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Abstract:
Experimental data concerning"the morphological relationships of the wheat stem sawfly (Cephas
cinctus, Wort.) to its host plants as affecting oviposition are lacking in the literature. A study of some
of these relationships on vulgare wheats was undertaken to increase our understanding of the
oviposition habits of this insect. The activities of individuals were studied by observing the females as
they oviposited and by making measurements and observations on the insects and the stems on which
they oviposited. The following aspects of oviposition were investigated: (1) behavior of the female
during oviposition; (2) effect of leg length and stem diameter on oviposition; (3) preference for
particular internodes for oviposition; (4) incisions with respect to the alternating bands of stereome and
chlorophyllous tissue of the stem; (5) incisions with respect to three regions of an internode; (6) effect
of the leaf sheath on choice of a site for ovipos- ition; and (7) effect of the internal vascular bundles of
the stem on the path of the ovipositor. The relationship, if any, between stem diameter and leg length
was not found to be linear. Limits cannot be assigned to sawflies with particular leg lengths to prefer
specific stem diameters for oviposition. Upper and lower limits of stem diameter outside of which
oviposition is impossible, applied to a population of sawflies, would be so extreme that most small
grains would have stem diameters included in such limits. The bands of stereome and the internal
vascular bundles of the stem present obstacles to the path of the ovipositor. The upper internodes are
preferred for oviposition, but no preference was observed for any particular region of an internode. The
leaf sheath had no influence on the choice of an oviposition site. 
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A b s t r a c t

E x p e r im e n ta l  d a ta  c o n c e r n in g " th e  m o rp h o lo g ic a l  r e l a t i o n s h i p s  o f  
t h e  w h ea t s te m  s a w f ly  (Cephus c i n c t u s , W o rt .)  t o  i t s  h o s t  p l a n t s  a s  
a f f e c t i n g  o v i p o s i t i o n  a r e  l a c k in g  i n  t h e  l i t e r a t u r e .  A s tu d y  o f  some 
o f  t h e s e  r e l a t i o n s h i p s  o n  v u lg a r e  w h e a ts  was u n d e r ta k e n  t o  in c r e a s e  
o u r  u n d e r s ta n d in g  o f  t h e  o v i p o s i t i o n  h a b i t s  o f  t h i s  i n s e c t .  The a c t i ­
v i t i e s  o f  i n d i v i d u a l s  w ere  s tu d i e d  by  o b s e r v in g  t h e  fe m a le s  a s  t h e y  o v ip o s ­
i t e d  an d  by  m aking  m easu rem en ts  and  o b s e r v a t io n s  on  t h e  i n s e c t s  and  t h e  
s tem s on  w h ich  th e y  o v i p o s i t e d .  The f o l lo w in g  a s p e c t s  o f  o v i p o s i t i o n  
w ere  i n v e s t i g a t e d :  ( I )  b e h a v io r  o f  t h e  f e m a le  d u r in g  o v i p o s i t i o n ;  (2 ) 
e f f e c t  o f  l e g  l e n g t h  and s te m  d ia m e te r  on  o v i p o s i t i o n ;  (3 ) p r e f e r e n c e  
f o r  p a r t i c u l a r  in te r n o d e s  f o r  o v i p o s i t i o n ;  (4 ) i n c i s i o n s  w i th  r e s p e c t  
t o  t h e  a l t e r n a t i n g  b a n d s  o f  s t e r e o  me and c h lo ro  p h y l lo u s  t i s s u e  o f  
t h e  s tem ; (5 ) i n c i s i o n s  w i th  r e s p e c t  t o  t h r e e  r e g io n s  o f  an  i n t e r ­
n o d e ; (6 ) e f f e c t  o f  t h e  l e a f  s h e a th  on  c h o ic e  o f  a  s i t e  f o r  o v ip o s ­
i t i o n ;  an d  (7 ) e f f e c t  o f  t h e  i n t e r n a l " v a s c u l a r  b u n d le s  o f  t h e  stem  on  
t h e  p a th  o f  t h e  o v i p o s i t o r .  The r e l a t i o n s h i p ,  i f  a n y , b e tw een  s tem  
d ia m e te r  and  l e g  l e n g t h  was n o t  fo u n d  t o  b e  l i n e a r .  L im i ts  c a n n o t be 
a s s ig n e d  t o  s a w f l i e s  w i th  p a r t i c u l a r  l e g  l e n g th s  t o  p r e f e r  s p e c i f i c  
s te m  d ia m e te r s  f o r  o v i p o s i t i o n .  U pper and  lo w e r  l i m i t s  o f  s te m  diam-r 
e t e r  o u t s i d e  o f  w h ic h  o v i p o s i t i o n  i s  im p o s s ib le ,  a p p l i e d  t o  a  popu­
l a t i o n  o f  s a w f l i e s ,  w ou ld  be  s o  e x tre m e  t h a t  m ost s m a l l  g r a in s  w ould
h av e  s te m  d ia m e te r s  in c lu d e d  i n  su c h  l i m i t s .  The b a n d s  o f  s te re o m e
an d  th e  i n t e r n a l  v a s c u l a r  b u n d le s  o f  t h e  stem  p r e s e n t  o b s t a c l e s  to  
t h e  p a th  o f  t h e  o v i p o s i t o r .  The u p p e r  in te r n o d e s  a r e  p r e f e r r e d  f o r  
o v i p o s i t i o n ,  b u t  no p r e f e r e n c e  was o b s e rv e d  f o r  a n y  p a r t i c u l a r  r e ­
g io n  o f  a n  i n t e r n o d e .  The l e a f  s h e a th  h a d  no i n f l u e n c e  o n  th e  
c h o ic e  o f  a n  o v i p o s i t i o n  s i t e .
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INTRODUCTION

An u n d e r s ta n d in g  o f  t h e  o v i p o s i t i o n  h a b i t s  o f  a n  i n s e c t  s h o u ld  :

be o f  param oun t im p o r ta n c e  b e fo r e  s e t t i n g  o u t  to  s o lv e  a  p ro b le m -in
. ':i

econom ic e n to m o lo g y . Y e t ,  w h ile  e x a m in in g  th e  l i t e r a t u r e ,  one b e ­

comes aw are o f  th e  n e a r l y  c o m p le te  l a c k  o f  e x p e r im e n ta l  d a t a  on t h e  

o v i p o s i t i o n  h a b i t s  o f  th e  w heat s te m  saw fL y , a l th o u g h  o b s e r v a t io n s  

a r e  r e a d i l y  a v a i l a b l e ,

A t l e a s t  a s  e a r l y  a s  1911 , s tem  d ia m e te r  w as th o u g h t  to  e x e r t  

some k in d  o f  in f lu e n c e  o n  th e  p r e f e r e n c e  o f  a  h o s t  p l a n t  b y  t h i s  

i n s e c t .  G r id d le  ( 1 9 H )  r e p o r t e d  t h a t  t h e  c h i e f  fo o d  p l a n t s  o f  th e  , j

s a w f ly  in c lu d e d  a l l  g r a s s e s  o f  th e  genus A gropyron  e x c e p t  A, ten e ru m  

w hich  p ro v e d  imm une. T h is  im m unity  w as d u e , G r id d le  r e p o r t e d ,  t o  t h e  

m ore s l e n d e r  s te m s  o f  t h i s  s p e c i e s , S in c e  he  gave  no i n d i c a t i o n  o f  

j u s t  w hat th e  e x a c t  m echanism  w as t h a t  p ro v id e d  t h i s  im m u n ity , th e  

r e a d e r  m ight q u e s t io n  * e th e r  s l e n d e r  s te m s  p ro v id e d  a  p h y s ic a l  d i f f i ­

c u l t y  b e tw een  a d u l t  a n d  h o s t  a s  a f f e c t i n g  o v i p o s i t i o n  o r  w h e th e r  r e — :|

s i s t a n c e  w as e f f e c t e d  b y  some o t h e r  f a c t o r s . . ,' |

A i n s l i e  (1 9 2 0 ) , o b s e rv e d  t h a t  a  fe m a le  s a w f ly ,  a f t e r  s e t t l i n g  on 

a  s u i t a b l e  h o s t  p l a n t ,  p a u se d  many t im e s  o n  h e r  way up and down th e  

s te m  and a t te m p te d  t o  make an  i n c i s i o n  a t  e a ch  p a u s e .  T h is  w ould 

i n d i c a t e  t h a t  c e r t a i n  p a r t s  o f  t h e  s te m  a r e  p r e f e r r e d  f o r  o v i p o s i t i o n .

The same a u th o r ,  G r id d le  (1923) and  Manson (1932) d e s c r ib e d  how th e
, J

fe m a le  c la s p s  h e r  h in d  l e g s  a ro u n d  th e  s te m  a n d , a r c h in g  h e r  abdom en, ' !
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i n s e r t s  t h e  saw s o f  t h e  o v i p o s i t o r ,  t h e  d i r e c t i o n  o f  w h ich  m ight be 

changed  s l i g h t l y  s e v e r a l  t im e s  b e f o r e  c o m p le te  p e n e t r a t i o n  id  a c h ie v e d e 

G r id d le  (1923) s t a t e d ;  "On o n e  o c c a s io n  an i n d iv i d u a l  was se e n  to  

t h r u s t  h e r  o v i p o s i t o r  in to  a  s te m  14  t im e s ,  7  t im e s  a lm o s t  e x a c t l y  i n  

t h e  sam e s p o t .  E v e n tu a l ly ,  a f t e r  9 m in u te s ,  s h e  p la c e d  a n  egg  j u s t  

above  t h e  to p  j o i n t . "  T hese  f a c t s  p o i n t  t o  t h e  p o s s i b i l i t y  t h a t  ' 

t h e r e  m ig h t b e  m o rp h o lo g ic a l  o b s t r u c t i o n s  w i t h in  t h e  t i s s u e  o f  th e  

h o s t  p l a n t .

