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ABSTRACT 

Campylomma verbasci (Meyer) is a serious but intermittent pest of apples 

in British Columbia. The objective of this study was to develop reliable 

monitoring methods through investigation of its biology, damage and 

behaviour. Observations were made and experiments conducted in 17 orchards 

in the Okanagan Valley during 1982-1984. 

The overwintering hosts were apple and pear; 3-4 generationslyear were 

foufid on apple and several summer hosts, primarily common mullein, Verbascum 

thapsus L. Population levels and damage by C. verbasci in 1983 were - 
correlated with the density of mullein in 9 orchards in 1982. However, this 

result was not confirmed in 4 experimental plots in 1983-1984. 

First generation nymphs damaged >1% of the apples in 17 of 40 samples of 

4 major varieties, in commercial orchards, and C. verbasci was among the top - 

3 pests in 22 samples. Economic injury levels of 1 and 4 nymphs/tap are 

proposed for Golden Delicious and Red Delicious varieties, respectively. 

Limb-tap sampling was 1.9-5.3 times more efficient than cluster sampling 

in determining nymphal density at economic levels, and its estimates were not 

affected by temporal, spatial, or varietal factors within orchards. However, 

sampling prior to the peak of emergence, on average 11 days after full bloom, 

can give inaccurate estimates of nymphal density and damage. Similarly, an 

overwintering 'hatching' sample method, developed in Nova Scotia, did not 

predict nymphal density or damage. 

The spatial dispersion of - C. verbasci on apple was contagious and was 

described using Iwao's regression and Taylor' s power law methods. Optimal 

sample sizes of 47, 29 and 19 taps10.5 ha were calculated for densities of 1, 

2, and 4 nymphsltap, respectively. A constant-precision level sequential 



count plan and a s e q u e n t i a l  d e c i s i o n  p lan  were developed t o  reduce sampling 

t o  )=5 taps10.5 ha -  

F i e l d  experiments revea led  s i g n i f i c a n t  responses by males t o  females ,  

female e x t r a c t s  and captured  v o l a t i l e s ,  demonstrat ing t h e  presence of a s e x  

pheromone, and showed t h a t  t r a p  co lour  o r  shape had s i g n i f i c a n t  e f f e c t s  upon 

t h e  ca t ch  of both sexes.  These responses  could be exp lo i t ed  i n  monitor ing 

a d u l t  numbers l a t e  i n  t he  season,  t o  provide f o r e c a s t s  of damaging l e v e l s  i n  

orchards t h e  fo l lowing  year .  
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I. Introduction 

B r i t i s h  Columbia produces 45% of t he  Canadian apple  crop (Bodnar 1984),  

approximately 6% of t h e  app le s  grown i n  North America (Westwood 1978). The 

o rcha rds  a r e  concent ra ted  p r i m a r i l y  i n  3 i n t e r i o r  v a l l e y s ,  t he  Creston,  

Similkameen, and p a r t i c u l a r l y  t h e  Okanagan Valley.  The problems of marketing 

l a r g e  volumes of f r u i t ,  produced a t  a g r e a t  d i s t a n c e  from t h e  buyers ,  has  

r e s u l t e d  i n  extremely h igh  q u a l i t y  s t anda rds  and a low t o l e r a n c e  f o r  any 

damage (Smith 1976).  However, t h e  f i n a n c i a l  r e t u r n s  from high-qual i ty  f r u i t  

a r e  cons ide rab ly  g r e a t e r  than  f o r  most a g r i c u l t u r a l  c rops  (McKibbon 1978; 

BCMAF 1984) and f ru i t -growers  employ ex tens ive  programs of p e s t  c o n t r o l  i n  - 
orde r  t o  p r o t e c t  t h e i r  inves tments ;  u n t i l  r e c e n t l y ,  c rop  p r o t e c t i o n  a s  a 

p ropor t ion  of product ion  c o s t s  was h ighe r  i n  t he  B.C. i n t e r i o r  (21%) than  the  

n a t i o n a l  average of 17% ( F i s c h e r  1970). Although p r e c i s e  s t a t i s t i c s  a r e  no t  

kep t  i n  B.C., i n  On ta r io  only one o t h e r  food crop r e c e i v e s  annual ly  a s  much 

p e s t i c i d e  (17 kg/ha) a s  app le s  ( R o l l e r  1979);  i n  g e n e r a l  app le s  r e c e i v e  more 

p e s t i c i d e / u n i t  a r e a  than a l l  o t h e r  c rops ,  throughout North America (Pimentel  

e t  a l .  1978; Cro f t  and Hoyt 1983).  

The r educ t ion  of p e s t i c i d e  use i n  orchards  i s ,  t h e r e f o r e ,  a u s e f u l  

c o n t r i b u t i o n  by a p p l i e d  b i o l o g i s t s .  This  is  p a r t i c u l a r l y  t r u e  of t h e  

Okanagan Val ley ,  where a sho r t age  of s u i t a b l e  land has l e d  t o  homes and 

t o u r i s t  accommodation being i n  c l o s e  proximity t o  orchards .  Considerable  

exper ience  i n  t h e  a p p l i c a t i o n  of p e s t  management (Be i rne  1967) h a s  achieved a 

major r educ t ion  i n  p e s t i c i d e  use  i n  t h e  las t  1 0  yea r s ,  based upon t h e  

monitor ing of i n d i v i d u a l  orchards  and t rea tment  only when necessary  (Madsen 

e t  a l .  1975; Madsen and Car ty  1977, 1979; Madsen and Madsen 1982; Agr i cu l tu re  

Canada 1983) . 
Monitoring of t h e  popula t ions  of 10-13 ar thropod p e s t s  has  been 

recommended dur ing  t h e  last  1 0  y e a r s  (Madsen e t  a1. 1975; Haley 1977; 



A g r i c u l t u r e  Canada 1983),  but  a l though cons ide rab le  b i o l o g i c a l  d a t a  e x i s t  f o r  

s e v e r a l  of t he  p e s t s  very  l i t t l e  i s  known about t h e  o t h e r s .  The most r e c e n t  

survey of a r thropod p e s t s  of app le  i n  B.C. (Downing e t  dl. 1956) i d e n t i f i e d  

50 s p e c i e s  causing economic l o s s e s  on a r e g u l a r  o r  spo rad ic  b a s i s .  Most 

r e s e a r c h  i s  concent ra ted  on a s m a l l  number of 'key '  p e s t s  a s  only a few of 

t h e  p o t e n t i a l  p e s t s  a r e  important  a t  a p a r t i c u l a r  t i m e  ( C r o f t  1975; Morgan 

and Madsen 1976; Thistlewood 1981).  One s e r i o u s  i n t e r m i t t e n t  pes t  is  t h e  

"mullein bug", Campylomma v e r b a s c i  (Meyer). 

C. v e r b a s c i  i s  a smal l ,  grey-brown, p l a n t  bug found i n  p a r t s  of Europe, - 

Asia,  and North America. I n  Canada, i t  i s  both predaceous and phytophagous 

on f r u i t  c rops  (Kel ton  1982) and is  f r e q u e n t l y  r epo r t ed  a s  a p e s t  of app le s ,  

dur ing  and a f  t e r  t h e  bloom stage1. Ser ious  damage i s  r epor t ed  from Canada 

and the  U.S.A., and monitor ing f o r  t he  i n s e c t  i s  a n  important  component of 

p e s t  management programs i n  B r i t i s h  Columbia (Madsen and P r o c t e r  1982; 

A g r i c u l t u r e  Canada 1983; BCMAF 1985), Ontar io  (Hagley e t  a l .  1978; McEwen L 

1983) and Nova S c o t i a  (MacLellan 1979; Hardman e t  a l .  1984). However, i t  has  

rece ived  only minor a t t e n t i o n  a s  one of a complex of t r u e  bugs occurr ing  i n  

orchards .  

C. v e r b a s c i  has  been the  s u b j e c t  of taxonomic s tudy  (e .g .  Kel ton 1982) - 

and l i m i t e d  r e s e a r c h  i n t o  t h e  p reda to r s  of a r thropod p e s t s  of app le  i n  Europe 

(Co l lye r  1952, 1953a,b; Niemczyk 1978) and of pear  i n  B.C. (McMullen and Jong 

1967a,b, 1970). Only Boivin and Stewart  (1982b,c,  1983a-d, 1984) have 

s t u d i e d  C.  v e r b a s c i  on app le  i n  North America, as one of of a group of 5 - 
mir ids  i n  Quebec. Moreover, t h e i r  r e s e a r c h  found only  low popula t ion  l e v e l s ,  

and was conducted i n  a s i n g l e  experimental  orchard of a n  app le  c u l t i v a r  

(McIntosh) t h a t  i s  not  s e n s i t i v e  t o  i n j u r y .  



The problem posed by - C. v e r b a s c i  i s  one of spo rad ic ,  unexplained,  

ou tbreaks  and o c c a s i o n a l l y  h igh  l e v e l s  of damage, t h a t  a r e  a t  p re sen t  

unpred ic t ab le .  Current  monitor ing techniques  a r e  regarded a s  c o s t l y  and 

u n r e l i a b l e ,  so t h a t  p e s t i c i d e s  a r e  o f t e n  app l i ed  upon mere d e t e c t i o n  of t h e  

bug (MacPhee 1976; H ik ich i  e t  a l .  1979; OMAF 1981a),  r e s u l t i n g  i n  some 

cont roversy  over t h e i r  n e c e s s i t y .  The l ack  of b i o l o g i c a l  d a t a  and a  r e l i a b l e  

monitor ing method f o r  - C. v e r b a s c i  was descr ibed  a s  a major stumbling-block 

f o r  p e s t  management i n  B.C., i n  a  2-year e v a l u a t i o n  by J . M .  Vakenti  and F.E. 

pe t e r s* .  Researchers  from t h e  wes tern  U.S.A. and a c r o s s  Canada have 

p r i v a t e l y  expressed a need f o r  more informat ion  on t h e  i n s e c t  (S. 

Aquafresca3, E.A.C. Hagley4, A. ~ i k i c h i ~ ,  A.W. Macphee6, pers .  comms.), and I 

rece ived  f i r s t -hand  knowledge of problems caused by t h e  'mythical  mul le in  

bug' when working i n  On ta r io  app le  orchards  (Thistlewood e t  a l .  1981; McKay 

e t  a l .  1982). 

The b a s i c  o b j e c t i v e s  of t h i s  t h e s i s  were: ( 1 )  t o  d e s c r i b e  the  seasonalc  

abundance, d i s t r i b u t i o n ,  and a s s o c i a t i o n s  of - C. ve rbasc i  i n  and around app le  

orchards ,  ( 2 )  t o  de te rmine  the  r e l a t i o n s h i p  between i n s e c t  number and f r u i t  

damage, and (3 )  t o  develop an improved method of monitor ing o r  f o r e c a s t i n g  

popula t ion  l e v e l s .  



11. Literature R e v i e w  

TAXONOMY 

C l a s s i f i c a t i o n  of p l a n t  bugs (Mir idae)  i s  based p r imar i ly  upon t h e  

t a r s a l  claw scheme proposed by Reuter  (1910),  a s  e l abo ra t ed  by Knight (1918),  

Carvalho (1955),  and Kel ton  (1959). Kel ton (1980, 1982) r e c e n t l y  s tud ied  and 

r ev i sed  a po r t ion  of t h e  Miridae of Canada i n  2 monographs, based on those  of 

t h e  p r a i r i e  provinces and f r u i t  crops.  

Campylomma ve rbasc i  (Meyer) belongs t o  t h e  sub-family Phyl inae ,  

c h a r a c t e r i z e d  by having: 1 )  s t r a i g h t  h a i r - l i k e  parempodia between the  t a r s a l  

claws; 2 )  p u l v i l l i  on the  claws; 3 )  male g e n i t a l i a  with r i g i d  ductus seminis ;  

and 4 )  a  d i s t i n c t i v e  l e f t  c l a s p e r  (Kel ton 1982).  The subfamily is  

r ep resen ted  i n  Canada by the  t r i b e  P h y l i n i ,  of which 10  spec i e s  i n  7 genera 

occur  on f r u i t  crops.  Three of t h e s e  s p e c i e s  a r e  predaceous, and 7 ,  

i nc lud ing  - C. ve rbasc i ,  a r e  both predaceous and phytophagous (Kel ton  1982). 

The immature s t a g e s  of C. v e r b a s c i  were descr ibed  and i l l u s t r a t e d  b y ,  - 

Leonard (1915) and Co l lye r  (1953a). The a d u l t s  were descr ibed  o r  i l l u s t r a t e d  

s e v e r a l  times: from England (China 1932; Co l lye r  1953b),  from 3 r eg ions  of 

t h e  U.S.A. (Leonard 1915; Knight 1923, 1941, 1968) and from Canada (Bouchard 

e t  a l .  1982; Braimah e t  a l .  1982; Kel ton 1982).  

C. ve rbasc i  has  no approved common name i n  e i t h e r  Europe (Co l lye r  1955; - 
Niemczyk 1978; Alford 1984) o r  North America (Werner 1982).  However, Ross 

and Caesar (1920) used t h e  name "mullein l ea f  bug" i n  t he  f i r s t  account of 

s e r i o u s  damage caused by 5. v e r b a s c i  and numerous r e p o r t s  from North America 

have used v a r i a t i o n s  on t h i s  name s i n c e  then. 



Switzer land  (Bagg io l in i  & Wildbolz 1965) n o r t h  t o  south-eas te rn  Norway 

(Austreng & Somme 1980) and from England (China 1932) e a s t  t o  a t  l e a s t  

Leningrad (Sukhoruchenko and Tols tova  1981).  In  Asia i t  occurs  i n  t he  

sou the rn  U.S.S.R., Turkestan and Caucasia ( V a s s i l i e v  1914). The American 

d i s t r i b u t i o n  corresponds t o  Koeppen's (1936, c i t e d  by Scuddet 1978) "Dfb" 

c l i m a t i c  subgroup and - C. v e r b a s c i  has  been found i n  9 no r the rn  s t a t e s  of t h e  

U.S.A. and i n  5 Canadian provinces (Table 2.1).  It is  no tab ly  absent  from 

t h e  midwestern s t a t e s  and t h e  p r a i r i e  provinces.  

BIOLOGY 

Overwintering habit 

C.  v e r b a s c i  overwinters  i n  t he  egg s t a g e  i n  t h e  bark of young wood of - 
s e v e r a l  rosaceous t r e e s  and shrubs ,  p r i m a r i l y  a p p l e ,  Malus spp.,  pea r ,  Pyrus 

spp.,  and i n  B.C. wi ld  r o s e ,  - Rosa spp.,  and Saskatoon be r ry ,  Amelanchier 

c u s i c k i i  Fer  . (McMullen and Jong 1970). The most common o v i p o s i t i o n  s i te  on 

app le  is  i n  l e n t i c e l s  of t h e  c u r r e n t  y e a r ' s  growth. The eggs a r e  . 
banana-shaped, measuring 0.8 x 0.3 mm, and only  t h e  operculum is  exposed 

o u t s i d e  t h e  wood. In  Nova S c o t i a ,  t h e  eggs'  mean f r e e z i n g  p o i n t  i s  -32•‹C 

(MacPhee 1964),  we l l  below t h e  normal range i n  Canadian orchards .  

The eggs ha t ch  over  a 2-week per iod  when t h e  app le s  a r e  i n  blooml, 

beginning u s u a l l y  i n  t h e  f i r s t  o r  second week of May i n  B.C. They ha t ch  a t  

t h e  same t i m e  i n  England and Poland, bu t  S t e i n e r  e t  a l .  (1970) d id  not  f i n d  

C. ve rbasc i  u n t i l  June i n  Southern Germany. Jonsson (1983) and Skanland - 
(1980) found t h e  f i r s t  nymphs i n  May and June ,  r e s p e c t i v e l y ,  i n  Norway a t  60" 

l a t i t u d e .  

Development 

The nymphs pass  through 5 i n s t a r s ,  r e q u i r i n g  1 6  days i n  t h e  l a b o r a t o r y  



Table 2.1 Reported distribution of - C. verbasci in North America 

Country State or Province References 

U.S.A. 

Canada 

Colorado 
Connecticut 
Idaho 
Illinois 
Iowa 
New York 
Oregon 
Pennsylvania 
Washington 

British Columbia 
New Brunswick 
Nova Scotia 
Ontario 
Quebec 

Quist 1980; Knight 1968 
Knight 1923 
Knight 1968 
Knight 1941 
Tate 1933 
Parrott 1913 
Knight 1968 
Horsburgh & Asquith 1968 
Hoyt 1973 

Downes 1927 
Kelton 1982 
Pickett 1938 
Ross & Caesar 1920 
Kelton 1982 



a t  23•‹C (Niemczyk 1978) o r  23 days a t  2 1 " ~  (McMullen and Jong 1970),  from 

e c l o s i o n  t o  t he  imaginal  moult. The pa l e  green  nymphs a r e  smal le r  than  most 

mi r id s  on f r u i t  t r e e s  and move r ap id ly .  They a r e  d i s t i n g u i s h e d  by t h e i r  

shape, s i z e ,  and t h e  presence of black s p i n e s  on t h e  t i b i a e  and femora. 

F i r s t  gene ra t ion  a d u l t s  a r e  found from t h e  beginning of June  i n  B r i t i s h  

Columbia and most of Europe. I n  B.C. and Poland, almost a l l  of t h e  a d u l t s  

migra te  t o  herbaceous p l a n t s  t o  feed and reproduce over  t he  summer (14cMullen 

and Jon2 1970; Niemczyk 1978). I n  o the r  r eg ions  many of t h e  a d u l t s  remain i n  

t h e  orchard t r e e s  and o v i p o s i t  i n  the  c u r r e n t  y e a r ' s  shoo t s  (Co l lye r  1953a,b; 

Al ford  1984). The a d u l t  l i f e  span i s  approximately 25 days and t h e  females  

produce between 10-40 eggs dur ing  t h a t  time. The f i r s t  summer eggs ha tch  8 

days fo l lowing  o v i p o s i t i o n  and ha tch ing  con t inues  f o r  a  f u r t h e r  week 

(Niemczyk 1978).  

Summer Generations 

Two gene ra t ions  a year  u s u a l l y  occur i n  England, Poland, Germany 

( S t e i n e r  e t  a l .  1970),  Nova S c o t i a  ( G i l l i a t t  1935; MacPhee 1976) and Quebec 

(Boivin and Stewar t  l 983a ) .  I n  Norway t h e r e  is u s u a l l y  one gene ra t ion  per  

year  (Skanland 1980) and i n  Quebec 3 gene ra t ions  o c c a s i o n a l l y  occur  (Bouchard 

e t  a l .  1982) .  Three o r  4  gene ra t ions  a r e  found i n  B r i t i s h  Columbia (McMullen 

and Jong 1970).  

The p r i n c i p a l  herbaceous h o s t s  of - C. v e r b a s c i  a r e  common mul le in ,  

Verbascum thapsus  L.,  and p o t a t o ,  Solanum tuberosum L., throughout i t s  

d i s t r i b u t i o n .  Common mul l e in  i s  u s u a l l y  desc r ibed  a s  t h e  major hos t  

(Venables 1938, 1939; P i c k e t t  1938b; Knight 1941, 1968; McMullen and Jong 

1970; C a r r o l l  and Hoyt 1984) but  nymphs o r  a d u l t s  have been found on a  

v a r i e t y  of p l a n t s  i n  t h e  summer (Table  2.2). Rare ly  has some damage t o  



Table 2.2.  P l a n t s  r epo r t ed  a s  summer h o s t s  of C .  v e r b a s c i  - 

P l a n t  Region References 

Verbascum thapsus 
Solanum tuberosum 

Carduus spp. 
Echium spp. 
Quercus robur  
Althaea rosea  

Beta v u l g a r i s  

Bras s i ca  n i g r a  
Verbena s t r i c t a  

Hordeum v u l e a r e  
T r i t i cum spp. 

Beta  v u l g a r i s  
Stachys l a n a t a  
Oenothera spp. 
Nepeta c a t a r i a  
Nursery c rops  

Solanum nigrum 
Verbena b r a c t e a t a  
Stachys p a l u s t r i s  
Zea mays v a r .  rugosa - 
Rubus spp. 
T r i fo l ium spp. 
Ipomoea spp. 
V i t i s  v i n i f e r a  

Cirs ium a rvense  
Taraxacum o f f i c i n a l e  
Centaurea d i f f u s a  

I n t e r n a t i o n a l  m u l t i p l e  
I t  

England 

U.S.S.R. 

I l l i n o i s  

Washington 

Nova S c o t i a  

B r i t i s h  Columbia 

Canada 

China 1932 
I I 

Southwood & Leston 1959 
I t  1  I 

V a s s i l i e v  1914 

Knight 1941 
11 

Fye 1983 
I 1  

P i c k e t t  1938a 
I 1  

I l 

I I 

" ; Agr icu l tu re  Canada 
1940 

McMullen & Jong 1970 
I I I t  
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p o t a t o  (Tate  1933; G i l l i a t t  1931; P i c k e t t  1938a; Lord 1971) ,  sugar  b e e t s  and 

nu r se ry  c rops  ( V a s s i l i e v  1914; P i c k e t t  1938a) been r e p o r t e d .  

The a d u l t s  r e t u r n  t o  t h e i r  woody overwinter ing  h o s t s  i n  l a t e  August and 

September and remain a c t i v e  i n  most r eg ions  u n t i l  October. Overwintering 

eggs a r e  l a i d  from mid-September u n t i r  mid-October i n  B r i t i s h  Columbia. 

Diet 

The nymphs have the  t y p i c a l  piercing-sucking mouth-parts of t r u e  bugs 

and cause i n j u r y  t o  some f r u i t  v a r i e t i e s  by feeding  on t h e  f lower p a r t s  

fol lowing f r u i t  set. More commonly they prey on the  wide v a r i e t y  of smal l  

a r thropods  and eggs p re sen t  on apple  i n  t h e  s p r i n g  and such prey i s  be l i eved  

t o  be necessary  f o r  normal development (McMullen and Jong 1970; Niemczyk 

1978). The nymphs and a d u l t s  are descr ibed  a s  u s e f u l  p reda to r s  i n  both 

Europe and North America  a able 2 .3) .  S i g n i f i c a n t  feeding  has been observed 

on P s y l l a  m a l i  Schm., P s y l l a  p y r i c o l a  F o r s t e r ,  Tetranychus t e l a r i u s  (L.) ,  - T. 

mcdanie l i  McG., - T. p a c i f i c u s  McG., Eriophyes p y r i  (Pagens techer ) ,  Aphis pomi 

DeG., Rhopalosiphum f i t c h i i  (Sand.),  Anuraphis ro sea  (Forbes) ,  Cydia 

pomonella (L. ) ,  Phenacoccus a c e r i s  ( S i g n o r e t ) ,  and Bryobia p r a e t i o s a  Koch. 

The European red  m i t e ,  Panonychus ulmi Koch, i s  f r e q u e n t l y  r epo r t ed  as a 

major component of t h e  d i e t  of - C. v e r b a s c i  and Niemczyk (1978) observed the  

nymphs k i l l i n g  an  average of 580 - -  P. ulmi dur ing  t h e i r  development. 

