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ABSTRACT 

- 

The leafhopper  Erythroneura z i c z a c  i s  t h e  most impor tan t  i n s e c t  

f eed ing  on grape v ines  i n  t h e  Okanagan Val ley ,  B.C. Extens ive  l e a f -  

hopper f eed ing  reduces t h e  e f f e c t i v e  pho tosyn the t i c  a r e a  of  l e aves  and 

can a f f e c t  t h e  q u a l i t y  and/or  q u a n t i t y  of g rapes .  Hairy-leaved grape  

v a r i e t i e s  do n o t  suppor t  l a r g e  l ea fhoppe r  popu la t i ons  b u t  u n f o r t u n a t e l y  

i t  is smooth-leaved v a r i e t i e s  t h a t  produce grapes  d e s i r e d  by t h e  w ine r i e s .  

V i r g i n i a  c r eepe r  i s  a common a l t e r n a t e  h o s t  p l a n t  used by t h e  leafhopper  

i n  t h e  Okanagan Val ley.  

E. z i c z a c  has  two over lapping  gene ra t i ons  each y e a r  and overwin- - 

t e r s  i n  t h e  a d u l t  s t a g e  under p l a n t  d e b r i s  i n  and around t h e  v ineyards .  

Overwintered a d u l t s  feed on many p l a n t s  i n  e a r l y  s p r i n g  b u t  move t o  

grape  v i n e s  f o r  f eed ing  and egg-laying soon a f t e r  l e aves  appear .  F i r s t  

gene ra t i on  a d u l t s  appear  i n  e a r l y  J u l y  and second gene ra t i on  a d u l t s ,  

t h a t  form t h e  nex t  overwin te r ing  popu la t i on ,  appear  i n  mid-August. 

P r e d a t o r s  do n o t  have any s i g n i f i c a n t  e f f e c t  on leafhopper  numbers 

du r ing  t h e  summer b u t  p r e d a t i o n  may b e  a  major m o r t a l i t y  f a c t o r  of  over- 

w i n t e r i n g  l ea fhoppe r s .  No p a r a s i t e s  were observed i n  any of t h e  nymphal 

s t a g e s  o r  a d u l t  l ea fhoppers .  The c h i e f  n a t u r a l  enemy of - E. z i czac  i s  

a  mymarid egg-paras i te  Anagrus epos.  This  t i n y  wasp overwin te rs  i n  t h e  

eggs o f  o t h e r  s p e c i e s  of  l e a fhoppe r s  on wi ld  r o s e  and app le  s o  t h a t  

p a r a s i t i s m  of  t h e  grape leafhopper  can  be  i n f luenced  by t h e  proximi ty  

of  t hose  p l a n t s  t o  v ineyards .  

Numbers of  l ea fhoppers  i n  v ineyards  can be  monitored us ing  s t i c k y  

boards.  If sp ray ing  wi th  chemical  p e s t i c i d e s  is  cons idered  neces sa ry ,  

iii 



t h e s e  should on ly  b e  a p p l i e d  t o  p a r t s  o f  t h e  v ineya rd  where heavy in -  

f e s t a t i o n s  occur .  
- 
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I INTRODUCTION 

Entomologists and grape growers have been aware f o r  a number of 

y e a r s  of a leafhopper  feeding  on grape v i n e s  i n  t h e  Okanagan Val ley  of 

B r i t i s h  Columbia. Marsha l l  (1952) noted t h a t  a leafhopper  (Erythroneura 

s p . )  occurred i n  outbreak  numbers a t  Osoyoos fo l lowing  t h e  s e v e r e  w in te r  

of 1950-51. I n  1967 Madsen began a s tudy  a t  Westbank f o r  i d e n t i f i c a t i o n  

and seasona l  h i s t o r y  of t h e  leafhopper  and t o  assess damage t o  q u a l i t y  

and q u a n t i t y  of grapes  (Madsen, 1968).  He found t h a t  grapes  from unsprayed 

v i n e s  had fewer grapes and were smaller than  on sprayed v i n e s .  These 

grapes  r ipened  sooner and some had s h r i v e l e d  b e f o r e  p ick ing  s t a r t e d .  No 

s i g n i f i c a n t  d i f f e r e n c e  i n  q u a l i t y  was shown by a n a l y s i s  f o r  s o l u b l e  

s o l i d s ,  sugar ,  a c i d i t y  o r  pH b u t  y i e l d  from sprayed v i n e s  was dec idedly  

g r e a t e r .  Measurements of grape sugar  con ten t  by Van Dine (1923) showed 

a 27 pe rcen t  r educ t ion  i n  sugar  a s  compared w i t h  grapes  from i n s e c t - f r e e  

v ines .  This  v ineyard  w a s  under c o n t r a c t  w i th  a grape j u i c e  processor  bu t  

t h e  crop was r e j e c t e d  because of t h e  low sugar  content .  

One grower a t  O l ive r  r epo r t ed  a n  unusual ly  heavy leafhopper  i n f e s t -  

a t i o n  i n  p a r t  of h i s  vineyard i n  1968 (La Bounty, 1969).  Feeding damage 

was s o  seve re  t h a t  l e a v e s  turned brown and dropped w e l l  b e f o r e  h a r v e s t i n g  

commenced. Grapes were very  s t u n t e d  and had a sugar  con ten t  of 8 t o  9 

percent  i n s t e a d  of  t h e  normal 20 t o  25 pe rcen t .  The f r u i t  w a s  n o t  worth 

p i ck ing  and wood f o r  t h e  next  y e a r ' s  bea r ing  v i n e s  appeared unsound. Wood 

t h a t  does no t  mature p rope r ly  appears  t o  be s u s c e p t i b l e  t o  w i n t e r - k i l l .  

F i e l d  obse rva t ions  by Madsen (1968) showed t h a t  t h e  Okanagan l e a f -  



hopper d i sp l ayed  c h a r a c t e r i s t i c s  t y p i c a l  of t h e  many grape  leafhoppers  

(Erythroneura spp.)  s t u d i e d  throughout North America. By numbers and 

frequency of  encounter  throughout t h e  Okanagan, t h e  leafhopper  i s  t h e  

only  i n s e c t  of economic importance t o  grape  growers a t  t h e  p r e s e n t  time. 

Acreage of grape p l a n t i n g s  has  i nc reased  g r e a t l y  s i n c e  1960 and the  p e s t  

s t a t u s  of  t h e  leafhopper  was t h e  prime mot iva t ion  f o r  t h e  p r e s e n t  s tudy .  

During t h e  growing seasons  of 1969 and 1970 t h e  bionomics and eco- 

logy of t h e  Okanagan leafhopper  were s t u d i e d  and c u l t u r a l  procedures  

were examined w i t h  t h e  aim of  f i n d i n g  p r a c t i c e s  t h a t  might reduce t h e  

need f o r  chemical  p e s t i c i d e s .  

No leafhoppers  of  t h e  genus Erythroneura have been shown t o  b e  

v e c t o r s  of  p l a n t  v i r u s  d i s e a s e s .  I f  t h i s  i s  t r u e  f o r  t h e  Okanagan l e a f -  

hopper,  t h e  only  index f o r  a n  economic th re sho ld  would be i n s e c t  

numbers. Spec ies  of Erythroneura feed  on mesophyll t i s s u e  and t h i s  

reduces t h e  a r e a  of f u n c t i o n a l  l e a f  s u r f a c e .  S t y l e t s  p e n e t r a t e  through 

epidermal  t i s s u e  and removal of s ap  d e s t r o y s  t h e  i n t e r i o r  pho tosyn the t i c  

c e l l s .  A t y p i c a l  leafhopper  nymph of t h e  Erythroneura group was found 

t o  des t roy  a n  average of  j u s t  ove r  one squa re  cen t ime te r  of l e a f  su r -  

f a c e  i n  reaching  ma tu r i t y  and t h e  a d u l t  con t inues  t o  feed  and cause 

damage u n t i l  i t  d i e s  (Runner and B l i s s ,  1923).  



F i g .  I Map of  s t u d y  a r e a  i n  the  Okanagan V a l l e y ,  

B r i t i s h  Columbia. 
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I1 LIFE HISTORY OF 

- 

I n  1968 t h e  Fntnmology Research 

  ads en's s u s p i c i o n  t h a t  t h e  Okanagan 

THE LEAFHOPPER 

I n s t i t u t e  a t  Ottawa conf i rmed D r .  

g rape- feed ing  l e a f h o p p e r  was 

Ery th roneura  z i c z a c  Walsh. E. z i c z a c  h a s  a  wide d i s t r i b u t i o n  through- - 

o u t  North America (Pepper  and M i l l s ,  1936) .  B e i r n e  (1956) r e p o r t e d  

t h a t  i t  o c c u r s  a c r o s s  t h e  s o u t h e r n  p a r t  of Canada and n o t e d  t h a t  E. - 
z i c z a c  i s  g e n e r a l l y  less common i n  v i n e y a r d s  t h a n  r e l a t e d  s p e c i e s .  An 

e x c e p t i o n  was t h e  Okanagan V a l l e y  where i t  appeared  t o  b e  t h e  o n l y  grape-  

f e e d i n g  l e a f h o p p e r .  

During t h e  p r e s e n t  s t u d y  E. z i c z a c  was t h e  o n l y  l e a f h o p p e r  u s i n g  - -- 
g r a p e  as a h o s t  p l a n t  a l t h o u g h  t h e r e  were  i s o l a t e d  i n s t a n c e s  of  o t h e r  

s p e c i e s  such  a s  Typhlocyba pomaria a p p a r e n t l y  u s i n g  v i n e s  as a  temporary 

food s o u r c e  d u r i n g  d i s p e r s a l .  Nany l e a f h o p p e r  s p e c i e s  w i l l  f e e d  on a 

v a r i e t y  o f  p l a n t s  b u t  o v i p o s i t i o n  and f e e d i n g  by nymphs g e n e r a l l y  i n -  

v o l v e s  s p e c i f i c -  p l a n t s  o r  t y p e s  o f  p l a n t s .  As s u g g e s t e d  by Oman (1949) ,  

t h e  t e rm ' h o s t  p l a n t '  can  c o n v e n i e n t l y  d i s t i n g u i s h  t h o s e  p l a n t s  u t i l i z e d  

f o r  o v i p o s i t i o n  w h i l e  ' food  p l a n t '  r e f e r s  t o  any p l a n t  used f o r  i n c i d e n t a l  

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

There  a r e  two o v e r l a p p i n g  l e a f h o p p e r  g e n e r a t i o n s  each  y e a r  i n  t h e  

Okanagan V a l l e y  ( F i g .  1 1 ) .  Adul t  E r y t h r o n e u r a  z i c z a c  o v e r w i n t e r  under  

g r a s s  and f a l l e n  l e a v e s  i n  o r  n e a r  t h e  v i n e y a r d s .  They become a c t i v e  

d u r i n g  warm s p r i n g  wea ther  b e f o r e  g r a p e  l e a v e s  a p p e a r  s o  t h a t  o t h e r  

p l a n t s  must be  used a s  a temporary food s o u r c e .  A l l  s t u d i e s  o f  l i f e -  

h i s t o r i e s  of g rape  l e a f h o p p e r s  ( E r y t h r o n e u r a  spp . )  i n d i c a t e  t h a t  over-  

w i n t e r i n g  a d u l t s  do n o t  mate For abou t  a  week a f t e r  they  commence feed-  



Seasona l  h i s t o r y  of Ery th roneura  z i c z a c  

on g r a p e  v i n e s  i n  t h e  Okanagan V a l l e y ,  

modi f i ed  from Nadsen, 1968. 
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i n &  on h o s t  p l a n t s .  I n  1969, t h e  f i r s t  ma t ing  p a i r s  were observed on 

g rape  v i n e s  a t  O l i v e r  i n  mid-May and eggs  were  found a week l a t e r  a t  t h e  

same l o c a t i o n .  The a u t h o r  was s u r p r i s e d  t o  f i n d  a t  l e a s t  a  dozen p a i r s  

mat ing  i n  t h e i r  o v e r w i n t e r i n g  s i t e s  under  l e a v e s  a t  Kelowna a s  e a r l y  as 

A p r i l  21,  1970. I t  was a  c o o l ,  c loudy  day and v i n e s  had n o t  shown any 

s i g n s  o f  l e a f i n g  o u t .  P a i r s  were  a l s o  found mat ing  a t  O l i v e r  n i n e  days  

l a t e r  ( v i n e s  s t i l l  i n  bud s t a g e ) ,  s o  f e e d i n g  on t h e  h o s t  p l a n t  e v i d e n t l y  

i s  n o t  n e c e s s a r y  t o  s t i m u l a t e  mat ing  by - E. z i c z a c .  

The o v i p o s i t o r  o f  t h e  female  i s  used t o  i n s e r t  eggs  b e n e a t h  t h e  

lower  e p i d e r m i s  o f  mature  l e a v e s .  A f t e r  a few days  a b l u i s h  c o l o r a t i o n  

a p p e a r s  around t h e  eggs and t h i s  o f t e n  e n a b l e s  o v i p o s i t i o n  s i t e s  t o  b e  

l o c a t e d  w i t h o u t  a  l e n s .  Eggs a v e r a g e  a b o u t  0 .65 mm l o n g  and resemble  

e l o n g a t e d  beans  t h a t  b u l g e  above t h e  s u r r o u n d i n g  e p i d e r m a l  t i s s u e .  They 

a r e  l a i d  s i n g l y  o r  s i d e  by s i d e  i n  groups  o f  up t o  t e n ,  b u t  most common- 

l y  i n  groups  o f  two t o  f o u r .  A few days  b e f o r e  h a t c h i n g  a r e d  d o t  mark- 

i n g  one e y e  a p p e a r s  n e a r  one end o f  t h e  egg  (F ig .  111)  ( t h e  embryo i s  or -  

i e n t e d  on i t s  s i d e ) .  Eye-spots i n  each  egg group a l l  form a t  t h e  same 

end. Nymphs emerge h e a d - f i r s t  by s p l i t t i n g  t h e  egg-case a t  t h e  l e v e l  

of t h e  l e a f  ep idermis .  