F a r s t a d  (1940) f e l t  t h a t  o v i p o s i t ! o n  o c c u r r e d  o n ly  w i th in  a  

d e f i n i t e  s te m  d ia m e te r  r a n g e .  He ‘c i t e d  an i n s t a n c e ,  i n  1937 , o f  th e  

f a i l u r e  o f  o a t s  a t  N o b le fo r d ,  A l b e r t a ,  t o  r e c e iv e  a  s e v e re  i n f e s t ­

a t i o n  o f  e g g s .  I t  w as found  t h a t  t h e  m a jo r i t y  o f  e g g s  w e re  l a i d  i n  

s te m s  w ith  d ia m e te r s  r a n g in g  from  2 .1 6  mm. to  2 .9 5  mm., w h ile  t h e  

mean d ia m e te r  o f  a l l  s tem s w as 3 .1 7  mm. I t  w as c o n c lu d e d  from  t h i s  

s tu d y  t h a t  s te m  d ia m e te r  was im p o r ta n t  i n  t h a t  i t  p r e v e n te d  t h e  o v i ­

p o s i t i n g  fe m a le  from  b e in g  a b le  to  e n c i r c l e  t h e  s tem  w i th  h e r  m e ta -  

t h o r a c i c  l e g s .

R oem hild  (1954) i n d i c a t e d  t h a t  t h e  u p p e r  tw o - th i r d s  o f  an  i n t e r ­

node was th e  p r e f e r r e d  p la c e  f o r  o v i p o s i t i o n  i n  e ig h t  s m a l l  g r a in s  

s t u d i e d .

The p r e s e n t  i n v e s t i g a t i o n ,  t h e n ,  w as u n d e r ta k e n  f o r  th e  p u rp o se  

o f  e x p a n d in g  t h e  f in d i n g s  o f  F a r s t a d  (1940) w ith  r e l a t i o n  to  s tem  

d ia m e te r  and l e g  l e n g th  by  s tu d y in g  i n d iv i d u a l s  and  t h e i r - c h o i c e  o f  

o v i p o s i t i o n  s i t e s  and to  p ro v id e  in f o r m a t io n  on o t h e r  m o rp h o lo g ic a l



f a c t o r s  w h ich  m ig h t be p e r t i n e n t  to  t h i s  i n s e c t - h o s t  r e l a t i o n s h i p .

P r e l im in a r y  i n v e s t i g a t i o n s  o f  t e c h n iq u e s  f o r  Use i n  t h i s  s tu d y  

in c lu d e d  ( I )  a t t e m p ts  t o  d e te rm in e  t h e  r e s i s t a n c e  *6 f  th e  s te m  t o  

p u n c tu r in g  by  m e c h a n ic a l  m eans; (2 ) a  s im p le , d i r e c t  m ethod  o f  d e t e r ­

m in in g  th e  e x t e n t  o f  l i g n i f i c a t i o n  w i t h in  th e  h o s t  s te m ; (3 ) d i r e c t
‘

o b s e r v a t io n s  a n d ' m easu rem en ts  o f  caged, o v i p o s i t i n g  f e m a le s ;  a n d  

(4 ) c o m p a riso n  o f  th e  g r o s s  m orpho logy  o f  th e  s tem  i n  r e l a t i o n  to  t h e  

o v i p o s i t i o n  i n c i s i o n .  The f i r s t  two o f  t h e s e  w ere  ab an d o n ed  e a r l y  i n  

th e  i n v e s t i g a t i o n s .  The i n a b i l i t y  t o  d e v is e  a  m e c h a n ic a l  a p p a r a tu s  

co m p arab le  to  th e  llSaw ingtl em ployed i n  th e  a c t  o f  o v i p o s i t i o n  l e d  t o  

th e  r e j e c t i o n  o f  num ber one . The m ethod o f  d e te r m in in g  t h e  e x te n t  o f  

l i g n i f i c a t i o n  w i t h in  th e  h o s t  s te m  in v o lv e d  th e  u s e  o f  m ounted s te m  

s e c t i o n s  w h ic h  w e re  s t a i n e d  to  show l i g n i n  d e p o s i t i o n .  T h is  t e c h ­

n iq u e  was d i s c a r d e d  b e c a u s e  o f  th e  u n r e l i a b i l i t y  o f  s e c t i o n s  to  a b ­

s o rb  s t a i n s  u n i f o r m ly ,  e v e n  when t r e a t e d  a s  n e a r l y  a l i k e  a s  p o s s i b l e .  

I t  i s  s u g g e s te d  t h a t  q u a n t i t a t i v e  t e c h n iq u e s  w ould b e  t h e  m ost mean­

i n g f u l  i n  d e te r m in in g  e x te n t  o f  l i g n i f i c a t i o n .

Numbers 3 and  4  a r e  r e p o r t e d  i n  t h e  re m a in d e r  o f  t h e  p r e s e n t  

s tu d y .

My th a n k s  a r e  e x te n d e d  t o  th e  E n tom ology  R e s e a rc h  B ran ch  o f  th e  

A g r i c u l t u r a l  R e s e a rc h  S e r v ic e  and to  M ontana S t a t e  C o lle g e  f o r  t h e i r  

c o o p e r a t io n  i n  m aking  t h i s  woik p o s s i b l e .  S p e c i f i c a l l y ,  I  w ish  t o  

th a n k  M r. W. B a k e r , Mr* E . D a v is , M r, P , L u g i n b i l l ,  J r . ,  M r. W6-
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Botm dyj a n d  M r. He Som senj a l l  o f  th e  E n tom ology  R e s e a rc h  B ran ch j and 

M r, R , F r o e s c h n e r j M r, J .  P e p p e r j M r. E . H a s t in g s ,  M r. B. O s t l e j and 

M r. G. R o em h ild j a l l  o f  M ontana S t a t e  C o l le g e .



TECHNIQUE

T e s ts  w ere c o n d u c te d  a t  e x p e r im e n ta l  p l o t s  w h ich  w ere l o c a t e d  

j u s t  e a s t  o f  C h o te a u , Monba n a , d u r in g  th e  summers o f  1953 an d  1954 , 

^iid i n  th e  g re e n h o u se  a t  M ontana S t a t e  C o l le g e , Bozeman, d u r in g  t h e  

w in te r  o f  t h e  same y e a r s .  The f o l lo w in g  a s p e c t s  o f  o v i p o s i t i o n  w ere 

i n v e s t i g a t e d ;  ( I )  b e h a v io r  o f  th e  fe m a le  d u r in g  o v i p o s i t i o n ;  (2 ) 

e f f e c t  o f  l e g  l e n g t h  and s tem  d ia m e te r  on o v i p o s i t i o n ;  (3 ) p r e f e r e n c e  

f o r  p a r t i c u l a r  in te r n o d e s  f o r  o v i p o s i t i o n ;  (4 ) i n c i s i o n s  w i th  r e s p e c t  

t o  th e  a l t e r n a t i n g  b an d s  o f  s te re o m e  an d  c h lo r o p h y l lo u s  t i s s u e  o f  t h e  

s tem ; (5 ) i n c i s i o n s  w ith  r e s p e c t  t o  t h r e e  r e g io n s  o f  a n  in te m o d e ;

(6 ) e f f e c t  o f  th e  l e a f  s h e a th  o n  c h o ic e  o f  a  s i t e  f o r  o v i p o s i t i o n ;  

and  (7 ) e f f e c t  o f  th e  i n t e r n a l  v a s c u l a r  b u n d le s  o f  t h e  s te m  on t h e  

p a th  o f  th e  o v i p o s i t o r .

Many s a w f l i e s ,  b o th  m ales  a n d  f e m a le s , w ere  c a g e d  o v e r  w hea t 

p l a n t s  and sa m p le s  o f  o v i p o s i t i n g  fe m a le s  and th e  stem s o n  w hich th e y  

o v i p o s i t e d  w ere  t a k e n .  W heats u se d  i n  th e  t e s t s  w e re  a l l  v u lg a re  

ty p e  w h ea ts-—R e sc u e , T h a tc h e r ,  and Togo w i n t e r  w h e a t .  S a w f l ie s  w ere  

o b ta in e d  e i t h e r  by  n e t t i n g  from  t h e  f i e l d  o r  by  r e a r i n g  them  a t  room 

te m p e ra tu re  i n  th e  l a b o r a to r y  from  i n f e s t e d  s t u b b l e .  The l a t t e r  w ere  

p r e v io u s ly  s u b je c te d  t o  r e f r i g e r a t i o n  to  b re a k  d i a p a u s e .