ECONOMIC STATUS 

A world perspective 

I n  North America C. v e r b a s c i  i s  unique i n  being s i g n i f i c a n t  a s  both a  - 
preda to r  and a  p e s t  on a p p l e  (Kel ton  1982). Thus i t s  economic s t a t u s  is  t h e  

d i f f e r e n c e  between t h e  economic b e n e f i t s  from p reda t ion  and the  economic l o s s  

from damage. It has never  been r epor t ed  t o  damage f r u i t  i n  Europe, where i t  



Table 2.3. Relative importance of C. verbasci in the predator complex of 
apple orchards in ~ L r o ~ e  and North America 

- - -- 

Preferred preys 
Predator 

Region status Mites Aphids References 

England 

Fed. Rep. Germany 

Switzerland 

Norway 

Poland 

Connecticut 

Oregon 

Pennsylvania 

Washington State 

British Columbia 

Ontario 

Nova Scotia 

Quebec 

minor 

average 

average 

major 

average 

minor 

minor 

minor 

minor 

minor 

average 

minor 

minor 

Collyer 1953a, b 

Steiqer et al. 1970 

Baggiolini & Wildbolz 1965 

Skanland 1980; Jonsson 1983 

Niemczyk 1978 

Garman & Townsend 1938 

b P. Westigard-, pers. corn. 

Horsburgh & Asquith 1968 

Hoyt 1973; Carroll & Hoyt 1984 

McMullen 1973 

Hagley 1974, 1978 

Pickett 1938; Lord 1949, 1971 

Bouchard 1982; Braimah 1982 

a 
-Predation by - C. verbasci : + = feeding reported, U = feeding common or 
important. 

b --Southern Oregon Expt. Station, Oregon State University, 
569 Hanley Road, Medford, Oregon 97501. 



i s  regarded a s  a p reda to r  of some importance. Counts of C. v e r b a s c i  a r e  - 
taken i n  Germany ( S t e i n e r  e t  a l .  1970),  Swi tzer land  (Bagg io l in i  and Wildbolz 

1965; Sechser  e t  a l .  1984) and Norway (Jonsson  1983) when preda tor  

popula t ions  a r e  a s se s sed  f o r  p e s t  management purposes,  and i t  i s  an abundant 

and u s e f u l  preda tor  i n  Eng l i sh  app le  orchards  (Co l lye r  1953a,b; Alford 1984).  

Ross and Caesar (1920) f i r s t  descr ibed  and photographed ex tens ive  damage 

t o  app le s  i n  Norfolk County, sou the rn  Ontar io .  This  c h a r a c t e r i s t i c  damage 

( P i c k e t t  1938a; McMullen 1973; MacLellan 1979; Madsen and P r o c t e r  1982) 

a r i s e s  from feeding  i n j u r y  dur ing  a  s h o r t  per iod fo l lowing  p e t a l  f a l l .  Small 

corky warts appear  on t h e  s u r f a c e  of t h e  f r u i t l e t s  a t  p o i n t s  where t h e  nymphs 

have fed .  Many of t h e  app le s  a r e  subsequent ly  deformed by bumps o r  

dep res s ions  and a r e  shed. Those t h a t  remain o f t e n  f a i l  t o  reach  a commercial 

s i z e  o r  a r e  unmarketable because of s c a r s  o r  malformation. 

Large numbers of nymphs can be d i s t r i b u t e d  uniformly i n  an  orchard ,  bu t  

t h e  g r e a t e s t  damage appears  on c e r t a i n  ' s u s c e p t i b l e '  f r u i t  v a r i e t i e s  (Table 

2.4) ( P i c k e t t  1938a,b).  Se r ious  damage has  been r epor t ed  from many r eg ions  

i n  North America (Table 2.5.) .  I n  a d d i t i o n ,  - C. v e r b a s c i  has  been shown t o  

t r ansmi t  f i r e b l i g h t ,  Erwinia  amylovora ( B u r r ) ,  between app le  s e e d l i n g s  

(S tewar t  1913; Stewart  and Leonard 1915) and s m a l l  t r e e s  (Gossard and Walton 

1922). 

History i n  Canada 

The Canadian A g r i c u l t u r a l  I n s e c t  P e s t  Review inc ludes  r e p o r t s  of - C. 

v e r b a s c i  i n  34 of t h e  61 i s s u e s  s i n c e  1922. Se r ious  damage has been r epor t ed  

from a l l  r eg ions  except  Quebec where the  amount of damage is  unc lea r  (Boivin 

and Stewar t  1982b). 

C. v e r b a s c i  was r e p o r t e d l y  a  s e r i o u s  p e s t  i n  Nova S c o t i a  i n  t he  l a t e  - 



Table 2.4.  Apple c u l t i v a r s  s u s c e p t i b l e  t o  damage from - C .  ve rbasc i  
i n  regions  of North America s i n c e  1970 

Region Var ie ty  References 

Washington S t a t e  

New York 

Nova S c o t i a  

Ontario 

B r i t i s h  Columbia 

Golden Del ic ious  

Red Del ic ious  

Red Del ic ious  

Northern Spy 

Ribston 

Wagener 

Red Del ic ious  

Red Del ic ious  

Golden Del ic ious  

Spar tan  

Hoyt 1973 

a J. Brann-, pe r s .  corn. 

McLellan 1979 ( f o r  the  
per iod  1953-1977) 

Hagley & Hik ich i  1973 

McMullen 19 73 ; 

Madsen et  a l .  1975; 

Madsen & Carty 1977 

%. 0. Box 359, Sopchoppy, F l o r i d a  32358 ; formerly Extension 
Entomologist, N.Y. S t a t e  



Table 2.5.  Se l ec t ed  r e p o r t s  of damage by C. v e r b a s c i  i n  commercial 
o rchards  of North ,America 

Region and Annual crop 
pe r iod  of damage l o s s e s  Reference 

Colorado 

p r e s e n t  

New York 

Nova S c o t i a  

Ontar io  

B r i t i s h  Columbia 

minor-moderate Q u i s t  1980 

minor J. ~ r a n n "  pees.  comm. 

50,000 b a r r e l s  P i c k e t t  1938 
0 - 0.7% MacLellan 1979 
7.7 - 12.4% MacLellan 1977 

0 - 75% Ross and Caesar 1920 
50,000 bushe l s  A g r i c u l t u r e  Canada 1974, 1975 
0 - 15% Hikichi e t  al .  1979 

s e v e r e  McMullen 1973 
0 - 13% Madsen e t  a l .  1975 
0 . 1  - 24% A g r i c u l t u r e  Canada 1980 

a 
-Footnote ,  Table 2.4 



1930 ' s  and through the  1940's  ( P i c k e t t  1938a,b; McDonald 1939; P i c k e t t  and 

P a t t e r s o n  1940; Twinn 1938, 1941, 1944; Cameron 1941; Gardiner  1941; Neary 

1941-53; P a t t e r s o n  and Neary 1948-51; MacNay 1948-58), and i n  t he  1960's  

(MacLellan 1977).  From 1953 t o  1977 an  average of 0.3% of t h e  f r u i t  i n  

s e l e c t e d  orchards  w a s  damaged annual ly ,  d e s p i t e  monitor ing and spraying;  

dur ing  t h i s  per iod  - C.  v e r b a s c i  exceeded t h e  economic t h r e s h o l d  7% of t h e  t i m e  

and was c o n s i s t e n t l y  desc r ibed  a s  a  s e r i o u s  p e s t  (MacLellan 1979).  More 

r e c e n t l y ,  Hardman e t  a l .  (1984) r epo r t ed  t h a t  ' s t i n g i n g  bugs' [C. v e r b a s c i  

and/or  another  m i r i d ,  Atractotomus mal i  (Meyer)] exceeded t h e  economic 

th re sho ld  i n  40% of 160 orchards  from 1980-1982. These ' s t i n g i n g  bugs' were 

t h e  primary t a r g e t  of p e s t i c i d e  a p p l i c a t i o n s  i n  19.8% of t h e  orchards  dur ing  

t h e  3-year per iod.  

Whereas G i l l i a t t  (1935) concluded t h a t  C. v e r b a s c i  was not  "a p reda to r  - 

of any g r e a t  consequence" i n  Nova Sco t i a ,  Lord (1944) claimed i t  was a n  

" e f f e c t i v e  preda tor"  of t h e  European red mi te ,  P. ulmi,  and probably of t he  . - - 
c l o v e r  mi t e ,  - B. p r a e t i o s a ,  du r ing  1944-1949. Lord noted t h a t  " t h i s  s p e c i e s  

a t  l e a s t  ba lances  i t s  economic damage wi th  the  b e n e f i t s  i t  g ives  i n  t h e  

c o n t r o l  of t h e  red  mite" .  Other r e p o r t s  (MacNay 1948; P a t t e r s o n  and Neary 

1948-51) d e s c r i b e  i t  as t h e  most common p reda to r  of European red mi tes .  

Confounding t h e  i s s u e ,  Lord (1971) l a t e r  desc r ibed  - C. v e r b a s c i  a s  "not of 

major consequence a s  a c o n t r o l  agent  f o r  mi tes"  i n  t h e  f i e l d  o r  t h e  

l abo ra to ry .  

Ontar io  orchards  have su f f e red  s e r i o u s  damage from C. v e r b a s c i  s i n c e  - 
1919 and monitor ing f o r  - C. ve rbasc i  i s  an  annual  component of t h e  app le  IPM 

program ( O W  1981b; McEwen 1983).  It appears  i n  2  papers  desc r ib ing ,  

r e s p e c t i v e l y ,  t h e  major p e s t  s p e c i e s  (Hagley and Hik ich i  1973) and t h e  



predaceous s p e c i e s  (Hagley 1974) of app le  orchards  i n  Ontar io .  I n  t h e  former 

s tudy ,  damage approached 100% i n  some commercial s i t e s ,  and i n  t h e  l a t t e r  

C .  v e r b a s c i  was a  "very e f f e c t i v e "  aphid p reda to r .  - 
I n  B r i t i s h  Columbia, Downes (1927) r epo r t ed  t h e  e a r l i e s t  c o l l e c t i o n s  of 

C. v e r b a s c i  a s  1917 on Vancouver I s l a n d  and 1924 i n  P e n t i c t o n .  It was not - 
l i s t e d  by Ruhmann (1936) a s  a  pes t  nor  by Downing e t  a l .  (1956) i n  a n  

exhaus t ive  s tudy  of p e s t s  of t r e e  f r u i t s  i n  B.C. Venables (1938, 1939, 1940 

a , b , c )  f i r s t  mentioned i t  a s  r e a d i l y  found on, and feed ing  i n t e n s i v e l y  i n ,  

t r e e s  i n f e s t e d  with European red mites, P a c i f i c  mi t e s  (T. - p a c i f i c u s ) ,  and 

aphids .  He desc r ibed  i t  a s  t h e  main c o n t r o l l i n g  f a c t o r  f o r  European red  mi te  

and produced t h e  f i r s t  photographs of nymphs and a d u l t s  feed ing  on mi tes  

(Venables 1940b). S e v e r a l  s t u d i e s  i n  t h e  1960s subsequent ly  ignored - C .  

v e r b a s c i  a s  a  p r eda to r  of mi tes .  However, McMullen and Jong (1967a,b, 1970) 

found t h a t  i t  was a  u s e f u l  p r eda to r  of s e v e r a l  i n s e c t s  and mi tes  on pears .  

Venables (1938) made t h e  f i r s t  r e f e r e n c e  t o  damage i n  t h e  Okanagan 

Val ley  and noted it was "suspected t h a t  i t  causes  i n j u r y  t o  young apples  i n  

e a r l y  s p r i n g  a s  w e l l  a s  being preda tory" .  Severe damage t o  app le s  from - C.  

ve rbasc i  was found i n  B.C. i n  1970 and damage was widespread i n  1971 

(McMullen 1973) .  Damage has  s i n c e  been r e g u l a r l y  observed,  and - C .  v e r b a s c i  

w a s  ranked a s  one of 10  important  app le  p e s t s  by Madsen e t  a l .  (1975).  

S i m i l a r l y ,  Haley (1977) r e p o r t e d  i t  t o  be one of 14 major  p e s t  problems i n  a  

survey  of 69 North Okanagan growers. J.M. Vakent i  r e c e n t l y  r epo r t ed  

(Agric.  Canada 1980) t h a t  high popula t ions  of t he  i n s e c t  i n  1978 and 1979 

caused damage i n  commercial o rchards  ranging from 0.15-24.4% of t h e  c rop ,  

even where p e s t i c i d e s  were a p p l i e d  f o r  c o n t r o l .  



I11 The seasonal development and distribution of Campylomma verbasci 

in and around app le  orchards of the Okanagan Valley. 

INTRODUCTION 

The development of p e s t  management programs f o r  t h e  most s e r i o u s  

a r thropod p e s t s  of app le  i n  t h e  Okanagan Val ley  has commonly l e d  t o  

r educ t ions  of 50% i n  i n s e c t i c i d e  use a g a i n s t  t h e  major pes t  complex (Madsen 

e t  a l .  1975, Madsen and Carty 1977).  The programs have r ep laced  ' c a l enda r '  

spray ing  wi th  r e g u l a r  assessment of t he  p e s t  popula t ions  and t rea tment  

t r i g g e r e d  by ' a c t i o n  t h r e s h o l d s ' .  

Concomitant wi th  t h e  development of programs f o r  t he  major p e s t s  and 

r educ t ion  of r i s k s  f o r  t h e  grower i s  an inc reased  awareness of t h e  s t a t u s  of 

minor and i r r e g u l a r  p e s t s  of apple ,  p a r t i c u l a r l y  Campylomma verbasc i .  The 

pauc i ty  of publ i shed  informat ion  on t h i s  i n s e c t  has  reduced t h e  c r e d i b i l i t y  

of Canadian ex tens ion  workers and p e s t  management c o n s u l t a n t s  because of 

unexpected damage (Madsen e t  a l .  1975; H ik ich i  e t  a l .  1979; Agric. Canada 

1980).  Vakenti  and p e t e r s 2  s p e c i f i c a l l y  c r i t i c i z e d  the  l a c k  of in format ion  

on t h e  b io logy  and development of .C. - v e r b a s c i  on apple ,  and on when 

sampling should occur .  

A f i e l d  s tudy  was conducted i n  and around app le  orchards  i n  1982-1984, 

- w i t h  the  fo l lowing  o b j e c t i v e s :  t o  determine the  frequency of occurrence of 

C. v e r b a s c i  i n  a  v a r i e t y  of app le  orchards ,  and on t h e  d i f f e r e n t  p l an t  h o s t s  - 
i n  and around the  orchards ;  and t o  fo l low t h e  development and seasonal  

abundance of t h e  i n s e c t  on app le s  where i t  w a s  found. 

MATERIALS AND METHODS 

Weather during the study 

Weather r eco rds  were supp l i ed  by t h e  A g r i c u l t u r e  Canada Research 



S t a t i o n ,  Summerland, B r i t i s h  Columbia ( 4 g 0 3 4 ' ~ ,  1 1 9 " 3 9 ' ~ ,  e l e v a t i o n  454 m). 

Compared wi th  a 67-year average (Drought and Arnyot 1983, 1984, 1985), t h e  

weather i n  1982 was c o o l e r  than  normal, t h e  growing season  10% s h o r t e r  than 

u s u a l ,  and annual  r a i n f a l l  was 156% of normal. J u l y  w a s  a month of r eco rd  

low mean temperature w i th  a record  amount of r a i n f a l l  and r a i n y  days. 

The win te r  of 1982-1983 was much warmer than  usua l  but  t h e  r e s t  of 1983 

was aga in  c o o l e r ,  and t h e  growing season  10% longe r ,  than  usua l .  R a i n f a l l  i n  

1983 w a s  twice t h e  norm and June and J u l y  had more r a i n y  days than  normal. 

J u l y  a g a i n  set a record  low mean temperature and had excep t iona l ly  low 

sunshine hours .  

The win te r  of 1983-1984 was marked by records  f o r  t h e  l a t e s t  k i l l i n g  

f r o s t  i n  t h e  f a l l ,  and t h e  lowest  tempera tures  i n  December. The bloom per iod  

of 1984 was coo l  and w e t ;  A p r i l  was co lde r  than  normal, and the  mean 

temperature i n  May w a s  n e a r l y  t h e  lowest  ever .  P r e c i p i t a t i o n  i n  May w a s  156% 

of normal and the  number of days wi th  r a i n  from March t o  June  was twice t h e  

norm, equal  t o  t h e  record .  The few days without  r a i n  were very windy. 

Description of study sites 

The seasonal  development of - C. v e r b a s c i  was followed i n  and around 2 1  

blocks of app le s  i n  17 o rcha rds  (F ig .  3.1, Table 3.1). Previous a t t empt s  t o  

s tudy  t h e  i n s e c t  i n  B r i t i s h  Columbia have been f r u s t r a t e d  by i t s  unexpected 

absence from c a r e f u l l y  s e l e c t e d  s i t e s  (Madsen e t  a l .  1975, Madsen and Car ty  

8 1977; H.F. Madsen7, R.D. McMullen , pers .  comms.). To lower t h i s  r i s k  a 

l a r g e  number of s i t e s  were i n v e s t i g a t e d  i n  1982, and subsequent  e f f o r t s  were 

concent ra ted  i n  blocks wi th  appa ren t ly  pe renn ia l  popula t ions  of - C. ve rbasc i .  

Four commercial app le  o rcha rds  ( s i t e s  2 ,3 ,6 ,9)  were s e l e c t e d  i n  March, 

1982 from those  having previous  damage from "Campylomma" as r epor t ed  by 



Fig. 3.1. Study s i t e s  in t h e  Okanagan Valley of  B r i t i s h  Columbia 
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ex tens ion  h o r t i c u l t u r i s t s  and packing houses.  S ix  were s e l e c t e d  a t  random 

from t h e  same l o c a l i t i e s  ( s i t e s  1 ,5 ,7 ,8 ,10 ,12 ) ,  2 more ( s i t e s  11 ,13)  were 

s e l e c t e d  because of t h e i r  "organic"  management methods and one orchard ( s i t e  

4)  was added i n  May when a p e s t  management c o n s u l t a n t  (R.C. corcoran9)  

advised m e  of high counts  of C. v e r b a s c i .  S tud ie s  i n  s i t e s  7 and 1 3  ceased - 
i n  September 1982 and t h e  remainder were followed through t o  t h e  summer of 

1983. A f u r t h e r  9 s i t e s  (1-6,8,10,11) were then  abandoned and replaced by 3 

orchards  each having 2 o r  more blocks of i n t e r e s t  ( s i t e s  14-21). Regular 

examinat ion cont inued u n t i l  J u l y  1984. 

The management of t h e s e  s i t e s  d i f f e r e d  i n  economic expec ta t ion ,  

h o r t i c u l t u r e  and p e s t  c o n t r o l  p r a c t i c e s  (Table 3.1) .  One s i t e  (7 )  was 

v i r t u a l l y  abandoned and non-commercial o rchards  (14-21) were u s u a l l y  no t  

sprayed,  f e r t i l i z e d ,  o r  we l l  tended. S ix  commercial o rchards  (1 ,2 ,5 ,6 ,11 ,13)  

rece ived  minimal management and p e s t i c i d e s  f o r  a t  l e a s t  one year  whi le  6 

(3,4,8,9,10,12)  rece ived  i n t e n s i v e  management o r  generous amounts of . 
p e s t i c i d e s .  

Extens ive  sampling occured i n  s t o n e f r u i t  blocks and v ineyards  a d j a c e n t  

t o  t h e  s tudy  s i t e s  on 14  occas ions  from 1982-1984, when - C. v e r b a s c i  nymphs o r  

a d u l t s  were abundant i n  t h e  app le  blocks.  

F i e l d  i n v e s t i g a t i o n s  of n a t i v e  f l o r a  were made i n  t h e  Okanagan Val ley  

from Osoyoos t o  Westbank, t o  P r i n c e t o n  i n  t he  Similkameen Va l l ey ,  i n  Manning 

Park,  and i n  wooded mountain a r e a s  on e i t h e r  s i d e  of Okanagan Lake up t o  

2,000 m e l e v a t i o n .  Observat ions were made a t  i r r e g u l a r  i n t e r v a l s  from March 

t o  October i n  1982-84. Seventy-four p l a n t  surveys  were made i n  a r e a s  

border ing  on s tudy s i t e s  and 30  e l sewhere  i n  southern  B.C. 



Alternate host studies 

A garden (20  x 20 m) con ta in ing  a v a r i e t y  of herbaceous and woody p l a n t s  

(Appendix A) w a s  c u l t i v a t e d  a t  t h e  Agr i cu l tu re  Canada Research S t a t i o n  i n  

1982 and 1983. Aphids and mi t e s  obta ined  from orchards  and n a t u r a l  h o s t s  

were r e g u l a r l y  r e l e a s e d  onto t h e  garden t o  ensure  a v a r i e t y  of prey f o r  - C .  

ve rbasc i .  However, 2 a p p l i c a t i o n s  of i n s e c t i c i d a l  soap ( S a f e r  Agro-chem 

Ltd.,  V i c t o r i a ,  B.C.) were r equ i r ed  t o  c o n t r o l  exces s ive  numbers of aphids  

and white  apple  l ea fhoppe r s ,  Typhlocyba pomaria (McAtee), endangering the  

broad bean and wild rose  p l o t s  i n  1982. C e r t a i n  p l o t s  were badly damaged by 

yel low-bel l ied marmots, Marmota f l a v i v e n t r i s  ava ra  (Bangs),  and C a l i f o r n i a  

q u a i l ,  Lophortyx c a l i f o r n i c u s  (Shaw), i n  1983. During J u l y ,  150 p a i r s  (1982) 

o r  >200 p a i r s  (1983) of hea l thy  a d u l t  - C. v e r b a s c i  were r e l ea sed  a t  random 

onto p l a n t s  s e l e c t e d  from a l l  p l o t s  i n  t h e  garden. 

P l a n t s  were checked weekly i n  1982 from mid-July, when nymphs were 

appearing on summer h o s t s  e lsewhere.  Data on growth, h e a l t h ,  and a l l  . 
a s s o c i a t e d  a r thropods  were recorded i n  1982 b u t  i n  1983 t h e  p l a n t s  were 

a s se s sed  bi-weekly and only  examined f o r  t h e  presence of - C. ve rbasc i .  

I n  a d d i t i o n ,  monthly i n s p e c t i o n s  f o r  - C. v e r b a s c i  were made i n  2 

commercial "organic"  gardens ,  c l o s e  t o  orchards  and con ta in ing  f r u i t  t r e e s ,  

i n  Summerland and O l i v e r  from June  t o  September, 1982. 

Sampling Methods Within Orchards 

Sampling occurred approximately every 1 0  days from March through October 

i n  1982, from Apr i l  through September i n  1983, and from Apr i l  through June i n  

1984. Sampling w a s  done weekly dur ing  the  pink t o  f r u i t  set s t a g e s  of apple  

development l i f  weather permi t ted .  

The primary technique  w a s  t h e  limb-tap method, commonly used f o r  



c o l l e c t i n g  o r  monitor ing mir ids  and o t h e r  a r thropods  of f r u i t  t r e e s  (McMullen 

and Jong 1970; Hoyt 1973; Madsen e t  a l .  1975; Kel ton  1982). It r e q u i r e s  3 

sha rp  t aps  of a  t r e e  limb loca t ed  between wais t  and eye l e v e l ,  made with a  

rubber ma l l e t  over a  t r a y  measuring 45 x 45 cm. Any ar thropods  caught on t h e  

t r a y  were immediately counted. One limb-tap sample l t r ee  was taken from a t  

l e a s t  25 t r e e s  s e l e c t e d  a t  random through a  s i t e ,  and t h e  limbs were s e l e c t e d  

i n  r o t a t i o n  around 4 s i d e s  of t he  t r e e s .  The d i s t r i b u t i o n  of developmental 

s t a g e s  of - C .  ve rbasc i  and a d u l t  sex  r a t i o  was a s ses sed  by c o l l e c t i n g  t h e  

f i r s t  40 i n s e c t s  and subsequent ly a l l  those  on each a l t e r n a t e  t r ay .  They 

were preserved i n  80% e thano l  and i d e n t i f i e d  t o  developmental s t a g e  us ing  

Leonard's (1915) key. 