Mature l e a v e s  t h a t  a r e  w e l l  marked w i t h  f e e d i n g  s c a r s ,  r a t h e r  t h a n  

new f o l i a g e ,  a r e  t h e  major  o v i p o s i t i o n  s i t e s .  One l a r g e  Himrod l e a f  a t  

Kelowna (38 cm a c r o s s )  c o n t a i n e d  1525 eggs .  A l l  l e a f h o p p e r  eggs  ob- 

s e r v e d  were  on t h e  lower  s u r f a c e  o f  l e a v e s  e x c e p t  f o r  a  few found on 

Bath v i n e s  a t  O l i v e r  i n  1970. C o n d i t i o n s  were  somewhat u n u s u a l  i n  t h i s  

i n s t a n c e  a s  v e r y  dense  upper  f o l i a g e  shaded some of  t h e  i n t e r i o r  l e a v e s  



F i g .  I11 E r y t h r o n e u r a  z i c z a c .  1. Adul t  X 24. 2 .  A d u l t ,  

l a t e r a l  v iew X 28.  3 .  Leafhopper  egg a t  eye-spot  

s t a g e  X 120.  4 .  Leafhopper  egg a f t e r  nymph emerged 

X 120. 





and appa ren t ly  a f f e c t e d  them p h y s i o l o g i c a l l y .  These l imp,  hanging l eaves  - 

l acked  t h e  u sua l  toughness of  t h e  upper t i s s u e  and eggs were l a i d  on 

bo th  s u r f  aces .  - 

Nymphs emerge from 14 t o  17 days a f t e r  o v i p o s i t i o n  and t h e  f i v e  

nymphal i n s t a r s  r e q u i r e  a  t o t a l  of 15  t o  16 days t o  r each  ma tu r i t y .  The 

f i r s t  i n s t a r s  a r e  p a l e  yellow-green and a r e  q u i t e  t r a n s p a r e n t .  S i z e  i n -  

c r e a s e  is  accompanied by t h e  appearance of two orange s p o t s  on t h e  upper 

t ho rax  and t h e  development of  wing pads.  Adult  i n s e c t s  (Fig.  111) a r e  

s l e n d e r ,  about  2.75 mm i n  l e n g t h  and hold  t h e  wings t i g h t l y  over  t h e  

body when r e s t i n g .  The s p e c i f i c  name z i c z a c  comes from t h e  dark  s t r i p e  

t h a t  z igzags a long  t h e  l e n g t h  of  each f r o n t  wing. The rest o f  t h e  body 

i s  ye l lowish  bu t  t h e r e  i s  a  b i t  of  v a r i a t i o n  t o  some of t h e  da rk  markings 

of  t h e  upper p a r t s .  Most specimens have r edd i sh  o r  brown markings; a  

b l u e  band on t h e  l e a d i n g  edge of t h e  forewing was n o t  uncommon. No cor- 

r e l a t i o n  f o r  s e x ,  gene ra t i on  o r  t ime of yea r  could be  made w i t h  any 

p a r t i c u l a r  p a t t e r n  of marking. 

F a i r b a r n  (1928),  s t udy ing  - E. z i c z a c  i n  Kansas, noted t h e  i n s e c t  

had a  f i r s t  p r e f e r ence  f o r  Boston Ivy (Par thenocissus  t r i c u s p i d a t a )  and 

then  f o r  V i r g i n i a  c r eepe r  (P. qu inque fo l i a )  w i t h  grape be ing  used as - 
a  h o s t  p l a n t  i n  t h e  absence of t hose  two v i n e s .  Pepper and M i l l s  (1936) 

mentioned i n j u r y  t o  V i r g i n i a  c r e e p e r  v i n e s  i n  Montana by a  minute ,  a g i l e ,  

l i gh t - co lou red  i n s e c t  commonly known a s  t h e  Igrape1  leafhopper  ( 'krythro-  

neura  comes z i c z a c  Walshll). These V i r g i n i a  c r eepe r  l e a v e s  became spot -  -- 

t ed  through in sec t - f eed ing  and i n  extreme c a s e s  v ines  were completely 

d e f o l i a t e d .  Feeding by - E. z i c z a c  which caused t h i s  degree  of damage t o  



V i r g i n i a  c r e e p e r  v i n e s  was observed by t h e  p r e s e n t  a u t h o r  a t  Peach land ,  

B . C . ,  i n  1969. 

Host p l a n t s  of E ,  z i c z a c  observed  i n  t h e  Okanagan were g r a p e ,  V i r -  - 

g i n i a  c r e e p e r ,  and a n  u n i d e n t i f i e d  o rnamenta l  i v y  growing on a  h o t e l  w a l l  

a t  P e n t i c t o n .  The las t  v i n e  was i n f e s t e d  r a t h e r  s p a r s e l y  and p robab ly  

was n o t  a n  i d e a l  h o s t  p l a n t  b e c a u s e  t h e  l e a v e s  were t h i c k  and hard-sur-  

f a c e d .  I n c i d e n t a l  f e e d i n g  by - E. z i c z a c  a d u l t s  was n o t i c e d  o n l y  i n  s p r i n g  

b e f o r e  h o s t  p l a n t s  l e a f e d  o u t .  Almost any a v a i l a b l e  p l a n t  seemed accep-  

t a b l e  b u t  some seemed t o  be  p r e f e r r e d .  Dandel ions  n e a r  o v e r w i n t e r i n g  

l o c a t i o n s  i n v a r i a b l y  a t t r a c t e d  l e a f h o p p e r s .  Grass, s t r a w b e r r y ,  w i l d  

r o s e  and many u n i d e n t i f i e d  weed p l a n t s  were  a l s o  used by E. z i z a c  as - -  

food s o u r c e s .  

The r a t i o  o f  a d u l t  female  t o  male E r y t h r o n e u r a  z i c z a c  v a r i e s  r a t h e r  

n o t i c e a b l y  d u r i n g  t h e  y e a r  ( F i g .  I V ) .  Overwin te r ing  males were  found t o  

compr i se  abou t  4 2  t o  46  p e r c e n t  of t h e  p o p u l a t i o n  b u t  t h e  p e r c e n t a g e  was 

a p p r e c i a b l y  lower d u r i n g  May-June. Excess males  may b e  s u p e r f l u o u s  

a f t e r  t h e  i n i t i a l  mat ings  and t h e i r  d i s a p p e a r a n c e  may l e a v e  more food 

r e s o u r c e s  a v a i l a b l e  f o r  t h e  p r o d u c t i o n  o f  young. Males become more com- 

mon a g a i n  as t h e  b u l k  o f  t h e  f i r s t  g e n e r a t i o n  t r a n s f o r m s  t o  a d u l t s  i n  

J u l y ,  and t h e n  d e c r e a s e s  a g a i n  s l i g h t l y .  Another r i s e  i n  male percen-  

t a g e  o c c u r s  a s  t h e  o v e m i . n t e r i n g  p o p u l a t i o n  forms i n  August .  The pro- 

p o r t i o n  of males averaged 24 p e r c e n t  ( r a n g e  1 4  t o  46) i n  more t h a n  

20,000 l e a f h o p p e r s  examined. The s e x - r a t i o  p a t t e r n  i s  b e l i e v e d  t o  con- 

f i r m  t h a t  two g e n e r a t i o n s  o f  - E. z i c z a c  a r e  produced i n  t h e  Okanagan 

each y e a r .  Some overwin te red  females  d i e  b e f o r e  t h e  f i r s t  g e n e r a t i o n  

nymphs t r a n s f o r m  b u t  males d i e  i n  g r e a t e r  numbers. 



F i g .  IV P e r c e n t a g e  of male  E r y t h r o n e u r a  z i c z a c  

a t  Kelowna and  O l i v e r  i n  1969 and  1970 .  
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Overwintered a d u l t s  were c o l l e c t e d  i n  1969 t o  s e e  how long  they 

would s u r v i v e  and t o  f i nd  i f  they would o v i p o s i t  on non-host p l a n t s .  

Leafhoppers were caged wi th  food p l a n t s  t h a t  t h e  s p e c i e s  u t i l i z e s  

i n  t h e  f i e l d  (dandel ion ,  s t r awber ry  and g r a s s )  b u t ,  a l though s u r v i v a l  

was good, no o v i p o s i t i o n  was observed.  Some of t h e s e  i n s e c t s  were l a t e r  

t r a n s f e r r e d  t o  grape o r  V i r g i n i a  c r e e p e r  l e a v e s  and o v i p o s i t i o n  com- 

menced immediately.  Some o f  t h e  l ea fhoppe r s  l i v e d  u n t i l  l a t e  J u l y  when 

they d i ed .  Death occurred when temperatures  i n  t h e  l a b o r a t o r y  r o s e  t o  

over  100•‹F. 

Mating p a i r s  were c o l l e c t e d  w i t h  an  a s p i r a t o r  and p laced  i n  v i a l s  

f o r  t r a n s p o r t i n g  t o  t h e  l a b o r a t o r y .  I n i t i a l  d i f f i c u l t y  i n  keeping p a i r s  

a l i v e  was l a r g e l y  overcome by p l a c i n g  a  sma l l  p i e c e  of  grape l e a f  i n  

t h e  v i a l  w i th  t h e  i n s e c t s  and us ing  a  s tyrofoam c o o l e r  f i l l e d  w i t h  w e t  

g r a s s  t o  keep t h e  leafhoppers  coo l .  Each p a i r  was p laced  i n  a l a n t e r n -  

g l a s s  cage t h a t  had a  cardboard ice-crean: c a r t o n  l i d  f o r  a  ba se  and 

fine-mesh p l a s t i c  s c r een ing  cemented over  t h e  upper opening. A h o l e  

f o r  i n t r o d u c i n g  and removing t h e  i n s e c t s  was c u t  i n  t h e  s c r e e n  w i t h  a  

cork-borer  and c losed  w i t h  a  co rk .  A grape l e a f  w i t h  i t s  p e t i o l e  i n  a  

v i a l  o f  water  was p laced  i n s i d e  t h e  cage b e f o r e  t h e  p z i r  was in t roduced .  

Grape l e a v e s  of many v a r i e t i e s  were randomly used t o  s e e  i f  t h e r e  were 

any p re fe rences  f o r  o v i p o s i t i o n .  Thick-leaved v a r i e t i e s  w i th  h a i r y  un- 

d e r s u r f a c e s  had very  l i g h t  o v i p o s i t i o n  b u t  t h e  same female would subse- 

quen t ly  l a y  many eggs on smooth thin- leaved v a r i e t i e s  (Table 1 ) .  

Adult  feed ing  d i d  no t  appear  tc be hindered by heavy pubescence b u t  

o v i p o s i t i o n  was r e s t r i c t e d .  Movement and f eed ing  by sma l l  nymphs was 

n o t i c e a b l y  hanpercd by t h e  presence  of  dense l e a f  h a i r s .  Nymphs became 



Table 1 Ovipos i t ion  by t h r e e  Erythroneura z i czac  females  on ha i ry-  
o r  smooth-leaved grape v a r i e t i e s .  Dates show when inated 
p a i r s  were f i r s t  pu t  i n t o  cages.  ( s )  i n d i c a t e s  smooth 
leaved  v a r i e t y ,  (h) i n d i c a t e s  h a i r y  leaved v a r i e t y .  

MATED GRAPE VARIETY DAYS 
TOTAL EGGS 

EGGS B Y J U L Y 2 8  

June 2 

June 9 

May 27 59549 (s)  

R e i s l i n g  ( s )  

Diamond (h) 

Foch ( s )  

P a t r i c i a  (h) 

Foch ( s )  

S9549 ( s )  

S9110 ( s )  

P a t r i c i a  (h) 

R e i s l i n g  ( s )  

S9549 ( s )  



en t rapped  by d r o p l e t s  of t h e i r  own e x c r e t i o n  on t h e  h a i r s  a s  t h e y  f e d .  

I n  t h e  v i n e y a r d s ,  a  h a i r y  v a r i e t v  such a s  Diamond would b e  a lmos t  f r e e  

of l e a f h o p p e r s  h j l e  o t h e r  r c l , i i  , ' Ly h a i r l e s s  v a r i e t i e s  a  few f e e t  

away would have l a r g e  p o p u l a t i o n s .  

Counts of t h e  a v e r a g e  number of eggs  l a i d  p e r  l e a f  p e r  day showed 

t h a t  smooth-leaved h y b r i d  v a r i e t i e s  had n o t i c e a b l y  more eggs  t h a n  h a i r y -  

l e a v e d  v a r i e t i e s .  Th i s  is  shown i n  T a b l e  2. 