A f t e r  c a g in g  i n s e c t s  on w h e a t ,  fe m a le s  w ere  c a r e f u l l y  w a tc h ed  f o r  

s ig n s  o f  i n t e r e s t  i n  o v i p o s i t i o n .  When an  i n d i v i d u a l  w as found i n ­

s e r t i n g  h e r  o v i p o s i t o r ,  t h e  r e g io n  o f  th e  s tem  was m arked  w ith  a  s m a ll



mv

amount o f  a  s a t u r a t e d  s o l u t i o n  o f  e o s in  i n  95 p e rc e n t  e t h y l  a lc o h o l  

a p p l i e d  -with a  s m a l l  c a m e l 's  h a i r  b r u s h .  T h is  was d o n e  a s  c lo s e  to  

th e  fem ale  a s  p o s s ib l e  w i th o u t  d i s t u r b i n g  h e r .  A f t e r  w i th d ra w a l  o f  

th e  o v i p o s i t o r ,  sh e  was c a u g h t and p la c e d  i n  a  v i a l  o f  50  p e rc e n t  

e t h y l  a l c o h o l .  The c o r r e s p o n d in g  s te m  w as a l s o  ta k e n  a n d , by  means 

o f  a  b in o c u la r  m ic ro s  c o p e , t h e  i n c i s i o n  was fo u n d  and d a ta  r e c o rd e d  

a s  to  th e  r e l a t i o n s h i p  o f  t h e  i n c i s i o n  w ith  r e s p e c t  to  th e  s te re o m e , 

e h lo r o p h y l lo u s  t i s s u e ,  a n d  l e a f  s h e a t h .  The r e g io n  o f  t h e  i n te r n o d e  

i n  w hich th e  egg  was l a i d  and th e  p a r t i c u l a r  i n t e r n e de w ere  a l s o  

r e c o rd e d  a t  t h i s  t im e .  T hese  d a ta  h a v in g  b e e n  n o te d , th e  p a r t  o f  t h e  

s te m  on w hich  th e  i n c i s i o n  was made w as c u t  fro m  th e  p l a n t  with- a  

r a z o r  b la d e  a n d  p la c e d  i n  a  v i a l  w hich c o n ta in e d  th e  p r e s e r v a t i v e -  

f i x a t i v e ,  f o r m a l in - a c e t o - a lc o h o l , m ore commonly known a s  FAA, Each 

s tem  s e c t i o n  and th e  c o rre s p o n d in g  s a w f ly  w ere  g iv e n  th e  sam e num ber 

so  v th a t a  c o m p a r iso n  c o u ld  be  made a t  a  l a t e r  d a t e .  Stem s and saw - 

f l i e s  w ere  b r o u g h t  i n to  t h e  l a b o r a t o r y  w h e re  t h e  l e f t  h in d  l e g  o f  

e a c h  s a w f ly  was m easu red  w i th  an  o c u la r  m ic ro m e te r .

The s tem s w ere  d e h y d ra te d  w ith  th e  e t h y l  a l c o h o l  and  t e r t i a r y  

b u t y l  a l c o h o l  d i l u t i o n  m ethod a s  recom m ended b y  Jo h a n se n  (1-940) p r e ^ - ; 

v io u s  t o  s e c t i o n i n g  w ith  p a r a f f i n  a s  th e  em bedding m edium . Perm anent 

m ounts o f  th e  s tem s th ro u g h  w h ic h  t h e  o v i p o s i t o r  p a s s e d  w ere  made and 

s t a i n e d  w i th  a l e  oho l i p  s a f r a n i n  and f a s t  g r e e n .  A l l  s e c t i o n s  w ere c u t  

a t  a  th ic k n e s s  o f 15 m ic ro n s *. A f t e r  c o m p le tio n  o f  t h e  s e c t i o n in g ,  t h e
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i n t e r n a l  anatom y o f  t h e  s te m  a n d  th e  i n c i s i o n  made b y  t h e  o v i p o s i t o r  

w ere  o b s e rv e d  and th e  d ia m e te r  o f  t h e  s te m  was r e c o r d e d .

B ecau se  w h e a t s tem s a r e  r a r e l y  c i r c u l a r  i n  c r o s s  s e c t i o n 'a n d  more 

o f t e n  e l l i p s o i d a l ,  two m easu rem en ts w ere  made on  e a c h  s te m ,, th e  lo n g ­

e s t  a n d  th e  s h o r t e s t  d i s t a n c e s  a c r o s s  t h e  s te m . T h ese  tw o f i g u r e s  w ere  

th e n  a v e ra g e d , s o  t h a t  a  co m p ariso n  o f  a l l  s tem s w o u ld  b e  p o s s i b l e .

I n  n o t in g  t h e ' p a r t i c u l a r  in te r n o d e s  o n  w hich fe m a le s  o v i p o s i t e d ,  

th e  f o l lo w in g  m ethod w as a d o p te d .  A t t h e  to p  o f  t h e  p l a n t ,  t h e  u p p e r ­

m ost l e a f  w as s t r i p p e d  o f f  down to  i t s  b a s e  o r  n o d e . The num ber o f  

c l e a r l y  v i s i b l e  n o d es  w as th e n  c o u n te d  s t a r t i n g  from  t h e  b o tto m  w i th  

node num ber one and p ro c e e d in g  up to  t h e  to p  o f  t h e  p l a n t .  The i n ­

c i s i o n  w as r e c o r d e d  a s  h a v in g  o c c u r r e d  b e tw een  two num bered  n o d e s ; o r ,  

i f  t h e  i n c i s i o n  w ere  made abo v e  t h e  u p p e rm o st v i s i b l e  n o d e , i t  was 

r e c o r d e d  a s  b e in g  b e tw e e n  t h e  num ber o f  t h a t  node an d  t h e  n e x t  c o n se ­

c u t i v e  num ber. F o r  i n s t a n c e ,  i f  a n  i n c i s i o n  o c c u r r e d  above  t h e  

se c o n d  node on  a  p l a n t  w h ich  had  two v i s i b l e  n o d e s , t h e  d e s ig n a t io n  

2-3  was g iv e n  t h a t  i n c i s i o n .

I t  was hoped  t h a t  t h e  ab o v e  m ethod w ould  b e  m ore m e a n in g fu l  t h a n  

n um bering  in te r n o d e s  o n  w h ich  i n c i s i o n s  o c c u r r e d .  N um bering  i n t e r ­

n odes i s  a  f a i r  a p p r a i s a l  o f  th e  s t a g e  o f  g ro w th  o f  a  w h e a t p la n t  

o n ly  tih en  i t  i s  m a tu re . W ith  im m ature  p l a n t s ,  from  w h ic h  m ost o f  th e  

sa m p les  w e re  t a k e n ,  th e  p rob lem  o f  how t o  num ber th e  v e r y  s m a l l ,  

y o u n g .in te r n o d e s  a t  t h e  t o p  o f  th e  p l a n t  was a  f a c t o r  w h ic h , i t  was
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t h o u ^ i t 5 w ould l e a d  to  e x te n s iv e  a m b ig u ity  c o n c e rn in g  th e  d eve lopm en t 

o f  th e  p l a n t e

\
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EXPERIMMTAL RESULTS AND DISCUSSION 

. B e h a v io r  o f  t h e  Fem ale D u rin g  O vip o s i t i o n '

U s u a l ly  a l i g h t i n g  n e a r  t h e  to p  o f  th e  p l a n t ,  t h e  g r a v id  fem a le  

p ro c e e d s  im m e d ia te ly  down th e  s te m  to w a rd  t h e  b a s e  o f  th e  p l a n t .  H er 

tem peram ent i s  one o f  p r e o c c u p a t io n  a s  s h e  moves r a p i d l y  i n  somewhat 

j e r k y  m ovem ents, and a t  t h e  sam e t im e  to u c h e s  h e r  a n te n n a e  to  t h e  stem  

a t  r e g u l a r  i n t e r v a l s .  Upon r e a c h in g  th e  lo w e s t  i n t e r n o d e ,  s h e  u s u a l l y  

r e v e r s e s  h e r  d i r e c t i o n  a n d  p ro c e e d s  u p  t h e  s tem  i n  th e  same m anner a s  

b e f o r e ,  . A f t e r  r e a c h in g  th e  t o p  o f  th e  p l a n t ,  sh e  e i t h e r  f l i e s  o f f  t o  

a n o th e r  p l a n t  o r  a g a in  h e a d s  downward and a t te m p ts  o v i p o s i t i o n  a t  a  

s u i t a b l e  s p o t .  T h is  r i t u a l  o f  t r a v e r s i n g  t h e  s te m  b e f o r e  o v i p o s i t i n g  

w ould s u g g e s t  t h a t  a  c a r e f u l  s u rv e y  o f  th e  e n t i r e  s te m  i s  made b e fo r e  

o v i p o s i t i o n  i s  a t t e m p te d .