Sweep-net samples of p l a n t s  on the  orchard f l o o r ,  c o n s i s t i n g  of a t  l e a s t  

50 sweeps of a  40 cm diameter  n e t ,  were taken  randomly throughout t h e  

orchards a t  r e g u l a r  i n t e r v a l s .  On s e v e r a l  occas ions  p a r t s  of p l a n t s  o r  

t r e e s ,  such a s  f lower o r  l e a f  c l u s t e r s ,  small limbs o r  shoots ,  were placed i n  

paper o r  p l a s t i c  bags i n  c h i l l e d  c o o l e r s ,  r e f r i g e r a t e d  a t  1-2OC, and examined 

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

A t  each orchard  v i s i t  t h e  popula t ion  l e v e l s  of t he  major a r th ropod  

groups were noted on an index of 1-5, where 1 is  ze ro  and 5 i s  an  unusual ly  

h igh  l e v e l ,  based on limb-taps and v i s u a l  obse rva t ions .  S imi l a r  methods a r e  

used by p e s t  management c o n s u l t a n t s  i n  t h e  Okanagan Val ley  (Vakent i  and 

9 p e t e r s 2 ;  R.C. Corcoran , pers .  comm.). 

Sampling took p l ace  when the  ambient temperature was a t  l e a s t  16OC 

and occurred between 0730 and 1800 h, with most sampling i n  t h e  morning. 

Samples were not taken  when the  f o l i a g e  was wet, on the  same day a s  mowing i n  

t h e  s i t e ,  o r  f o r  2  days fo l lowing  t h e  use  of a n  a i r b l a s t  sp raye r  i n  t h e  s i t e .  



Informat ion  was c o l l e c t e d  from the  growers concerning c u l t u r a l  

p r a c t i c e s  and spray m a t e r i a l s  app l i ed .  Dates of t he  major phenologica l  

s t a g e s  of the f o l i a g e  and f r u i t  were noted according to  the  system of Chapman 

and C a t l i n  (1976) and f u l l  bloom d a t e s  f o r  t he  d i s t r i c t s  of t h e  s i t e s  were 

obta ined  from ex tens ion  h o r t i c u l t u r i s t s .  

Sampling methods outside orchards 

Represen ta t ive  f l o r a  (Lyons 1974) and common weeds (IYulligan 1978) of 

t he  dry i n t e r i o r  zone of B.C. were checked f r e q u e n t l y .  Cu t t i ngs  from woody 

p l a n t s  were brought i n t o  the  l a b o r a t o r y  i n  e a r l y  sp r ing ,  a t  t he  pink s t a g e  of 

apple  blossom development, placed i n  water and checked 2-3 times a  week f o r  

i n s e c t  a c t i v i t y .  P e r e n n i a l  t r e e s  and bushes were checked wi th  the  limb-tap 

technique and by a  drop c l o t h  o r  sweep-net method; herbaceous p l a n t s ,  shrubs ,  

and g ra s ses  were examined v i s u a l l y  o r  by t h e  sweep-net method (Anderson 1962 

a ,b ;  Mar t in  1977; Southwood 1978).  

I n  a d d i t i o n  t o  the  p l a n t  surveys,  many obse rva t ions  were recorded from 

groups of common mul le in ,  Verbascum thapsus ,  p l a n t s .  C o l l e c t i o n s  of 

a s s o c i a t e d  a r thropods  were made and the  numbers, d i s t r i b u t i o n ,  sex r a t i o  and 

developmental s t a g e  of - C. v e r b a s c i  noted.  Emergence t r a p s  were placed over  

mul le in  r o s e t t e s  i n  12 s i t e s  i n  e a r l y  A p r i l  1983. They were metal  c y l i n d e r s  

23 cm high  and 26 cm diameter ,  covered a t  t h e  top  wi th  mosquito n e t t i n g  

secured by a  metal  band; a  3  cm diameter  tube  a t  one edge l e d  i n t o  a  small 

p l a s t i c  bag which was e a s i l y  exchanged. A weekly c o l l e c t i o n  of t h e  i n s e c t s  

emerging from t h e  r o s e t t e s  was made u n t i l  25 June when t h e  f i r s t  a d u l t  - C. 

v e r b a s c i  were noted on uncaged mul le in  p l a n t s .  



RESULTS AND DISCUSSION 

Occurrence in apple orchards 

Nymphs and a d u l t s  of C. v e r b a s c i  were found c o n s i s t e n t l y  i n  16  of 17 - 
orchards  du r ing  1982-1984, and overwinter ing  popula t ions  were found i n  app le  

t r e e s  every year  i n  a l l  but one orchard ( s i t e  10 ) .  These r e s u l t s  i n d i c a t e  

t h a t  - C.  ve rbasc i  is  now widespread i n  apple  orchards  of t h e  Okanagan Val ley ,  

and no longer  occurs  only s p o r a d i c a l l y  a s  repor ted  e a r l i e r  (McMullen 1973; 

Madsen e t  a l .  1975; Haley 1977).  I n  support  of t h e s e  r e s u l t s ,  Vakenti  and 

p e t e r s 2  found C. v e r b a s c i  i n  35 of 42 orchards  i n  1979 and i t s  damage was - 

widespread from Vernon t o  Osoyoos i n  1985 (Anon., 1985; M. sanders1(), pers .  

comm). It w a s  not  found i n  one orchard ( s i t e  1 0 )  t h a t  was i n t e n s i v e l y  

sprayed and a l s o  s u b j e c t  t o  spray  d r i f t  of s y n t h e t i c  py re th ro ids  from pear  

orchards  on 3 s i d e s .  The gene ra l  a r thropod l e v e l  i n  s i t e  10  was lower than  

elsewhere and i t  i s  l i k e l y  t h e  p e s t i c i d e  regime precluded t h e i r  s u r v i v a l  i n  

t h e  orchard.  

No s i g n i f i c a n t  d i f f e r e n c e  (ANOVA, P<0.05) w a s  observed i n  t h e  

popula t ion  d e n s i t y  of C. v e r b a s c i  among 2-5 v a r i e t i e s  of app le  i n  each of 5  - 

orchards  ( S i t e s  1-2, 6 ,  14-17, and 21)  i n  May 1983. Fu r the r  obse rva t ions  i n  

s e v e r a l  o rchards  wi th  extremely high popula t ions  of C. v e r b a s c i  i n  1985 - 
support  t h e s e  da t a .  The r e s u l t s  confirm the  obse rva t ion  of P i c k e t t  (1938a) 

t h a t  C.  v e r b a s c i  i s  uniformly d i s t r i b u t e d  among v a r i e t i e s  and a s  numerous on - 
those  t h a t  a r e  not  damaged by the  bug a s  those  t h a t  show damage. 

S i m i l a r  counts  of f i r s t  gene ra t ion  C. v e r b a s c i  were o f t e n  found i n  - 
neighbouring orchards  wi th  s i m i l a r  management regimes. For example, S i t e s  1 

and 2 rece ived  s i m i l a r  c u l t u r a l  and p e s t i c i d e  t r ea tmen t s  from the  same grower 

and had i d e n t i c a l  peak counts  of 2 .4 / tap  i n  1982, and 1 .4 / t ap  i n  1983. Yet 



t h e  2 orchards  were sepa ra t ed  by 200 m,  a  house and garden, horse  pas tu re ,  

r av ine  and shade t r e e s .  Conversely, popula t ion  d i f f e r e n c e s  were observed 

between neighbouring orchards  under c o n t r a s t i n g  management methods, such a s  

t h e  i n t e n s i v e l y  sprayed s i t e  3 and the  well-kept but "organic"  s i t e  8  t h a t  

e x i s t e d  s i d e  by s ide .  

I n  a d d i t i o n  t o  popula t ions  of - C. ve rbasc i  i n  t r e e s  bear ing  f r u i t ,  l a r g e  

numbers of nymphs and a d u l t s  were observed on young non-bearing t r e e s  a t  an  

orchard i n  Westbank i n  J u l y ,  1982. Thei r  feeding  on t i s s u e  a t  t h e  t e rmina l s  

caused some damage, confirming e a r l i e r  r e p o r t s  of damage t o  t r e e  n u r s e r i e s  

( P i c k e t t  1938a; P a t t e r s o n  and Neary 1950). 

Occurrence outside apple orchards 

The only overwinter ing  h o s t s  found were apple  and pear .  A s  McMullen and 

Jong (1970) noted,  t h e  occurrence of popula t ions  of - C.  ve rbasc i  on herbaceous 

summer h o s t s  many mi les  from f r u i t  t r e e s  i n d i c a t e s  t he  presence of o t h e r  

overwinter ing  h o s t s ,  not  d e t e c t e d  i n  my study which was based around 

orchards .  However, i n  t h e  a r i d  cond i t i ons  of t h e  Okanagan Val ley  t h e  

i r r i g a t e d ,  f e r t i l i z e d  and well-tended f r u i t  o rchards  a r e  probably f a r  b e t t e r  

o v i p o s i t i o n  s i t e s  f o r  s ea rch ing  females  than  dry ,  s tun ted  wild p l an t s .  The 

h o s t s  o u t s i d e  orchards  probably se rve  only a s  a  re fuge  f o r  t h e  i n s e c t .  

The common mul le in ,  - V. thapsus ,  was t h e  major herbaceous p l a n t  h o s t  

du r ing  1982-1984. Hundreds of - C.  v e r b a s c i  were found on common mul le in ,  and 

i n  u n c u l t i v a t e d  a r e a s  nymphs were found only on t h i s  p l a n t .  S i x  a d u l t s  were 

found on po ta to ,  Solanum tuberosum L., i n  an  unsprayed home garden. S ing le  

a d u l t s  were a l s o  found i n  u n c u l t i v a t e d  a r e a s  on one occas ion  each on vetch,  

V i c i a  americana Muhl., saska toon be r ry ,  Amelanchier c u s i c k i i  Fer . ,  and p r i v e t  

bush, Ligustrum spp.  



The extremely low recovery of C. v e r b a s c i  from h o s t s  o t h e r  than common - 
mulle in  o u t s i d e  orchards  was s u r p r i s i n g .  A wide v a r i e t y  of p l a n t s  a r e  

a s s o c i a t e d  wi th  the  i n s e c t  (Table 2.2) and McMullen and Jong (1970) descr ibed  

5 o the r  p l a n t s  a s  summer h o s t s  i n  B.C. Some p l a n t s ,  such a s  loganber ry  

(Tonks 1952) and grape (Madsen and Morgan 1975) have been a s s o c i a t e d  with - C. 

ve rbasc i  on t h e  b a s i s  of a s i n g l e  a d u l t ,  and i t  may be t h a t  more f a l l  i n t o  

t h i s  category.  However, t he  ma jo r i t y  of r e p o r t s  d e s c r i b e  common mul le in  a s  

t he  p r i n c i p a l  summer h o s t  o u t s i d e  Europe (Ross and Caesar  1920; P i c k e t t  

1938a,b; Venables 1938, 1940; Knight 1941; Leonard 1965; McMullen and Jong 

1970; C a r r o l l  and Hoyt 1984). A c l e a r  p re fe rence  was revea led  i n  t h e  

exper imenta l  garden i n  1982, d e s p i t e  t h e  random r e l e a s e  of 150 p a i r s  of 

a d u l t s  onto a l l  types bf p l a n t s .  Cumulative counts  of a l l  s t a g e s  of - C .  

ve rbasc i  were 2770 on 34 common mul le in  p l a n t s  and 23 on o t h e r  h o s t s  (Table 

3.2). 

A l l  s t a g e s  of C. v e r b a s c i  were c o l l e c t e d  from common mul le in  on a . - 
l o n g i t u d i n a l  t r a n s e c t  from Vernon t o  Osoyoos, on a l a t i t u d i n a l  t r a n s e c t  from 

Pr ince ton  t o  Cres ton ,  up t o  1600 m on Apex Mountain, and from many i s o l a t e d  

a r e a s  of t h e  Okanagan-Kootenay reg ion .  The p l a n t s  were found up t o  110 km 

west of P r i n c e t o n  but  - C. v e r b a s c i  was not  found west of P r ince ton ,  a l though 

Tonks (1952) c o l l e c t e d  t h e  bug from Lulu I s l a n d  on t h e  P a c i f i c  Coast .  

Overwintering generation 

When v a r i e t i e s  and d i s t r i c t s  a r e  pooled, t h e  f i r s t  nymphs were de t ec t ed  

on app le  t r e e s  2-3 days fo l lowing  f u l l  bloom i n  1982-1984 (Z = 2.5 + - 1.7 

days, n = 14)11, and t h e  peak count of f i r s t  gene ra t ion  nymphs usua l ly  

occurred  11 days a f t e r  f u l l  bloom (10.9 + - 1.6 days, n = 14)  (Table 3.3) .  

However, t h e  time of emergence va r i ed  cons iderably  between yea r s  (F ig .  3 .2) ,  



.e 3.2. T o t a l  numbers of C .  v e r b a s c i  counted and r e r e l e a s e d  on p l a n t s  
an  exper imenta l  garden,  fo l lowing  t h e  i n i t i a l  r e l e a s e  of 150 p a i r s  

o f .  a d u l t s  randomly onto  a l l  p l a n t s .  Samples were taken  on 1 4  
occas ions  from 3 J u l y  t o  26 October 1982 

Cumulative no. 
Type of No. samples 

p l a n t  w i t h  - C. v e r b a s c i  Nymphs Adul t s  

Po ta to  
Eggplant 
Swee t c o r n  
Catnip 
Common mul l e in  
A l l  o t h e r s  (Appendix A) 



Table 3.3. Dates of f u l l  bloom, f i r s t  d e t e c t i o n  and f i r s t  gene ra t ion  
peak counts  of C. v e r b a s c i  f o r  2  app le  v a r i e t i e s  i n  3  Okanagan 

d i s t r i c t s  i n  1982-1984 

C. v e r b a s c i  - 

D i s t r i c t  
Year and 
v a r i e t y  

P u l l  bloom Date 1s t gen . 
d a t e  d e t e c t e d  peak 

Ol ive r  1982 
Golden De l i c ious  
Red De l i c ious  

1983 
Golden De l i c ious  
Red De l i c ious  

Pent ic ton-  1982 
Okanagan F a l l s  Golden De l i c ious  

Red De l i c ious  

1983 
Golden De l i c ious  
Red De l i c ious  

Summerland 1982 
Golden De l i c ious  
Red De l i c ious  

1983 
Golden De l i c ious  
Red De l i c ious  

1984 
Golden De l i c ious  
Red De l i c ious  

10 May 
12 May 

30 A p r i l  
1 May 

16  May 
16  May 

4  May 
4  May 

1 8  May 
18  May 

5 May 
6 May 

13  May 
1 4  May 

10 May 
19  May 

10 May 
10 May 

19 May 
1 3  May 

11 May 
29 A p r i l  

11 May 
18  May 

19 May 
9  May 

12  May 
12  May 

10 May 
28 May 

17 May 
10 May 

29 May 
23 May 

11 May 
18 May 

28 May 
28 May 

30 May 
18 May 

20 May 
20 May 



Fig.  3.2. Developmental s t a g e s  of  - C.  v e r b a s c i  i n  t h e  Okanagan-Valley 

i n  r e l a t i o n  t o  t h e  f u l l  bloom p e r i o d  f o r  De l i c ious  a p p l e  

v a r i e t i e s ,  1982-1984 

ADULT 

FULL 
BLOOM m m 
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and i n  1982 i n  one orchard  i n  t he  O l i v e r  d i s t r i c t ,  t h e  peak count occurred on 

the  d a t e  of f u l l  bloom (Table 3.3) .  The c l o s e  synchrony of emergence of t h e  

f i r s t  gene ra t ion  i s  i n d i c a t e d  by the  peak count and f i r s t  d e t e c t i o n  occurr ing  

s imul taneous ly  on 3 occas ions  i n  t he  more sou the rn  d i s t r i c t s .  Large 

i n c r e a s e s  i n  counts  r o u t i n e l y  occurred between spmples taken  every 7 days i n  

t he  sp r ing .  For example, a t  s i t e  4  i n  1982 t h e  popula t ion  increased  from 

0 .84l tap  on 13  May, t o  4 / t a p  on 16 May and 9 .8 / t ap  on 19 May. Jonsson (1985) 

r e p o r t s  a  s i m i l a r  p a t t e r n  of emergence f o r  C.  ve rbasc i  i n  Norway. - 

Nymphs were found i n  one o r  more orchards  of every d i s t r i c t ,  each yea r ,  

on o r  before  t h e  d a t e  of f u l l  bloom. However, t h e  f i r s t  gene ra t ion  peak was 

u s u a l l y  observed approximately 8 days a f t e r  t he  f i r s t  nymphs were found (8.4 

+ - 1.5, n  = 14)  i n  a  d i s t r i c t .  Thus i t  i s  poss ib l e  t o  ga in  an i n c o r r e c t  

e s t i m a t e  of t h e  popula t ion  d e n s i t y  when sampling e a r l y ,  a s  C. v e r b a s c i  

numbers can i n c r e a s e  sha rp ly  i n  t h e  fo l lowing  week. 

These r e s u l t s  confirm t h e  v a l i d i t y  of the  t iming of monitor ing i n  

Ontar io ,  where i t  i s  recommended t h a t  sampling begin i n  l a t e  bloom and 

cont inue  f o r  2  weeks post-bloom every second day (OMAF 1981b). The 

recommended technique i n  B r i t i s h  Columbia i s  t o  sample (once)  a t  p e t a l  f a l l  

by the  limb-tap method. Using t h i s  technique,  Madsen e t  a l .  (1975) were 

"caught ou t "  wi th  unexpected damage and t o  avoid such problems Madsen and 

Carry (1977) l a t e r  recommended a  lower t rea tment  l e v e l  f o r  - C. v e r b a s c i  found 

i n  a  sample. 

I n  2 l a r g e  p e s t  management programs i n  On ta r io  (Hik ich i  e t  a l .  1979; 

McEwen 1983) and B.C. (Vakenti  and p e t e r s 2 ;  Agric.  Canada 1980),  more than  50 

orchards  were sampled annual ly  by a  smal l  team dur ing  the  bloom per iod  i n  

o rde r  t o  recommend whether o r  no t  i n s e c t i c i d e s  should be app l i ed ,  a s  soon 



a f t e r  p e t a l  f a l l  a s  p o s s i b l e .  I t  i s  h igh ly  probable  t h a t  t h e  unexpectedly 

h igh  l e v e l s  of damage from a p p a r e n t l y  low popula t ions  of C. v e r b a s c i ,  

experienced by Nadsen e t  a l .  (1975) and i n  t h e  2 l a r g e  programs, were due t o  

e a r l y  sampling which missed t h e  nymphs emerging l a t e r  on. Indeed,  Vakent i  

and p e t e r s 2  found d i r e c t  ev idence  of t h i s  i n  one s e r i o u s l y  damaged orchard,  

bu t  r epo r t ed  an i n a b i l i t y  t o  sample many o rcha rds  r e p e a t e d l y ;  none was 

checked more than  once f o r  C.  v e r b a s c i ,  e a r l y  i n  bloom. - 
P r a c t i c a l l y  speaking ,  t h e r e  i s  s u f f i c i e n t  t i m e  t o  check only a  sma l l  

number of o rchards  from l a t e  bloom onwards, i n  a  t y p i c a l  p e s t  management 

program, owing t o  t h e  i n t e n s i t y  of sampling r equ i r ed  (Chapters  I V ,  VI), as 

MacPhee (1976) a l s o  noted i n  Nova Sco t i a .  A l t e r n a t i v e l y ,  i t  would be 

p o s s i b l e  t o  c o n c e n t r a t e  on s e l e c t e d  orchards  and t o  sample t hose  r epea t ed ly  

i f  methods of f o r e c a s t i n g  o r  qu i ck ly  i d e n t i f y i n g  orchards  w i t h  l a r g e  

overwin te r ing  popu la t i ons  were a v a i l a b l e .  Such methods a r e  d i s cus sed  by by 

MacPhee (1976),  and a l s o  i n  Chapters  V I - I X .  

Seasonal development 

Sample counts  were a d j u s t e d  t o  r e p r e s e n t  t h e  number of - C. v e r b a s c i / t a p  

i n  a  sample of 40 t r e e s / h a  and p l o t t e d  a s  a  mean of a l l  s i t e s / s a m p l i n g  per iod  

(F ig .  3 .3) .  The same popu la t i on  t r e n d s  were found throughout  t h e  Okanagan 

Val ley  but a  d i f f e r e n c e  of 4-7 days was observed between a n  event  o c c u r r i n g  

i n  t h e  sou the rn  and n o r t h e r n  extremes of the  s tudy  a r ea .  Popu la t i on  peaks 

occur red  a t  l e a s t  twice each yea r  (F ig .  3.3) i n  l a t e  May and J u l y ,  and i n  

some sou the rn  orchards  ( S i t e s  3 , 5  , 6 ,8 )  a  t h i r d  g e n e r a t i o n  of nymphs, b a r e l y  

apparen t  i n  t h e  mean d a t a  was observed i n  1982. The c o o l ,  w e t  summers of 

1982 and 1983 may e x p l a i n  t h e  absence of a  t h i r d  gene ra t i on ,  whereas McMullen 

and Jong (1970) found 3 g e n e r a t i o n s l y e a r  on pear .  However, 2 summer 



Fig. 3.3. Relative abundance of C. verbasci in the Okanagan Valley 

1982-1983, expressed as the meadtap of all sites 

within each sampling period 
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gene ra t ions  occurred i n  quick succes s ion  on common mul le in  i n  Summerland 

(Chapter  V I I I ) ,  confirming HcMullen and Jong ' s  (1970) f i n d i n g s  of 3 o r  4 

g e n e r a t i o n s l y e a r  i n  t he  Okanagan Val ley  a s  a whole. 

The sex  r a t i o  of 1632 a d u l t s  ob ta ined  i n  25 c o l l e c t i o n s  from a l l  h o s t s  

averaged one male/female (a = 1.17 - + 0.16) and is  s i m i l a r  t o  t he  va lue  of 1 .0 

suggested by Niemczyk (1978) from 317 a d u l t s  i n  Poland (E = 0.87 + 0.22), and 

sex  r a t i o s  i n  o t h e r  p l a n t  bugs such a s  Lygus l i n e o l a r i s  (P d e  B . )  (Boivin and 

Stewar t  1983-b). 

Differences between years 

The gene ra l  l e v e l  of - C. v e r b a s c i ,  expressed a s  a limb-tap count,  was 

h ighe r  i n  1983 than  i n  1982 (F ig .  3.3).  Comparing commercial o rchards ,  t h e  

mean numbers of f i r s t  gene ra t ion  bugs / tap  a t  a g iven  s i t e  ranged from 0 t o  

9.8 i n  1982 and from 0 t o  21.1 i n  1983. Other i n s e c t  and mite  l e v e l s  were 

lower i n  commercial o rchards  i n  1983 than  i n  1982 w i t h  t h e  except ion  of the  

western f lower t h r i p s ,  F r a n k l i n i e l l a  o c c i d e n t a l i s  (Pergande) ,  dur ing  bloom i n  

Summerland. 