Importance of t h e  o v i p o s i t i o n  r a t e  f o r  l e a f  t y p e s  i s  r e l a t e d  t o  t h e  

f a c t  t h a t  a l l  new commercial p l a n t i n g s  and v i n e  rep lacements  i n  t h e  

Okanagan a r e  of h y b r i d  v a r i e t i e s .  The same t y p e s  of v i n e s  t h a t  are pre -  

f e r r e d  by t h e  l e a f h o p p e r s  produce t h e  g r a p e s  t h a t  a r e  p r e f e r r e d  by t h e  

w i n e r i e s .  S i x  mated f i r s t  g e n e r a t i o n  females  caged w i t h  g r a p e  l e a v e s  

produced a n  average  of 121.7 eggs ( range  74 t o  1 6 1 ) .  P a i r s  c o l l e c t e d  

i n  May and June produced t h e  m a j o r j t y  of t h e i r  eggs  w i t h i n  a b o u t  a  month 

and o v i p o s i t i o n  had v i r t u a l l y  ceased  by l a t e  J u l y .  



Table 2 Rates of oviposition (eggs/leaf/day) on smooth- and on 
hairy-surfaced grape leaves. 

SMOOTH LEAVES EGGS/LEAF/DAY STANDARD ERROR 

Reisling 

Foch 

S9110 

S9549 

HAIRY LEAVES 

Diamond 

Patricia 
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I11 FIELD OBSERVATIONS AND MONITORING 

- 

I n i t i a l  leaf-sampling i n  1969 was a  m o d i f i c a t i o n  of t h a t  used  by 

H a r t z e l l  and H o r s f a l l  (1944) .  A p l a s t i c  bag  was used i n s t e a d  o f  a  paper  

b a g  and e t h y l  a c e t a t e  r a t h e r  t h a n  c a l c i u m  cyan ide .  The bag  c o n t a i n i n g  

a d e n t a l  r o l l  s a t u r a t e d  w i t h  e t h y l  a c e t a t e  w a s  q u i c k l y  dra-m o v e r  t h e  

s e l e c t e d  l e a f  and t h e  p e t i o l e  c u t .  A s h o r t  w a i t  a l lowed t h e  chemica l  t o  

t a k e  i t s  e f f e c t  on i n s e c t s  p r e s e n t  and t h e  n e x t  l e a f  cou ld  t h e n  b e  c o l -  

l e c t e d .  E t h y l  a c e t a t e  k i l l e d  a c t i v e  and i n a c t i v e  s t a g e s  of i n s e c t s  and 

a l s o  t h e  g r a p e  l e a v e s  s o  t h a t  t h e  c o n t e n t s  o f  each bag were  o f  no f u r t h e r  

u s e  once c o u n t i n g  was completed.  The d i s c o v e r y  o f  p a r a s i t e  e x i t - h o l e s  

i n  l e a f h o p p e r  eggs  d u r i n g  J u l y  r e s u l t e d  i n  t h e  omiss ion  of e t h y l  a c e t a t e  

from t h e  p l a s t i c  bag  d u r i n g  c o l l e c t i n g .  L i v i n g  g r a p e  l e a v e s  c o u l d  t h e n  

b e  b rought  back t o  t h e  l a b o r a t o r y  and e g g - p a r a s i t e s  cou ld  be  r e a r e d  from 

l e a f h o p p e r  eggs  p r e s e n t  on t h e  l e a v e s .  

E l i m i n a t i o n  o f  e t h y l  a c e t a t e  from c o l l e c t i o n  bags  produced no problem 

of  e s c a p i n g  i n s e c t s  s i n c e  a d u l t s  cou ld  b e  s e e n  through t h e  p l a s t i c  bag 

and d i s p a t c h e d  w i t h  l i g h t  f i n g e r  p r e s s u r e .  Counts o f  i n s e c t s  had t o  b e  

made t h e  n e x t  day however, s i n c e  t h e  l e a f h o p p e r s  f e d  and c o n t i n u e d  t r a n s -  

forming w h i l e  i n  t h e  p l a s t i c  bags .  Leafhoppers  c o u l d  b e  k e p t  i n  t h i s  

manner f o r  a t  l e a s t  two weeks ( i f  d e s i r e d )  o r  u n t i l  mold began t o  s e v e r e l y  

damage t h e  g rape  l e a v e s .  

Counts of l e a f h o p p e r  s t a g e s  i n  v i n e y a r d s  d u r i n g  1969 were  made by 

c o l l e c t i n g  samples o f  10 l e a v e s  randomly a l o n g  a row o f  v i n e s .  Grape 

v a r i e t y  b l o c k s  were  s e l e c t e d  and t h e  number of rows of v i n e s  was counted 

s o  t h a t  sampl ing rows cou ld  be  p icked  and recorded  b e f o r e  sampl ing s t a r t e d .  



End rows were avoided s i n c e  t h e s e  rows a r e  r epo r t ed  t o  have h ighe r  

leafhopper  counts  than inne r  rows ( ~ a r t z e l l  and  ors sf all, 

1944).  

The only  leaves  t h a t  were c o l l e c t e d  were l e a v e s  between 3 and 5 

inches  a c r o s s  t h a t  could be  s l i p p e d  i n t o  t h e  bag wi th  a minimum of d i s -  

turbance.  Wind f a c i l i t a t e d  c o l l e c t i n g  because even t h e  s l i g h t e s t  b reeze  

caused a d u l t  l eafhoppers  t o  c l i n g  t o  t h e  l eaves ,  t hus  minimizing t h e i r  

escape.  

It w a s  n o t  known which s t a g e ( s )  would prove most u s e f u l  f o r  sampling 

t o  f i n d  a n  economic l e v e l  f o r  leafhopper  popula t ions .  Madsen (1968) and 

Jenson, F l a h e r t y  and Chiarappa (1969) counted only  nymphal s t a g e s  of l e a f -  

hoppers.  This  can b e  done s u c c e s s f u l l y  i n  t h e  vineyard wi thout  t h e  ne- 

c e s s i t y  of c o l l e c t i n g  l e a v e s  f o r  l a b o r a t o r y  counting.  D i s tu rb ing  a  l e a f ,  

such a s  by gen t ly  t u rn ing  i t  over ,  causes  t h e  nymphs t o  c l i n g  mot ionless  

t o  t h e  l e a f  f o r  a time. Some of  t h e  l a r g e r  nymphs w i l l  o f t e n  move t o  t h e  

o t h e r  s i d e  of t h e  l e a f  b u t  t h i s  does n o t  cause  problems i n  counting.  

I n i t i a l l y  i t  w a s  decided t o  count  a d u l t s ,  nymphs and eggs of  l e a f -  

hoppers b u t  later i t  w a s  decided t o  con t inue  only  nymph counts .  There 

w a s  always t h e  p o s s i b i l i t y  of a d u l t s  escaping  no ma t t e r  how experienced 

one became a t  s l i p p i n g  t h e  p l a s t i c  bag over  t h e  l e a f .  Eggs a r e  easy  

enough t o  count  b u t  only those  which produce leafhoppers  can a c t u a l l y  

e f f e c t  t h e  leafhopper  popula t ion .  Egg counts  were t h e r e f o r e  only  used 

i n  t h e  e s t ima t ion  of p a r a s i t i s m  percentages  a t  t h e  end of t h e  reproduc- 

t i v e  season.  



I n  1970, sticky-board sampling of a d u l t s  was t r i e d  and t h i s  method 

appears t o  be very e f f e c t i v e .  The boards a r e  s i x  by twelve inch p ieces  

of plywood, pa in ted  yellow on one s i d e  and coated with "Stikem Special",  

manufactured by Michel and Pel ton  Company of Emeryville, Ca l i fo rn ia .  

S t r i n g  was used t o  hang the  boards i n i t i a l l y  b u t  i t  was found t h a t  the  

wind twisted t h e  s t r i n g  and i t  eventual ly  broke. Heavy copper wi re  

proved s a t i s f a c t o r y  and some boards were l e f t  ou t  f o r  four  weeks with no 

problem. Boards were hung about two f e e t  from the  ground and f i v e  t o  t en  

f e e t  from row ends t o  avoid end v ines .  

Boards were usua l ly  l e f t  on the  v ines  f o r  two weeks and t h e  i n s e c t s  

on them then counted. Occasionally they were l e f t  longer so t h a t  the  

grower could check leafhopper numbers himself .  Catches f o r  two weeks 

ranged from 0 t o  2015 on ind iv idua l  boards wi th  h ighes t  numbers found 

next  t o  overwintering loca t ions  (c lean-cul t iva ted  vineyards)  and among 

vines  wi th  heavy undergrowth of g rass  and weeds t h a t  provided good over- 

winter ing  sites. Once migrat ion t o  t h e  v ines  was f in i shed ,  unsprayed 

v ines  i n  one vineyard re t a ined  f a i r l y  l e v e l  leafhopper numbers f o r  the  

rest of the  season (Table 3 ) .  

Sampling vineyards before  and a f t e r  spraying showed how t h e  grower 

could use  boards t o  monitor leafhopper numbers (Table 4 ) .  Spraying a t  

Ol iver  was timed t o  k i l l  t he  maximum number of f i r s t -genera t ion  i n s e c t s  

before  transforming a d u l t s  began l ay ing  eggs. The chemical p e s t i c i d e ,  

Sevin,did n o t  appear t o  k i l l  leafhopper eggs, whether p a r a s i t i z e d  o r  no t ,  

b u t  almost o b l i t e r a t e d  a c t i v e  s t ages .  Leafhoppers and p a r a s i t e s  emerged 

from eggs l a i d  p r i o r  t o  spraying. 



T a b l e  3 Numbers o f  a d u l t  E r y t h r o n e u r a  z i c z a c  caught  on ye l low 
s t i cky-boards  a t  Cover t  Farms, O l i v e r ,  B .C .  i n  1970. 
Numbers i n  b r a c k e t s  i n d i c a t e  number o f  s t i c k y  boards  and 
s t a n d a r d  e r r o r .  

VARIETY AVERAGE LEAFHOPPERS/BOARD/~ DAYS 

MAY JULY AUGU S T 

Bath 

R e i s l i n g  



Table 4 Numbers of a d u l t  Erythroneura z i c z a c  caught  on ye l low s t i c k y -  
boards a t  Kichards Bros. Vineyard, O l ive r ,  B.C.  i n  1970. 
Vines were sprayed w i t h  Sevin p r i o r  t o  second sampling d a t e .  
Numbers i n  b r a c k e t s  i n d i c a t e  number of s t i c k y  boards and 
s tandard  e r r o r .  

VARIETY AVERAGE LEAFHOPPEKS/BOARD/~ DAYS 

MAY JULY AUGUST 

R e i s l i n g  

S9549 



A .  P r e d a t o r s  

I V  NATLJRAL CONTROL OF THE LEAFHOPPER 

Var ious  p r e d a t o r s  a r e  p r e s e n t  i n  t h e  v i n e y a r d  d u r i n g  t h e  y e a r  and 

t h e s e  undoubtedly  t a k e  a  l a r g e  number o f  l e a f h o p p e r s .  Lacewing and lady-  

bug l a r v a e  and a d u l t s  a r e  found i n  t h e  v i n e y a r d s  b u t  n e i t h e r  i n  l a r g e  

numbers n o r  c o n t i n u o u s l y .  Lacewing l a r v a e  p l a c e d  on l e a v e s  w i t h  l e a f -  

hopper  nymphs c a n  u s u a l l y  c a t c h  one nymph r a t h e r  e a s i l y  i f  i t  i s  encoun- 

t e r e d  w h i l e  f e e d i n g .  Leafhopper nymphs c e a s e  f e e d i n g  a f t e r  t h e y  become 

aware o f  t h e  i n t r u d e r ' s  p r e s e n c e  and even t h e  smallest nymph can  e a s i l y  

e s c a p e  t h e  r e a c h  o f  t h e  s l o w e r  p r e d a t o r .  

A n a b i d  (Nabis a l t e r n a t u s )  was o f t e n  s e e n  on t h e  v i n e s .  T h i s  i n s e c t  

was n o t e d  as a n  egg p r e d a t o r  a t  Kelowna by Madsen (1969).  - N. a l t e r n a t u s  

was observed t a k i n g  a d u l t  E r y t h r o n e u r a  z i c z a c  b u t  p robab ly  i s  more e f f e c -  

t i v e  as a p r e d a t o r  o f  l e a f h o p p e r  eggs .  Col lapsed  eggs  w i t h  p u n c t u r e s  i n  

them were  o f t e n  found b u t  t h e  p r e d a t o r  was n o t  observed a t  work. The n a b i d  

o v e r w i n t e r s  a s  a n  a d u l t  i n  t h e  same h a b i t a t  a s  - E. z i c z a c  a d u l t s  and many 

dead l e a f h o p p e r s  were  found w h i l e  sampl ing  t h e s e  si tes.  An u n i d e n t i f i e d  

s t a p h y l i n i d  b e e t l e  was a l s o  numerous i n  t h e  o v e r w i n t e r i n g  t r a s h  i n  l a t e  

f a l l  b u t  i t s  v a l u e  as a p r e d a t o r  was n o t  de te rmined .  

There  wns a  g r e a t  number o f  d i f f e r e n t  s p i d e r s  p r e s e n t  on t h e  v i n e s  

d u r i n g  t h e  growing s e a s o n  and i n  t h e  o v e r w i n t e r i n g  si tes o f  - E. z i c z a c .  

Hunt ing s p i d e r s  were  observed  e a t i n g  a d u l t  l e a f h o p p e r s  i n  t h e  overwin- 

t e r i n g  a r e a s  and a l s o  - E. z i c z a c  a d u l t s  were  observed  c a u g h t  i n  webs b u i l t  

among t h e  g rape  v i n e s  i n  summer. 