When th e . fem a le  f i n d s  a  s e e m in g ly  d e s i r a b l e  s p o t  o n  t h e  s te m , she 

f i r m l y  g r ip s  i t  by e n c i r c l i n g  i t  w i th  h e r  m e ta th o r a c ic  l e g s .  T hen , 

w i th  h e r  abdomen a r c h e d ,  s h e  to u c h e s  t h e  s tem  w ith  t h e  t i p s  o f  th e  

o v i p o s i t o r  s h e a th s *  The p o s i t i o n  o f  th e  s h e a th s  may b e  moved s l i g h t l y  

o r  t h e y  m igh t b e  d ra g g e d  a lo n g  th e  s te m  f o r  a  s h o r t  d i s t a n c e  i f  th e  

f i r s t  ch o sen  s p o t  i s  u n d e s i r a b le  f o r  some r e a s o n .  E x a m in a tio n  o f  t h e  

o v i p o s i t o r  s h e a th s  r e v e a le d  many s e n s o r y  s e t a e  (se e  F ig u re  6 ) which 

m ig h t b e  t h e  r e c e p to r s  o f  unknown s t i m u l i  t h a t  a r e  i n s t r u m e n ta l  i n  

t h e  s e a r c h  f o r  a  s u i t a b l e  p a r t . .o f  th e  s te m . J u s t  b e f o r e  i n s e r t i o n  o f  

t h e  b la d e s  o f  t h e  o v i p o s i t o r ,  t h e  s h e a th s  a r e  r a i s e d  t o  make a n  a n g le
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c o n s id e r a b ly  m ore th a n  45 d e g re e s  w ith  th e  o v i p o s i t o r  w h ic h  i s  th e n  

p ro b e d  i n t o  th e  s te m  r a t h e r  s lo w ly .  P a r t i a l  i n s e r t i o n s  a n d  w i th ­

d ra w a ls  u s u a l l y  o c c u r  s e v e r a l  t im e s  b e fo r e  c o m p le te  p e n e t r a t i o n  i s  

a c h ie v e d .

A f t e r  t h e  o v i p o s i t o r  h a s  b e e n  c o m p le te ly  i n s e r t e d ,  t h e  i n s e c t ’ s 

body assum es a  p o s i t i o n  w ith  th e  abdom en s l i g h t l y  a r c h e d ,  o r  i n  some 

c a s e s ,  a lm o st p a r a l l e l  to  t h e  s te m . She th e n  re m a in s  m o tio n le s s  f o r  

a  s h o r t  t im e .  The w r i t e r  b e l i e v e s  t h i s  to  be t h e  p o in t  a t  w h ich  t h e  

egg a c t u a l l y  p a s s e s  i n to  t h e  s tem  o f  t h e  h o s t  p l a n t .  ■ A f t e r  a  v a ry in g  

p e r io d  up  to  s e v e r a l  m in u te s  i n  t h i s  p o s i t i o n ,  t h e  abdom en i s  .a g a in  

s t r o n g l y  a rc h e d  and  th e  o v i p o s i t o r  i s  w ith d ra w n .

I t  was o b s e rv e d  t h a t  t h e  t im e  r e q u i r e d  t o  o v i p o s i t  i n  h o llo w ­

stemmed w h ea ts  w as c o n s id e r a b ly  s h o r t e r  th a n  t h a t  i n  so lid -s te m m e d  

w h e a ts .  The need  o f  th e  fem a le  to  h o l lo w  o u t  a  c a v i t y  f o r  r e c e p t io n  

o f  th e  eg g  i n  so lid -s te m m e d  h o s t s  i s  p r o b a b ly  t h e  r e a s o n .  Compare 

F ig u re s  4  an d  5«

I t  h a s  been  n o te d  t h a t  th e  a n te n n a e  o f  th e  s a w f ly  a r e  u s e d  w h i le  

s e a r c h in g  fo r  a  p la c e  i n  w h ich  to  o v i p o s i t .  T h is  h a b i t  o f  "drum ming11 

t h e  a n te n n a e  w h i le  w a lk in g  u p .a n d  down t h e  s te m  w a s , a t  f i r s t ,  

th o u g h t  to  p la y  some p a r t  i n  t h e  p r o c e s s  o f  egg l a y i n g .  How ever, 

b o th  m ale  and fe m a le  drumming o c c u rs  w h en ev e r th e  i n s e c t  i s  w a lk in g , 

w h e th e r  on a  s te m  o r  some o th e r  s u r f a c e .  S e v e ra n c e  o f  th e  a n te n n a e  

o f  a  num ber o f  i n d i v i d u a l s  r e v e a le d  no d i f f i c u l t y  i n  t h e i r  a b i l i t y



t o  i n s e r t  t h e i r  o v i p o s i t o r s ,  a l th o u g h  th e y  more o f t e n  assum ed a  p o s i ­

t i o n  w i th  h ead  u p w ard , i n s t e a d  o f  th e  more t y p i c a l  p o s tu r e  o f  h e a d  

dow nw ard.

E f f e c t  o f  L eg  L e n g th  and  S tem  D ia m e te r  on O v ip o s i t io n

T a b le s  I  a n d  I I  show f r e q u e n c ie s  o f  s te m  d ia m e te r s  a c c e p te d  f o r  

o v i p o s i t i o n  and  o f  l e g  l e n g th  e n c o u n te re d , r e s p e c t i v e l y .  G ra p h ic a l  

r e p r e s e n t a t i o n s  o f  t h e s e  two t a b l e s  a r e  shown i n  H g u re s  I  and 2 . 

T hese d a ta  i n d i c a t e  t h a t  th e  p o p u la t io n  from  w hich th e  sa m p le s  w ere 

draw n i s  a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d  w ith  r e s p e c t  to  l e g  

l e n g th  and  s te m  d ia m e te r s  c h o se n  f o r  o v i p o s i t i o n .

From F ig u re  I  i t  can  b e  s e e n  t h a t ,  o u t  o f  a  r e l a t i v e l y  s m a l l  

g ro u p  o f  s a w f l i e s  fro m  a  v e r y  l a r g e  p o p u la t io n ,  o v i p o s i t i o n  i s  q u i t e  

p o s s ib l e  o v e r  a  l a r g e  r a n g e  o f  stem  d i a m e te r s .  U n f o r tu n a te ly ,  i t  

c a n n o t b e  c o n c lu d e d  t h a t  a n y  o f  t h e s e  s te m  d ia m e te r s  a r e  rrpre a c c e p t ­

a b le  th a n  o t h e r s ,  i n  s p i t e  o f  th e  a p p e a ra n c e  to  th e  c o n t r a r y .  I t  

w ould  b e  n e c e s s a r y  t o  com pare t h e  f r e q u e n c y  o f  Stem  d ia m e te r s  o f  a  

random  sam ple o f  a l l  w heat u s e d  i n  th e  e x p e r im e n ts  w i th  T a b le  I  and 

F ig u re  I .  T h is  f r e q u e n c y  i s  n o t  know n. I t  i s  w i t h in  th e  re a lm  o f  

p o s s i b i l i t y  t h a t  t h o s e  s te m  d ia m e te r s  w hich  w ere m ost f r e q u e n t l y  

a c c e p te d  f o r  o v i p o s i t i o n  o c c u r r e d  m ost o f t e n  in  t h e  p o p u la t io n  and 

t h a t  t h e i r  a c c e p ta n c e  m ig h t n o t h a v e  b e e n  a n  e x e r c i s e  o f  c h o ic e  on 

t h e  p a r t  o f  th e  s a w f ly .
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T a b le  I*  F re q u e n c ie s  o f  S tem  D ia m e te rs  A c c e p te d  f o r  Ovipo s i t  i o n  by  195  I n d iv i d u a l s .

"Stem 
.D ia m e te r  

i n  mm.
1 .8 1 -
1 .9 0

1 , 9 1 -
2 . 0 0

2 , 0 1 -7 . 
2 .1 0  '

. 2 . 11-
2 . 2 0

.2 ,2 lT .

. 2 . 3 0
. 2 , 3 1 - .
2t 40

.2 ,4 1 - .
2 . 5 0 _

.2 ,5 1 - .
2 . 6 0

.2 ,6 lT .
2 . 7 0

.2 ,7 1 -
2.8Q

2 ,8 lT
2 . 9 0

. . 2 , 9 l T _
3 . 0 0

F re q u en c y 4 2 4 2 7 6 12 9 14 19 2 6 19

Stem . 3 . 01- ,3 .1 1 - . .3 ,2 1 - 3 .3 1 - .3 ,4 1 - . .3 ,5 1 - . .3 ,6 1 - . .3 ,7 1 - . J , 8 l T . .3 ,9 1 - 4 ,0 1 - .4 ,1 1 —
D ia m e te r" 3 .1 0 3 . 2 0 3 . 3 0 3 .4 0 3 . 5 0 3 .6 0 3 . 7 0 3 . 8 0 3 . 9 0 4 . 0 0 4 . 1 0 ' 4 .2 0
F re q u e n c y 17 16 10 10 8 3 2 2 ' ' l  ' ' I 0 I

T a b le  I I 9 , . F r e q u e n c ies _ o f .L e g .L e n g th s  Occ u r i n g , i n . 195* I n d iv id u a l s  „,
Y1

Leg
.L e n g t h , .. 

i n  mm.
4 , 3 1 -
4 . 5 0

. 4 . 5 1 - .
4 . 7 0

4 . 7 1 - .
4 . 9 0

. 4 , 9 1 -
5 . 1 0

. 5 , 1 1 - .
5 . 3 0

. 5 , 3 1 - .
5 . 5 0

. 5 , 5 1 -
5 . 7 0

. 5 , 7 1 -r . 
5 . 9 0

‘F re q u en c y ■ I - I  ' "" 2 ' " ’ 5 ' • ' 8 ' ' . -1 2 , . .' 2 1 " " ■ 2 0 ■' ‘

L e g , . . . .  
L e n g th

5 , 9 1 -
6 , 1 0 ..

