s e x  r a t i o  o f  f e m a le s  t o  m a le s  i s  a b o u t

3 t o  2 .

; Two i n t e r n a l  t a o h i n i d  p a r a s i t e s ,  Gm m osm m  f u l i g i n o a a  

DeST. and  C v lln d ro m y la  a rm a ta  A i d . , a n d  o n e  c h a l c l d  e g g  p a r a -  

s i t e ,  T elenom us m e s l l l a e  C k l . .  h a v e  b e e n  r e a r e d  i n  A l b e r t a .

The o h le f  predators are ground b e e t le s  o f  genus Caloemmm and 

two h e m ip te r o n s ,  S ln e a  d lad e m a  F a b r . an d  P hym ata  arose S t a l .

The s p r i n g  b u r n in g  o f  s tu b b le  a n d  w eeds i s  n o t  a 

s u i t a b l e  m ethod  o f  c o n t r o l  i n  W este rn  C anada b e c a u s e  o f  i t s  

te n d e n c y  t o  i n c r e a s e  s o i l  e r o s io n . E x p e r im e n ts  h a v e  shown 

t h a t  a d u l t s  an d  nymphs a r e  u n a b le  t o  s u r v iv e  b u r i a l  to  a  depth  

o f  s e v e r a l  i n c h e s ,  by w h ich  m eans c u l t u r a l  p r a c t i c e s  may lead  

t o  f u t u r e  c o n t r o l  m e th o d s . .
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