The v a l u e  o f  p r e d a t i o n  i n  c o n t r o l l i n g  l e a f h o p p e r  numbers d u r i n g  t h e i r  



r ep roduc t ive  season  appears  marginal  w i t h  t h e  p o s s i b l e  except ion  of  a n  

e f f e c t i v e  egg p reda to r .  Nabis a l t e r n a t u s  may be  a n  only i n c i d e n t a l  pre- 

d a t o r  of - E. z i czac  s t a g e s  i n  s p i t e  of  t h e  frequency wi th  which i t  occurs  

i n  t h e  same h a b i t a t .  I n  1970 t h e  bug was absen t  from vineyards  i n  Kelowna 

from l a t e  March u n t i l  e a r l y  June. It i s  n o t  known where t h e  i n s e c t  goes 

du r ing  t h i s  i n t e r v a l  o r  f o r  what purpose. The nabid i s  ubiqui tous  dur ing  

t h e  summer, a t  l e a s t ,  b u t  i t  i s  probably a gene ra l  p reda to r  t h a t  does n o t  

s p e c i a l i z e  on - E. z i c z a c ,  

P reda t ion  is  probably most v a l u a b l e  i n  reducing  t h e  popula t ion  of 

overwinter ing  a d u l t  l eafhoppers .  This  seems t o  be  t h e  s t a g e  most vulner-  

a b l e  t o  n a t u r a l  m o r t a l i t y  f a c t o r s  b u t  t h i s  weakness soon d i sappea r s  when 

t h e  leafhoppers  move t o  t h e  h o s t  p l a n t s  and commence reproduct ion .  

B. P a r a s i t e s  

During 1969 and 1970 many thousands of Erythroneura z i czac  a d u l t s  

and nymphs were s t u d i e d  under t h e  microscope and n o t  one was found t o  b e  

p a r a s i t i z e d .  This  ag rees  w i t h  t h e  conclus ions  of Johnson (1914) who 

found a d u l t  p a r a s i t i s m  t o  be  very  r a r e .  P a r a s i t e s  of a c t i v e  s t a g e s  of 

leafhoppers  do e x i s t  i n  t h e  Okanagan (Hamilton, 1970) b u t  they  apparent ly  

do n o t  a t t a c k  - E. z i c z a c  apprec i ab ly  i f  a t  a l l .  

Af t e r  p a r a s i t e  ex i t -ho le s  were found i n  leafhopper  eggs and e t h y l  

a c e t a t e  w a s  omit ted from c o l l e c t i o n  bags,  c l o s e  obse rva t ion  showed t h e  

presence  of va r ious  s t a g e s  of developing p a r a s i t e s  i n  t h e  egg. The 

e a r l i e s t  d e t e c t a b l e  s t a g e  is a small t r a n s p a r e n t  l a r v a  which con ta ins  a 

number of whi te  fa t -g lobules .  Only one l a r v a  was observed i n  any one 

E. z i czac  egg. S i z e  of  t h e  leafhopper  egg must prec lude  t h e  development 



of more t h a n  one p a r a s i t e  and i f  m u l t i p l e  o v i p o s i t i o n  o c c u r s  o n l y  one 
- 

p a r a s i t e  cou ld  s u r v i v e .  During t h e  d i s s e c t i o n  o f  Edwardsiana r o s a e  eggs  

i n  1970,  two e a r l y  l a r v a e  were  found i n  one egg b u t  i t  is u n l i k e l y  t h a t  

more t h a n  one would s u r v i v e .  Working w i t h  Anagrus atomus,  a p a r a s i t e  o f  

E.  p a l l i d i f r o n s ,  MacGill (1934) observed m u l t i p l e  o v i p o s i t i o n  and p a r t i a l  - 

development b u t  n e v e r  more t h a n  one a d u l t  emerged from a  l e a f h o p p e r  egg.  

The e a r l y  l a r v a  i s  about  h a l f  t h e  l e n g t h  o f  t h e  l e a f h o p p e r  egg  and 

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

t o  keep c e r t a i n  m a t e r i a l s  a v a i l a b l e  f o r  food.  There  a r e  s i x  segments 

i n c l u d i n g  t h e  head w i t h  t h e  t e r m i n a l  segment b e i n g  much l o n g e r  t h a n  t h e  

o t h e r s .  Large ,  c u r v e d ,  c h i t i n i z e d  mandibles  and l o n g  appendages ( v e n t r a l  

t o  t h e  mandib les )  a r e  p r e s e n t  on t h e  head segment.  MacGill  (1934) de- 

s c r i b e d  v e n t r a l  outgrowths  on t h e  s i x t h  segment o f  Anagrus atomus l a r v a  

b u t  t h o s e  on  t h e  Okanagan p a r a s i t e  seem t o  b e  more l a t e r a l  t h a n  v e n t r a l .  

Appendages on t h e  head segment a r e  p robab ly  s e n s o r y  b u t  t h e  f u n c t i o n  of 

t h o s e  on t h e  l a s t  segment was n o t  c e r t a i n .  These might  be  s e n s o r y ,  r e -  

s p i r a t o r y  a n d / o r  u t i l i z e d  a s  a n  a s s i s t a n c e  f o r  movement. Larvae  are 

known a s  t h e  h i s t e r i o b d e l i d  s t a g e  th rough  resemblance t o  a worm w i t h  t h a t  

name (MacGill ,  1 9 3 4 ) ,  and Mulla (1956) mentioned t h a t  s e v e r a l  l a r v a l  forms 

o f  A.  epos  are i n c l u d e d  by t h i s  term.  - 
Observa t ions  a t  Summerland i n d i c a t e  t h e  e x i s t e n c e  o f  a t  l e a s t  t h r e e  

l a r v a l  s t a g e s  b u t  t h e  e x a c t  number was n o t  d e f i n i t e .  I n f o r m a t i o n  r e g a r d i n g  

t h e  number of l a r v a l  i n s t a r s  is  r a t h e r  s k e t c h y ,  p r o b a b l y  i n  p a r t  due  t o  

t h e  s m a l l  s i z e  o f  t h e  i n s e c t .  L a t e  i n s t a r s  r e t a i n  t h e  mandibles  and head 

appendages b u t  t h e  p o s t e r i o r  appendages g r a d u a l l y  g e t  s m a l l e r .  Over 80 



p e r c e n t  of t h e  in te r - io r  of t h e  l e a f h o p p e r  egg i s  t a k e n  up by t h e  f i n a l  

l a r v a  and movement i s  l i m i t e d  t o  a  r o l l i n g  mot ion.  MacGill  n o t e d  t h a t  

l a t e  l a r v a l  i n s t a r s  of A ,  atomus o f t e n  t u r n  r e d .  Dout t  Snd Nakata -- -- 

(1965) no ted  t h e  same t h i n g  f o r  eggs  p a r a s i t i z e d  by - A. epos .  T h i s  

c o l o r  change can be  used t o  d e t e c t  a c t i v i t y  of t h e  p a r a s i t e .  No c o l o r  

change was s e e n  i n  p a r a s i t i z e d  l e a f h o p p e r  eggs  observed  d u r i n g  t h e  

p r e s e n t  work o t h e r  t h a n  t h e  accumula t ion  of w h i t e  f a t - g l o b u l e s .  Mul la  

(1956) d i d  n o t  ment ion c o l o r  change i n  eggs  o f  Typhlocyba spp .  c o n t a i n i n g  

l a r v a  of Anagrus epos .  

As p u p a t i o n  s t a r t s ,  a w h i t e  opaque body forms i n  t h e  abdominal 

a r e a  of t h e  forming a d u l t  t h a t  o c c u p i e s  a b o u t  80 p e r c e n t  o f  t h e  l e a f h o p p e r  

egg l e n g t h .  Fol lowing t h i s ,  two r e d  eye-spo t s  appear  and t h e  c 0 , l o r a t i o n  

changes t o  brown a s  t h e  p a r a s i t e  assumes i t s  a d u l t  c o l o r a t i o n .  The 

p a r a s i t e  l i e s  on i t s  back s o  t h a t  b o t h  e y e s  a r e  e a s i l y  v i s i b l e  whereas  

t h e  d e v e l o p i n g  l e a f h o p p e r  nymph i s  on i t s  s i d e  expos ing  o n l y  one e y e  

c l e a r l y .  To emerge, t h e  mandib les  are used t o  c u t  a  n e a t  round h o l e  

th rough  t h e  c h o r i o n  and l e a f  e p i d e r m i s  a t  one end o f  t h e  l e a f h o p p e r  egg.  

MacGill  (1934) sugges ted  t h e  p o s s i b i l i t y  t h a t  p u p a t i n g  larvae may s p i n  

a  l i g h t  cocoon a s  eggs  t h a t  produce p a r a s i t e s  d o  n o t  c o l l a p s e  as do t h e  

eggs  from which l e a f h o p p e r s  emerge. T h i s  was a l s o  n o t e d  w i t h  p a r a s i t e s  

of l e a f h o p p e r  eggs  i n  t h e  Okanagan b u t  p o s s i b l y  l a r v a l  e x u v i a e  might  

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

When a  number of eggs  i n  a  c l u s t e r  a r e  a t t a c k e d ,  p a r a s i t e  emergence 

h o l e s  can b e  a t  e i t h e r  end of an egg w h i l e  l e a f h o p p e r s  a lways emerge 

from t h e  same end. Leafhopper eggs  must b e  o r i e n t e d  head ( o r  t a i l )  



f i r s t  a s  t h e  female  s h i f t s  s ideways t o  i n s e r t  a  group of eggs  s i n c e  

e y e  s p o t s  and emergence a t  one s i d e  w e r p  i n v a r i a b l y  c o n s i s t e n t .  

P a r a s i t e  emergence i s  n o t  accomplished r a p i d l y .  O n e w a s p  which 

had begun t o  chew an  e x i t  h o l e  was observed  p e r i o d i c a l l y  and a f t e r  

t h r e e  h o u r s  had o n l y  produced a s l i g h t  en la rgement  of t h e  h o l e .  

P a r a s i t e s  t h a t  had d i e d  w h i l e  t r y i n g  t o  emerge were  found o c c a s i o n a l l y .  

The f i r s t  a d u l t  Hymenopteran p a r a s i t e  was observed  Aug. 8 ,  1969 

and many more were s u b s e q u e n t l y  c o l l e c t e d  and placed i n  70 p e r c e n t  

e t h a n o l  f o r  i d e n t i f i c a t i o n .  A  number of f e m a l e  p a r a s i t e s  were  observed 

s e a r c h i n g  abou t  t h e  s u r f a c e  of g r a p e  l e a v e s  from which t h e y  emerged. 

The p a r a s i t e  moved about  v e r y  r a p i d l y  c o n s i d e r i n g  i t s  s i z e ,  c o n s t a n t l y  

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

seemed t o  b e  g i v e n  t o  a r e a s  where female  l e a f h o p p e r s  had f e d  d u r i n g  

o v i p o s i t i o n .  When a  l e a f h o p p e r  egg w a s  l o c a t e d  i t  was tapped w i t h  t h e  

a n t e n n a e  f o r  a  t i m e  a p p a r e n t l y  t o  check s u i t a b i l i t y  f o r  o v i p o s i t i o n .  

The f e m a l e  c l imbs  o n t o  a chosen egg and a f t e r  s t r a d d l i n g  i t  a l o n g  i t s  

l e n g t h ,  t h r u s t s  t h e  o v i p o s i t o r  t h r o u g h  t h e  egg c h o r i o n .  O v i p o s i t i o n  

t a k e s  two t o  t h r e e  m i n u t e s ,  a f t e r  which t h e  o v i p o s i t o r  i s  withdrawn 

and t h e  wasp resumes i t s  wander ings  abou t  t h e  l e a f .  

At tempts  t o  d e t e r m i n e  t h e  development t i m e  of p a r a s i t e s  from 

o v i p o s i t i o n  t o  emergence were n o t  s u c c e s s f u l .  Leafhopper  eggs  i n  which 

o v i p o s i t i o n  was a c t u a l l y  observed  (1969) were  i n  t h e  e y e  s p o t  s t a g e  and 

must have been t o o  f a r  developed f o r  s u c c e s s f u l  p a r a s i t i s m .  O v i p o s i t i o n  

was i n  eggs  a l r e a d y  on t h e  l e a f  a t  t h e  t ime  of  c o l l e c t i o n  and t h e  l e a v e s  



were i s o l a t e d  f o r  t h e  purpose  of r e a r i n g  o u t  p a r a s i t e s .  These o l d  eggs  

t u r n e d  p u r p l e  and c o l l a p s e d  a f t e r  a  f e w  l a y s  s o  t h a t  n e i t h e r  t h e  
-. 

p a r a s i t e  n o r  t h e  l e a f h o p p e r  h a t c h e d .  Female p a r a s i t e s  were a l o n e  on 

t h e  l e a f  from which t h e y  emerged and cou ld  n o t  have mated b e f o r e  t h e y  

s e t  abou t  l a y i n g  eggs .  No f e e d i n g  was observed a t  t h i s  t i m e  s o  t h e  

wasp must b e  ready  f o r  o v i p o s i t i o n  immediate ly  a f t e r  emerging.  P a r a s i t e s  

emerged from l e a f h o p p e r  eggs  a  few days  a f t e r  l e a f h o p p e r  nymphs ha tched  

f rom u n p a r a s i t i z e d  eggs  i n  t h e  same c l u s t e r  (and t h e r e f o r e  v e r y  c l o s e  

t o  t h e  same a g e ) .  A s  l e a f h o p p e r s  h a t c h  i n  1 4  t o  17 days  and i f  a few 

days  is  al lowed f o r  p a r a s i t e  o v i p o s i t i o n ,  t h e  development of t h e  

p a r a s i t e  must t a k e  between two and t h r e e  weeks. Emergence of p a r a s i t e s  

soon a f t e r  t h e  l e a f h o p p e r s  h a t c h  a l s o  i n d i c a t e s  t h a t  o n l y  newly l a i d  

eggs  are s u c c e s s f u l l y  p a r a s i t i z e d .  