6 , 1 1 - .
6 . 3 0

. 6 , 3 1 - .
6 . 5 0

6 , 5 1 -
6 . 7 0

. 6 , 7 1 -  
6 . 9 0  .

. 6 . 9 1 T 
7 . 1 0

. 7 , 1 1 - .
7 . 3 1

7 , 3 1 . .

F re q u en cy 2 8 2 4 2 3  I 1 5 1 3 6 1 0 2
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— *  '  1---------- 1- - - - - - - - - - - 1- - - - - - - - - - - 1- - - - - - - - - - - 1- - - - - - - - - - - U ------ 1------- I - J _ _ _ _ _ _ _ L ._ _ _ _ _ I_ _ _ _ _ _ _ I I I l  I I I 1 1 , 1  I I

/ . | /  /.? / A.OI 3.11 S 3.2,1 XHt iS !  2.Ioi Q.yi J . f i  3,91 3#/ 3/1 3 6 / 3,3/ 3 W 3.<r7 33 / 3 ,^  3,g-/ 39/ 9 ^  y,//
/ ? 0  5,oa a .10XapXVXJC  3 0 0 2 ,1*  A.70 2.10 3,00 3.16 330  i t f i  3 .^> AsO Z.bD 2.%> ±,lO 3.% y /y  ygg

Stem  D ia m e te r  I n t e r v a l  i n  mm.
F ig u re  I .  F re q u en c y  o f  Stem  D ia m e te rs  A ccep ted  f o r  O v ip o s i t io n .
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Range=4.50-8.30 
MearK6.12

s=  .60

«v5/ 4(7/ V.9/ SJI S.3I Sc-/ s :7/ s .91 4Jt 6.3/ i . s f 6 .7/ 4.9t 7.U 7.3!
1-70 #9? vS'0 S.%0 S«sc S.7 0 S.fO 6 JO 6.30 6 7 0 6>.9» 7 / ° 7 3 / +

Leg L en g th  I n t e r v a l  i n  mm. 

F ig u re  2 . F re q u e n c y  o f  Leg L e n g th s  E n c o u n te re d .
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T a b le  I I I .  F re q u e n c y , A verage  S tem  D ia m e te r , a n d  R ange o f  S tem
D ia m e te rs  A cc e p te d  f o r  O v ip o s i t io n  by  S a w f l ie s  o f  V a rio u s  
Leg L e n g th s .

L eg  L e n g th  
I n t e r v a l F re q u en c y

Stem  D ia m e te r  
Range A v erage

4«50 -4»70  mm. I 2 .2 9  mm. 2 .2 9  mm.
4® 71-4»yo 4 2 . 7 5 - 3 . 0 9 2 . 9 4
4 . 9 1 - 5 . 1 0  ■ 5 2 .4 8 - 3 .4 2 2 . 8 2
5 .1 1 - 5 .3 0 8 2 .6 5 - 3 .4 1 2 . 9 8
5 . 3 1 - 5 . 5 0 12 1 . 8 9 - 3 . 5 8 2 . 7 6
5 .5 1 - 5 .7 0 21 2 . 3 1 - 3 . 9 7 2 . 9 3
5 .7 1 - 5 .9 0 20 2 . 2 5 - 3 . 7 5 3 . 0 8
5 .9 1 - 6 .1 0 28 2 ,1 8 - 3 .4 8 2 . 8 9
6 . 11- 6 .3 0 24 1 .9 5 - 4 .1 3 2 . 8 1
6 .3 1 - 6 .5 0 23 2 . 2 8 - 3 . 8 8 2 . 9 5
6 . 5 1 - 6 . 7 0 15 2 .1 5 - 3 .5 0 2 . 8 9
6 .7 1 - 6 .9 0 - 18 2 . 0 0 - 3 . 5 8 2 . 8 7
6 .9 1 - 7 .1 0 6 1 .9 0 - 3 .3 3 2 .6 4
7 .1 1 - 7 .3 1 10 1 . 8 5 - 3 . 1 8 2 . 5 3
7 .3 1  / 2 2 . 9 5 - 3 . 2 0 3 . 0 8

T a b le  I I I  shows t h e  number o f  s a w f l i e s ,  g rouped  b y  l e g  l e n g th  

i n t e r v a l s  o f  «20 mm,, and  th e  v a r io u s  r a n g e s  and  a v e ra g e s  o f  s tem  

d ia m e te r s  o n  w h ic h  i n d i v i d u a l s  w i t h i n  t h e s e  i n t e r v a l s  o v i p o s i t e d .

I n  F ig u re  3 , th e  g r a p h i c a l  c o u n te r p a r t  o f  T a b le  I I I ,  t h e  r e l a t i o n ­

s h ip s  o f  t h e  r a n g e s  and  means o f  th e  g ro u p s  a r e  shown by  l i n e s  which 

c o n n e c t t h e s e  s t a t i s t i c s .  I t  i s  im m e d ia te ly  a p p a re n t  t h a t  t h e  ex­

tre m e s  o f  s te m  d ia m e te r  c h o sen  f o r  o v i p o s i t i o n  w ere n o t  c h o se n  by 

i n d i v i d u a l s  w i th  e x tre m e s  i n  l e g  l e n g t h  a s  w ould  b e  e x p e c te d  i f  th e  

l a r g e  an d  s m a l l  d ia m e te r  s te m s  c o u ld  b e  u t i l i z e d  o n ly  b y  s a w f l i e s  o f  

c o r r e s p o n d in g ly  lon g  an d  s h o r t  l e g  l e n g t h s .  As a  m a t t e r  o f  f a c t ,  

th e  l a r g e s t  d ia m e te r  o f  s te m  a c c e p te d  f o r  ov i p o s i t i o n  was s u i t a b l e



- 1 9 -

U pper L im i t  o f  R an g e---------
M ean---------

Lower L im it  o f  R a n g e ---------

i.S! 7,7/ 79/ SM S.3I s-.sri 57/ 57/ Lll L3[ 1.61 LU (,SI %// 7.3/

L eg L e n g th  I n t e r v a l  i n  mm. and F re q u e n c y

F ig u re  3• F re q u e n c y , R ange, and Mean o f  Stem  D ia m e te rs  A ccep ted  f o r  
O v ip o s i t io n  b y  S a w f l ie s  o f  V a rio u s  Leg L e n g th s .
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f o r  a n  i n d i v i d u a l  t h a t  had a  l e g  l e n g th  w hich  f e l l  i n t o  th e  l e g  

l e n g th  i n t e r v a l  o f  6 .1 1  mm. t o  6 .3 0  mm., w hich  i s  h a r d l y  a n  e x tre m e .

C o n v e rs e ly , th e  s m a l l e s t  d ia m e te r  o f  s te m  a c c e p te d  was s u i t a b l e  to
>

a n  i n d i v i d u a l  t h a t  had  a  l e g  l e n g th  b e tw e e n  7 .11  mm. a n d  7 .3 1  mm., 

a  r e l a t i v e l y  lo n g  l e n g th  o f  l e g .  I f  s te m  d ia m e te r  and l e g  l e n g th  

a r e  r e l a t e d  d i r e c t l y ,  i t  w ould be  e x p e c te d  t h a t  th e  l a r g e s t  stem s 

w ould b e  c h o s e n -b y  s a w f l i e s  w i th  th e  l o n g e s t  l e g s  so t h a t  th e  l i n e  

w h ich  c o n n e c ts  t h e  u p p e r  l i m i t s  o f  s tem  d ia m e te r s  a c c e p te d  f o r  

o v i p o s i t i o n  s h o u ld  show a  more o r  l e s s  s te a d y  upw ard t r e n d . A g la n c e  

a t  th e  g rap h  does n o t  b e a r  t h i s  o u t .  A s t e a d y  i n c r e a s e  d o e s  o ccu r 

a t  f i r s t  b u t  i t  i s  n o t  c o n s i s t e n t ,  p a r t i c u l a r l y  n o t  a f t e r  - r e a c h in g  

th e  i n t e r v a l  o f  6 .1 1  mm. to  6.30  mm. w h ere  a  s h a r p  d e c l i n e  b e g in s .  

S i m i l a r l y ,  i t  w ould b e  e x p e c te d ,  i f  t h e  h y p o th e s is  c o n c e rn in g  s tem  

d ia m e te r  an d  l e g  l e n g th  i s  c o r r e c t ,  t h a t  t h e  l i n e s  w h ich  c o n n e c t th e
'I

m eans a n d  lo w e r l i m i t s  o f  stem  d ia m e te r s  o f  th e  g ro u p s  sh o u ld  a l s o  

show an  upw ard t r e n d ,  b u t i t  i s  o b v io u s  t h a t  t h e y  do n o t .

T hese  f a c t s  show , a lo n g  w ith  th e  i n s i g n i f i c a n t  c o r r e l a t i o n  

c o e f f i c i e n t  o f  - . 099 ,  t h a t  t h e  r e l a t i o n s h i p ,  i f  a n y , b e tw e e n  l e g  

l e n g t h  an d  s te m  d ia m e te r  i s  n o t  l i n e a r .