The apparent  i n c r e a s e  i n  - C .  v e r b a s c i  observed i n  1983 may be r e l a t e d  t o  

t h e  summer weather and/or  t h e  amount of prey a v a i l a b l e  i n  1982, j u s t  a s  

Vakenti  and p e t e r s 2  suggested t h a t  favourable  weather and abundant prey i n  

1979 were a s s o c i a t e d  wi th  inc reased  numbers of - C. v e r b a s c i  i n  1980. Seve ra l  

a u t h o r s  (Co l lye r  1953c, 1955; Lord 1971; Niemczyk 1978) have noted t h a t  - C. 

v e r b a s c i  numbers i n c r e a s e  a s  i t s  animal prey i n c r e a s e s  i n  abundance, and 

o t h e r s  sugges t  t h a t  i t  sea rches  f o r ,  and aggrega tes  i n ,  a r e a s  with high prey 

popula t ions  (Venables 1940; Co l lye r  1953b,c; Hagley 1974, 1978; R.D. 

~ c ~ u l l e n 8 ,  pers .  comm.). Some agreement was observed between t h e  l e v e l s  of 

prey i n  8 s i t e s  and t h e  number of overwinter ing  - C. ve rbasc i ,  but  was not  



expe r imen ta l l y  o r  q u a n t i t a t i v e l y  t e s t e d .  

Association with pesticides 

Summer gene ra t i ons  of - C. v e r b a s c i  were found on t r e e s  i n  a l l  s i t e s ,  

except  5 and 10,  and popula t ions  were g r e a t e r  i n  unsprayed than  i n  commercial 

s i t e s .  The d i f f e r e n c e s  may be expla ined  e i t h e r  by t h e  h ighe r  prey 

popula t ions  o r  g r e a t e r  s u r v i v a l  of - C .  ve rbasc i  i n  unsprayed and ' o rgan ic '  

s i t e s  than commercial ones,  bu t  i t  was not  p o s s i b l e  t o  s e p a r a t e  t h e  impact of 

i n s e c t i c i d e s  from prey popu la t i on  d i f f e r e n c e s ,  between s i t e s .  However, t h e  

d i v e r s i t y  of a r th ropods  found i n  t h e  unsprayed, and 2 of t he  o rgan ic ,  

o rchards  was cons ide rab ly  g r e a t e r  than t h a t  i n  t h e  average commercial s i t e .  

I n f e s t a t i o n s  of app le  aphid ,  -- Aphis pomi, European red mite ,  Panonychus u lmi ,  

whi te  app le  leafhopper ,  and wes te rn  f lower  t h r i p s  were common t o  a l l  s i tes  

but  t he  predaceous and p a r a s i t i c  fauna d i f f e r e d  g r e a t l y ,  a s  Madsen and Madsen 

(1982) a l s o  found'. 

The occur rence  of two o r  more gene ra t i ons  of - C. ve rbasc i  i n  10  b 

commercial o r cha rds  i n d i c a t e s  t h a t  t h e  r e g u l a r  sp ray  programs do n o t  

e l i m i n a t e  t h e  bug; each  orchard  rece ived  1-3 organophosphate i n s e c t i c i d e  

a p p l i c a t i o n s ,  p r i m a r i l y  of azinphos-methyl (Guthion o r  APM), o r  of phosmet 

(Imidan) o r  phosalone (Zolone) .  Azinphos-methyl i s  c u r r e n t l y  recommended f o r  

c o n t r o l  of - C. ve rbasc i  i n  B r i t i s h  Columbia (BCMAF 1985) a l though basudin 

(Diazinon)  i s  p r e f e r r e d  (R.D. ~ c ~ u l l e n ~ ,  R.C. corcoran9 ,  pers .  comms. ). 

These r e s u l t s ,  and f u r t h e r  obse rva t ions  of widespread damage i n  1985 d e s p i t e  

t h e  use of azinphos-methyl,  sugges t  t h a t  of t h e  organophosphate i n s e c t i c i d e s  

only basudin should p r e s e n t l y  be recommended. 

Res i s t ance  i n  C. v e r b a s c i  t o  azinphos-methyl and some o t h e r  - 

organophosphates  has  been desc r ibed  i n  On ta r io  (H ick i ch i  e t  a l .  1979; OMAF 



1980; McEwen 1983) and i n  Swi t ze r l and  (Sechser  e t  a l .  1984) .  I n  Europe, 2. 

v e r b a s c i  is  common i n  sprayed o rcha rds  and almost r a r e  i n  unsprayed ones due, 

i t  i s  suggested (Co l lye r  1953c) ,  t o  an a b i l i t y  t o  t o l e r a t e  and recover  w e l l  

from p e s t i c i d e s  and a  l ack  of compet i t iveness  wi th  o t h e r  mir ids .  The 

presence  of summer g e n e r a t i o n s  of C. v e r b a s c i  i n  European f r u i t  o rchards  is - 
r o u t i n e  (Co l lye r  1953a,b,c ,  1955; S t e i n e r  e t  a l .  1970; Bagg io l in i  and 

Vi ldbolz  1965; Skanland 1980; Jonsson 1983; Al ford  1984; Sechser  e t  a l .  

1984),  a s  i t  is  now i n  B r i t i s h  Columbia. 

The frequency of occur rence  and g e n e r a l  popu la t i on  l e v e l s  of - C. v e r b a s c i  

observed i n  t h i s  s t udy ,  t o g e t h e r  wi th  i t s  damage (Chapter  V ) ,  suppor t  t h e  

sugges t ion  of B a r n e t t  e t  a l .  (1976) t h a t  t r u e  bugs a r e  i n c r e a s i n g  i n  

importance a s  f r u i t  p e s t s .  A survey by C r o f t  and Whalon (1982) i n d i c a t e d  

t h a t  t h e  new g e n e r a t i o n  of s y n t h e t i c  py re th ro id  i n s e c t i c i d e s  a r e  on ly  

moderately t o x i c  t o  mi r id  bugs. Thus i t  i s  l i k e l y  - C. v e r b a s c i  w i l l  con t inue  

t o  p re sen t  a  cha l l enge  f o r  p e s t  management programs i n  B r i t i s h  Columbia. 



I V  The distribution of Campylomma verbasci nymphs on apple in  

the Okanagan Valley and its importance for sampling 

INTRODUCTION 

Sporadic  damage from Campylomma ve rbasc i  (Meyer) can be devas t a t ing  i n  

orchards of B r i t i s h  Columbia and elsewhere i n  North America (Table 2.5).  

Monitor ing of t h e  i n s e c t  is r equ i r ed  throughout a c r i t i c a l  per iod  on 

s e n s i t i v e  apple  t r e e s ,  cv. Red and Golden De l i c ious ,  i n  Canada and t h e  

P a c i f i c  Northwest (Hoyt 1973; Madsen e t  a l .  1975; MacPhee 1976; Hagley e t  

a l .  1978; Hardman e t  a l .  1984).  Commercial pes t  management programs employ 

t h e  limb-tap method of sampling t o  g ive  r e l i a b l e  e s t ima te s  of - C. v e r b a s c i  

popula t ions  a t  a low c o s t .  Counts of - C.  v e r b a s c i  a r e  a l s o  taken with t h e  

limb-tap method dur ing  r o u t i n e  assessment of p reda to r  popula t ions  i n  orchards 

of Nova S c o t i a  (Lord 1949, 1968),  Germany ( S t e i n e r  e t  a l .  1970),  Swi tzer land  

(Bagg io l in i  and Wildbolz 1965; Sechser  e t  a l .  1984) ,  and Norway (Jonsson 

1983). Yet t h i s  method i s  one of many sampling techniques t h a t  were 

e m p i r i c a l l y  developed and app l i ed  wi thout  being t e s t e d  f o r  t h e i r  

a p p l i c a b i l i t y  t o  p e s t  management (Southwood 1978; Hoyt e t  a l .  1983). 

Monitoring and sampling techniques  i n  p e s t  management must be easy t o  

use ,  economical and reasonably p r e c i s e  i n  e s t i m a t i n g  popula t ion  s i z e  (Hoyt e t  

a l .  1983).  It has been suggested t h a t  limb-tap sampling of - C. v e r b a s c i  is  

imprec ise ,  may supply inadequate  popula t ion  e s t i m a t e s  t h a t  l ead  t o  

s i g n i f i c a n t  damage, o r  r e q u i r e s  an excess ive  amount of time during a c r i t i c a l  

per iod  f o r  p e s t  management programs (Madsen e t  a l .  1975; MacPhee 1976; 

Vakent i  and p e t e r s 2 ;  Boivin and Stewar t  1983a) .  P red ic t ed  i n c r e a s e s  i n  t he  

importance of - C. v e r b a s c i  due t o  i n s e c t i c i d e  r e s i s t a n c e  (Agric.  Canada 1980; 

McEwen 1983; Chapter  111)  and of p l a n t  bugs i n  orchards  gene ra l ly  ( B a r n e t t  e t  



a l .  1976; C r o f t  and Whalon 1982) sugges ted  t h a t  an  e v a l u a t i o n  of sampling 

methods would be t imely .  

Arboreal  i n s e c t s  p r e sen t  t h e  most complex sampling s i t u a t i o n  i n  

entomology (Southwood 1978).  The major i n v e s t i g a t i o n s  of methods f o r  

sampling p l a n t  bug popu la t i ons  were by Co l lye r  (1951),  Muir (1958),  Muir and 

Gambri l l  (1960),  and Dempster (1961) who used chemical  knock-down and 
- .  

cap tu re - r ecap tu re  methods; S t e i n e r  (1962) ,  S t e i n e r  e t  a l .  (1970) ,  Bagg io l in i  

(1965),  Bagg io l in i  and Wildbolz (1965) ,  B a g g i o l i n i  e t  a l .  (1967),  and Lord 

(1965) who d i scus sed  v i s u a l  and c l u s t e r  counts ,  limb-tap, vacuum sampler,  

l i g h t  t r a p ,  and mechanical shake-down methods; and Menzies and Hagley (197 7 )  

who used a mechanical t r a p .  Prokopy e t  a l .  (1977, 1979, 1982) ,  and Boiv in  e t  

a l .  (1982) t r i e d  t o  a s s e s s  p l a n t  bugs popula t ions  by us ing  co lo red  s t i c k y  

t r a p s  t o  ca t ch  a d u l t s  i n  f l i g h t .  

Most of t h e  methods a r e  c o s t l y  and none i s  f r e e  from e r r o r .  

Consequently,  t h e  d e n s i t y  of p l a n t  bug nymphs is  g e n e r a l l y  e s t ima ted  wi th  t h e  , 

simple and convenient  limb-tap method, dev ised  o r i g i n a l l y  by an i n s e c t  

c o l l e c t o r  wi th  an  i n v e r t e d  umbrel la  (Southwood 1978) .  

S t e i n e r  (1962) ,  S t e i n e r  e t  a l .  (1970),  B a g g i o l i n i  and Wildbolz (1965),  

and Malevez (1976) compared limb-tap counts  w i t h  pe r sona l  judgements of 

popula t ion  l e v e l s  of s p e c i e s  i n  t h e  t r e e s .  However, t h e  only thorough 

examinat ion of t h e  method was by McCaffrey e t  a l .  (1984) who found i t  

c o l l e c t e d  85% of t h e  t o t a l  s p i d e r  popula t ion  p re sen t  on t r e e s  i n  V i r g i n i a  

app le  orchards .  Boiv in  and S tewar t  (1983a) made a sma l l  s tudy  of i t s  

e f f i c i e n c y  i n  r e c a p t u r i n g  nymphs of 5 mir id  s p e c i e s  placed on l imbs,  and Lord 

(1968) sugges ted  t h a t  t h e  accuracy and u t i l i t y  of t h e  method v a r i e s  wi th  t h e  

s p e c i e s  and popula t ion  d e n s i t y ,  but  d id  no t  d i s c u s s  - C. v e r b a s c i .  



Development of a  sampling program r e q u i r e s  knowledge of the  s p a t i a l  

d i s t r i b u t i o n  of t he  i n s e c t  t o  i d e n t i f y  t h e  a r e a s  of t h e  p l a n t  most f requented  

(Morris  1955, 1960; Wilson 1982).  Nothing has been publ ished on the  

d i s t r i b u t i o n  of - C. ve rbasc i  i n  s e n s i t i v e  v a r i e t i e s  of apple  a t  t he  time when 

damage occurs ,  dur ing  and a f t e r  bloom1. Boivin and Stewar t  (1983d) found no 

d i f f e r e n c e  i n  the  d i s t r i b u t i o n  of C .  ve rbasc i  w i t h i n  o r  between 'McIntosht - 
app le  t r e e s ,  a t  one s i t e  i n  one year ,  us ing  the  limb-tap technique a s  a b a s i s  

f o r  comparison. However, Hul l  e t  a l .  (1976, 1977) and P a r e l l a  e t  a l .  (1981) 

found t h a t  g r e a t  d i f f e r e n c e s  can occur i n  d i s t r i b u t i o n  of a  c o c c i n e l l i d  

b e e t l e ,  S t e tho rus  punctum (LeConte), i n  app le  orchards  and t h a t  t h e  

d i f f e r e n c e s  a r e  r e l a t e d  t o  prey popula t ion  i n c r e a s e s  i n  p a r t i c u l a r  t r e e s  o r  

s i t e s .  S i m i l a r l y , l a r g e  numbers of - C. ve rbasc i  have been found i n  t r e e s  

i n f e s t e d  wi th  European red mi te ,  Panonychus ulmi (Koch), a t  t h e  time of 

o v i p o s i t i o n  of t he  overwinter ing  eggs (Venables 1938, 1939; Lord 1949; 

Co l lye r  1953a,b; McMullen 1973, McMullen and Jong 1970).  

The wi th in - t r ee  d i s t r i b u t i o n  of - C. v e r b a s c i  was d iscussed  by Lord (1965, 

1972),  Jonsson (1983, 1985) and Boivin and Stewar t  (1983d).  They r epor t ed  

t h a t  - C.  ve rbasc i  i s  more common i n  f r u i t  c l u s t e r s  than  l ea f  c l u s t e r s  of a p p l e  

f o l i a g e ,  i n  v a r i e t i e s  t h a t  do not show damage. I f  s i m i l a r  r e s u l t s  were shown 

i n  s e n s i t i v e  v a r i e t i e s  i n  B r i t i s h  Columbia a  method of popula t ion  e s t i m a t i o n  

could be developed us ing  samples of f lower c l u s t e r s ,  of t h e  type t h a t  LeRoux 

and Reimer (1959) proposed f o r  2  l e a f r o l l e r  s p e c i e s  on apple .  It would 

provide  a  q u a n t i t a t i v e  dimension t h a t  i s  lacking  i n  t he  limb-tap technique 

and of g r e a t  va lue  i n  a  sampling technique (Morris  1955; LeRoux and Reimer 

1959; Lord 1968; Southwood 1978).  



The o b j e c t i v e s  of t h i s  s tudy  were: t o  examine the  d i s t r i b u t i o n  of C. - 
ve rbasc i  nymphs and a s s o c i a t e d  a r thropods  i n  De l i c ious  v a r i e t y  apple  t r e e s ;  

t o  a s s e s s  the e f f i c i e n c y  of the  limb-tap method compared with ' a b s o l u t e '  

samples; and t o  compare limb-tap and c l u s t e r  sampling, f o r  popula t ion  

e s t i m a t i o n  of - C. v e r b a s c i  i n  p e s t  management programs. 

MATERIALS AND METHODS 

I n v e s t i g a t i o n s  were conducted i n  1982-1984 a t  t h e  s i t e s  descr ibed  

e a r l i e r  (F igu re  3.1, Table  3.1). S i t e  15 was heav i ly  u t i l i s e d  i n  1984. 

Unless o therwise  noted,  a l l  t r e e s  were s e l e c t e d  randomly and subsamples were 

randomized w i t h i n  t h e  main sample u n i t .  

The limb-tap method (Chapter 111; Madsen and P r o c t e r  1982) was employed 

t o  a s s e s s  - C .  ve rbasc i  popula t ion  d e n s i t y  and i n d i v i d u a l  r eco rds  were kep t  

from each t a p  r a t h e r  than  t h e  t o t a l  of a  s e t  of t aps .  Tree f o l i a g e  was 

sampled us ing  t h e  c l u s t e r  a s  a  u n i t  a s  2t met Morris '  (1955, 1960) c r i t e r i a  

f o r  a  s t a b l e  u n i t  and can be sampled by choosing t r e e s ,  branches, and 

c l u s t e r s  a t  random (LeRoux and Reimer 1959; LeRoux 1961).  The e n t i r e  f o l i a g e  

of apple  t r e e s  is  borne i n  c l u s t e r s  of 2  b a s i c  types:  l e a f  c l u s t e r s  bear ing  

only l eaves ,  and f r u i t i n g  c l u s t e r s  t h a t  bear  blossoms o r  f r u i t  i n  a d d i t i o n  t o  

t h e  leaves.  When f r u i t i n g  c l u s t e r s  do not s e t  f r u i t ,  o r  l o s e  the  f r u i t ,  they 

become s i m i l a r  t o  l e a f  c l u s t e r s  (Lord 1968, 1972). C l u s t e r s  were c o l l e c t e d  

i n d i v i d u a l l y  i n  small ca r tons .  Limbs were removed us ing  a  small saw and 

placed i n  very l a r g e  p l a s t i c  bags. Samples were s t o r e d  a t  1-2OC u n t i l  

examined. 

Records were kep t  of t h e  t o t a l  c o s t  i n  hours  of t ak ing ,  i n s p e c t i n g ,  and 

record ing  a  sample. The time r equ i r ed  f o r  i n d i v i d u a l  sample u n i t s  was 

measured i n  minutes.  



Distribution within trees 

The d i s t r i b u t i o n  of f i r s t  gene ra t ion  - C. v e r b a s c i  was examined on 3 

occas ions  when h igh  popula t ions  were encountered. 1 )  On 15 May 1983, 6 s e t s  

of 25 c l u s t e r s  were taken a t  random from s i t e  15. Each s e t  was a  d i f f e r e n t  

type:  i n s i d e  and o u t s i d e  c l u s t e r s  of each of t he  fo l lowing;  l e a f ,  f lowers  a t  

bloom, f lowers  a t  p e t a l  f a l l .  I n s i d e  c l u s t e r s  were taken from the  inner  113 

of t he  f o l i a g e  near  t he  t runk  and s c a f f o l d  limbs, and o u t s i d e  c l u s t e r s  from 

t h e  p e r i p h e r a l  f o l i a g e .  A l l  a r thropods  p re sen t  i n  10  o r  more c l u s t e r s / s e t  

were counted, but  on ly  - C. ve rbasc i  recorded i n  t he  remainder.  2 )  Ten t r e e s  

a t  s i t e  12  were s e l e c t e d  on 18 May 1983 and from each 5  f lower  c l u s t e r s  were 

gathered.  From 5 of t he  t r e e s  only f lower c l u s t e r s  a t  bloom were taken and 

from the  remainder only those  a t  p e t a l  f a l l .  3)  On 18 May 1984, l e a f  and 

f lower c l u s t e r s  were c o l l e c t e d  from the  p e r i p h e r a l  f o l i a g e  of 50 t r e e s  a t  

s i t e  4. One c l u s t e r  of each type was c o l l e c t e d / t r e e .  

C o l l e c t i o n s  of c l u s t e r s  of a l l  types and of limb s e c t i o n s  were a l s o  made . 
on 8  o t h e r  occas ions  a t  5 s i t e s  i n  1984, a s  descr ibed  below. 

Distribution between trees 

On 2  J u l y  1983, 40 t r e e s  were s e l e c t e d  from 96 i n  t h e  Red De l i c ious  

block ( S i t e s  18 and 19, Table  3.1).  Two limbs on oppos i t e  s i d e s  of each t r e e  

were checked wi th  a  limb-tap sample. Twenty t r e e s  were sampled a t  O 0  and 

180' o r i e n t a t i o n  t o  t h e  sun and 20 a t  90" and 270". Second gene ra t ion  - C .  

v e r b a s c i  nymphs were abundant. 

During May 1984, limb-tap samples were taken from s i t e s  1, 4 ,  15-17, and 

20 a t  weekly i n t e r v a l s .  One limb-tap w a s  made i n  each compass quadrant  of 

10-27 t r e e s l s i t e .  



Comparison of sampling methods 

Data on the  limb-tap technique were ga thered  i n  a l l  s i t e s  from 

1982-1984, f o r  sample s i z e s  between 1-4 / t ree  and i n t e n s i t i e s  of 10-286 t r e e s  

i n  0.5 ha p l o t s .  Data on c l u s t e r  sampling were ga thered  i n  t h e  3 s t u d i e s  

descr ibed  e a r l i e r  and i n  s imultaneous comparisons of methods a t  s i t e s  9 ,  

15-17, and 20 from 4-20 May 1984, i . e .  from pink t o  p e t a l  f a l l .  On each 

occas ion ,  50% of t r e e s  were examined wi th  both a  limb-tap and c o l l e c t i o n  of 

c l u s t e r s  from e i t h e r  of 2  randomly s e l e c t e d  l imbs / t r ee .  I n  noncommercial 

s i t e s ,  1 limb was removed, near  t he  t runk ,  from 12-18 t r e e s  t o  provide a n  

' a b s o l u t e '  count  of C. v e r b a s c i  on the  limb. - 

I n t e n s i v e  s tudy  of s i t e  15  occurred  on 17 May 1984 (between f u l l  bloom 

and p e t a l  f a l l )  u s ing  limb-tap, c l u s t e r  and ' t o t a l '  samples. The s i t e  was 

d iv ided  i n t o  3 u n i t s  from West t o  E a s t ,  and t h e  o rde r  samples were taken was 

randomized among u n i t s  t o  decrease  sys t ema t i c  e r r o r s  (LeRoux and Reimer 

1959).  A t  each of 0730, 1200, and 1630 h ,  9  t r e e s  were sampled wi th  1 . 
limb-tap on a  s i n g l e  limb; 9 o t h e r s  were sampled wi th  a  limb-tap from 4 

limbs. Two of t h e  l a t t e r  limbs were s t r i p p e d  of c l u s t e r s  i n  t h e  reg ion  of 

t h e  limb-tap and 6 of t h e  9 t r e e s  had the  tapped s e c t i o n  of a  t h i r d  limb 

removed. Judgement of t h e  numbers of c l u s t e r s  and amount of limb t o  remove 

was based upon opin ions  of t he  sampler and an observer ;  i n  case  of doubt 

l a r g e r  r a t h e r  than sma l l e r  samples were c o l l e c t e d .  During t h e  day, 18 limbs, 

2327 c l u s t e r s  and 136 limb-taps were taken from a t o t a l  of 54 of t h e  60 t r e e s  

i n  t h e  s i t e .  No t r e e  was sampled more than once. 

Temperatures were approximately l l • ‹ C  a t  0730, 15.5"C a t  1200 and 17•‹C a t  

1630 h, and t h e  r e l a t i v e  humidity ranged from 55% t o  35% a s  measured wi th  a  

Fuess  thermohygrograph. 