MacGill  mentioned d i f f i c u l t i e s  i n  r e a r i n g  Mymaridae from egg 

t o  a d u l t  and c o n s i d e r i n g  p r e s e n t  s u c c e s s  t h e  a u t h o r  must a g r e e .  P l a n t  

t i s s u e  must be  k e p t  m o i s t  and i f  o v i p o s i t i o n  by p a r a s i t e s  i s  ach ieved  

l e a f h o p p e r  eggs  must b e  m a i n t a i n e d  i n  s u i t a b l e  c o n d i t i o n  f o r  up t o  t h r e e  

weeks, a v o i d i n g  mold t h a t  t h r i v e s  i n  t h i s  warm, mois t  environment .  

Adul t  p a r a s i t e s  c o l l e c t e d  f o r  taxonomic s t u d y  i n  1970 were  p l a c e d  

i n  v i a l s  l a i d  h o r i z o n t a l l y  a f t e r  s t r e a k i n g  l e n g t h w i s e  w i t h  l i q u i d  honey 

u s i n g  a  s i n g l e  s t i f f  b r u s h  b r i s t l e .  Vials were  p laced  w i t h  t h e  s t r e a k  

up t o  avo id  t r a p p i n g  t h e  wasps which cou ld  walk o v e r  t h e  s u r f a c e  of 

t h e  honey w h i l e  f e e d i n g  w i t h o u t  becoming s t u c k .  A  few i n s e c t s  d i d  become 



t rapped  when t h e i r  wings touched t h e  honey wh i l e  t hey  were f l y i n g  and some 

were i n a d v e r t e n t l y  mired when blown ou t  of t h e  a s p i r a t o r .  Most a d u l t s  

l i v e d  about t h r e e  days a f t e r  ha t ch ing  bu t  some females  surv ived  f o r  

as long as seven days. 

MacGill (1934) be l ieved  t h a t  t h e  s p e c i e s  was  par thenogenet ic  

f o r  t h e  g r e a t e r  p a r t  of t h e  year .  F ive  hundred and f i f t y  - A. epos 

from t h e  d i f f e r e n t  l o c a t i o n s  i n  t h e  Okanagan were sexed and one-third 

w e r e  found t o  b e  males.  A s  is  t y p i c a l  w i t h  Hymenoptera, f e r t i l i z e d  

eggs of A. epos probably develop i n t o  females  and u n f e r t i l i z e d  eggs i n t o  

males. Some o v i p o s i t i n g  p a r a s i t e s  e x e r c i s e  t h e  op t ion  of depos i t i ng  

f e r t i l i z e d  o r  u n f e r t i l i z e d  eggs according t o  some s t imu lus  such a s  s i z e  

of prey  o r  p o s s i b l y  frequency of encounter  w i t h  males of he r  s p e c i e s .  

Anagrus epos females  a r e  l i g h t  brown and average 0.608 mm i n  l e n g t h  

(range 0.545 t o  0.652 nrm) wh i l e  t h e  males are darker  and sma l l e r ,  

averaging 0.577 mm i n  l e n g t h  (range 0.509 t o  0.631 mm). Other t han  t h e i r  

sma l l  s i z e ,  t h e  most s t r i k i n g  s t r u c t u r a l  f e a t u r e  is  t h e  f r i n g e  of long 

h a i r s  around t h e  margins of t h e  wings t h a t  g i v e  t h i s  group of p a r a s i t e s  

t h e  common name of ' f a i r y  f l i e s ' .  Recent ly emerged i n s e c t s  have b r i g h t  

r ed  eyes  t h a t  g r a d u a l l y  darkened w i t h  age. Female antennae are nine-  

segmented w i t h  a l a r g e  t e r m i n a l  segment forming a d i s t i n c t  c lub .  Male 

antennae a r e  longer  than  t h e  female ' s  and have t h i r t e e n  segments bu t  

no t e rmina l  c lub .  

I n v e s t i g a t i o n  dur ing  t h e  summer of 1970 w a s  concent ra ted  on t h e  

p a r a s i t e  and i t s  means of overwinter ing.  A s  i t  is  a n  egg p a r a s i t e  and 



Fig .  V Anagrus epos.  1. Female X 80. 2 .  Female antenna 

X 100. 3 .  Male antenna X 100. 4 .  Ea r ly  l a r v a  

i n s i d e  leafhopper  egg (M, mandible;  V ,  v e n t r a l  

appendage; L, l a t e r a l  appendage). 5. La t e  l a r v a ,  

d o r s a l  view (F, f a t  g l o b u l e s ) .  6 .  S t a r t  of 

pupat ion.  7 .  Adult  showing o r i e n t a t i o n .  

8 ,  Emergence h o l e  of p a r a s i t e  i n  leafhopper  egg. 

4-8 X 120. 





E. z i c z a c  o v e r w i n t e r s  as an  a d u l t ,  i t  seemed most l i k e l y  t h a t  an  - 

a l t e r n a t e  l e a f h o p p e r  h o s t  o v e r w i n t e r i n g  i n  t h e  egg s t a g e  would b e  

i n v o l v e d .  The v e r y  poor c o n d i t i o n  of t h e  f a l l e n  g r a p e  l e a v e s  p r e t t y  

w e l l  p rec luded  t h e  p o s s i b i l i t y  of t h e  p a r a s i t e  o v e r w i n t e r i n g  as a pupa 

i n  s i t u  i n  t h e  E. z i c z a c  egg.  -- - 

A number of woody s h r u b s  were c o l l e c t e d  from t h e  Summerland a r e a  

and t h e  stems d i s s e c t e d  i n  a  s e a r c h  f o r  o v e r w i n t e r i n g  l e a f h o p p e r  eggs  

During A p r i l  23 - 24 l e a f h o p p e r  eggs (Edwardsiana r o s a e )  were  found i n  

w i l d  r o s e  growing n e x t  t o  V i r g i n i a  c r e e p e r  where p a r a s i t i z e d  E r y t h r o n e u r a  

z i c z a c  eggs  were  found i n  1969. Some of  t h e  l e a f h o p p e r  eggs  i n  t h e  

w i l d  r o s e  s t ems  were v e r y  o b v i o u s l y  p a r a s i t i z e d  and c l o s e l y  resembled 

p a r a s i t i z e d  - E. z i c z a c  eggs  on g r a p e .  Wild r o s e  c u t t i n g s  were  caged i n  

t h e  l a b o r a t o r y  and a d u l t  p a r a s i t e s  which emerged May 1 3  - 1 5  were  p l a c e d  

i n  e t h a n o l  f o r  i d e n t i f i c a t i o n .  

F u r t h e r  d i s s e c t i o n s  o f  caged m a t e r i a l  a f t e r  May 1 5  showed more 

p a r a s i t i z e d  eggs  t h a t  were s t i l l  i n  e a r l y  s t a g e s .  A f t e r  two weeks had 

passed  w i t h  no f u r t h e r  emergences,  i t  was s u g g e s t e d  t h a t  two d i s t i n c t  

h a t c h e s  would o c c u r .  A double  h a t c h  might r e s u l t  from t h e  t i m e  of 

p a r a s i t i s m  d u r i n g  t h e  p r e v i o u s  f a l l ,  where t e m p e r a t u r e s  might  a l l o w  t h e  

f i r s t  p a r a s i t e  eggs  t o  deve lop  u n t i l  p u p a t i o n .  Eggs from l a t e r  o v i p o s i t i o n  

might remain dormant because  o f  lower t e m p e r a t u r e s  and n o t  s tar t  develop-  

ment u n t i l  s p r i n g .  The second h a t c h  d i d  m a t e r i a l i z e  on J u n e  8 and con- 

t i n u e d  u n t i l  June  27.  A l l  u n p a r a s i t i z e d  l e a f h o p p e r  eggs  on w i l d  r o s e  

c u t t i n g s  ha tched  d u r i n g  t h e  f i r s t  week o f  May s o  t h e  second h a t c h  was n o t  
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progeny of t h e  f i r s t  h a t c h .  A l a r g e  number of p a r a s i t e s  emerged 

J u n e  22 from E. z i c z a c  eggs  on caged V i r g i n i a  c r e e p e r  l e a v e s  c o l l e c t e d  - -- 

n e a r  w i l d  r o s e  a t  Summerland. These p a r a s i t e s  must h a v e b e e n  t h e  

progeny of t h e  f i r s t  h a t c h  of a d u l t  p a r a s i t e s  from t h e  a d j a c e n t  r o s e  

c a n e s .  

It was known t h a t  an  a p p l e  l e a f h o p p e r  (Typhlocyba pomaria) over-  

w i n t e r e d  i n  t h e  egg s t a g e  (Madsen, 1969) .  Apple t w i g s  were  c o l l e c t e d  

from Summerland and Kelowna d u r i n g  May and d i s s e c t i o n s  showed t h e  

p r e s e n c e  of p a r a s i t i z e d  l e a f h o p p e r  eggs .  Adul t  p a r a s i t e s  s t a r t e d  

emerging J u n e  8 and c o n t i n u e d  u n t i l  t h e  end o f  t h e  month. No d o u b l e  

h a t c h  o c c u r r e d  from a p p l e  t w i g s .  The p a r a s i t e  c o n t i n u e s  t o  a t t a c k  

T. pomaria  eggs  l a i d  th rough  t h e  summer b u t  t h e s e  are i n  t h e  main v e i n s  - 

of t h e  l e a f .  Overwin te r ing  eggs  a r e  i n s e r t e d  under  t h e  b a r k  o f  

new growth p robab ly  d u r i n g  t h e  t i m e  l e a v e s  f a l l  o r  l a t e r .  It i s  n o t  

known i f  eggs  of Edwardsiana r o s a e  are  p a r a s i t i z e d  i n  summer a s  t h e  

s e a s o n a l  h i s t o r y  of t h i s  non-economic l e a f h o p p e r  was n o t  s t u d i e d .  There  

may b e  some d i f f e r e n c e  between egg placement by t h e  l e a f h o p p e r s  on 

a p p l e  o r  w i l d  r o s e  t o  account  f o r  t h e  d o u b l e  h a t c h  from w i l d  r o s e .  

One of t h e  v i n e y a r d s  b e i n g  s t u d i e d  a t  Kelowna was d i r e c t l y  a d j a c e n t  

t o  a  b l o c k  of a p p l e  trees t h a t  suppor ted  a l a r g e  p o p u l a t i o n  of a p p l e  

l e a f h o p p e r s .  Grape l e a v e s  c o l l e c t e d  J u n e  24 from v i n e s  n e x t  t o  a p p l e  

t r e e s  showed a  good d e g r e e  of p a r a s i t i s m ,  w i t h  1 8  of 20 l e a v e s  c o n t a i n i n g  

p a r a s i t i z e d  eggs  and some p a r a s i t e  emergence h o l e s .  



P a r a s i t e s  from - t h e  f o u r  s p e c i e s :  g r a p e ,  V i r g i n i a  c r e e p e r ,  w i l d  

r o s e ,  and a p p l e  were v e r y  much a l i k e  i n  appearance  and are a t  l e a s t  i n  

t h e  one genus .  Specimens c o l l e c t e d  from g r a p e  i n  1969 were s e n t  t o  

Ottawa where t h e y  were  i d e n t i f i e d  a s  Mymarids of t h e  genus Anagrus,  

s p e c i e s  n e a r  epos  (Yoshimoto, 1969) .  Exact  i d e n t i f i c a t i o n  was n o t  

p o s s i b l e  because  of t h e  l a c k  o f  a specimen of  - A .  epos  f o r  comparison.  

A d d i t i o n a l  p a r a s i t e s  were  s e n t  t o  D r .  R .  L.  Dout t  i n  C a l i f o r n i a  as h e  

h a s  been working w i t h  - A. epos  as a p a r a s i t e  of a n o t h e r  ' g r a p e '  l e a f h o p p e r ,  

E r y t h r o n e u r a  e l e g a n t u l a  (Doutt  and Nakata ,  1965) .  I n  1970 p a r a s i t e s  

from a l l  f o u r  s o u r c e s  were s e n t  t o  Ottawa and t o  D r .  Dout t  t o  see i f  any 

p r o g r e s s  i n  i d e n t i f i c a t i o n  cou ld  b e  made. 

R. L. Dout t  i s  a n  a u t h o r i t y  i n  t h e  taxonomy of Mymaridae b u t  i n  

a l e t te r  (1970) h e  s t a t e d  h e  had a lmos t  abandoned hope of b e i n g  a b l e  

t o  i d e n t i f y  s p e c i e s  of Anagrus w i t h  any d e g r e e  o f  c o n f i d e n c e .  The 

problem i s  compounded by t h e  f a c t  t h a t  morpholog ica l  c h a r a c t e r s  used 

t o  s e p a r a t e  s p e c i e s  are enormously v a r i a b l e  and presumed s p e c i e s  i n t e r g r a d e  

when a modera te ly  l a r g e  sample is  examined. 