The p o s s i b i l i t y  o f  th e  e x i s t e n c e  o f  lo w e r  and u p p e r  l i m i t s  o f  

s te m  d ia m e te r  beyond  w h ich  s a w f l i e s  w ould  n o t  b e  a b l e  to  i n s e r t  t h e i r  

o v i p o s i t o r  h a s  n o t b e e n  r u le d  o u t 5 how ever, t h e s e  l i m i t s  w ould  b e  so 

e x tre m e  t h a t  m ost s m a l l  g r a i n s  w ould h a v e  s te m  d ia m e te r s  o c c u r r in g



w i t h in  t h o s e  l i m i t s e F a r s t a d  (1940) r e p o r t e d  s tem  d ia m e te r s  f o r  s e v e n  

g r a in s  to  b e :  w heat (R ew ard) 2 .2 3  nm .j o a t s  (L egacy) 2 .8 6  mm.; w heat 

(M ajo r) 2 .9 3  mm.; w heat (G olden B a l l )  3 .3 2  mm.; o a t s  (G opher) 3 .4 7  

mm.; b a r l e y  3 .8 9  mm.; o a t s  (B an n e r) 4 .3 2  mm. A l l  o f  t h e s e  e x c e p t f  

B anner o a t s  h av e  s te m  d ia m e te r s  w h ich  w e re  r e a d i l y  a c c e p te d  f o r  p v i— 

p o s i t i o n  i n  t h i s  s t u d y . Stem  d ia m e te r^  t h e n 5 c a n n o t be  c o n s id e r e d  t o  

b e  a  c r i t i c a l  f a c t o r  w ith  r e g a r d  to  th e  a b i l i t y  o f  f e m a le s  to  i n s e r t  

t h e i r  o v i p o s i t o r s  i n  m ost n o rm a l ly - s e e d e d  s m a l l  g r a i n s .

I t  i s  im p ro b a b le  t h a t  even  a p p ro x im a te  l i m i t s  c o u ld  be s e t  w i th  

r e g a r d  to  l e g  l e n g t h  and s te m  d ia m e te r  a s  a f f e c t i n g  o v i p o s i t i o n  from  

t h e s e  d a t a .  I t  m ig h t b e  d e s i r a b l e ,  h o w ev er, to  o b t a i n  m ore s a w f l i e s  

a t  b o th  e x tre m e s  o f  l e g  l e n g th  and r e l e a s e  th e m  on s te m s  o f  v a r io u s  

d ia m e te r s ,  s in c e  th e  num ber u se d  a t  t h e s e  e x tre m e s  was s m a l l .  Such 

a n  i n v e s t i g a t i o n  w ould  in v o lv e  m e a su r in g  h u n d red s  o f  l i v e  i n s e c t s ,  

w h ich  m ight r e n d e r  t h i s  m ethod i m p r a c t i c a l .  Growing w heat s tem s w ith  

an  a d ju s tm e n t  i n  e n v iro n m e n ta l  c o n d i t io n s  so  a s  to  p ro d u c e  u n ifo rm ly  

s m a ll  d ia m e te r  s tem s w ou ld  n o t seem  to  b e  o f  much v a lu e ,  s in c e  th e  

lo n g - le g g e d  i n d i v i d u a l s  a r e  q u i t e  c a p a b le  o f  o v i p o s i t i n g  on n a rro w  

s te m s ; t h e r e f o r e , th e  r e s u l t s  w ould  p ro b a b ly  b e  s i m i l a r  to  th o s e  ex­

p r e s s e d  by t h e  g ra p h  i n  R g u r e  3 .

S e v e r in g  th e  h in d  t a r s i  o f  th e  l e g s  i n  o r d e r  to  p ro d u ce  s h o r t ­

le g g e d  i n d i v i d u a l s  w as t r i e d  b u t was c o n s id e r e d  v a lu e l e s s  b e c au se  

t h e s e  i n d i v i d u a l s  e x p e r ie n c e d  l o s s  o f  b a la n c e  and d i f f i c u l t y  i n  w a lk ­
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i n g  on  f l a t  s u r f a c e s ^  s o  i t  i s  in c o n c e iv a b le  t h a t  t h e y  w ou ld  have  

b e e n  a b le  to c lim b  a  c y l i n d r i c a l  s te m .

An a t te m p t  was made to  t r y  to  g e t  s a w f l i e s  t o  i n s e r t  t h e i r  

o v i p o s i t o r s  i n t o  s te m s  w ith o u t  b e n e f i t  o f  b e in g  a b le  to  e n c i r c l e  

th e  s te m  c o m p le te ly  w ith  t h e  h in d  l e g s .  This was done b y  s p l i t t i n g  

t h e  s tem s o f  s e v e r a l  p l a n t s  b e tw e en  t h e  n o d e s ,  b u t  l e a v in g  th e  nodes 

i n t a c t *  S t r i p s  o f  w h i te  p a p e r  w ere  th e n  i n s e r t e d  b e tw e en  th e  two 

h a lv e s  o f  th e  i n t e r  n o d e s , e x te n d in g  f a r  enough on  e a c h  s id e  o f  th e  

s te m  so t h a t  th e  s a w f ly  c o u ld  n o t  g r a s p  an y  m ore t h a n 'h a l f  th e  stem *

No i n d i v i d u a l s  w ere  o b s e rv e d  to  o v i p o s i t  i n  t h i s  m an n er, b u t  one 

was a b le  to  i n s e r t  h e r  o v i p o s i t o r  when she assum ed a  p o s i t i o n  a t  th e  

end o f  th e  p a p e r ;  i . e . ,  n e a r  th e  node w here  she was a b le  to  g ra s p  

t h e  s te m  w i th  o n e  h in d  l e g  w h ile  th e  o t h e r  rem a in e d  o n  t h e  paper*

Many i n d iv i d u a l s  w ere  o b s e rv e d  to  make i n c i s i o n s  im m e d ia te ly  above 

o r  below  th e  n o d e s  w h ere  no p a p e r  was i n s e r t e d .  I t  seem s t h a t  th e  

h in d  l e g s  a r e  im p o r ta n t  to  th e  p r o c e s s  o f  o v i p o s i t i o n  and  t h a t  fe m a le s  

c a n n o t  make i n c i s i o n s  w i th o u t  g r a s p in g  an  o b je c t*

P r e f e r e n c e  f o r  I n te r n o d e s

F a r s t a d  (1940) s t a t e d  t h a t  th e  u p p e r ,  a c t i v e l y  e lo n g a t in g  i n t e r ­

n o d e s  w e re  p r e f e r r e d  to  th e  lo w e r  o n e s .  T h is  does n o t  mean t h a t  

e lo n g a t io n  i n  i t s e l f  i s  n e c e s s a r y ,  b u t  m e re ly  i n d i c a t e s  t h a t  some 

unknown f a c t o r  o r  f a c t o r s  a s s o c i a t e d  w i th  e lo n g a t io n  a r e  p r e f e r r e d .  

P e r c i v a l  (1921) i n  The Wheat P l a n t  s a i d ;  " In  t h e  lo w e s t  in te r n o d e s ,
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th e  w a l ls  o f  t h e  parenchym a become th ic k e n e d  and l i g n i f i e d ; th e  

t i s s u e  t h e n  m a t e r i a l l y  a s s i s t s  t h e  h ypoderm al s te re o m e  i n  s t r e n g t h ­

e n in g  th e  b a s e  o f  t h e  s t r a w . " I t  m igh t b e  e x p e c te d , t h e n ,  t h a t  t h e  

lo w e r  in te r n o d e s  w ould be a v o id e d  b e c a u s e  o f  t h e  d i f f i c u l t y  i n  p e n e ­

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

T a b le  IV . C ho ice  o f  I n te r n o d e s  f o r  O vip o s i t i o n .

Number Number an d P e rc e n t o f  I n c i s io n s B etw een Nodes
V is ib ly -ifG-l 1 -2 2 -3 • 3- 4 4 -5 - • 5-6 T o ta l
Nodes No. ■ V No L__g_| No. JT No. fo No. % No. I n c i s io n s

I ■5 83 . ' I 17 i. _ : 6
2 3 8 36 92 0 0 — __ t : 39

,3 •0 0 20 27 34 46 20 27 U : 74
!• ^ I 2 I 2 8 14 23 a 23 a — : 56

0 O ■0 ■0 ■ 0 0 0 0 0 0 •5 IOC — i ____J•Si-Ground

T a b le  IV  shows t h e  p r e f e r e n c e  f o r  in te r n o d e s  b y  g r a v id  f e m a le s .

I t  c an  b e  s e e n  t h a t  t h e r e  i s  a  d e c id e d  p r e f e r e n c e  f o r  t h e  y o u n g e r, 

e lo n g a t in g  in te r n o d e s  o f  t h e  s tem  w hich  becomes p ro n o u n ce d  a f t e r '  two 

v i s i b l e  nodes hav e  b e e n  fo rm e d . Mhen t h e  p l a n t s  w ere  w e l l  head ed  o u t  

and  c lo s e  to  m a t u r i t y ,  a l l  i n c i s i o n s  o c c u r r e d  a t  t h e  v e ry  t o p ,  a l th o u g h  

i t  i s  c o n c e d e d . th a t  t h e r e  were- o n ly  f i v e  o b s e r v a t io n s  o n  p l a n t s  a t  

t h i s  s t a g e  o f  d e v e lo p m e n t. T h ese  a r e ,  h o w ev er, c o n s i s t e n t  w ith  t h e  

t r e n d  shown i n  p l a n t s  w ith  fe w e r  v i s i b l e  n o d e s .