Data analysis 

The d a t a  were examined us ing  graphic  a n a l y s i s  (Anscombe 1973),  

c o r r e l a t i o n  a n a l y s i s ,  a n a l y s i s  of va r i ance  and l i n e a r  r e g r e s s i o n  (Draper and 

Smith 1981; Sokal and Rohlf 1981).  Sample va r i ances  of t h e  d a t a  were 

s t a b i l i z e d  us ing  t h e  angular  t r ans fo rma t ion  f o r  comparisons of p r e c i s i o n  

(Southwood 1978) and x1-b/2 f o r  o t h e r  ana lyses  (Taylor  1961, 1971; Healy and 

Taylor  1962) where b is  a f u n c t i o n  of t h e  r e l a t i o n s h i p  between sample means 

and var iances .  Transformed d a t a  were used only i f  t he  assumptions of 

parametr ic  s t a t i s t i c s  were g r o s s l y  v i o l a t e d  o r  major d i f f e r e n c e s  occurred i n  

s i g n i f i c a n c e  l e v e l s  (LeRoux and Reimer 1959; Southwood 1978).  Nonparametric 

methods (Conover 1980) were used when sample va r i ances  were g r e a t l y  

d i s s i m i l a r .  

RESULTS AND DISCUSSION 

Distribution within trees 

Using t h e  limb-tap method, t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  (ANOVA, b 

P<O.O5 l e v e l )  i n  t h e  d i s t r i b u t i o n  of - C.  ve rbasc i  nymphs between compass 

quadrants ,  o r  4 o r i e n t a t i o n s  r e l a t i v e  t o  t he  sun, w i t h i n  Red De l i c ious  

t r e e s .  The nymphs were evenly d i s t r i b u t e d  wi th in  t r e e s  and can be sampled 

r e l i a b l y  wi th  one limb-tap, a s  recommended i n  B r i t i s h  Columbia (Madsen and 

P r o c t e r  1982; Agric.  Canada 1983). Boivin and Stewart  (1983d) r epo r t ed  

s i m i l a r  r e s u l t s  w i th  McIntosh t r e e s  i n  Quebec. 

Use of a  f o l i a g e  sample r e q u i r e s  f i n e r  d i s t i n c t i o n s  than quadrants  o r  

s i d e s  of a  t r e e .  Examination of 60 l imbs cu t  from t r e e s  and 2917 c l u s t e r s  

of Red De l i c ious  d i s c l o s e d  - C. v e r b a s c i  nymphs (55-85% f i r s t  i n s t a r )  only i n  

l e a f  o r  f lower c l u s t e r s  and not on the  s u r f a c e s  of t he  l imbs. A similar 

r e s u l t  was r epo r t ed  by Niemczyk (1978) f o r  smal l  po t t ed  app le  t r e e s  dur ing  



t h e  summer gene ra t i on .  However, t he  numbers of C. v e r b a s c i  nymphs found i n  - 

c l u s t e r s  of d i f f e r e n t  types  o r  developmental s t a g e s  were markedly d i f f e r e n t  

(Table  4 .1) ;  nymphs were c o n s i s t e n t l y  more common i n  f lower  c l u s t e r s  than 

l e a f  c l u s t e r s ,  i n  a l l  samples (P<0.05 l e v e l ) .  The d i f f e r e n c e s  were . s een  over  

a  5-fold range of popu la t i on  d e n s i t i e s  but t he  nymphs occurred only i n  a n  

aggrega ted  s p a t i a l  p a t t e r n  wi th  up t o  22  i n  an i n d i v i d u a l  c l u s t e r .  

The r e s u l t s  a r e  c o n t r a r y  t o  t h e  conc lus ion  of Jonsson  (1983) t h a t  f i r s t  

and second i n s t a r  nymphs l i v e  only w i t h i n  blossom c l u s t e r s .  They suppor t  

obse rva t ions  of Lord (1965, 1972) and Boiv in  and S t ewar t  ( 1 9 8 3 ~ )  t h a t  l imbs 

wi th  a  h ighe r  p ropor t i on  of f lower c l u s t e r s  c o n t a i n  more - C .  ve rbasc i  t han  

those  wi th  a  low one and extend t h e  r e s u l t s  t o  app le  cv. Red D e l i c i o u s  i n  

s p r i n g .  Jonsson (1983) a l s o  sugges ted  t h a t  t he  number of f lower c l u s t e r s  i s  

a  l i m i t i n g  f a c t o r  f o r  C. v e r b a s c i  and o t h e r  mi r id s  i n  Norway, but  8.5-12.5% - 

of nymphs were found i n  l e a f  c l u s t e r s  a t  3  B r i t i s h  Columbian s i t e s  (Table  

4 .1) .  . 
F u r t h e r  ev idence  of t h e  agg rega t ion  of t h e  nymphs w i t h i n  t r e e s  is shown 

by t h e  r e l a t i o n s h i p  of t h e  va r i ance  t o  t he  mean of 93 s e t s  of limb-tap 

samples c o l l e c t e d  from s i tes  con ta in ing  nymphs of f i r s t  gene ra t i on  - C. 

v e r b a s c i  (Chapter  V I ) .  Taylor  and h i s  co l l eagues  have shown i n  a  s e r i e s  of 

papers  t h a t  t h e  v a r i a n c e  92, i s  r e l a t e d  t o  t h e  mean, m, of a sample by a 

power law such t h a t  s2=amb (Taylor  1961, 1984; Pe r ry  1981) .  The va lue  of b 

is  a  c o n s t a n t ,  c h a r a c t e r i s t i c  of t h e  s p e c i e s ,  and i s  widely used a s  an  index  

of agg rega t ion  (Bardner  and Lof ty  1971; Wrat ten 1974; E l l i o t t  1977; Trumble 

and Oatman 1984; Mol le t  e t  a l .  1984),  whereas a  is  a  s c a l i n g  f a c t o r  r e l a t e d  

t o  t he  sampling method. The observed va lue  f o r  b, 1.28 (+.05) - i s  t y p i c a l  of 

i n s e c t s  w i th  a  d i s t i n c t l y  aggrega ted  s p a t i a l  p a t t e r n  (Taylor  1961, 1971).  



Table 4.1. - C .  v e r b a s c i  nynphs c o l l e c t e d  i n c l u s t e r s o f  d i f f e r e n t  
t ypes ,  o r  of d i f f e r e n t  developmental s t a g e s ,  a d r i n g  the  

bloom pe r iod  i n  3  Okanagan Val ley  sites 

s i t e a ,  d a t e  and 
c l u s t e r  type  

C. v e r b a s c i  - 
Sample 

s i z e  b Mean- S td .  e r r o r  

S i t e  15 ,  15  May 1983 

Leaf 
- i n s i d e  
- o u t s i d e  

Flower a t  bloom 

- i n s i d e  
- o u t s i d e  

Flower a t  p e t a l  f a l l  

- i n s i d e  
- o u t s i d e  

S i t e  12,  18 May 1983 

Flower a t  bloom 
Flower a t  p e t a l  f a l l  

S i t e  4, 18 May 1984 

Leaf 
Flower a t  bloom 

a - S i t e s  desc r ibed  i n  Table 3.1. 

- b ~ e a n s  followed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  between samples a t  a s i t e ,  Pc0.05 (Duncan's m u l t i p l e  
range test on t ransformed d a t a ,  o r  Mann-Whitney t e s t  f o r  2 
samples) 



The p o s s i b l e  

and second i n s t a  

causes  of aggregated 

.r C .  v e r b a s c i  a r e  a - 

p a t t e r n s  of f i r s t  

.n uneven d i s t r i b u  

gene ra t ion ,  f i r s t  

t i o n  of r e sou rces  

necessary  f o r  s u r v i v a l ,  d i f f e r e n c e s  i n  p reda t ion  r a t e s ,  o r  d i f f e r e n c e s  i n  t he  

o v i p o s i t i o n a l  behavior  of females  of t h e  previous  genera t ion .  The nymphs may 

f eed  on n e c t a r  o r  p o l l e n  i n  t h e  f lowers ,  a s  do o t h e r  entomophagous 

Heteroptera  (S toner  e t  a l .  1975; Sholes  1984) o r  on a s s o c i a t e d  a r th ropods ,  

and so i n c r e a s e  t h e i r  surv ivorsh ip .  I n  2 s i t e s  t he  nymphs occurred wi th  high 

numbers of o t h e r  a r th ropods  and i n  p a r t i c u l a r  were s i g n i f i c a n t l y  c o r r e l a t e d  

wi th  the  European red mi te  and the  wes tern  f lower t h r i p s ,  F r a n k l i n i e l l a  

o c c i d e n t a l i s  (Table 4.2).  Mites  a r e  favored prey of C. v e r b a s c i  (Table 2.3) - 
and I have observed vorac ious  feeding  of t h e  nymphs on Thysanoptera from 

s e v e r a l  h o s t s .  The r e s u l t s  sugges t  a  ga the r ing ,  o r  i nc reased  su rv ivo r sh ip ,  

of - C. v e r b a s c i  i n  c l u s t e r s  where prey occur a t  moderate l e v e l s .  However, t h e  

h i g h e s t  popula t ion  d e n s i t y  (3 .4 l f lower  c l u s t e r )  w a s  found i n  an  orchard ( s i t e  

4)  con ta in ing  very few ar thropods  o t h e r  than C .  v e r b a s c i ,  showing t h a t  t h e  , - 
presence of animal prey is  not  c r i t i c a l  f o r  t h e  sus tenance  of e a r l y  i n s t a r s .  

C. v e r b a s c i  nymphs were o f t e n  discovered i n s i d e  the  tangled  mass of - 

webbing, f r a s s  and chewed p l a n t  p a r t s  produced by feeding  of e a r l y  season  

noctu id  and t o r t r i c i d  l a rvae .  A s i g n i f i c a n t  c o r r e l a t i o n  was found a t  one 

s i t e  (Table 4.2) and i n  ano the r  t h e  f lower c l u s t e r s  wi th  moth l a r v a e  

conta ined  s i g n i f i c a n t l y  more C. v e r b a s c i  t h a n  those  wi thout  (Mann-Whitney - 
U=130.0, P<0.01, n=37,13). This  a s s o c i a t i o n  has a l s o  been observed by H.F. 

b d s e n 7  ( p e r s .  comm.). Moth feeding  may provide s h e l t e r  o r  c r e a t e  a  flow of 

p l a n t  j u i c e s  s u i t a b l e  f o r  feeding  of - C. ve rbasc i .  Jonsson (1983) suggested 

t h a t  p r o t e c t i o n ,  from weather  and n a t u r a l  enemies, g iven  by f lower c l u s t e r s  

i s  c r u c i a l  t o  t h e  s u r v i v a l  of C.  ve rbasc i  and o t h e r  mi r id s  on apple .  I - 
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assume t h a t  t he  s h e l t e r  provided by a  c l u s t e r  damaged by moth l a r v a e  would be 

g r e a t e r  than  t h a t  provided by undamaged c l u s t e r s .  The c o r r e l a t i o n  of - C .  

v e r b a s c i  w i t h  a  smal l  number of Araneae on one occas ion  may be a  s t a t i s t i c a l  

a r t i f a c t ,  a s  very few s p i d e r s  were found i n  c l u s t e r s  on o the r  occas ions ,  o r  

both may have been p ro t ec t ed  from weather o r  n a t u r a l  enemies i n  t he  same 

c l u s t e r s .  The s m a l l  s p i d e r s  were never seen preying upon - C .  ve rbasc i ,  bu t  

may i n  t h i s  i n s t a n c e  have shared a  common prey. 

The hypothes is  of p r e f e r e n t i a l  o v i p o s i t i o n  o f f e r s  t he  b e s t  exp lana t ion  

f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  numbers of nymphs c o n s i s t e n t l y  observed w i t h i n  

t r e e s  (Table 4.1).  The f i r s t  i n s t a r  nymphs a r e  s m a l l  ( < 1  mm), d e l i c a t e ,  and 

u n l i k e l y  t o  crawl a  long d i s t a n c e  searching  f o r  p r e f e r r e d  c l u s t e r s .  Indeed, 

none was found on t h e  s u r f a c e  of 60 limbs. Flower buds a r e  d i f f e r e n t i a t e d  i n  

mid-June t o  mid-July (Westwood 1978) ,  w e l l  before  t he  females r e t u r n  t o  l a y  

overwinter ing  eggs, and have d i s t i n c t  c h a r a c t e r i s t i c s .  Flower buds have a  

h ighe r  n i t r o g e n  concen t r a t ion ,  compared w i t h  o t h e r  p l a n t  p a r t s ,  f o r  up t o  one , 

month fo l lowing  p e t a l  f a l l  (Davis 1931; Hansen 1971; S u t t o n  1984),  and t h e  

r ep roduc t ive  development and f ecund i ty  of nymphs of - C. v e r b a s c i  and o t h e r  

Heteroptera  is very dependent upon concen t r a t ion  and q u a l i t y  of a v a i l a b l e  

n i t r o g e n  (McMullen and Jong 1970; McNeill 1973, McNeill and Southwood 1978, 

McNeill and P r e s t i d g e  1982; Mattson 1980; Kiman and Yeargan 1985). 

P r e f e r e n t i a l  o v i p o s i t i o n  a t  t h e  b e s t  n i t r o g e n  source  would a l s o  e x p l a i n  

t h e  s i g n i f i c a n t  d i f f e r e n c e s  i n  - C. v e r b a s c i  d e n s i t y  observed by Lord (1972) 

between f lower ing  and non-flowering t r e e s ,  because f lower ing  rosaceous t r e e s  

c o n s i s t e n t l y  have h ighe r  concen t r a t ions  of n i t r o g e n  and o the r  n u t r i e n t s  t han  

do .  non-flowering t r e e s  (e.g.  Davis 1931; Oland 1959; Hansen 1971; Su t ton  

1984). 



The aggregated d i s t r i b u t i o n  of nymphs i n  t h i s  s tudy would be expla ined  

by a clumped o v i p o s i t i o n  p a t t e r n  i n  t he  female,  common i n  mi r id s  (Chi t tenden  

and Marsh 1910; Knight 1915; Sanford 1964; Lord 1968; McCaffrey and Horsburgh 

1980),  a s  Boivin and S tewar t  (1983d) a l s o  sugges ted  from an a n a l y s i s  of 

s p a t i a l  d i s p e r s i o n  of - C. v e r b a s c i .  

Distribution between trees 

Observa t ions  from t h e  c o l l e c t i o n  of over  400 sets of limb-tap samples 

sugges t  t h a t  nymphs of - C .  v e r b a s c i  occur  throughout  orchard  s i t e s ,  i n  a 

'clumped' p a t t e r n ,  and a r e  found i n  l o c a l i z e d  p a r t s  of t h e  orchards  only when 

popula t ions  a r e  low, <0.25/ tap,  u s u a l l y  a t  t h e  edges.  

Comparisons r evea l ed  no s i g n i f i c a n t  d i f f e r e n c e s  between Red D e l i c i o u s  

t r e e s  (ANOVA, P <0.05) when t h e  mean d e n s i t y  of nymphs was > l / t a p  (Table  

4.3).  The i n t e r p l a n t  va r i ance  decreased  a s  t h e  popu la t i on  inc reased ,  

sugges t ing  t h a t  t h e  s p a t i a l  p a t t e r n  became more even a s  t h e  d e n s i t y  of  C .  - 
v e r b a s c i  i n c r e a s e d  i n  t h e  orchards .  The 'clumped' s p a t i a l  p a t t e r n  is  more 

obvious a t  low popu la t i on  l e v e l s ,  cor responding  t o  t h e  e f f e c t  produced by a 

few females o v i p o s i t i n g  w i t h i n  c e r t a i n  t r e e s .  

Accuracy of sampling 

Accuracy i s  a measure of t h e  d i f f e r e n c e  between a sample r e s u l t  and t h e  

r e s u l t  t h a t  would be ob t a ined  from an a b s o l u t e  census under t h e  same 

c o n d i t i o n s  (Ruesink 1980).  The accuracy of t h e  limb-tap method was es t imated  

by comparing t h e  p r o p o r t i o n  of - C. v e r b a s c i  nymphs c o l l e c t e d  i n  t h e  limb-tap 

w i t h  t h e  e n t i r e  popula t ion ,  on a s e c t i o n  of limb, i nc lud ing  any remaining i n  

c l u s t e r s  o r  on t h e  l imb s u r f a c e .  P a i r e d  comparison of t h e  limb-tap and 

' t o t a l '  coun t s  from 70 l imb s e c t i o n s  revea led  s i g n i f i c a n t  d i f f e r e n c e s  (ANOVA, 

P<0.01). L inear  r e g r e s s i o n  of t h e  number found i n  t h e  t a p s  ( Y )  a g a i n s t  t h e  





t o t a l  number ( x )  gave the  equa t ion ,  wi th  s t anda rd  e r r o r s  ( a f t e r  removal of 

one o u t l i e r ) :  

Y = -0.16 (+ 0.1)  + 0.82 (+ 0.05) (x)  ( ~ 2  = 0.83, n  = 69) - - [ I 1  

The d i f f e r e n c e  i n  popula t ion  e s t i m a t e s  i n d i c a t e s  t h a t  t h e  limb-tap 

method is  b iased  and underes t imates  t h e  r e a l  popu la t i on  by approximately 

18%. This  r e s u l t  compares w i th  average  e s t i m a t e s  of 85% of t h e  popula t ion  of 

s p i d e r s ,  i n  app le  trees i n  V i r g i n i a ,  ob ta ined  us ing  t h e  limb-tap technique 

(McCaffrey e t  a l .  1984).  The exp lana t ion  f o r  t h e  18% e r r o r  is  due t o  t h e  

d i f f i c u l t y  of sampling t h e  e a r l y  i n s t a r s  of - C. v e r b a s c i ,  a l s o  noted by Lord 

(1965) and Boivin and S tewar t  (1983a) ,  which c l i n g  t o  t h e  c l u s t e r s  more t han  

do o t h e r  mir ids .  The m a j o r i t y  of t he  nymphs d iscovered  fo l lowing  a  limb-tap 

were w i t h i n  t he  i n n e r  f lower  p a r t s ,  a  favored r e s t i n g  p l ace  (Table  4.4). 

The t r u e  l e v e l  of accuracy i s  not  known a s  both t h i s  s tudy  and t h e  

s p i d e r  s tudy  'simulated a b s o l u t e  counts  u s ing  t h e  b e s t  p o s s i b l e  

approximation.  The n a t u r e  of l a r g e  t r e e s  p reven t s  a  complete census of c 

mobile i n s e c t s  and any method used a s  a  s t anda rd  of comparison i s  only a n  

approximation of a  complete sample. The methods used i n  t h i s  i n v e s t i g a t i o n  

a r e  equ iva l en t  t o  those  of o t h e r  q u a n t i t a t i v e  s t u d i e s  i n  orchards  ( S t e i n e r  

1962, S t e i n e r  e t  a l .  1970; Lord 1965, 1968, 1972; Boiv in  and S tewar t  1983a,d; 

McCaffrey e t  a l .  1984) and i t  is  p o s s t b l e  t h a t  t h e  t r u e  accuracy was h i g h e r  

t han  c a l c u l a t e d  because t h e  ' t o t a l '  method r equ i r ed  c o l l e c t i o n  of much 

m a t e r i a l  from the  r eg ion  of t h e  l imb when any doubt occur red .  However, as 

Southwood (1978) remarked, e r r o r s  a r e  u s u a l l y  made i n  t h e  d i r e c t i o n  of 

underes t imat ion  of a  popula t ion .  

Reliability of sampling 

The r e l i a b i l i t y ,  o r  p r e c i s i o n ,  of d i f f e r e n t  sampling methods i s  o f t e n  



Table 4 .4 .  P o s i t i o n  of f i r s t  and second i n s t a r  C. v e r b a s c i  nymphs 
w i t h i n  c l u s t e r s  of a p p l e  du r ing  bloom, 1983 

D i s t r i b u t i o n ,  % 

S i t e  15 ,  15  May S i t e  12 ,  18  May 
P o s i t i o n  ( N  = 91) ( N  = 46) 

I n  c o r o l l a  of f lower  
On f lower stem 
On c l u s t e r  stem 
On young l e a f  
On o l d  l e a f  



compared w i t h  t h e  r e l a t i v e  v a r i a t i o n ,  RV, r a t i o  (Southwood 1978; Kogan and 

P i t r e  1980; Ruesink 1980). The spread  among obse rva t ions  ob t a ined  us ing  each 

method i s  r e l a t e d  t o  t he  sample mean using:  

RV = (SZ/Z)(lOO) [ 2 1 

where iT is t h e  average  count  of n  samples w i t h i n  a  u n i t  and ST is t h e  

- 
s t anda rd  e r r o r  of t h e  mean. The mean va lue ,  RV, of a  method i s  c a l c u l a t e d  

from a number of d i f f e r e n t  samples. It is  g e n e r a l l y  accepted  t h a t  an fl of  

<25 f o r  a  method i s  s u i t a b l e  f o r  p e s t  management (Southwood 

The r e s u l t s  of sampling s p e c i f i c  o rchard  b locks  

corresponding t o  1-5 t i m e s  t h e  recommended l e v e l s  f o r  

1978).  

a t  i n t e n s i t i e s  

p e s t  management 

programs i n  t h e  B r i t i s h  Columbia i n t e r i o r  (Madsen and P r o c t e r  1982; Agric.  

Canada 1983) r e v e a l  t h a t  only where t h e  nymphs occur red  a t  t h e i r  h i g h e s t  

d e n s i t i e s  d id  any method provide an va lue  (25, and t h e  va lues  d id  no t  

d i f f e r  g r e a t l y  between methods (Tables  4.5 - 4.7). ' S imi l a r ly ,  t h e  va lues  

ob t a ined  i n  limb-tap sampling of many orchards  a t  3 i n t e n s i t i e s  from 0.5-2.5 . 
times t h e  recommended l e v e l s  (Table  4.8) show t h a t  none of t h e  sampling 

i n t e n s i t i e s  c o n s i s t e n t l y  provided an va lue  <25. 