A f t e r  s t u d y i n g  p a r a s i t e s  from t h e  Okanagan Dout t  was i n c l i n e d  t o  

t h i n k  t h e  f o u r  l o t s  were m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from one  

a n o t h e r  and were p robab ly  t h e  same s p e c i e s  t h a t  a t t a c k e d  E r y t h r o n e u r a  

e l e g a n t u l a  on g r a p e  i n  C a l i f o r n i a .  The C a l i f o r n i a  p a r a s i t e  h a s  been 

r e f e r r e d  t o  a s  Anagrus epos  o r  n e a r  epos  w i t h  t h e  r e a l i z a t i o n  t h a t  

i t  might sometime be  shown t o  b e  a s e p a r a t e  s p e c i e s .  Dout t  h a s  s e e n  t h e  

o r i g i n a l  s e r i e s  of p a r a s i t e s  used by G i r a u l t  and n o t e s  t h a t  t h e  



C a l i f o r n i a n  s p e c i e s  .is c e r t a i n l y  r e l a t e d  t o  epos .  There  a r e  d i f f e r e n c e s  

i n  minor d e t a i l s  which Dout t  s t a t e s  do n o t  impress  him a s  b e i n g  v e r y  

s i g n i f i c a n t .  The C a l i f o r n i a n  Anagrus i s  c o n s i d e r e d  t o  b e  epos  i n  a  

broad s e n s e  and t h e  Okanagan p a r a s i t e s  a p p e a r  t o  be  a l s o  a p a r t  of t h e  

epos  complex. 

E s t i m a t e s  of p e r c e n t a g e  of p a r a s i t i s m  of E r y t h r o n e u r a  z i c z a c  eggs  

on g r a p e  ( o r  V i r g i n i a  c r e e p e r )  are p r o b a b l y  b e s t  made i n  September 

when egg- laying by t h e  l e a f h o p p e r  shou ld  b e  f i n i s h e d .  Removal o f  l e a v e s  

from t h e  v i n e  e a r l i e r  i n  t h e  s e a s o n  w i l l  p r e v e n t  f u r t h e r  o v i p o s i t i o n  

by l e a f h o p p e r s  b u t  emerging p a r a s i t e s  a r e  f r e e  t o  a t t a c k  eggs  a l r e a d y  

on t h e  l e a v e s .  Also  a  good number of eggs  n o t  immediate ly  d e t e c t a b l e  

as p a r a s i t i z e d  can o f t e n  be  s e e n  a s  s u c h  a f t e r  a few more days  of develop-  

ment t i m e .  Grape l e a v e s  remain on t h e  v i n e s  u n t i l  f r o s t  k i l l s  them 

(October)  and l e a f h o p p e r  eggs  from e a r l y  i n  t h e  s e a s o n  can  b e  r e a d i l y  

d e t e c t e d  w h i l e  t h e  l e a v e s  a r e  g r e e n .  

A number of l e a f h o p p e r  eggs  t u r n  p u r p l e  and c o l l a p s e  b u t  t h e r e  may 

b e  more t h a n  one c a u s e  f o r  t h i s .  Some eggs  may n o t  b e  v i a b l e  o r  

mechan ica l  i n j u r y  from l e a f  growth may k i l l  them. I n  t h e  l a b o r a t o r y ,  

p a r a s i t e s  were observed o v i p o s i t i n g  i n  l e a f h o p p e r  eggs  a t  t h e  eye-spot  

s t a g e  and t h e s e  eggs  i n v a r i a b l y  darkened and c o l l a p s e d .  Apparen t ly  h o s t  

development had proi:eeded t o o  f a r  f o r  s u c c e s s f u l  p a r a s i t e  development b u t  

t h e  p a r a s i t e  egg o r  maybe o v i p o s i t i o n  i t s e l f  k i l l s  t h e  d e v e l o p i n g  

l e a f h o p p e r .  Many l e a v e s  which c o n t a i n e d  darkened l e a f h o p p e r  eggs  had 

no s i g n  of p a r a s i t i s m  on o t h e r  eggs  p r e s e n t  i n  a  c l u s t e r .  



Grape and V i r g i n i a  c r eepe r  l e a v e s  examined from l a t e  August 

u n t i l  e a r l y  October showed vary ing  degrees of pa ra s i t i sm.  Leaves 

well-marked by leafhopper  f eed ing  were c o l l e c t e d ,  as t h i s  was g e n e r a l l y  

a good i n d i c a t o r  of leafhopper  o v i p o s i t i o n .  F ive  c a t e g o r i e s  were 

used i n  eva lua t ing  percent  p a r a s i t i s m :  eggs from which leafhoppers  

hatched;  leafhopper  eggs remaining v i a b l e  (but  u n l i k e l y  t o  produce a d u l t s  . 

because of t h e  la te  d a t e ) ;  eggs which w i l l  produce nothing;  p a r a s i t i z e d  

eggs; and eggs wi th  p a r a s i t e  e x i t  h o l e s .  Of 49 l eaves  examined, f i v e  

showed no p a r a s i t i s m  and two of them conta ined  no leafhopper  eggs. 

Leaves t h a t  escaped p a r a s i t i s m  had s i x  o r  fewer eggs on them whi l e  one l e a f  

had 58 t o  6 1  eggs p a r a s i t i z e d  and another  had 59 t o  79 eggs p a r a s i t i z e d .  

Under 30 percent  of 4,163 eggs from s i x  c o l l e c t i o n s  made between 

l a t e  August and e a r l y  October were e i t h e r  v i a b l e  o r  had produced 

leafhopper  nymphs. Forty-seven percent  e i t h e r  conta ined  o r  had produced 

p a r a s i t e s ,  w i th  i nc idence  of p a r a s i t i s m  ranging  from 21  t o  70 percent  

i n  t h e  c o l l e c t i o n s  and from 0 t o  100 percent  on i n d i v i d u a l  l eaves .  

Twenty-two percent  of t h e  eggs d i e d  wi thout  producing e i t h e r  p a r a s i t e s  

o r  leafhopper  nymphs. Some of t h e s e  may have involved p a r a s i t e  

o v i p o s i t i o n  i n  eggs t h a t  were t o o  f a r  advanced i n  development f o r  success-  

f u l  pa ra s i t i sm.  Other dead eggs had punctures  i n d i c a t i n g  they  had been 

k i l l e d  by p r e d a t o r  a t t a c k .  Nine of 12  eggs on one l e a f  and 52 of 132 

dead eggs i n  one c o l l e c t i o n  had been k i l l e d  i n  t h i s  way. The suspec ted  

p reda to r  was Nabis a l t e r n a t u s  a l though a lacewing l a r v a  (Chrysopidae) 

was observed punctur ing  eggs i n  t h e  l a b o r a t o r y ,  Lacewing a d u l t s  o r  

l a r v a e  were n o t  n e a r l y  as abundant as the  nabid i n  t h e  f i e l d .  



V DISCUSSION AND CONCLUSIONS 
- 

A t  p r e s e n t  most g r a p e  growers  i n  t h e  Okanagan depend on chemical  

s p r a y s  f o r  c o n t r o l  of l e a f h o p p e r  damage t o  v i n e s .  DDT, Thiodan and 

Guthion have been used b u t  t h e s e  a r e  n o t  a p p a r e n t l y  t o o  s u c c e s s f u l  

now and a  changeover t o  Sev in  h a s  been s t a r t e d .  Sev in  is  c e r t a i n l y  

t o x i c  t o  t h e  a c t i v e  s t a g e s  of t h e  l e a f h o p p e r  b u t  does  n o t  a p p a r e n t l y  

a f f e c t  t h e  egg s t a g e .  Eggs p a r a s i t i z e d  b e f o r e  s p r a y i n g  a l s o  seem t o  

be  u n a f f e c t e d  a s  a d u l t  p a r a s i t e s  emerged from l e a v e s  c o l l e c t e d  a  few 

days  a f t e r  s p r a y i n g .  Some B r i t i s h  Columbia Department of A g r i c u l t u r e  

workers ,  however, a r e  a f r a i d  of t h e  p o s s i b i l i t y  of problems w i t h  s p i d e r  

m i t e s  deve lop ing  i f  Sev in  i s  used t o o  o f t e n  ( A l l a n ,  1969) .  Mites 

a r e  p r e s e n t  i n  v i n e y a r d s  b u t  are encounte red  v e r y  i n f r e q u e n t l y  a t  

p r e s e n t .  I f  s p r a y i n g  i s  done o n l y  once d u r i n g  any y e a r  i t  is  q u i t e  

l i k e l y  t h a t  a  m i t e  problem would n o t  deve lop  b u t  m u l t i p l e  a p p l i c a t i o n s  

may n o t  b e  a  w i s e  c o u r s e .  

Another  s p r a y i n g  p r a c t i c e  which may b e  n e i t h e r  p r u d e n t  n o r  n e c e s s a r y  

i s  t h e  c o v e r i n g  of t h e  whole v i n e y a r d  r a t h e r  t h a n  s p o t  a p p l i c a t i o n s  

i n  b l o c k s  where l e a f h o p p e r  p o p u l a t i o n s  a r e  h i g h .  The common f e e l i n g  

seems t o  be  t h a t  i t  i s  j u s t  as e a s y  t o  s p r a y  t h e  whole v i n e y a r d  as a 

p a r t  of i t  and t h a t  s p r a y i n g  i s  a lways n e c e s s a r y .  

I f  t h e  growers  cou ld  sample l e a f h o p p e r  numbers t h e y  c o u l d  s p o t  

any p o t e n t i a l  t r o u b l e  a r e a s  and p l a n  a  s p r a y i n g  program f o r  o n l y  t h e s e  

a r e a s .  Yellow s t i c k y - b o a r d s  might b e  p r a c t i c a l  sampl ing d e v i c e s  a s  

v e r y  l i t t l e  e x p e r i e n c e  i s  needed t o  p i c k  o u t  E r y t h r o n e u r a  z i c z a c  



a d u l t s  from any othe-r i n s e c t s  which might be  caught on t h e  boards.  The 

yel low s t icky-boards  may be  ob ta ined  from t h e  B r i t i s h  Columbia Department 

of A g r i c u l t u r e  Branches i n  t h e  Okanagan as they  a r e  used- for  d e t e c t i n g  

che r ry  f r u i t  f l y  i n f e s t a t i o n s  i n  t h e  Okanagan and a r e  purchasable  a t  a 

nominal cos t  ready t o  use .  

Boards would have t o  be  hung out  a t  most on ly  t h r e e  t i m e s  dur ing  a 

season:  from May 15 t o  June 1, when l ea fhoppe r s  move t o  t h e  v i n e s ;  

J u l y  1 t o  J u l y  15 ,  when t h e  f i r s t  gene ra t i on  a d u l t s  reach  a peak; from 

August 7 t o  August 21, when t h e  second g e n e r a t i o n  a d u l t s  appear .  Most 

spray ing  is  done a g a i n s t  t h e  f i r s t  g e n e r a t i o n  a d u l t s  s o  t h a t  u s u a l l y  

one sampling per iod  i n  J u l y  may b e  adequate .  Some growers had succes s  

by spray ing  f o r  t h e  overwin te r ing  a d u l t s  a s  soon a s  they  s t a r t  feed ing  

on t h e  v i n e s .  Timing is  much more c r i t i c a l  a t  t h i s  s t a g e  a s  i t  i s  d e s i r a b l e  

t o  wai t  u n t i l  t h e  maximum number of i n s e c t s  are feed ing  b u t  b e f o r e  

o v i p o s i t i o n  s t a r t s  i n  e a r n e s t .  The second gene ra t i on  a d u l t s  might be  

s a f e l y  ignored a s  low leafhopper  numbers a t  t h i s  d a t e  cou ldn ' t  do much 

harm t o  t h e  v i n e s .  S t i cky  boards could be  used t o  monitor  t h e  over- 

w in t e r ing  popula t ion  of l e a fhoppe r s  i f  they  were hung up f o r  a  t i m e  a f t e r  

t h e  grape  h a r v e s t  was completed. Vineyards t h a t  were c l ean -cu l t i va t ed  

i n  s p r i n g  s t ayed  f r e e  of - E.  z i c z a c  u n t i l  t h e  leafhopper  moved i n  from 

overwin te r ing  si tes around t h e  v ineyard .  The w i s e s t  course  might be  

t o  wai t  a s  long a s  p o s s i b l e  b e f o r e  c l ean ing  up f a l l e n  l eaves .  Pruning 

i s  done i n  December and t h i s  t i m e  ( b a r r i n g  snow) might be  b e s t  f o r  a 

gene ra l  clean-up and c u l t i v a t i o n .  Hopeful ly ,  l e a fhoppe r s  t h a t  were 

uprooted from t h e i r  w in t e r ing  si tes would be  t o o  l e t h a r g i c  t o  move t o  



new l o c a t i o n s .  Cold by i t s e l f  cannot  b e  a  s i g n i f i c a n t  m o r t a l i t y  

f a c t o r  b u t  many l e a f h o p p e r q  foll11J !pad i n  March were i n  damp l e a v e s .  

- 
Mold w a s  of:c., i :  ' o r  i ,  t rc' i f  !> ' i t u a t i o n  s o  t h a t  dampness may 

have  a p o s i t i v e  though i n d i r e c t  e f f e c t  t h a t  might b e  manipu la ted .  