S in c e  i n s e c t s  w ere  n o t  cag ed  o n  w h e a ts  i n  a l l  s t a g e s  o f  d e v e lo p ­

m ent ̂  T a b le  IV  sh o u ld  n o t be c o n s tr u e d  to  mean t h a t  p l a n t s  i n  an y  

p a r t i c u l a r  s ta g e  o f  d e v e lo p m en t a r e  p r e f e r r e d  o v e r  o t h e r s .



*-24“

I n c i s i o n s  w i th  R e sp e c t to  th e  A l t e r n a t i n g  Bands o f  S te reo m e and  

C hlossD hyllous T is s u e

O b s e r v a t io n s  w e re  made o n  th e  num ber o f  i n c i s i o n s  t h a t  e i t h e r  

p i e r c e d  th e  a l t e r n a t i n g  bands o f  s te re o m e  t i s s u e ,  w h ich  s u r ro u n d s  t h e  

v a s c u l a r  b u n d le s  o f  t h e  l e a f  s h e a th  and  s te m , o r  th e  b a n d s  o f  

c h lo r o p h y l lo u s  t i s s u e , ,  The num ber o f  i n c i s i o n s  w hich  o c c u r r e d  on th e  

c h lo r o p h y l lo u s  bands was o v e rw h e lm in g ly  g r e a t e r  th a n  t h a t  on th e  

s te r e o m e . Out o f  a  t o t a l  o f  212 o b s e r v a t io n s , o n ly  7 (3 p e r c e n t )  

w ere made th ro u g h  th e  s te re o m e , w h i le  205  (97 p e r c e n t )  were made 

th ro u g h  t h e  c h lo r o p h y l lo u s  t i s s u e .  I t  i s  p o s s ib le  t h a t  t h e  number 

on th e  s te re o m e  w as even  lo w e r  b e c a u s e  o f  t h e  d i f f i c u l t y  i n  b e in g  

a b le  to  d i s c e r n  th e  e x a c t  p o s i t i o n  o f  t h e  i n c i s i o n  w h ich  was in  c lo s e  

p r o x im ity  to  th e  s te re o m e  b a n d . Such u n c e r t a i n  o b s e r v a t io n s  w ere  

c o u n te d  a s  p i e r c in g  t h e  s te r e o m e .

The m ost p r o b a b le  r e a s o n  f o r  th e  p r e f e r e n c e  f o r  th e  c h lo r o ­

p h y l lo u s  b ands a s  p la c e d  f o r  o v i p o s i t i o n  w ould seem to  be t h a t  i t  i s  

m ore y i e l d i n g  th a n  th e  to u g h , f i b r o u s  s te r e o m e . I f  a  p in  i s  t h r u s t  

i n to  a  s te m  s e v e r a l  t i m e s ,  i t  w i l l  b e  s e e n  t h a t  when i t  s t r i k e s  t h e  

s te re o m e  n e a r - th e  e d g e , t h e  t i s s u e  moves away a s  p r e s s u r e  i n c r e a s e s .

I t  i s  p o s s i b l e  t h a t  th e  o v i p o s i t o r  o f  th e  s a w f ly  d e f l e c t s  t h e  

s te re o m e  i n  a  somewhat s i m i l a r  way o r  v i c e  v e r s a .

I n c i s io n s  w i th  R e s p e c t t o  T h ree  R eg ions o f  an  I n te r n o d e

The p o s i t i o n  o f  th e  i n c i s i o n  was r e c o r d e d  a s  b e in g  a p p ro x im a te ly
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i n  th e  t o p ,  m id d le , o r  b o tto m  t h i r d  o f  t h a t  i n t e r n o d e .  The r e s u l t s  

a r e  p r e s e n te d  i n  T a b le  7 . A p r e f e r e n c e  ,f o r  a n y  o f  t h e s e  r e g io n s  i s  

n o t  c l e a r l y  i n d i c a t e d  by  th e  d a t a .

T a b le  7 . Number and  P e r c e n t  o f  I n c i s i o n s  on  T hree R e g io n s  o f  an  
I n te r n o d e .

_________ _____________
R eg io n Number P e r c e n t
Top 78 37
M idd le 7 0 33
B ottom 64 33

R oem hild  (1954) fo und  t h a t  th e .  u p p e r  tw o - th i r d s  o f  a n  in te r n o d e  

was p r e f e r r e d  a s  a n  o v i p o s i t i o n  s i t e  i n  h i s  s tu d y  o f  r e s i s t a n c e . A 

p ro b a b le  r e a s o n  f o r  t h i s  i s  t h a t  R oem hild  r e c o rd e d  t h e  in c id e n c e  o f  

i n c i s i o n s  i n  te rm s  o f  e g g s  fo u n d  a t  w e e k ly  i n t e r v a l s .  A c c o rd in g  to  

P e r c i v a l  (1 9 2 1 ) , t h e  r e g io n  o f  e lo n g a t io n  o f  an  in te r n o d e  l i e s  a t  

i t s  b a s e ,  so i t  i s  p o s s ib l e  t h a t ,  i f  s e v e r a l  days h a d  p a s s e d  b e f o r e ' 

a  c o u n t was t a k e n ,  many o f  th e  eggs w h ich  w ere  l a i d  a t  t h e  b o tto m  

w ould  b e  fo u n d  i n  t h e  m id d le  r e g io n  o f  t h e  i n t e r n o d e .  L ik e w ise , 

th o s e  e g g s  l a i d  i n  t h e  m id d le  r e g io n  m ig h t be fo u n d  i n  t h e  u p p e r  

o n e - t h i r d  o f  t h e  in te r n o d e  a f t e r  a  p e r io d  o f  t im e .

E f f e c t  o f  t h e  L e a f  S h e a th  i n  Chop,sing .a S i t e  f o r , ,Qv i n o s i t i o n

From a  t o t a l  o f  124  o b s e r v a t io n s ,  97 (78 p e r c e n t )  i n c i s i o n s  

o c c u r r e d  on  th e  l e a f  s h e a th  w h i le  27 (22 p e r c e n t )  o c c u r r e d  on  th e  

nak ed  s te m . T h e 'h ig h e r  p e r c e n ta g e  o f  p u n c tu r e s  th ro u g h  t h e  s h e a th  

i s  p r o b a b ly  n o t  a n  e x e r c i s e  o f  c h o ic e  b u t  r e s u l t s  fro m  t h e  f a c t  t h a t  

m ore o f  t h e  s te m  i s  c o v e re d  b y  th e  l e a f  s h e a th  th a n  i s  n a k e d . The
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l e a f  s h e a th  do es  n o t  i n t e r f e r e  w i th  t h e  p ro c e s s  o f  o v ip o s i t io n - .

E f f e c t  o f  th e  I n t e r n a l  V a s c u la r  B u n d le s  o f  th e  S tem  on  t h e  P a th  o f  

th e  O v ip o s i to r

I t  w as n o t i c e d  a t  t h e  b e g in n in g  o f  t h e s e  e x p e r im e n ts  t h a t  t h e r e  

seem ed t o  be a  te n d e n c y  to  a v o id  th e  s te re o m e  and a  p r e f e r e n c e  f o r  

t h e  c h lo r o p h y l lu s  t i s s u e  f o r  i n s e r t i o n  o f  th e  o v i p o s i t o r .  T h is  h as  

b e e n  b o rn e  o u t  b y  th e  a c c u m u la t io n  o f  s u b s e q u e n t d a t a .  To f i n d  i f  

t h e  v a s c u la r  b u n d le s  o f  th e  i n t e r i o r  o f  th e  stem  had  a  s i m i l a r  e f f e c t ,  

th e  s tem s w ere s e c t i o n e d ,  s t a i n e d ,  a n d  m oun ted . I f  th e  i n s e r t i o n  o f  

th e  o v i p o s i t o r  was c o m p le te  and th e  stem  s e c t io n e d  r e a s o n a b ly  w e l l ,  

l i t t l e  d i f f i c u l t y  was e x p e r ie n c e d  i n  b e in g  a b le  t o  r e c o g n iz e  th e  

i n c i s i o n  i n  s e r i a l  a r ra n g e m e n t o f  th e  s e c t i o n s .  W ith  s m a l l  o r  i n ­

c o m p le te  i n c i s i o n s ,  h o w ev er, i t  w as im p o s s ib le  to  t e l l  w i th  c e r t a i n t y  

w h e th e r  c u ts  w ere  made b y  the- o v i p o s i t o r ,  f a u l t y  m ic ro to m in g , o r  some 

o t h e r  c a u s e .  S i m i l a r l y ,  e x te n s iv e  t e a r i n g  o f  th e  s e c t i o n s  co u ld  

r e n d e r  l a r g e  i n c i s i o n s  u n f i t  f o r  t h i s  s tu d y .  For t h e s e  r e a s o n s  many 

o f  th e  s te m  s e c t i o n s  h a v in g  i n c i s i o n s  w e re  n o t in c lu d e d  i n  t h e  d a t a .  

T y p ic a l  i n c i s i o n s  i n  h o llo w —stemmed and so lid -s te m m e d  w h e a ts  a r e  

shown i n  F ig u re s  4  and 5«

The d a t a  f o r  p i e r c e d  and  u n p ie rc e d  v a s c u la r  b u n d le s  r e v e a le d  

t h a t  i n  17 i n s t a n c e s  (21 p e r c e n t )  t h e  v a s c u l a r  b u n d le s  w ere  p i e r c e d .  