The r e s u l t s  a r e  expla ined  by t h e  s p a t i a l  p a t t e r n  of - C.  ve rbasc i .  Highly 

'clumped' popu la t i ons  produce a  much g r e a t e r  RV va lue  than  a  randomly 

d i s t r i b u t e d  popula t ion  f o r  t h e  same number of sampling u n i t s ,  and RV i s  

i n v e r s e l y  r e l a t e d  t o  sample s i z e  and popu la t i on  mean, a s  p r e d i c t e d  by 

e q u a t i o n  [2]  (LeRoux and Reimer 1959; Southwood 1978). A t  low popula t ion  

l e v e l s  l a r g e  samples a r e  r equ i r ed  t o  provide an  RV v a l u e  (25. Most of t h e  

limb-tap samples were taken  i n  orchards  wi th  low popu la t i ons  of - C. v e r b a s c i ,  

p rovid ing  l a r g e  RV v a l u e s ,  a s  would be t h e  c a s e  i n  a  t y p i c a l  monitor ing 

program. 
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Table 4.6. Population estimates and relative variation of limb-tap 
sampling at 3 intensities, and of a 'total' sampling method, for 

C. verbasci on 9 Red Delicious trees at 3 times of day 
(17 1984). Trees were chosen randomly from a block of 60 

(Site 15) and sampled once only 

No. of No. of - C. verbasci Relative 
Time ~etho& samplesltree F (+ s.e.)b variation, R V ~  

0730 limb-tap 
limb-tap 

limb-tap* 
total* 

1200 limb-tap 
limb-tap 

limb-tap* 
total* 

1630 limb-tap 
limb-tap 

limb-tap* 
total* 

%?aired samples from the same limb sections are followed by *. 
b --Grand mean of all samples from 9 treesltime period. 
~ R V  = 100 (std. error of meanlmean) 
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Table 4.8. Relative variation, cost, and relative efficiency of limb- 
tap sampling 0.5 ha of apple trees at 3 intensities for 

C. verbasci, 1982-1984 - 

Overall meansa 

No. S amp le 
samples size 

Re la t ive ~ostc, 
variationb , s 

Re la t ive 
ef ficiencyg, RE 

a -Grand means of all samples 
b~ = 100 (std. error of meanlmean) /No. of samples 
SC, = cost in n of taking, inspecting and recording a 
4RE = loo/(=) x Cs 

sample 



Because the aggrega t ion  of - C. v e r b a s c i  a f f e c t s  the  r e l i a b i l i t y  of small 

samples (Tables  4.6, 4 .7)  t he  popula t ion  e s t ima te s  provided by limb-taps from 

one s i t e  on one day v a r i e d  from 0.83-2.22ltap. The recommended i n t e n s i t y  of 

tapping  i s  40 l imbs lha ,  equ iva l en t  t o  sampling 6.1-14.0% of t r e e s  i n  a 

t y p i c a l  orchard of t he  Okanagan Val ley  (M.  s ande r s l0 ,  pers .  comm. ). With a 

sample s i z e  of 9 t r e e s  i n  60, equ iva l en t  t o  15% of t h e  t r e e s ,  2 of t h e  

e s t i m a t e s  were a t  o r  above the  t rea tment  l e v e l  f o r  B r i t i s h  Columbia of 2 / t a p  

(Madsen and Car ty  1977; A g r i c u l t u r e  Canada 1983).  The r e s u l t s  a r e  d i s t u r b i n g  

a s  they r e f l e c t  cons ide rab le  v a r i a t i o n  around the  o v e r a l l  means provided by 

i n t e n s e  sampling (Table 4.7) .  Only one sampling i n t e n s i t y ,  36 t a p s ,  provided 

a n  va lue  <25, corresponding t o  60% of t r e e s  being sampled. 

Sampling i n  commercial monitor ing programs must be much l e s s  i n t e n s e  

because of time c o n s t r a i n t s  (Vakent i  and ~ e t e r s 2 ) ,  but  t h e  amount of sampling 

l a r g e l y  determines the  p r e c i s i o n  of an  e s t ima te  of mean dens i ty .  Optimal 

sample s i z e s  f o r  cons t an t  p r e c i s i o n  l e v e l s ,  and methods t o  minimize the  

sampling r equ i r ed  by f i x e d  sample s i z e s ,  a r e  cons idered  i n  d e t a i l  i n  Chapter 

V I  . 
Timing of Sampling 

Est imates  of mean popula t ion  d e n s i t y  obta ined  us ing  each of 3 

i n t e n s i t i e s  of limb-tap sampling d id  not  d i f f e r  s i g n i f i c a n t l y  from 0730-1630 

du r ing  one day (Table  4.6; ANOVA, P>0.25). The clumped s p a t i a l  p a t t e r n  of 

t h e  nymphs gave l a r g e  confidence l i m i t s  f o r  t h e  es t imated  mean dens i ty  and 

con t r ibu ted  t o  t he  l a c k  of d i f f e r e n c e s  between samples. This  r e s u l t  is  

s i g n i f i c a n t  f o r  sampling and decision-making a s  i t  shows t h a t  limb-tap 

samples of a popula t ion  of - C. v e r b a s c i  n e a r  t he  t rea tment  l e v e l ,  taken dur ing  

d a y l i g h t  hours w i l l  g ive  t h e  same approximate mean d e n s i t y  f o r  a p a r t i c u l a r  



i n t e n s i t y  of sampling. 

Pa i r ed  comparison of t he  limb-tap and ' t o t a l '  samples showed t h a t  

accuracy of the  limb-tap method increased  from 0.77 (0730) t o  0.82 (1200) and 

0.89 (1630) dur ing  t h e  day, but  t h e  l e v e l s  of accuracy were not s i g n i f i c a n t l y  

d i f f e r e n t  from one another  (ANOVA, P>0.25). The changes did a f f e c t  t he  RV of 

t h e  limb-tap method (Table 4.6)  which decreased by 3.6-10.0% dur ing  the  day, 

depending upon sample s i z e .  The r e l i a b i l i t y ,  o r  mean p r e c i s i o n ,  of t h e  

limb-tap method was 0.83 f o r  t h e  day, s i m i l a r  t o  a r e s u l t  of 0.85 f o r  s p i d e r s  

on apple  t r e e s  (NcCaffrey e t  a l .  1984) i n  a s tudy showing t h a t  time of 

sampling had l i t t l e  e f f e c t  on d i u r n a l  e s t ima te s  of s p i d e r  popula t ions .  

An i n c r e a s e  i n  accuracy wi th  time may be due t o  t he  e f f e c t  of 

temperature upon a c t i v i t y  of t he  nymphs, o r  a behavioura l  p a t t e r n  such a s  

movement away from t h e  c e n t r e  of t he  c l u s t e r s  f o r  feeding ,  causing a g r e a t e r  

number t o  be c o l l e c t e d  l a t e r  i n  t h e  day. Turnbul l  (1960) and McCaf f r e y  e t  

a l .  (1984) i n d i c a t e d  t h a t  limb-tap sampling b e s t  e s t i m a t e s  t h e  popula t ion  . 
a c t i v e  a t  t h e  time of sampling, no t  those  r e s t i n g  o r  h id ing .  

Cost of Sampling 

Both limb-tap and c l u s t e r  sampling r equ i r ed  c o l l e c t i o n  and examination 

of a sample u n i t .  The f i n a n c i a l  c o s t s  of sampling equipment were ignored bu t  

t h e  tapping  t r a y  i s  simple and cheap whereas c l u s t e r  examination r e q u i r e s  a 

b inocu la r  microscope and a device  f o r  keeping samples cool .  

The choice  of limb-tap sampling by p e s t  management personnel  has  

cons ide rab le  mer i t .  S e t s  of limb-tap samples of 1-4 / t ree  and 10-160 t r e e s  i n  

0.5 ha  gave a mean c o s t  of 1 .6  min l t ap  over a wide range of 5. v e r b a s c i  

popula t ion  d e n s i t i e s .  Average c o s t s  of moving w i t h i n  and between t r e e s  were 

equa l  i n  120 obse rva t ions ,  due t o  t he  s m a l l  s i z e  and high d e n s i t y  of t r e e s  i n  



t h e  i n t e r i o r  orchards of B r i t i s h  Columbia. 

Although c l u s t e r s  were c o l l e c t e d  r a p i d l y  (0.5 m i n / c l u s t e r ,  n  = 200),  a s  

l i t t l e  s i t e  s e l e c t i o n  was r equ i r ed ,  t he  c o s t  of a  c l u s t e r  sample was very 

h igh ,  p a r t i c u l a r l y  where t h e  p ropor t ion  of f lowers  was l a r g e .  Mean c o s t s  of  

examinat ion and record ing  r e s u l t s ,  of 2917 Red D e l i c i o u s  c l u s t e r s ,  were 0.7 

min f o r  l ea f  c l u s t e r s  and 3.7 min f o r  f lower c l u s t e r s .  Mean c o s t s  f o r  bo th  

types  were 1.1 min i n  a  sample (n=2327) con ta in ing  75% l e a f  c l u s t e r s ,  a  

t y p i c a l  va lue  f o r  apple  (Lord 1972).  The t o t a l  cos ts / sample  u n i t  averaged 

1.2 min, 4.2 min, and 1 .6  min f o r  l e a f ,  f lower ,  and both types of c l u s t e r ,  

r e s p e c t i v e l y .  

Limb removal, which i s  unacceptable  i n  commercial o rchards  but may be 

r equ i r ed  i n  i n t e n s i v e  popula t ion  s t u d i e s ,  was a l s o  c o s t l y .  S e l e c t i o n ,  

c u t t i n g  and bagging of limb s e c t i o n s  requi red  approximately 15  min. On one 

occas ion  18 s e c t i o n s  bea r ing  an  average  7  f lower and 35 l e a f  c l u s t e r s  

r equ i r ed  68 min per  limb f o r  bark and f o l i a g e  examination. . 
The limb s e c t i o n s  were t h e  reg ions  sampled by i n d i v i d u a l  limb-taps, 

i n d i c a t i n g  an  average 42 c l u s t e r s / t a p .  The c o s t  of a  s i n g l e  limb-tap is  t h a t  

of an  average c l u s t e r ,  1.6 min, but permits  t he  d e t e c t i o n  of - C.  ve rbasc i  a t  

lower popula t ion  l e v e l s  than  by c a r e f u l  examination of a  s i n g l e  c l u s t e r .  

Indeed, t h e  frequency of d e t e c t i o n  a t  low popula t ion  l e v e l s  was always 

g r e a t e r  f o r  t he  t a p  than  the  c l u s t e r  method, per  sample u n i t .  I n  a  t y p i c a l  

s tudy  ( s i t e s  16, 17 )  only  8% of f lower c l u s t e r s  and no l e a f  c l u s t e r s  

contained nymphs, compared wi th  27% of t he  limb-taps. This  is  an important  

r e s u l t  when economic t h r e s h o l d s  a r e  low. 

Efficiency of sampling 

One method is  more e f f i c i e n t  than  another  i f  i t  y i e l d s  more r e l i a b l e  



r e s u l t s / u n i t  c o s t  under s p e c i f i e d  cond i t i ons .  The r e l a t i v e  e f f i c i e n c y  (RE) 

of a  method was compared us ing  the  r a t i o :  

RE = ~ o o / ( ~ ) ( c s )  [3  1 

where C s  i s  t h e  c o s t  of t ak ing  t h e  n samples used t o  c a l c u l a t e  t h e  3 

values.  The RE depends upon the  mean, t o t a l  c o s t  and s t anda rd  e r r o r ,  so i t  

i s  s e n s i t i v e  t o  changes i n  n and sampling c o s t  u n l i k e  o t h e r  r a t i o s  (Cochran 

1977; Southwood 1978; Ruesink 1980).  

Comparisons of methods i n  t h e  same s i t e s ,  a t  - C.  ve rbasc i  d e n s i t i e s  of 

0.7-12/tap, revea led  t h a t  t he  limb-tap method was always more e f f i c i e n t  (by 

RE va lue )  than  c l u s t e r  sampling and up t o  31 times more e f f i c i e n t  than a n  

' a b s o l u t e '  method (Tables  4.5, 4 .7) .  Although methods involv ing  c o l l e c t i o n  

of c l u s t e r s  were c o n s i s t e n t l y  more p r e c i s e  than  t h e  limb-tap method, t h e  RE 

va lues  were h ighe r  f o r  limb-tap samples because c l u s t e r  sampling w a s  much 

more c o s t l y  f o r  a  sma l l  ga in  i n  r e l i a b i l i t y ;  observed d i f f e r e n c e s  i n  RV 

va lues  were <8% f o r  t h e  2 methods, a t  any s i t e ,  but  t h e  c l u s t e r  sample was 

between 1.2-4.8 t imes a s  c o s t l y  a s  t h e  limb-tap method. On 3 o t h e r  

occas ions ,  a t  low - C. v e r b a s c i  d e n s i t i e s  (<O. l / t ap ) ,  limb-tap sampling 

c o l l e c t e d  t h e  most nymphs a t  t h e  l e a s t  c o s t .  

I n  conclus ion ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  limb-tap method is  most 

u s e f u l  i n  e s t ima t ing  popula t ion  l e v e l s  of - C. ve rbasc i .  Lord (1968) found 

t h a t  t h e  tapping  technique d id  not  r e v e a l  t he  t r u e  popula t ion  peak f o r  t h e  

mir id  Hyaloides h a r t i  (Knight) on app le ,  and noted t h a t  i t s  accuracy and 

use fu lnes s  v a r i e s  wi th  the  s p e c i e s  under cons ide ra t ion .  However, a s  Morris  

(1960) noted ,  "sampling ... i s  only a  t o o l  which t h e  entomologist  should u s e  

t o  o b t a i n  c e r t a i n  informat ion ,  provided t h e r e  is no e a s i e r  way t o  g e t  t h e  

information".  The limb-tap i s  c l e a r l y  t h e  most e f f i c i e n t ,  f o r  p e s t  



management purposes ,  of t he  sampling methods t h a t  a r e  c u r r e n t l y  employed. 

The r e l a t i v e  e f f i c i e n c y  of t h e  limb-tap method a l s o  e x p l a i n s  i t s  r e c e n t  

s u b s t i t u t i o n  f o r  a  100 c l u s t e r  sample of app le  f o l i a g e ,  f o r  s e v e r a l  

l ep idop te rous  p e s t s  (Madsen and P r o c t e r  1982). The c l u s t e r  sample, a l though 

r e l i a b l e  enough f o r  p e s t  management programs, was very c o s t l y  (Vakent i  and 

~ e t e r s 2 )  compared wi th  a  less r e l i a b l e  limb-tap method. 



V. Damage and economic injury levels of Campylomma verbasci 

on apple in  the Okanagan Valley 

INTRODUCTION 

The t r u e  bugs a r e  i nc reas ing  i n  importance a s  pests of deciduous f r u i t  

f o r  reasons  t h a t  a r e  not  c l e a r  (Ba rne t t  e t  a l .  1976; Coutin e t  a l .  1984; 

Chapter XI). Campylomma v e r b a s c i  h a s  been the  cause of cons ide rab le  concern 

i n  pes t  management programs i n  B.C. and elsewhere owing t o  t h e  spo rad ic  

n a t u r e  of i t s  damage and t h e  u n r e l i a b i l i t y  of recommended t rea tment  l e v e l s .  

Its damage, t y p i c a l  of t h a t  caused by mir id  feeding  (F rye r  1914; Knight 

1918b, 1922; Pe therbr idge  and Husain 1918; Smith 1921; Tingey and P i l l emer  

1977),  i s  most s e r i o u s  on c e r t a i n  app le  c u l t i v a r s ,  p a r t i c u l a r l y  Red 

De l i c ious ,  Golden De l i c ious ,  and Spa r t an  (Table 2.4). 

Control  of t h e  damage i s  p o s s i b l e  by i n s e c t i c i d a l  t rea tment  of t h e  

nymphs a t  p e t a l  f a l l l .  However, t he  numbers of - C. v e r b a s c i  requi red  t o  

t r i g g e r  a  t rea tment  have been e m p i r i c a l l y  a r r i v e d  a t ,  i n  common with many 

i n s e c t s  ( S t e r n  1973; Hoyt e t  dl. 1983) and i n  r e c e n t  years  t he  numbers have 

been c o n s i s t e n t l y  r ev i sed  downward: i n  Nova S c o t i a  from a  mean count  of 16.6 

t o  8  s t i n g i n g  bugs l t ap  (MacPhee 1976; MacLellan 1979; Hardman et a l .  1984) ,  

and i n  B.C. from 5  t o  2 / t a p  (Madsen e t  a l .  1975, Madsen and Car ty  1977). 

Mere d e t e c t i o n  of t h e  i n s e c t  a t  t he  c r i t i c a l  s t a g e  of f r u i t  development can 

j u s t i f y  a  p e s t i c i d e  a p p l i c a t i o n  i n  Ontar io  o rcha rds  (H ik ich i  e t  a l .  1979; 

OMAF 1981b, OMAF 1985). 

The movement towards t rea tment  upon d e t e c t i o n  i s  a t  odds wi th  a  concept  

b a s i c  t o  pest management, t h a t  most crops can t o l e r a t e  s i g n i f i c a n t  l e v e l s  of 

p e s t  damage without  l a r g e  r educ t ions  i n  y i e l d  ( S t e r n  e t  a l .  1959). This  

concept  i s  p a r t i c u l a r l y  a p p l i c a b l e  t o  damage by - C. v e r b a s c i  i n  app le  orchards  



a s  i n  most cases  only 3 t o  5% of t he  f lowers  produced by a full-blooming t r e e  

a r e  needed t o  produce a f u l l  crop of f r u i t  (Knight 1922; HEAC 1960; Westwood 

1978; Prokopy and Hubbel l  1981) ,  and over 80% of t he  f r u i t  a r e  shed during 

development ( H a l l  1974; Westwood 1978; Abbott 1984).  

The "economic i n j u r y  l e v e l " ,  t he  lowest  popula t ion  l e v e l  t h a t  w i l l  cause 

economic damage ( S t e r n  e t  a l .  1959, S t e r n  1966, 1973; Headley 1972; Davidson 

and Norgaard 1973) ,  i s  the  b a s i s  f o r  c u r r e n t  t rea tment  recommendations f o r  

C. ve rbasc i  i n  B.C. (Madsen and Car ty  1977; Agric. Canada 1983) and elsewhere - 

(H ik ich i  e t  a l .  1979; MacLellan 1979; OMAF 1981b). Southwood and Norton 

(1973) showed t h a t  i n  gene ra l  t h e  r e l a t i o n s h i p  between t h e  l e v e l  of a p e s t  

popula t ion  and the  i n j u r y  i t  causes  i s  l i n e a r ,  whereas t he  p e s t  i n ju ry -y i e ld  

r e l a t i o n s h i p  i s  a sigmoid curve. For cosmetic  p e s t s ,  such a s  p l a n t  bugs, t h e  

popu la t ion  d e n s i t y  caus ing  damage is usua l ly  very low and any damage is  

equ iva l en t  t o  a y i e l d  l o s s  (Brown e t  a l .  1977; P i m e n t e l ' e t  a l .  1977; Hoyt and 

Tanigoshi  1983).  Consequently,  t h e  populat ion-in jury  r e l a  t i o n s h i p  i s  l i n e a r  

f o r  app le  p e s t s  i nc lud ing  t h e  cod l ing  moth, Cydia pomonella (L.) (Wearing 

1975; MacLellan 1979),  and the  t a rn i shed  p l a n t  bug, Lygus l i n e o l a r i s  (Prokopy 

e t  a l .  1982). When the  r e l a t i o n s h i p  can be descr ibed  mathematical ly ,  a n  

economic i n j u r y  l e v e l  can be determined w i t h  f ixed  confidence l i m i t s  and used 

a s  an  e s s e n t i a l  p a r t  of t h e  p e s t  management program. 

Experimental  s t u d i e s  of damage i n  orchard crops a r e  confined t o  s p i d e r  

mi tes  o r  s eden ta ry  i n s e c t s ,  and a r e  r a r e  (e.g.  Dutcher e t  a l .  1984) o r  

d e s c r i p t i v e  i n  n a t u r e  (Knight 1918b, 1922; Boivin and Stewar t  1982b). The 

approach taken i n  t h i s  s tudy  compares observed damage wi th  popula t ion  l e v e l s  

i n  a number of commercial and exper imenta l  o rchards ,  and has y i e lded  use fu l  

q u a n t i t a t i v e  r e s u l t s  f o r  o t h e r  orchard  i n s e c t s  (LeRoux 1961; Bagg io l in i  1965; 



Madsen e t  a l .  1974; Wearing 1975; Al len  1978, 1979; Prokopy e t  a l .  1982; 

Moreno and Kennett  1985).  

The o b j e c t i v e s  of t h i s  s tudy  were: t o  d i scove r  t h e  frequency and 

magnitude of damage from - C.  ve rbasc i  i n  commercial and unsprayed app le  

orchards ;  t o  determine whether a r e l a t i o n s h i p  e x i s t s  between counts  of - C. 

v e r b a s c i  dur ing  o r  a f t e r  bloom and t h e  l e v e l  of damage observed; and t o  

a t tempt  t o  d e r i v e  an economic i n j u r y  l e v e l .  

MATERIALS AND METHODS 

Observat ions were made i n  0.5 ha p l o t s  i n  t h e  commercial and 

experimental  o rchards  desc r ibed  i n  Table 3.1 and F igu re  3.1, from 1982 t o  

1984. Data on the  a r thropod popula t ions  of each s i t e  were gathered using 

methods given i n  Chapter 111. P e s t i c i d e s  and o t h e r  m a t e r i a l s  were appl ied  

r e g u l a r l y  i n  commercial o rchards  but had no apparent  e f f e c t  upon - C. v e r b a s c i  

(Chapter  111) .  

Identification of damage 

Desc r ip t ions  and photographs of t he  d i s t i n c t i v e  damage of - C. v e r b a s c i  t o  

apples  a r e  a v a i l a b l e  (Ross and Caesar 1920; Knight 1922; P i c k e t t  1938a,b; 

Madsen and P r o c t e r  1982).  My previous exper ience  i n  Ontar io and the  

occurrence of h igh  l e v e l s  of damage from - C.  ve rbasc i  i n  1982 a s s i s t e d  i n  

i d e n t i f i c a t i o n .  Never the less ,  any damage t h a t  w a s  not immediately 

i d e n t i f i a b l e  was examined under t h e  microscope o r  by entomologists  a t  t h e  

Research S t a t i o n  i n  Summerland. 

Barvest sample 

The m a j o r i t y  of t he  s i t e s  were i n  commercial o rchards ,  where LOO f r u i t  

were picked randomly from each of 1 0  t r e e s  i f  time and t h e  grower permit ted.  

However, most of t h e  samples were checked from t h e  b i n s  a s  picking occurs  
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s p o r a d i c a l l y ,  a t  t imes governed by f r u i t  v a r i e t y ,  weather ,  labour  and whims 

of t h e  grower. A minimum sample s i z e  was s e t  a t  500 a p p l e s / v a r i e t y / s i t e ,  

w i t h  100 o r  fewer app le s  from each b in ,  and the  b ins  s c a t t e r e d  through the  

s i t e .  Sample s i z e s  of >1000/var ie ty  were achieved,  but  a t  s e v e r a l  commercial 

s i t e s  < 500 a p p l e s  were counted from c e r t a i n  v a r i e t i e s  because of p ick ing  o r  

sh ipp ing  p r e s s u r e s ,  o r  t h e  v a r i e t y  occur red  only a s  a few t r e e s  i n  t h e  s i te .  

Average s i z e s  of t h e  v a r i e t y - s i t e  samples were (wi th  s t anda rd  e r r o r )  

annual ly :  1982, 522 + - 82; 1983, 520 + - 39; 1984, 675 + - 127 (Appendix B). 

I n  exper imenta l  s i t e s ,  every a l t e r n a t e  t r e e  was s t r i p p e d  dur ing  

September t o  October and each app le  was checked. The numbers of app le s  

examined i n  exper imenta l  s i t e s  were 2,700-10,400 annual ly .  P r o d u c t i v i t y  was 

o f t e n  low i n  exper imenta l  o rchards  p a r t i c u l a r l y  i n  McIntosh, Newtown, and Red 

Rome v a r i e t i e s  (Appendix 8 ) .  

A l l  f r u i t  were i n d i v i d u a l l y  checked f o r  s c a r s  and deformations.  The 

cause  of every blemish was noted i n  1982 and 1983 but  i n  1984 only  those  

i n u r i e s  from - C. v e r b a s c i  were recorded.  I f  t h e  blemish was s e r i o u s  enough t o  

cause  t h e  f r u i t  t o  be "commercial" grade o r  less, by t h e  r u l e s  of t he  "Canada 

A g r i c u l t u r a l  Products  S tandards  Act", i t  w a s  recorded. 