D i f f e r e n t  g rape  v a r i e t i e s  may show v a r i e d  t o l e r a n c e  t o  l e a f h o p p e r  

damage b u t  moderate  i n f e s t a t i o n s  of h e a l t h y  v i n e s  do n o t  r e d u c e  

p r o d u c t i o n .  I t  i s  b e l i e v e d  t h a t  s p r a y i n g  can b e  o m i t t e d  where t h e  

l e a f h o p p e r  c a t c h  on s t i c k y - b o a r d s  d o e s  n o t  exceed 100 a d u l t s  o v e r  a 

seven  day p e r i o d .  T h i s  number might p o s s i b l y  b e  a d j u s t e d  s l i g h t l y  

downward i n  t h e  c a s e  of young v i n e s  o r  v i n e s  s e v e r e l y  a f f e c t e d  by c o l d  

d u r i n g  t h e  p r e v i o u s  w i n t e r .  S p i n d l y  o r  s i c k l y  v i n e s  shou ld  p robab ly  

be  p rov ided  w i t h  b e t t e r  i r r i g a t i o n  o r  n u t r i t i o n  r a t h e r  t h a n  a p p l y i n g  s p r a y  

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

C o n t r o l  programs f o r  g r a p e  l e a f h o p p e r s  o u t l i n e d  by t h e  t h e  

C a l i f o r n i a  A g r i c u l t u r a l  E x t e n s i o n  S e r v i c e  (1967) assert t h a t  low i n s e c t  

numbers do n o t  need t r e a t m e n t .  Lou numbers were a s s e s s e d  as t e n  

nymphs o r  l e s s  p e r  l e a f  on t h o s e  l e a v e s  w i t h  most e v i d e n t  f e e d i n g .  The 

most workable  method of c a r r y i n g  o u t  t h i s  sampl ing would p robab ly  b e  t o  

p i c k  t e n - l e a f  samples a long  i n d i v i d u a l  rows w i t h  immediate c o u n t i n g .  

Leaves c o u l d  be  r e t a i n e d  ( t o  check l e a f  t o t a l )  i n  p l a s t i c  b a g s .  Not 

much e x p e r i e n c e  is  needed f o r  l e a f  s e l e c t i o n  and t h e  p r o c e s s  c o u l d  

b e  done q u i c k l y .  Weekly nymph c o u n t s  s t a r t i n g  i n  mid-June u s i n g  randomly 

s e l e c t e d  rows th roughout  t h e  v i n e y a r d  s h o u l d  g i v e  t h e  grower a  good 

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



The presence  o f - s u b s t a n t i a l  numbers of p a r a s i t e s  i n  t h e  Okanagan 

sugges t s  an a l t e r n a t i v e  t o  t h e  u se  of cliemicals f o r  l ea fhopper  
- 

p r o t e c t i o n .  Doutt  and Nakata (1965) s t a i  c t h a t  i n  C a l i f o r n i a  Anagrus 

epos can s u c c e s s f u l l y  keep popu la t i ons  of Erythroneura e l e g a n t u l a  

t o  non-economic l e v e l s .  I n  C a l i f o r n i a ,  - A.  epos overwin te rs  i n  eggs 

of an non-economic leafhopper  on wi ld  b l a c k b e r r i e s  and t h e  i n t r o d u c t i o n  

of t h e s e  next  t o  v ineyards  has  proven very  b e n e f i c i a l .  P a r a s i t i s m  has  

been shown t o  be  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  d i s t a n c e  between v i n e s  

and wi ld  b lackber ry  p l a n t i n g s  (Doutt ,  Nakata and Skinner ,  1966).  

A p a r a l l e l  s i t u a t i o n  invo lv ing  A. - -  epos and leafhoppers  from grape ,  

app le  and wi ld  r o s e  appa ren t ly  e x i s t s  i n  t h e  Okanagan. I t  i s  q u i t e  

l i k e l y  t h a t  f u r t h e r  s ea rch ing  would show t h a t  more leafhopper  s p e c i e s  

a r e  involved a s  a l t e r n a t e  h o s t s  of t h e  p a r a s i t e  because of i t s  

wide d i s t r i b u t i o n  through t h e  Okanagan. Leafhopper eggs were no t  found 

i n  woody p l a n t s  s t u d i e d  f o r  p a r a s i t i s m ,  o t h e r  than  app le  and r o s e ,  bu t  

t h e  s e a r c h  should have been expanded wider t o  i n c l u d e  p a r t i c u l a r l y  

a d d i t i o n a l  domestic t r e e s  and canes a s  Typhlocyba pomaria u t i l i z e s  

Prunus spp. a s  w e l l  a s  app le  a s  a  h o s t ,  Edwardsiana r o s a e  w i l l  o v i p o s i t  

on app le ,  plum and Rubus spp.  and another  p o s s i b i l i t y ,  Typhlocyba 

quercus ,  uses  che r ry  a s  a  h o s t  (Bei rne ,  1956) .  A number of l ea fhopper  

s t u d i e s  have shown t h e  presence  of egg p a r a s i t e s  b u t  most in format ion  

on t h e  l a t t e r  t ends  t o  be  c o l l e c t e d  i n c i d e n t l y  t o  t h e  leafhopper  

i n v e s t i g a t i o n .  Anagrus epos has  been recorded a s  an egg-paras i te  of 



E r y t h r o n e u r a  plena-Beam.,  -. A E. e l e g a n t u l a  Osb.,  Edwardsiana p r u n i c o l a  

(Edw. ) , E. r o s a e  ( L . )  , Typhlocyba quercus  (F .) and T .  pomaria  McA. i n  - 

t h e  Uni ted  S t a t e s  (Piulla,  1.956). Mul la  no ted  t h a t  one i n v e s t i g a t o r  

proposed t h a t  Anagrus = w a s  r e s p o n s i b l e  f o r  r e d u c i n g  t h e  a n n u a l  

b roods  of Ery th roneura  e l e g a n t u l a  from t h e  normal t h r e e  t o  two i n  

C a l i f o r n i a  and t h a t  twen ty- f ive  t o  95 p e r c e n t  of t h e  l e a f h o p p e r  eggs  

i n  some v i n e y a r d s  were p a r a s i t i z e d  and t h e  r e p r o d u c t i v e  p o t e n t i a l  o f  

t h e  h o s t  was g r e a t l y  impa i red .  

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

are o b v i o u s ,  i n  view of  t h e  s u c c e s s  w i t h  w i l d  b l a c k b e r r i e s  i n  C a l i f o r n i a .  

The p r o x i m i t y  of w i l d  r o s e  t o  V i r g i n i a  c r e e p e r  a t  Summerland must have 

i n f l u e n c e d  t h e  h i g h  i n c i d e n c e  of p a r a s i t i s m  and t h e  subsequen t  e f f e c t  

on l e a f h o p p e r  egg numbers. Grape v i n e s  were grown i n  a  sc reened  i n s e c t a r y  

a t  Summerland i n  1969 f o r  t h e  purpose  of s u p p l y i n g  ' c l e a n '  l e a v e s  f o r  

o v i p o s i t i o n  and r e a r i n g  of l e a f h o p p e r s .  - E.  z i c z a c  a d u l t s  soon found 

t h e s e  v i n e s  and a t t e m p t s  t o  remove them w i t h  a n  a s p i r a t o r  were soon 

abandoned. F u t i l i t y  was rewarded when p a r a s i t i z e d  eggs  were  d i s c o v e r e d  

and t h i s  s o u r c e  a c t u a l l y  y i e l d e d  t h e  f i r s t  a d u l t  p a r a s i t e  c o l l e c t e d .  

Only a few hundred f e e t  s e p a r a t e d  t h e  i n s e c t a r y  and t h e  V i r g i n i a  c r e e p e r -  

w i l d  r o s e  a s s o c i a t i o n  which was much c l o s e r  t h a n  any g r a p e s  grown i n  

t h e  a r e a .  Wild r o s e  i s  p r e s e n t l y  c o n s i d e r e d  t o  b e  a weed and i s  u s u a l l y  

found o n l y  a l o n g  road a l lowances  and i n  n o n - c u l t i v a t e d  a r e a s .  



Growing a p p l e  t r e e s  and g r a p e  v i n e s  t o g e t h e r  f o r  mutua l  p r o t e c t i o n  

might b e  even more a p p e a l i n g  t o  some growers .  Typhlocyba pomaria 
- 

i s  a n  economic s p e c i e s  on a p p l e  and , L ~ - c , n t l y  i s  sprayed  t o  c o n t r o l  

i t s  numbers. Madsen (1969) h a s  begun a s t u d y  of t h i s  l e a f h o p p e r  t o  

d e t e r m i n e  i t s  s e a s o n a l  h i s t o r y  and p e s t  s t a t u s  a t  Kelowna and Summerland. 

G e n e r a l l y  o r c h a r d s  and v i n e y a r d s  a r e  s e t  a p a r t  i n  l a r g e  b l o c k s  b u t  

r e s u l t s  might prove i n t e r e s t i n g  i f  some system of i n t e r p l a n t i n g  

g r a p e  v i n e s  and a p p l e  trees were  d e v i s e d .  

An u n u s u a l  s i t u a t i o n  developed a t  O l i v e r  i n  1970 b u t  c i r c u m s t a n c e s  

were  n o t  t y p i c a l  of commercial v i n e y a r d s .  S t i c k y  b o a r d s  produced some 

of t h e  h i g h e s t  l e a f h o p p e r  c o u n t s  made b u t  no s p r a y i n g  was done.  Vines  

were i n  good c o n d i t i o n  w i t h  heavy f o l i a g e  and t h e  grower r e p o r t e d  

u n u s u a l l y  h i g h  tonnage  (15 t o n s  p e r  a c r e )  w i t h  a low 1 5  p e r c e n t  s u g a r  

c o n t e n t .  P a r a s i t e s  were  p r e s e n t  b o t h  y e a r s  of t h e  s t u d y  b u t  a p p a r e n t l y  

t o o  l a t e  i n  t h e  season  t o  check l e a f h o p p e r  numbers s u b s t a n t i a l l y .  

Thinning o u t  e x c e s s  g r a p e  bunches e a r l y  i n  t h e  s e a s o n  would have been 

p o s s i b l y  t h e  w i s e s t  c h o i c e  s i n c e  11 o r  1 2  t o n s  p e r  a c r e  i s  c o n s i d e r e d  

a  heavy c r o p .  Leafhoppers  i n  t h e  numbers found must have had some 

e f f e c t  on t h e  i n a b i l i t y  o f  t h e  v i n e s  t o  raise t h e  s u g a r  c o n t e n t  b u t  

t h e  u s u a l  p r a c t i c e  of s p r a y i n g  was n o t  done.  I f  p a r a s i t e s  had been 

p r e s e n t  e a r l y  enough i n  good numbers,  demands on t h e  v i n e s  by l e a f h o p p e r s  

might  have been reduced enough t o  a c h i e v e  t h e  minimum s u g a r  c o n t e n t  of 

about  1 8  p e r c e n t  d e s i r e d  by t h e  w i n e r i e s .  T h i s  v i n e y a r d  i s  on a bench 

a b o u t  a  m i l e  from c u l t i v a t e d  a r e a s  i n  t h e  v a l l e y  and w i t h  an  i n t e r v e n i n g  

b e l t  o f  p i n e  t r e e s  between. There  were  no a p p l e  t r e e s  on t h e  300 a c r e s  



invo lved  and no wi ld  r o s e  was found around t h e  p e r i p h e r y  s o  p a r a s i t e s  

must have come from t h e  v a l l e y  below. S o i l  i s  a lmos t  p u r e  sand  and 

o n l y  i r r i g a t i o n  a1 lows t h e  growing #) f  g r a p e s  and v e g e t g b l e s  i n  what 

would be  c o n s i d e r e d  d e s e r t  c o n d i t i o n s .  P a r a s i t e s  were found by l a t e  

June  i n  c o n t i n u o u s - c u l t i v a t i o n  a r e a s  b u t  were n o t  s e e n  u n t i l  o v e r  

a month l a t e r  i n  t h e  i s o l a t e d  v i n e y a r d .  

It is  e v i d e n t  t h a t  i f  E r y t h r o n e u r a  z i c z a c  numbers a r e  unchecked, 

t h e  l e a f h o p p e r  can a f f e c t  t h e  p r o d u c t i v i t y  of v i n e y a r d s  i n  t h e  

Okanagan. Two c u l t u r a l  p rocedures  would t e n d  t o  keep l e a f h o p p e r  

p o p u l a t i o n s  below t h e i r  p r e s e n t  a v e r a g e  l e v e l s :  d e s t r o y i n g  t h e  

i n s e c t s  by a t t a c k i n g  them i n  t h e i r  o v e r w i n t e r i n g  si tes i n  t h e  v i n e y a r d s  

which would n o t  a f f e c t  t h e  p a r a s i t e  ( p r e d a t o r s  a r e  c o n s i d e r e d  i n e f f e c t u a l ) ;  

and by p r o v i d i n g  t h e  p a r a s i t e  w i t h  nearby  o v e r w i n t e r i n g  h o s t s  by growing 

w i l d  r o s e  and a p p l e  i n  o r  c l o s e  t-c t l ie  v i n e y a r d s .  Sevin  i s  p r e s e n t l y  

a p o t e n t  l e a f h o p p e r  po i son  bu t  i t s  u s e  shou ld  b e  l i m i t e d  t o  emergency 

s i t u a t i o n s  s o  t h a t  i t s  e f f e c t i v e n e s s  can  b e  prolonged.  Growers shou ld  

u s e  ye l low s t i c k y  boards  t o  sample  a d u l t  l e a f h o p p e r s ,  s p r a y i n g  o n l y  i f  

c o u n t s  exceed 100 p e r  seven-day exposure  and s p r a y i n g  o n l y  i n  t h e  a r e a s  

w i t h  h i g h  c o u n t s .  A l t e r n a t i v e l y ,  nymph c o u n t s  shou ld  b e  made w i t h  no 

s p r a y i n g  u n l e s s  t h e  count  exceeds  a n  a v e r a g e  of t e n  nymphs (on l e a v e s  

w i t h  t h e  most a p p a r e n t  f e e d i n g )  f o r  t e n  l e a v e s  picked a long  a row. 