T h e re  w ere  64  i n s t a n c e s  (79 p e r c e n t )  i n  w h ic h  th e  b u n d le s  w ere n o t 

p i e r c e d .  C o n s id e r a t io n  w as g iv e n  o n ly  to  th e  l a r g e  v a s c u la r  b u n d le s
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l o c a t e d  i n  t h e  i n t e r i o r  o f  th e  s tem ; t h o s e  o f  l e a f ' s h e a t h  and th e  

s m a ll  b u n d le s  n e a r  th e  p e r ip h e r y  o f  th e  s te m  w e re  d i s r e g a r d e d .

A b u n d le  was c o n s id e r e d  p ie r c e d  i f  th e  o v i p o s i t o r  c o m p le te ly  r u p tu r e d  

i t  o r  m e re ly  p a s s e d  b e tw e e n  th e  tu b e s ' o f  th e  x y lem . A b u n d le  was 

n o t  c o n s id e r e d  p i e r c e d  i f  t h e  o v i p o s i t o r  g ra z e d  t h e  x y lem  b u t d id  

n o t p a s s  b e tw e e n  t h e  t u b e s .

Some s o r t  o f  c o m p a riso n  o f  th e  t h e o r e t i c a l  and e x p e r im e n ta l  

p r o b a b i l i t i e s  o f  p i e r c e d  and u n p ie r c e d  v a s c u la r  b u n d le s  w ould  have  

to  be made i f  a n y th in g  c o n c e rn in g  t h e i r  i n f l u e n c e  on t h e  p a th  o f  th e  

o v i p o s i t o r  i s  to  be  c o n c lu d e d . I t  WDulds t h e r e f o r e ,  b e  d e s i r a b l e  to  

know w hat th e  c h a n c e s  a r e  t h a t  an  o v i p o s i t o r  w ould s t r i k e  one o f  

t h e s e  b u n d le s  i f  i t  w ere  i n s e r t e d  a t  random . A c o m p a riso n  o f  t h i s  

t h e o r e t i c a l  p r o b a b i l i t y  w ith  t h a t  o f  th e  e x p e r im e n ta l  p r o b a b i l i t y  

w ould sh e d  some l i g h t  o n  t h i s  q u e s t i o n .

T w enty  o f  th e  b e s t  s te m  s e c t i o n s  w ere  ta k e n  and th e  d ia m e te r s  o f  

t h e  r i n g s  o f  th e  l a r g e ,  i n t e r i o r  v a s c u la r  b u n d le s  w ere  m easu red  and 

t h e  c ir c u m f e re n c e s  o f  th e  r in g 's  c a l c u l a t e d .  The t o t a l  w id th s  o f  th e  

i n d i v i d u a l  b u n d le s  w ere m easu red  and  th e  .p e rc e n t o f  th e  c ir c u m fe re n c e  

o f  t h e  r in g  w hich  was o c c u p ie d  by th e  b u n d le s  n o te d . A f t e r  t h i s  was 

done f o r  e a c h  o f  th e  tw e n ty  s tem s th e  p e rc e n ta g e s  w ere a v e ra g e d .  The 

f ig u r e  a r r i v e d  a t ,  38  p e r c e n t ,  would b e  t h e  p r o b a b i l i t y  t h a t  a n  o v i ­

p o s i t o r  w ould  s t r i k e  a  b u n d le  i f  i t  w ere  i n s e r t e d  a t  random . I t  f o l ­

low s t h a t  t h e r e  'to u ld  be a  62 p e r c e n t  chance  o f  m is s in g  a  b u n d le  

u n d e r  t h e  same c o n d i t io n s .
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A c h i - s q u a r e  t e s t  r e v e a l e d  a  v a lu e  fo r  c h i - s q u a r e  o f  1 2 .3 ,  w h ile  

t h e r e  i s  a  99»5 p e rc e n t  chance  t h a t  c h i - s q u a r e  w i l l  b e  l e s s  th a n  7 , 88 , 

p ro v id e d  t h a t  t h e  t h e o r e t i c a l  and e x p e r im e n ta l  p r o b a b i l i t i e s  a r e  no t 

s i g n i f i c a n t l y  d i f f e r e n t ' T h is  w ould i n d i c a t e  t h a t ,  s i n c e  a c tu a l  coun t 

show ed 79 p e r c e n t  m is s e s ,  so m e th in g  o t h e r  t h a n  ch an ce  i s  in v o lv e d  i n  

c a u s in g . th e  i n c i s i o n  to  b e  p la c e d  be tw een  th e  v a s c u l a r  b u n d le s .

I n  c a l c u l a t i n g  th e  t h e o r e t i c a l  p r o b a b i l i t i e s  two a s su m p tio n s  

w ere  m ade. F i r s t ,  t h e  stem  i s  c i r c u l a r ,  and se tio n d , t h e  o v i p o s i t o r  

i s  i n s e r t e d  i n  a  s t r a i g h t  p a th .  N e i th e r  o f  t h e s e  i s  a lw ays t r u e ,  th e  

s te m  b e in g  m ore o f te n  e l l i p s o i d a l  r a t h e r  th a n  c i r c u l a r  and th e  p a th  

o f  th e  o v i p o s i t o r  f r e q u e n t l y  o b l iq u e .

The v e s s e l s  o f  th e  x y lem , i n  a l l  l i k e l i h o o d ,  o f f e r  r e s i s t a n c e  

t o  t h e  o v i p o s i t o r .  T hese v e s s e l s  a r e  d i s t i n c t l y  and h e a v i l y  l i g n i -  

f i e d ,  Many c a s e s  w e re  n o te d  i n  w hich  th e  o v i p o s i t o r  a p p a r e n t ly  

g ra z e d  one o f  th e m  an d  w as d e f l e c t e d .  I n  o n ly  two c a s e s  w ere  th e  

p i e r c e d  b u n d le s  s e e n  to  b e  c o m p le te ly  r u p tu r e d ;  t h e  o th e r s  se e m in g ly  

had  th e  x y lem  v e s s e l s  p ushed  a p a r t  b y  th e  o v i p o s i t o r .
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COMGLUSIONS

I e The r e l a t i o n s h ip ^ ,  i f  Brpr5 b e tw e e n  l e g  le n g th  and  s te m  d ia m e te r  a s  

a f f e c t i n g  th e  a b i l i t y  o f  th e  w h ea t s tem  s a w f ly  to  o v i p o s i t  i s  n o t 

l i n e a r .  L im i ts  c a n n o t b e  a s s ig n e d  t o  s a w f l i e s  w i th  p a r t i c u l a r  l e g  

l e n g th s  to  p r e f e r  s p e c i f i c  s tem  d ia m e te r s  f o r  o v i p o s i t i o n .

2 ,  U pper and lo w e r  l i m i t s  o f  s tem  d ia m e te r 5 o u t s id e  o f  w h ic h  o v i ­

p o s i t i o n  b y  a  p o p u la t io n  o f  s a w f l i e s  w ould  b e  im p o s s ib le ., a r e  l i k e l y  

t o  b e  so  ex trem e 5 i f  th e y  e x i s t  5 t h a t  m ost s m a l l  g r a i n s  w i l l  have 

s te m  d ia m e te r s  w i t h i n  t h a t  r a n g e ,

3 ,  O v ip o s i t in g  fe m a le s  m bre o f t e n  make i n c i s i o n s  th ro u g h  th e  bands 

o f  c h lo r o p h y l lo u s  t i s s u e  r a t h e r  th a n  th ro u g h  th e  bands o f  s te re o m e ,

4 ,  T h e re  i s  no p r e f e r e n c e  f o r  a n y  p a r t i c u l a r  r e g io n  o f  a n  in te r n o d e  

f o r  o v i p o s i t i o n ,

5 , The u p p e r  in te r n o d e s  a r e  p r e f e r r e d  f o r  o v i p o s i t i o n  i n  p l a n t s  w i th  

two o r  m ore v i s i b l e  n o d e s .

6 , The l e a f  s h e a th  h a s  no e f f e c t  o n  th e  s i t e  a c c e p te d  f o r  o v ip o s i— 

t i o n .

7 o The l a r g e  v a s c u l a r  b u n d le s  o f  th e  i n t e r i o r  o f  t h e  w h ea t stem  

p r e s e n t  o b s t a c l e s  i n  t h e  p a th  o f  th e  o v i p o s i t o r .
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F ig u re  4

F ig u re  5

C ro ss  s e c t i o n  o f  T h a tc h e r  show ing  egg an d  t y p i c a l  i n c i s i o n  
i n  h o llow -stem m ed  w h e a t. I n c i s i o n  a d ja c e n t  t o  e g g .

I

C ro ss  s e c t i o n  o f  R escue  show ing  egg  an d  t y p i c a l  i n c i s i o n  
i n  s o lid -s te m m e d  w h e a t.
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OvIPOSlTOR 
S heath

Jcmio R.5<
— -Ov i p o s i t o r

Figure 6 . Female g e n ita l ia  o f  th e  wheat stem saw fly (Cephus c in c tu s , 
Nort. )  with o v ip o sito r  extended. O vipositor normally 
r e s ts  between sheaths
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