The grades  f o r  app le s  a r e  Canada Ex t r a  Fancy, Canada Fancy, Canada 

Commercial, and 4 lower grades.  A l l  f r u i t  were graded according t o  t h e s e  

s t anda rds  and 3 damage c a t e g o r i e s :  1 )  app le s  f r e e  from damage, 2 )  app le s  

damaged by - C. v e r b a s c i  o r  o t h e r  i n s e c t s  but  no t  s e r i o u s l y ,  and 3 )  app le s  

damaged s e r i o u s l y  enough to  reduce t h e i r  grade t o  Canada Commercial ("C" 

grade)  o r  lower. F r u i t  growers i n  B.C. r e c e i v e  very l i t t l e  o r  no money f o r  

"C" o r  lower grades  and i n  most yea r s  t h e  grading c o s t s  of such f r u i t  exceed 

t h e  income produced. 



R e s u l t s  were ga thered  from 13, 16,  and 9 s i t e s  i n  1982-1984, 

r e s p e c t i v e l y ,  and 35,544 app le s  were examined from 64 v a r i e t y - s i t e  samples.  

June drop sample 

A survey of damaged f r u i t  was made a f t e r  t he  f r u i t  had s e t  but  before  

"June drop" i n  1982. Samples were taken dur ing  t h e  f i r s t  10  days of June 

from 1 0  s i t e s .  The c l u s t e r  was chosen a s  t he  sample u n i t  on t h e  t r e e  a s  i t  

con ta ins  t h e  s i t e  a t  which damage occurs  and can be sampled by choosing 

t r e e s ,  branches,  and c l u s t e r s  a t  random (LeRoux and Reimer 1959; LeRoux 1961; 

Lord 1965). Twenty t r e e s  were s e l e c t e d  a t  random and 5 f r u i t  c l u s t e r s  picked 

randomly from the  i n t e r i o r  and e x t e r i o r  of t he  f o l i a g e .  The numbers of 

l eaves  and f r u i t s / c l u s t e r  were counted and the  f r u i t s  s epa ra t ed ,  d iv ided  by 

s i z e  i n t o  3 groups from each s i t e ,  counted and weighed. The numbers and type 

of s c a r  o r  deformation,  and t h e  p o s i t i o n s  of any - C. ve rbasc i  damage were 

recorded.  The p ropor t ion  of - C. v e r b a s c i  damage i n  each s i z e  ca tegory  was 

c a l c u l a t e d .  A t  3 f u r t h e r  s i t e s ,  removal of c l u s t e r s  was not  permi t ted  and 

100 f r u i t  c l u s t e r s  were s e l e c t e d  and v i s u a l l y  examined i n  t he  f i e l d .  Only 

those  bea r ing  s c a r s  o r  deformations were taken t o  t h e  l abo ra to ry .  

The p r o d u c t i v i t y  of orchards  can vary according t o  management p r a c t i c e s ,  

such a s  t h inn ing  and f e r t i l i z a t i o n ,  r e f l e c t e d  both i n  numbers of 

f r u i t / c l u s t e r  and i n  s i z e  (weight )  of t h e  f r u i t .  A y i e l d  index w a s  

c a l c u l a t e d  t o  compare t h e  app le  m a t e r i a l  a v a i l a b l e  t o  - C. v e r b a s c i  a t  t h e  

c l u s t e r  l e v e l :  

Yield index  = no. of app le s  i n  LOO c l u s t e r s  x mass of app le s  i n  kg x 10-1 

I n  t o t a l  3594 s m a l l  f r u i t  were examined: 2717 f r u i t  were c o l l e c t e d  off  

100 c l u s t e r s  from each of 10  orchards  (F = 271.7 + 15.4) and 49 were - 
c o l l e c t e d  from 865 examined on t r e e s  a t  3 o t h e r  s i t e s .  The weight of t he  



f r u i t  samples va r i ed  from 0.21-1.28 kg and the  y i e l d  index varied from 3.9 t o  

32.4. 

Relationship of C. verbasci to damage 

The limb-tap method (Chapters  111, IV) was used t o  provide an e s t ima te  

of - C. ve rbasc i  popula t ions  p re sen t  a t  a s i t e  dur ing  t h e  f i r s t  genera t ion .  

The maximum number of nymphs found a t  a s i t e  was transformed t o  t he  

numberltap, from 20 o r  more t aps  i n  an a r e a  of 0.5 ha. The d a t a  used t o  

d e r i v e  economic i n j u r y  l e v e l s  were the  v a r i e t y - s i t e  samples f o r  which good 

assessments  of t h e  peak count were obta ined;  where i t  was not c l e a r  t h a t  t h e  

s e r i e s  of limb-tap samples dur ing  and a f t e r  bloom included t h e  peak of 

emergence they  were omi t ted ,  l e a v i n g  56 s e t s  of d a t a  (Appendix B ) .  

Data analysis 

The r e s u l t s  were examined us ing  graphic ,  a n a l y s i s  of va r i ance  and 

r e g r e s s i o n  methods (Anscombe 1973; Draper and Smith 1981; Sokal and Rohlf 

1981).  Data were analysed be fo re  and a f t e r  t ransformat ion ,  when necessary,  L 

t o  t h e  angular  form f o r  p ropor t ions  and square  r o o t  (+0.5) f o r  i n s e c t  counts  

(Southwood 1978),  u s ing  ANOVAR (Grieg and O s t e r l i n  1978),  MIDAS (Fox 1976) o r  

T M  
a n  Apple I I e  microcomputer programmed wi th  t h e  a lgor i thms provided by Sokal  

and Rohlf (1981).  

RESULTS 

Harvest sample 

Damage from - C.  v e r b a s c i  was s e r i o u s  01% of app le s  graded ' C '  o r  lower)  

i n  42.5% of t h e  v a r i e t y - s i t e  samples i n  commercial o rchards ,  du r ing  1982-1984 

(Table 5.1, Appendix B )  . - C. v e r b a s c i  was ranked i n  t h e  top 3 of a l l  causes 

of p e s t  o r  d i s e a s e  damage, i n  22 of 40 samples from commercial o rchards  

(Table 5 .2) .  Damage w a s  d e t e c t e d  i n  90% of t h e  samples from commercial 





Table 5.2. Frequency of C. v e r b a s c i  caus ing  s e r i o u s  f r u i t  damage 
("C" grade o r  l e s s )  i n  a ranking  of a l l  b i o l o g i c a l  causes  of 

damage, i n  40 v a r i e t y - s i t e  samples from 11 commercial o rcha rds ,  
1982-1984 

a No. of samples w i t h  s e r i o u s  damage-- from C. 
v e r b a s c i  of a  g iven  rank  

Rank of - C .  v e r b a s c i  damage 
No 

Apple v a r i e t y  1 2 3 24 damage 
- -  - 

Golden De l i c ious  7 5 3 0 0 

Red De l i c ious  2 1 2 3 7 

Spar tan  2 1 1 1 0 

McIntosh 1 1 3 

5''~" grade o r  lower,  a s  def ined  by Canada A g r i c u l t u r a l  Products  
Standards Act. 



orcha rds ,  i n d i c a t i n g  an i n c r e a s e  from the  l e v e l s  of 62% and 79% found i n  2  

a r e a s  of t h e  Okanagan i n  1980 (Vakent i  and p e t e r s 2 ) .  

The r e s u l t s  r e f l e c t  t h e  r e l a t i v e  s u s c e p t i b i l i t y  of the  D e l i c i o u s  apple  

v a r i e t i e s  t o  damage from - C. v e r b a s c i  (Table  5.1) r epo r t ed  i n  t h e  r e c e n t  

l i t e r a t u r e  (Table  2 .4) .  Damage t o  Golden D e l i c i o u s  (F igs .  5.1,  5 .2)  was 

o f t e n  s eve re  and on 11 occas ions  s e r i o u s  damage of >1% w a s  found i n  

commercial o rchards .  Although damage was f r e q u e n t l y  p re sen t  on Red D e l i c i o u s  

and Spar tan  i t  was no t  a s  n o t i c e a b l e  as on Golden De l i c ious ,  hence t h e  app le s  

were not o f t e n  down-graded. The Spa r t an  v a r i e t y  was r a r e l y  grown i n  t h e  

s tudy  s i t e s  but s u f f e r e d  c o n s i d e r a b l e  damage. 

T o t a l  damage from - C .  v e r b a s c i ,  i nc lud ing  t h a t  not  r e s u l t i n g  i n  reduced 

grades ,  was h igh ;  i n  commercial o rchards  t h e  number of app le s  i n j u r e d  by - C .  

v e r b a s c i  ranged from 0-9.7% f o r  Red D e l i c i o u s  and from 0-49.4% f o r  Golden 

De&icious. A t  s i t e  9 ,  49.4% of 1000 apples  were marked and 11.2% were 

damaged s e v e r e l y  enough t o  be down-graded t o  "C" o r  lower.  The damage . 
ass igned  by t h e  packing-house f o r  91 b ins  from t h i s  s i t e  averaged 19% "C" o r  

lower,  a lmost  a l l  from - C .  ve rbasc i .  Grading p r a c t i c e s  a r e  n o t o r i o u s l y  

v a r i a b l e  a t  packing-houses accord ing  t o  t h e  personnel ,  and q u a n t i t y  o r  

q u a l i t y  of f r u i t  a v a i l a b l e  but  o t h e r  r e s u l t s  i n d i c a t e d  my counts ,  based on 

t h e  grad ing  r e g u l a t i o n s ,  were a  r e a l i s t i c  assessment .  

The d i s t r i b u t i o n  of i n j u r y  on 802 De l i c ious  a p p l e s ,  randomly s e l e c t e d  

from b i n s  i n  5 commercial o rchards  wi th  h igh  l e v e l s  of damage, followed a  

random, Poisson-type,  d i s t r i b u t i o n .  The mean damage was approximately 2  

marks/apple wi th  between 5-142 having 5  o r  more i n j u r i e s  each, i n d i c a t i n g  

t h a t  app le s  wi th  s e r i o u s  damage can remain on the  t r e e s  u n t i l  h a r v e s t .  

Almost a l l  t h e  damage w a s  found i n  t h e  b a s a l  t h i r d  of t h e  f r u i t .  



Fig. 5.1. Damage characteristic of - C. verbasci on apple, cv. Golden Delicious 

at harvest 

Fig. 5.2. Close-up of damage from - C. verbasci on a Golden Delicious apple 





June drop sample 

Red and Golden D e l i c i o u s  app le s  were on average more f r equen t ly  i n ju red  

by 5. ve rbasc i  than  McIntosh o r  o t h e r  v a r i e t i e s  (Table 5.3) .  However, t h e r e  

were no s i g n i f i c a n t  d i f f e r e n c e s  (ANOVA, Pz0.05) between v a r i e t i e s ,  i n  t he  

p ropor t ion  of app le s  blemished o r  number of i n j u r i e s / f r u i t ,  w i t h i n  i n d i v i d u a l  

orchards .  Up t o  16  wounds J e r e  found on s i n g l e  app le s  of a l l  v a r i e t i e s .  

Pool ing  r e s u l t s  f o r  a l l  v a r i e t i e s  showed no s i g n i f i c a n t  r e l a t i o n s h i p  

between damage and y i e l d  index al though t h e r e  was a  weak t rend  t o  reduced 

damage a s  t he  y i e l d  index inc reased ,  sugges t ing  t h a t  damage may be more 

f r equen t  a s  t he  app le  biomass a v a i l a b l e  t o  - C .  v e r b a s c i  decreases .  The t rend  

was more marked but  no t  s i g n i f i c a n t  when only De l i c ious  v a r i e t i e s  were 

analysed (R = -0.57, P<0.25, n  = 8 ) .  S i m i l a r l y ,  t h e r e  w a s  no r e l a t i o n s h i p  

between damage and t h e  peak count of - C.  ve rbasc i  when a l l  v a r i e t i e s  were 

pooled nor f o r  D e l i c i o u s  v a r i e t i e s  a lone .  The damage a t  h a r v e s t  ( Y )  w a s  

s i g n i f i c a n t l y  r e l a t e d  t o  t h e  damage i n  t h e  June drop sample (x)  of t h e  . 
Del i c ious  v a r i e t i e s ,  and the  l i n e a r  r e l a t i o n s h i p  was, wi th  s tandard  e r r o r s  : 

but  no such r e l a t i o n s h i p  was observed i n  McIntosh o r  Spar tan .  

The p o s i t i o n s  of 430 wounds examined i n  a  random sample of 1253 f r u i t  

were s i m i l a r  f o r  a l l  v a r i e t i e s ,  and the  propor t ions  on d i f f e r e n t  p a r t s  of t h e  

f r u i t  were: s tem 2%; upper t h i r d  of t h e  a p p l e  19%; middle t h i r d  38%; b a s a l  

t h i r d  24%; ca lyx  and f lower p a r t s  18%. 

8 
For both D e l i c i o u s  v a r i e t i e s ,  a  s t rong  l i n e a r  r e l a t i o n s h i p  was found 

between peak limb-tap counts  and t h e  damage a t  h a r v e s t  i n  commercial o rcha rds  

(Table 5.4).  No r e l a t i o n s h i p  was found i n  Spa r t an  o r  McIntosh apples ,  and 



Table 5.3. D i s t r i b u t i o n  of damage from C.  v e r b a s c i  by v a r i e t y  of 
app le ,  i n  commercial o r cha rds  p r i o r  t o  ' June drop '  

No. f r u i t  % Mean 
Apple v a r i e t y  examined damaged s t i n g s l f r u i t  

Golden De l i c ious  240 24.2 1 . 6  

Red De l i c ious  662 18.4 2.6 

McIntosh 

Others  
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r e s u l t s  from o t h e r  v a r i e t i e s  (Appendix B )  were too few f o r  a n a l y s i s .  

The p ropor t i on  of damage i n  unsprayed s i t e s  (14-21) was much h ighe r  (Red 

D e l i c i o u s ,  McIntosh, Spa r t an  samples) o r  lower ( 1  Red D e l i c i o u s  sample, 1983) 

than t h a t  found i n  commercial s i t e s  a t  comparable popula t ion  l e v e l s  (Appendix 

B ) .  However, t h e  numbers of f r u i t / t r e e  i n  t h e  unsprayed s i t e s  were extremely 

low, ranging between 20-100 a p p l e s / t r e e ;  a  very smal l  f r a c t i o n  of normal 

p r o d u c t i v i t y ,  owing t o  poor c a r e  and heavy i n f e s t a t i o n s  of o t h e r  a r thropods .  

Cons idera t ion  of t h e  method used to  f i t  l i n e a r  r e g r e s s i o n  l i n e s ,  us ing  

l e a s t  squares ,  i s  u s e f u l  a s  t he  d a t a  f o r  Golden D e l i c i o u s  a r e  evenly 

d i s t r i b u t e d  but  those f o r  Red Del ic ious  a r e  no t  and show some v a r i a t i o n  

(F ig .  5 .3) .  The h i g h e s t  counts  of - C. v e r b a s c i  i n  Red D e l i c i o u s  came from 

commercial o rchards  wi th  h igh  popula t ions  i n  more than  one year .  Po in t s  A 

and B came from an  orchard  ( s i t e  4 )  where ex t ens ive  hand th inn ing  and c u l l i n g  

du r ing  p ick ing  removed damaged f r u i t ;  t h e  l e v e l  of damage o the rwi se  may have 

been h ighe r  than observed, l ead ing  t o  unde re s t ima t ion  i n  t h e s e  r e s u l t s .  . 
Cons iderab le  v a r i a t i o n  a l s o  came from unsprayed b locks  ( s i t e s  14-21) but  when 

t h e s e  were included i n  t h e  a n a l y s i s ,  and/or  p o i n t s  A and B excluded,  t h e  

r e g r e s s i o n  l i n e s  were not  s i g n i f i c a n t l y  d i f f e r e n t ,  and only  t h e  95% 

conf idence  l i m i t s  were widened. 

The s l o p e  of t h e  r e g r e s s i o n  l i n e s  f o r  s e r i o u s  ("C" o r  lower grade)  

damage i s  approximately one t h i r d  t he  s l o p e  f o r  t o t a l  damage i n  bo th  

v a r i e t i e s  of De l i c ious  app le  (Table  5.4). The s lopes  f o r  Golden De l i c ious  

a r e  21 and 23 t imes  a s  s t e e p  a s  those f o r  Red D e l i c i o u s ,  comparing t o t a l  and 

s e r i o u s  damage r e s p e c t i v e l y .  This  d i f f e r e n c e  r e f l e c t s  t h e  well-known 

s e n s i t i v i t y  of Golden De l i c ious  apples  t o  any i n j u r y  and t h e  "disappearance" 

of  - C. v e r b a s c i  i n j u r y  on Red Del ic ious  apples  a s  they deepen i n  co lou r .  



. 
Fig. 5.3. Linear regressions of serious damage at harvest on the peak 

first generation counts of - C. verbasci for Golden and Red 

Delicious apple varieties in commercial orchards, with 

data from unsprayed sites for comparison. Points A and B 

came from an orchard in which damaged fruit was removed by 

hand thinning and culling at harvest. 
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Economic injury levels 

Est imates  of values f o r  the  peak count of C. v e r b a s c i ,  ob ta ined  from the  - 
observed damage using i n v e r s e  r e g r e s s i o n  (Draper and Smith 1981; Sokal and 

Rohlf 1981),  had wide confidence l i m i t s  a s  t he  r e g r e s s i o n  equat ions  (Table 

5.4) could only e x p l a i n  67-79% of t h e  t o t a l  v a r i a t i o n  i n  t h e  d a t a ,  f o r  t h e  

De l i c ious  v a r i e t i e s .  

The economic i n j u r y  l e v e l s  f o r  Red De l i c ious  a r e  25 t imes g r e a t e r  t han  

those  f o r  Golden D e l i c i o u s  (Table 5.5) .  A t  an accep tab le  damage l i m i t  of 1% 

(Madsen e t  a l .  1975; MacLellan 1979) they a r e  7.4 and 0.3 nymphsltap, 

r e s p e c t i v e l y ,  compared w i t h  c u r r e n t l y  recommended mean counts  of 2 nymphsltap 

f o r  both v a r i e t i e s  (Madsen and P r o c t e r  1982; Agric. Canada 1983).  Support 

f o r  an i n c r e a s e  i n  t he  th re sho ld  f o r  Red D e l i c i o u s  i s  g iven  by the  economic 

i n j u r y  l e v e l s  es t imated  when the  unsprayed s i t e s  were inc luded ,  o r  po in t s  A 

and B excluded, from the  c a l c u l a t i o n s .  These va r i ed  from 3.85-5.0; on ly  

exc lus ion  of t h e  3 p o i n t s  wi th  t h e  h ighes t  nymphal d e n s i t i e s  s i g n i f i c a n t l y  

a l t e r e d  the  r e s u l t .  

Another way of examining economic i n j u r y  l e v e l s  i s  t o  c a l c u l a t e ,  u s ing  

observed r e l a t i o n s h i p s  (Table  5 . 4 ) ,  t he  degree of damage p red ic t ed  f o r  each 

popula t ion  dens i ty .  The r e s u l t s  (Table 5.6) i n d i c a t e  t h a t  a t  c u r r e n t  

t rea tment  l e v e l s  Red De l i c ious  blocks a r e  t r e a t e d  too f r equen t ly  w i t h  

p e s t i c i d e s ,  and Golden De l i c ious  blocks w i l l  exper ience  damage wi th in  t h e  

range of 4.6-7.6%, 19  t imes  out  of 20. I f  my r e s u l t s  a r e  r e p r e s e n t a t i v e  of 

t h e  Okanagan Valley,  then replacement of t he  c u r r e n t ,  empi r i ca l ly  de r ived ,  

t rea tment  l e v e l s  by those  found i n  t h i s  s tudy would be u s e f u l  i n  a  p e s t  

management program. Seve ra l  economic i n j u r y  l e v e l s  and p red ic t ed  danage a r e  

g iven  i n  Table  5.6 t o  a s s i s t  t he  grower i n  t a i l o r i n g  t h e  program t o  h i s  own 



Table 5.5. Est imated economic i n j u r y  l e v e l s  of C. v e r b a s c i  
nymphs f o r  g iven  p ropor t ions  of s e r i o u s  damage 

Economic i n j u r y  l e v e l  (nymphsltap) 
% f r u i t  graded "C" 
o r  lower  a t  h a r v e s t  Red De l i c ious  Golden De l i c ious  



Table 5.6. Proportion of fruit graded "C" or lower at harvest, with 
95% confidence interval, predicted from regression equations of 
Table 5.4 at given population densities of C. verbasci on 2 apple 

varieties 

% fruit graded "C" or lower at harvest (4 95% c.i.)k 
1st gen. peak 
nymphs/ta# Red Delicious Golden Delicious 

0.09 (0 - 0.4) 0.8 (0 - 2.4) 
0.13 (0 - 0.45) 1.6 (0.2 - 3.0) 
0.19 (0 - 0.5) 3.1 (1.9 - 4.3) 
0.32 (0.1 - 0.6) 6.1 (4.6 - 7.6) 
0.57 (0.3 - 0.9) 12.2 (7.6 - 16.7) 
0.70 (0.4 - 1.0) 15.2 (10.5 - 19.9) 
1.08 (0.7 - 1.4) unacceptable 

a -40 limb-taps/ha at peak of emergence 
b -Confidence interval of the mean with a sample size of one. 



s i t u a t i o n .  

A s  a  gene ra l  recommendation, t h e  t h r e s h o l d  numbers of nymphs/tap f o r  

t r ea tmen t  of C. v e r b a s c i  should  be a l t e r e d  immediately t o  1 o r  less f o r  - 

Golden De l i c ious  and 4  o r  more f o r  Red De l i c ious .  I f  f u t u r e  exper ience  

i n d i c a t e s  con t inu ing  damage i n  Golden D e l i c i o u s ,  o r  l i t t l e  damage i n  Red 

De l i c ious ,  t h e  va lues  found i n  t h i s  s tudy  should t hen  be s u b s t i t u t e d .  

DISCUSSION 

The amount of damaged f r u i t  on a  t r e e  a t  h a r v e s t  i s  governed by 2 

f a c t o r s :  t h e  damage i n f l i c t e d  on the  f r u i t  and t h e  response  of t h e  t r e e  t o  

t h e  damage. Prokopy and Hubbel l  (1981) showed t h a t  damage from t h e  t a rn i shed  

p l a n t  bug, Lygus l i n e o l a r i s ,  was p o s s i b l e  from t h e  green  t i p  s t a g e  t o  6 weeks 

a f t e r  p e t a l  f a l l ,  but t h a t  a p p l e  w a s  most s e n s i t i v e  from pink t o  2 weeks 

a f t e r  p e t a l  f a l l .  The most s e n s i t i v e  per iod  f o r  app le s  co inc ides  with t h e  

peak emergence of nymphs of - C. v e r b a s c i  i n  t h e  Okanagan Val ley  (Chapter  

111).  . 
The degree of damage p r i o r  t o  June  drop was no t  simply r e l a t e d  t o  t he  

d e n s i t y  of t h e  popu la t i on  and may be a f f e c t e d  by t h e  a v a i l a b i l i t y  of food 

such a s  po l l en ,  n e c t a r ,  p l a n t  n i t r o g e n  o r  animal prey (White 1978; Mattson 

1980). Hoyt (1973) and Cout in  e t  a l .  (1984) sugges t  t h a t  feed ing  of C .  - 

v e r b a s c i ,  o r  o t h e r  p l a n t  bugs t h a t  a r e  both phytophagous and predaceous, 

occurs  on f r u i t  when t h e r e  is  a  s h o r t a g e  of prey; Lord (1971) observed t h a t  

damage from - C.  v e r b a s c i  i s  o f t e n  found the  year  fo l lowing  t h e  c o l l a p s e  of a 

mi te  popula t ion .  However, l i t t l e  is  known about  t h e  i n t e r a c t i o n  of t h e  

p r e y l p l a n t  n i t r o g e n  r e sou rces  i n  a f f e c t i n g  damage, d i s t r i b u t i o n ,  o r  s u r v i v a l  

of - C. v e r b a s c i  and my obse rva t ions  were inconc lus ive  on t h i s  q u e s t i o n  (See 

a l s o  Chapters  11-IV); damage w a s  observed w i t h  and wi thout  a l t e r n a t e  prey 



dur ing  bloom. On t h e  o t h e r  hand, damage was cons iderab ly  g r e a t e r  i n  s i t e s  

wi th  only few a p p l e s l t r e e  (unsprayed s i t e s )  than i n  any orchard  with a  normal 

l e v e l  of p r o d u c t i v i t y ,  a t  comparable popula t ion  l e v e l s .  