APPENDIX 1 

A GRAPE LEAFHOPPER, ERYTHKONEURA ZICZAC 
( HORIOPTERA : CICADELLIDAE 1, AND ITS MYMARID ( IIYRIENOPTERA ) 

EGG-PARASITE IN THE OKANAGAN VALLEY, BRITISH COLUMBIA 

L. M. MCKENZIE and BRYAN P. BEIRNE 
Pestology Centre, Department of Biological Sciences, Simon Fraser University, 

Burnaby, British Columbia 

Abstract Can. Eni. 104: 1229-1233 (1972) 
The leafhopper Erytltroneura ziczuc Walsh is the most important insect on  

grape in the Okanagan Valley, B.C. Hairy-leaved varieties of grape are relatively 
resistant to attack. The leafhopper has two overlapping generations a year and 
overwinters in the adult stage. Its chief natural enemy is a mymarid egg-parasite, 
A~ragrus epos Girault, which overwinters in the eggs of other species of leaf- 
hoppers on wild rose and apple so.that intensity of parasitism of E. ziczac can 
be influenced by proximity of those plants to vineyards. 

Introduction 
Erythroneura ziczac Walsh feeds on Virginia creeper and Boston ivy (Partheno- 

cissus spp.) in addition to grapevine (Vitis spp.). It  has a wide distribution in 
North America. Its life-history was described by Runner and Bliss (1923), 
Fairbairn (1928), and Pepper and Mills (1936). In Canada it has been regarded 
primarily as a pest of Virginia creeper and is normally less common on grapevines 
in Ontario and Quebec than are some other species of Erythrone~lra (Beirne 1956). 
It is the only grape-feeding species of leafhopper found so far in the Okanagan 
Valley, the main grape-growing area of British Columbia. It was apparently noted 
as a pest there first in 1951 (Marshall 1952) and was later surveyed by Madsen 
(1968). 

It is now the most abundant insect on grape in the Qkanagan Vallcy where its 
economic significance has increased in recent years because of the development of 
the local wine industry. The bionomics and ecology of the leafhopper were 
investigated in the summers of 1969 and 1970 to see if there were aspects that might 
be manipulated by cultural procedures to prevent the development of damaging 
leafhopper populations and thereby to reduce needs to apply chemical pesticides. 

Life-history and Habits 
There are two generations a year in the Okanagan Valley. They overlap, so 

that all stages may be found from May and September: the eggs from May to 
July (first generation) and July to September (second generation), the nymphs 
from May to August (first) and July to October (second), and the adults from 

I June to August (first) and August through the winter to June or July of the follow- 
ing year (second). 

: I  The adults overwinter among fallen leaves and grass, especially under decaying 
grape leaves lcft under the vines. They become active before the first grape lcaves 
appear in the spring and feed on the leaves of early plants, especially dandelion. 
Mated pairs were found first in mid-May and the first eggs about a week latcr. 
Eggs are laid on the undersides of the vine leaves and hatch in 14 to 17 days. 
Nymphal life is 15 to 16 days. Most males die soon after mating. The proportion 
of males, which averaged 24% (range 15 to 46) in over 20,000 leafhoppers 
examined, was highest from about August to April or May and again in July. This 
was one indication that there were only two broods annually. 
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The nymphs and adults feed on the mature leaves, mainly on the undcrsides, 
and tend to avoid strong direct light. Leaf hairs hamper the movements of and 
feeding by the small nymphs but not the adults. Both adults and nymphs cling 
motionless to the leaves when disturbed. The adults fly actively between the leaves 
when the temperature is above 75•‹F and when there is no perceptible breeze. 

Erythroneirra ziczac is a mesophyll feeder. Each nymph destroys an average 
of just over 1 sq. cm of leaf surface during its life, and in 1969 numbers of nymphs 
averaged just over 10 per leaf in 42 samples of 10 leaves each taken at intervals 
between 2 June and 29 August in two vineyards and ranged up to 47 on individual 
leaves. The amount of leaf surface destroyed by the adult could not be measured. 

Consequences of heavy infestations are that the fruit may be inferior and the 
wood may not mature properly so that the buds or canes are susceptible to winter- 
kill or produce poor crops. Results of a severe infestation near Oliver in 1968 
were that the leaves turned brown and dropped before harvesting began, the grapes 
were not worth harvesting because they were stunted and had a sugar content of 
8-9% instead of the normal 20-25%, and the wood for the next year's bearing 
canes appeared unsound (La Bounty, pers. comm.). A severe infestation of 
Virginia creeper resulted in complete defoliation. 

Varieties of grapevines that have leaves with hairy undersurfaces that inhibit 
egg-laying tend to have much smaller populations than other varieties. Counts of 
average numbers of eggs per leaf per day showed that relatively hairless hybrid 
varieties received from four to 25 times the number received by hairy American 
varieties. The figures were, for the American varieties, Diamond 0.5 and Patricia 
0.2 and 0.7, and, for the hybrid varieties, Reisling 3.4 and 3.0, Foch 3.7 and 3.4, 
S9549 3.3, 3.7 and 4.8, and S9110 5.0. Laboratory tests confirmed that the leaf- 
hopper would lay few eggs on varieties Diamond and Patricia but many on the 
hybrid varieties. A possible increase in the importance of the leafhopper as a pest 
is indicated by this, as only hybrid varieties are used in new commercial plantings 
and in vine replacements in the Okanagan Valley. 

Wide differences in the sizes of populations on different varieties of vines were 
indicated also by the numbers of leafhoppers caught on yellow sticky boards, such 
as are used in the Okanagan to survey for cherry fruit fly infestations, suspended in 
the vineyards. In one unsprayed vineyard the average numbers caught per board 
in 7-day periods in May, July, and August were 646, 135, and 129 among variety 
Bath and 145, 20, and 49 among variety Reisling. In another, the corresponding 
figures were 286, 63, and 12 for Reisling and 72, 23, and 1 for variety S9549. 
Data on similar comparisons between other varieties was insufficient, either because 
the vineyards were sprayed or because the boards fell or were removed prematurely. 
A general impression gained from the surveys with sticky boards is that damage was 
not sufficient to warrant spraying when the average number of leafhoppers caught 
per board in a 7-day period was under about 100. This estimation is for the peak 
numbers of the first generation adults that appear about the second week of Juty. 

Mortality 
Under 30% of 4163 eggs from six collections made between late August and 

early October were either viable or had produced leafhopper nymphs. Forty-seven 
per cent of the eggs either contained or had produced a parasite which was identified 
by R. L.  Doutt and by C. M. Yoshimoto as Anngrus epos Girault (Hymenoptera: 
Mymaridae) or a species close to it. The incidence of parasitism ranged from 21 
to 70% in the collections and from 0 to 100% in individual leaves. Twenty-two 
per cent of the eggs died without producing either parasites or leafhopper nymphs. 
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Some of them were killed by the parasite as the eggs turn purple and collapse if they 
are in the eye-spot stage when the parasite oviposits in thcm. Other dead eggs had 
punctures indicating that they had died from predator attack. Nine of 12 eggs on 
one leaf and 52 of 132 dead eggs in one collection had been killed in this way. Thc 
suspected predator was Nabis alternatus Parsh. (Hemiptera: Nabidae) which was 
common on the vines and was seen by Madsen (pers. comm.) to attack leafhopper 

I eggs. Some of the coIlapsed eggs had apparently not been killed either by the 
parasite or by predators but had the appearance of being crushed by growth of the 
leaf tissue. This is apparently a hazard of laying eggs in young leaves rather than 
in mature leaves that have finished growth. 

No indication of parasitism was noted in over 20,000 adult leafhoppers that 
were examined microscopically or in the nymphs. 

Nabis alternatus was seen to attack nymphs and adults but appeared to be 
insignificant in importance as a predator on the vines. Chrysopid larvae attacked 
the nymphs but were usually easily evaded by them. Insignificant numbers of the 
adults were captured by spiders. Small nymphs on hairy leaves sometimes were 
trapped on the leaf hairs by their own excretions. 

Many dead leafhoppers were found in the hibernation sites, especially in damp 
leaves. There were indications that some had been killed by predators. Nahis 
alternatus hibernates as an adult in the same situations as do the leafhoppers and 
may have been partly responsible. 

Clean cultivation of vineyards destroys the overwintering adults or drives them 
away: surveys using sticky boards showed that in clean-cultivated vineyards the 
leafhoppers appeared in the spring first at the ends of the rows of plants, indicating 
migration from outside the vineyard, whereas they were present throughout vine- 
yards where dead vine leaves were on the ground since the previous autumn. 
Chemical pesticides vastly exceeded in importance all other causes of mortality. In 
one vineyard an average of 181 adults per week per board were caught on sticky 
boards before spraying and an average of 0.2 afterward. In another, the corres- 
ponding figures were 325 and 0.5. 

The Eggparasite 
The most important natural enemy, the egg-parasite Anagrus epos, is the same 

species that attacked eggs of Erythroneura elegantula Osb. on grape in California 
(Doutt, pers. comm.). A. epos has also been recorded as an egg-parasite of 
Erythroneura plena Beam, Edwardsiana prunicola (Edw.) , E. rosae (L.  ) , 
Typhlocyha querczts ( F . ) ,  and T. pomaria McA. in the United States (Mulla 1956). 

The female parasite moves about rapidly, constantly tapping the leaf surface 
with its nine-segmented, clubbed antennae. It tends to pay much attention to areas 
where the leafhoppers had fed. When it finds an egg it taps it with the antennae 
for a while and then inserts the ovipositor in it for 2 to 3 minutes. The females 
that were observed did not mate or feed before laying eggs. 0,ne third of 550 
parasites examined were males, which have 13-segmented antennae that are not 
clubbed. 

The parasites emerged from the leafhopper eggs a few days after leafhopper 
nymphs emerged from unparasitized eggs of about the same age. As the leafhopper 
eggs hatch in 14 to 17 days the development of the parasite must take between 
2 and 3 weeks. 

The parasite has three larval stages, similar to those illustrated by Mulla 
(1956). The first stage is about half the length of the egg, which averages 
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0.65 mm. It thrashes about quite often in the liquid content of the egg. The 
final instar almost fills the egg-shell and its movement is limited to a rolling motion. 
The egg assumes a whitish appearance when the pupa is first formed, then two red 
eye-spots appear, and finally the egg turns brownish. The fully-formed parasite 
lies on its back and uses its mandibles to cut a round emergence hole in the egg and 
in the leaf tissue around it, a process that takes several hours and which some para- 
sites do not survive. Eggs from which parasites emerge are recognizable because 
they have round exit holes and do not collapse whereas those that produced leaf- 
hoppers are split at one end and collapsed. 

As E. zicznc overwinters in the adult stage it seemed most likely that the 
parasite overwintered in another species of leafhopper that overwinters in the egg 
stage. This is what happens in California where Alzagrl~s epos parasitizes eggs of 
Erythroneura elegantula on grape in summer and overwinters in eggs of Dikrella 
cruentatn Gillette on wild blackberry (Rubris sp.) (Doutt et al. 1966). 

In the Okanagan eggs of Edwardsiatzn rosae that were found on wild rose in 
April 1970 were parasitized by what was subsequently determined as the same 
species that attacks E. ziczac. The wild rose was growing close to Virginia creeper 
on which parasitized eggs were found in 1969. The same parasite was reared in 
May from eggs of Typhlocyba po~naria on apple close to a vineyard that in June 
had good parasitism of E. ziczac eggs. Both E. rosae and T.  potnnria overwinter in 
the egg stage and it is safe to assume that they are important, if not the main, over- 
wintering hosts of the parasite that from June to September attacks E. zicznc on 
grape and Virginia creeper. 

In vineyards that had wild rose or apple nearby, parasitized leafhopper eggs 
were found almost immediately after egg-laying started in the spring whereas 
in vineyards at higher altitudes that were surrounded by dcsert conditions, where 
there was no wild rose, the first eggparasitism appeared slightly more than a month 
later in the season. 

There were two separate hatches of parasites that overwintered in eggs of 
E. rosae. The first was in mid-May. Dissections of parasitized eggs that did not 
hatch then revealed parasite larvae still in early stages of development. The second 
hatch, which came from such larvae, started in the second week of June. It is sug- 
gested that the time when the parasite eggs are laid in the autumn determines when 
they hatch in the spring: those that are laid sufficiently early to develop to the 
pupal stage before winter produce adults in May while eggs that are laid later do not 
start developing until the spring and do not produce adults until June. This 
mechanism would assist the parasite to overcome differences between different 
places or years when E. ziczac lays its first eggs in the spring. 

Conclusions 
Two cultural procedures would tend to keep the grape leafhopper populations 

to below their present average levels: destroy overwintering sites in and near the 
vineyards, which would destroy the leafhoppers without harming the eggparasite; 
and provide the parasite with overwintering hosts by growing their host plants, wild 
rose, which at present is treated as a weed in the Okanagan, and apple in or close 
to the vineyards, which would facilitate eggparasite survival without affecting 
E. zictac. 

A possible way of preventing economic harm by the leafhopper effectively 
would be to develop hybrid varieties of grapevines that both arc good wine grapes 
and have leaves with hairy undersurfaces that prevent or restrict feeding. 
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It seems inevitable that sooner or later species of grape leafhoppers additional 
to E. ziczac will be spread or be accidentally imported into the Okanagan Valley 
from grape-growing areas of Eastern Canada, where at least eight species of 
Erythroneura feed on grapevines or Virginia creeper (Beirne 1956), or from 
California. 
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