The d i f f e r i n g  degrees  of damage found on s e v e r a l  app le  v a r i e t i e s  a t  

h a r v e s t  were not  only due t o  d i f f e r e n c e s  i n  popula t ion  l e v e l s .  On numerous 

occas ions  I found s i m i l a r  f i r s t  gene ra t i on  counts  i n  trees of 2  o r  more 

v a r i e t i e s  a t  t he  same s i t e  (Chapter 111) .  P i c k e t t  (1938a,b) a l s o  remarked 

upon t h e  uniform d i s t r i b u t i o n  of C.  v e rbasc i ,  t h e  presence of numerous nymphs - 

on v a r i e t i e s  t h a t  were not marked a t  ha rves t ,  and t h e  cons ide rab l e  v a r i a t i o n  

i n  damage t o  'non-suscept ib le '  app le s .  These r e s u l t s  sugges t  t h a t  d i f f e r e n t  

v a r i e t i e s  i n  an orchard  r e c e i v e  approximately t he  same damage e a r l y  i n  t h e  

season  and t h a t  s u s c e p t i b i l i t y  i s  c o n t r o l l e d  by t h e  r e a c t i o n  of app le  

v a r i e t i e s  t o  t he  i n  ju ry .  

Almost a l l  t h e  damage a t  h a r v e s t  was found i n  t h e  b a s a l  t h i r d  of t h e  

f r u i t ,  whereas 60% of  t h e  damage occurred elsewhere,  accord ing  t o  t h e  r e s u l t s  . 
of t h e  June drop sample. This  d i f f e r e n c e  sugges t s  t h a t  f r u i t  with damage 

near  t h e  stem may be shed e f f i c i e n t l y ,  o r  t h a t  dur ing  growth of t h e  apple  t he  

e a r l y  malformations ' d i s a p p e a r '  a s  they become p r o p o r t i o n a t e l y  i n s i g n i f i c a n t ;  

Boiv in  and S t ewar t  (1982b) observed feed ing  punctures  on 9 McIntosh app le s  

e a r l y  i n  t h e  season  but found no apparen t  damage a t  h a r v e s t .  

Only i n  D e l i c i o u s  v a r i e t i e s  was t h e  damage i n  t h e  June  drop sample 

d i r e c t l y  r e l a t e d  t o  t h a t  a t  h a r v e s t ,  and they a r e  t h e  ones most commonly 

showing damage a t  h a r v e s t .  The ' s u s c e p t i b i l i t y '  of t h e s e  s t r a i n s  may be 

r e l a t e d  t o  t h e  way they shed i n j u r e d  f r u i t ,  o r  r a t h e r  t h e i r  i n a b i l i t y  t o  

s e l e c t i v e l y  drop them, du r ing  t h e  normal shedding of f lowers  and f r u i t  

between bloom and h a r v e s t .  Where t h e r e  i s  a  heavy s e t  of f r u i t  on a  t r e e  t h e  



weak and i n j u r e d  drop f i r s t ,  bu t  when a l i g h t  f r u i t  s e t  and f avorab le  growing 

cond i t i ons  occur many i n j u r e d  f r u i t s  develop t h a t  would o therwise  have 

dropped (Knight 1922).  The v a r i a b i l i t y  p re sen t  among c u l t i v a r s  i n  t h i s  

system, t oge the r  with d i f f e r e n t  t h inn ing  and management p r a c t i c e s ,  may a l s o  

c o n t r i b u t e  to  the  he t e rogene i ty  of t he  r e s u l t s .  

The r e l a t i o n s h i p  observed between t h e  peak count of - C.  ve rbasc i  and t h e  

amount of damage t o  De l i c ious  app le s  r e v e a l s  t h e  importance of t he  s i z e  of 

t h e  overwinter ing  populat ion.  Red and Golden De l i c ious  app le s  c o n s t i t u t e  33% 

of Canadian and 55% of B.C. apple  product ion (Bodnar 1 9 8 4 ) ,  and i f  methods 

were developed t o  f o r e c a s t  o r  reduce t h e  overwinter ing  popula t ion  d e n s i t y ,  i t  

would not be necessary  t o  monitor o r  t r e a t  a l a r g e  number of app le  orchards 

f o r  C. ve rbasc i .  - 



V I  S p a t i a l  d i spers ion ,  optimal sample s i z e ,  and sequent ia l  

sampling plans for Campylomma verbasc i  o n  apple  

INTRODUCTION 

During a  s h o r t  per iod  i n  t h e  s p r i n g ,  s e v e r a l  d e c i s i o n s  a r e  made t h a t  a r e  

c r u c i a l  f o r  season-long p e s t  management p r o g r a m  i n  Okanagan Val ley  a p p l e  

orchards .  Rapid e s t i m a t i o n  of popu la t i on  parameters  of 5  i n s e c t  p e s t s ,  

i nc lud ing  Campylomma v e r b a s c i ,  i s  r e q u i r e d  so  t h a t  a p p r o p r i a t e  p e s t i c i d e s  can 

be app l i ed  s h o r t l y  a f t e r  t h e  p e t a l  f a l l  s tage1 of f lower  development. 

Ser ious  problems have been experienced i n  t h e  sampling of - C .  ve rbasc i  i n  

B r i t i s h  Columbia (Madsen e t  a l .  1975; Vakent i  and p e t e r s 2 ) ,  On ta r io  (H ik i ch i  

e t  a l .  1979) and Nova S c o t i a  (MacPhee 1976),  and a  common c r i t i c i s m  i s  t h a t  

t oo  many samples a r e  r equ i r ed  from numerous orchards  dur ing  a  s h o r t  per iod  of 

t ime . 
A t  p r e sen t ,  i t  i s  recommended t h a t  - C. v e r b a s c i  be sampled by 20 

limb-taps i n  each 0.5 ha of s e n s i t i v e  app le  v a r i e t i e s  (Madsen and P r o c t e r  b 

1982; A g r i c u l t u r e  Canada 1983) ,  an expedien t  number based upon p a s t  

exper ience .  Optimal sample s i z e s  can e a s i l y  be determined f o r  s imple random 

sampling (e.g.  Karandinos 1976; Southwood 1978)  t o  e s t i m a t e  t h e  popula t ion  

r e l i a b l y  a t  a g iven  mean d e n s i t y ,  such as t h e  economic t h r e sho ld .  Without 

de t e rmina t ion  of an  op t imal  sample s i z e ,  t h e  sample of 20 t a p s  f o r  - C. 

ve rbasc i  may be t oo  sma l l  t o  a s s e s s  adequate ly  t h e  aggregated popu la t i ons  i n  

a  t y p i c a l  high-densi ty  a p p l e  orchard ,  o r  may be u n n e c e s s a r i l y  l a rge .  

However, monitor ing wi th  a  f i x e d  sample s i z e ,  t o  estimate popula t ion  d e n s i t y  

w i t h  a g iven  l e v e l  of r e l i a b i l i t y ,  i s  c o s t l y  because sample s i z e  and 

r e l i a b i l i t y  a r e  on ly  c r i t i c a l  f o r  d e n s i t i e s  near  t h e  economic t h r e s h o l d .  

Exact  e s t i m a t i o n  of a  very small o r  l a r g e  popu la t i on  i s  not  r equ i r ed  f o r  p e s t  



management purposes.  

S e q u e n t i a l  sampling p l ans  can r e s u l t  i n  s av ings  of up t o  75% compared 

wi th  f i x e d  sample s i z e  procedures  having comparable e r r o r  r a t e s  (Waters 1955; 

Harcourt  1966; P i e t e r s  1978).  I n  t h i s  type  of sampling program t h e  number of 

samples r equ i r ed  t o  c l a s s i f y  an i n s e c t  popu la t i on  l e v e l  i s  determined as 

sampling p rog re s se s .  Two types  of s e q u e n t i a l  sampling have been developed: 

t h e  s e q u e n t i a l  d e c i s i o n  p l an  and s e q u e n t i a l  count p l an  (A l l en  e t  a l .  1972). 

Both p l ans  r e q u i r e  knowledge of t h e  s p a t i a l  d i s p e r s i o n  ( E l l i o t t  1977) of 

t h e  s p e c i e s  i n  i t s  h a b i t a t  and an a c c e p t a b l e  p r o b a b i l i t y  of e r r o r  i n  t h e  

popula t ion  e s t ima te .  I n  a d d i t i o n ,  t he  s e q u e n t i a l  d e c i s i o n  p l an  r e q u i r e s  a n  

economic t h r e sho ld  o r  t r ea tmen t  l e v e l .  The p lans  d i f f e r  i n  t h a t  t h e  

s e q u e n t i a l  count p l an  provides  an  e s t i m a t e  of t h e  popu la t i on  mean with a  

f i x e d  degree of p r e c i s i o n ,  whereas t h e  s e q u e n t i a l  d e c i s i o n  p lan  i n c o r p o r a t e s  

t h e  economic t h r e sho ld  t o  c l a s s i f y  popu la t i on  d e n s i t y  i n t o  3 c a t e g o r i e s ,  

i . e .  ' c o n t r o l  r e q u i r e d ' ,  ' con t inue  sampling ' ,  o r  'no c o n t r o l  necessary ' .  

Convent ional  s e q u e n t i a l  sampling (Wald 1948) r e q u i r e s  t h e  f i t t i n g  of a  

mathematical  d i s t r i b u t i o n  such a s  Po i s son  o r  nega t ive  binomial  (Anscombe 

1949, 1950; Bliss 1953, Bliss and Owen 1958; Onsager 1976).  However, Kuno 

(1969),  Green (1970) ,  and Iwao (1975) proposed d i s t r i b u t i o n - f r e e ,  s e q u e n t i a l  

sampling p l ans  based upon f u n c t i o n s  of t h e  sample means and va r i ances  of a  

popu la t i on ,  such a s  Iwao's (1968) r e g r e s s i o n  of Lloyd ' s  (1967) mean crowding 

index  on t h e  mean, o r  on T a y l o r ' s  power law (Taylor  1961, 1965, 1971, 1984).  

The purpose of t h i s  s tudy  was t o  examine t h e  s p a t i a l  d i s p e r s i o n  of - C. 

v e r b a s c i  on app le ,  t o  provide  op t imal  sample s i z e s  f o r  f i r s t  g e n e r a t i o n  

nymphs, and t o  develop s e q u e n t i a l  sampling p lans  f o r  use by r e s e a r c h e r s ,  p e s t  

managers o r  growers. 



MATERIALS AND METBODS 

During 1982-1984, d a t a  were c o l l e c t e d  from 21 b locks  of apple  i n  17 

orchards  of t h e  sou the rn  Okanagan Valley descr ibed  by l o c a t i o n ,  h o r t i c u l t u r a l  

and management c h a r a c t e r i s t i c s ,  and per iod  of s tudy  i n  Fig.  3.1 and Table 

3.1. Extensive sampling of many s i t e s  r a t h e r  than  i n t e n s i v e  sampling a t  one 

s i t e ,  and i n  a s  wide a  range of cond i t i ons  a s  p o s s i b l e ,  i s  recommended f o r  

development of s p a t i a l  d i s p e r s i o n  models and s e q u e n t i a l  sampling p l ans  (A l l en  

e t  a l .  1972).  

The limb-tap method (Chapters  111, I V )  was used t o  sample t h e  popula t ion  

of C. ve rbasc i  i n  each block a t  approximately 7-10 day i n t e r v a l s ,  a t  - 
i n t e n s i t i e s  of 20-50 samples i n  0.5 ha. I n  1983 and 1984 a l l  samples were 

recorded by i n d i v i d u a l  limb-tap; i n  1982, on ly  samples i n  blocks of low - C. 

ve rbasc i  d e n s i t y  were recorded by i n d i v i d u a l  t a p  a s  t h e  amount of t i m e  

requi red  t o  record t h e  r e s u l t s  of high popula t ion  counts  excee'ded the  t i m e  

a v a i l a b l e .  

Spatial dispersion 

The e s s e n t i a l  c o n d i t i o n  f o r  a  s e q u e n t i a l  sampling p lan  is t h a t  t he  

s p a t i a l  d i s p e r s i o n  of t h e  s u b j e c t  remains c o n s t a n t  over a  range of popula t ion  

d e n s i t i e s .  This  u s u a l l y  e n t a i l s  t h e  f i t t i n g  of 2  o r  more mathematical 

r e l a t i o n s h i p s  u n t i l  one i s  found t h a t  a p p r o p r i a t e l y  d e s c r i b e s  t h e  d a t a .  

Means (m) and va r i ances  (92)  were c a l c u l a t e d  f o r  each sample and 

inspec ted  f o r  f i t  t o  t h e  Poisson d i s t r i b u t i o n ,  where t h e  va r i ance  i s  equal  t o  

t he  mean. Three measures of s p a t i a l  p a t t e r n  were then  c a l c u l a t e d :  1 )  A 

common K f o r  t h e  nega t ive  binomial  d i s t r i b u t i o n  (Kc) was es t imated  by 2  

methods, one approximate ( B l i s s  and Owen 1958) and one more accu ra t e  using K 

va lues  der ived  by maximum l i k e l i h o o d  and a  1 2  goodness-of-fit  t e s t ,  from a  



computer program provided by Davies (1971); 2) Lloyd's (1967) index of mean 

k 
crowding, 4 was calculated [ m e  m + (s2/m)-11 and used in Iwao's (1968) 

* * 
regression of m on m [m = oC +F m] whered is the index of basic contagion 
and / the density contagiousness coefficient (Iwao and Kuno 1971); 3) 

Taylor's power law coefficients, a and b, were calculated [log s2 = log a + b 

log m] by linear regression. The intercept, a, is a scaling factor related 

to sampling whereas the slope, b, is a species-specific aggregation constant 

(Taylor 1961, 1971, 1984). 

The data set was also stratified by sample size, year, 2. verbasci 

generation, stage (young nymphs, older nymphs + adults, adults), apple 

variety (mixed vs. 'Delicious ' ), pesticide regime (intensive vs. organic and 

unsprayed), and orchard. The resulting equations were compared by the 

methods of Draper and Smith (1981) or Steel and Torrie (1980), i.e. Student's 

t-test and analysis of covariance, computed using ANOVAR (Grieg and Osterlin 

1978) and MIDAS (Fox 1976) statistical packages. The regression coefficients 

were examined for significant differences from 0 using t-tests. 

Linear regression was used to determine the parameters OC , 6 , a, and 
b although this method requires that the independent variable is not subject 

to error. When both variables are subject to error, straight lines are 

estimated correctly by using alternative methods (e.g. Bartlett 1949; Ricker 

1973), but Bliss (1971) showed that the difference between a line calculated 

by standard least squares regression and one estimated by a complicated 

alternate method (Bartlett 1949) is negligible, particularly where the 

coefficient of determination, r2, of the line is high. 

Optimal sample size 

The optimum sample size required for population estimation depends on 



t h e  mean number c o l l e c t e d / t a p  and can be e s t ima ted  us ing  equa t ions  provided 

by Ruesink and Kogan (1975),  Karandinos (1976) ,  o r  Ruesink (1980). The 

equa t ion  used was taken  from Ruesink; t h e  sample s i z e ,  n, i s  r e l a t e d  t o  t he  

mean, m, f o r  g iven  l e v e l s  of p r o b a b i l i t y ,  P,  a s  a % of t h e  mean, c ,  by: 

n = t 2  amb-2 (100/c)2 [ I 1  

where t h e  degrees  of freedom f o r  t a r e  ( n  - 1) and a and b a r e  t h e  . - 

c o e f f i c i e n t s  from T a y l o r ' s  power l a w .  Southwood (1978) suggested t h a t  a 

va lue  f o r  c of 25% i s  s u f f i c i e n t  f o r  pe s t  management, and of 10% f o r  r e s e a r c h  

purposes.  

Sequential count plan 

The po in t  a t  which sampling can be te rmina ted  (Tn) f o r  a cons t an t  

p r e c i s i o n ,  D ,  of t h e  mean [D = (s2/n)'2/m], was determined us ing  t h e  equa t ion  

de r ived  by Green (1970): 

l o g  Tn = [ l o g  ( ~ 2 / a ) / ( b - 2 ) ]  + [ (b- l ) / (b-2) ]  log  n - [21 

where Tn is  the  s t o p  l i n e  f o r  sample s i z e  n, a and b a r e  from T a y l o r ' s  power 

law, and D is  de f ined  a s  above. For comparat ive purposes  t h e  s t o p  l i n e  i s  

p l o t t e d  on an a r i t h m e t i c  s c a l e ;  on a l og / log  p l o t  i t  i s  a s t r a i g h t  l i n e .  

Sequential decision plan 

Iwao (1975) developed a s e q u e n t i a l  d e c i s i o n  p lan  based on the  parameters  

04 and @ of h i s  r e g r e s s i o n  method and t h e  c r i t i c a l  mean d e n s i t y ,  %, o r  

t rea tment  l e v e l .  The methods of Iwao and Tay lo r  a r e  r e l a t e d  (Xu 1985) by 

$ = m + amb-1 -1 and s u b s t i t u t i o n  of t h e  va r i ance  expressed by Tay lo r ' s  power 

law i n t o  Twao's (1975) model p rovides  t he  l i n e s  f o r  s e q u e n t i a l  sampling 

(Ekbom 1985) : 

To = nmo + t- [n(amob)]-2 [31 

where To = upper (+) and lower (-) l i m i t s  of t h e  conf idence  i n t e r v a l  f o r  t h e  



cumulat ive number of nymphs c o l l e c t e d ,  n = number of samples,  mo t h e  c r i t i c a l  

mean d e n s i t y  o r  economic i n j u r y  l e v e l ,  and td i s  t h e  va lue  of S tuden t ' s  t- 

d i s t r i b u t i o n  wi th  a  p r o b a b i l i t y  of OC f o r  a  2-sided t e s t  and an i n f i n i t e  

number of degrees  of freedom. This  equat ion  d i f f e r s  from convent iona l  

s e q u e n t i a l  sampling ( s e e  Wald 1948) a s  i t  r e q u i r e s  only 1 t h r e s h o l d ,  and the  

2 e r r o r  r a t e s  have t h e  same va lue ,  a, f o r  reasons given by Wilson e t  a l .  

( l983a) .  Recent ly ,  Nyrop and Simmons (1984) showed t h a t  a c t u a l  e r r o r  r a t e s  

and f r equenc ie s  of wrong d e c i s i o n s  a r e  h ighe r  than  the  nominal e r r o r  r a t e s ,  

f o r  t h i s  type of p lan ,  bu t  a r e  not unacceptable .  

A weak po in t  of s e q u e n t i a l  sampling i s  t h a t  when m i s  c l o s e  t o  mo t h e  

cumulat ive count may l i e  between the  upper and lower l i m i t s  f o r  many samples. 

However, Iwao (1975) showed t h a t  t h e  maximum number of samples t h a t  must be 

taken ,  n  max, i . e .  t h e  po in t  a t  which the  popula t ion  l e v e l  equals  t he  

c r i t i c a l  mean d e n s i t y  w i t h i n  a predetermined confidence band, is c a l c u l a t e d  

by : 

n max = ( t 2 / c 2 ) ( a  mob) 141 

where c  is  t h e  confidence i n t e r v a l  of t he  c r i t i c a l  mean d e n s i t y ,  and the  

o t h e r  v a r i a b l e s  a r e  de f ined  a s  above. 

RESULTS AND DISCUSSION 

Standardizing the dataset 

Pre l imina ry  a n a l y s i s  of d a t a  from 275 samples (7,175 recorded  t a p s )  

i n d i c a t e d  s l i g h t  d i f f e r e n c e s  i n  t h e  i n t e r c e p t s  of t h e  r e g r e s s i o n  equat ions  

c a l c u l a t e d  from samples of d i f f e r e n t  s i z e s  (20-24, 25-29, 30-39, 40-50 limb- 

t a p s ) ,  u s ing  both Iwao's r e g r e s s i o n  (IR) and Tay lo r ' s  power law (TPL) 

methods. Taylor  (1961, 1971) sugges t s  t h a t  t he  va lue  of a, t he  i n t e r c e p t ,  is  

a  s c a l i n g  f a c t o r  r e l a t e d  t o  sampling so t h e  d a t a  were s t anda rd ized  by us ing  



only the  f i r s t  20 t a p s  i n  each sample to  c a l c u l a t e  means and var iances .  The 

t a p s  were always c o l l e c t e d  randomly so t r u n c a t i o n  does not  i n t roduce  a  

sys temat ic  e r r o r .  

Spatial dispersion 

The var iances  were p l o t t e d  aga ins t  t he  means of 275 samples and t h e  

r e l a t i o n s h i p  was s i g n i f i c a n t l y  >1, i n d i c a t i n g  t h a t  t h e  d a t a  do not  fo l low a 

Poisson d i s t r i b u t i o n .  The use of a  common K of t h e  nega t ive  binomial  is a l s o  

. not  j u s t i f i e d  f o r  - C .  ve rbasc i  according t o  2  t e s t s  sugges ted  by Bliss and 

Owen(1958); r e g r e s s i o n  of y' [y '  = s2 - m] on x' [x '  = m2 - s 2 / n ]  does no t  

pass  through the  o r i g i n ,  and an i nve r se ly  exponen t i a l  r e l a t i o n s h i p  e x i s t e d  

between the  p l o t s  of y ' / x l  a g a i n s t  the  mean, m. Numerous o t h e r  au tho r s  

(e.g. Finch e t  a l .  1975; Taylor  e t  a l .  1979) have shown t h a t  K can be 

density-dependent,  and a s  t h e  dens i ty  of - C. v e r b a s c i  v a r i e s  cons ide rab ly  

(Appendix B ) ,  t h e  c a l c u l a t i o n  of a  s t r a t i f i e d  K f o r  d i f f e r e n t  d e n s i t y  ranges 

(Waters 1959) i s  not  a p p l i c a b l e  f o r  f i e l d  use.  Boivin and S t ewar t  (1983d) 

a l s o  r e p o r t  K va lues  vary ing  between 0.49-1.79 f o r  nymphs of - C. v e r b a s c i ,  

a l though based on only 19  samples. 

Analysis  was then  conf ined  t o  use of I R  and TPL methods, i n  o rde r  t o  

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

Pool ing t h e  d a t a  r evea l ed  s i g n i f i c a n t  d i f f e r e n c e s  (P-0.1 l e v e l )  on ly  among 

r e g r e s s i o n  c o e f f i c i e n t s  of equa t ions  c a l c u l a t e d  us ing  samples from d i f f e r e n t  

yea r s  ( I R  P=0.08, TPL P=0.01) and between t h e  2 g e n e r a t i o n s  of - C. v e r b a s c i  

found annual ly  ( IR P=0.03, TPL Px0.05) (Table 6.1).  

The 1982 da t a  a r e  incomplete a s  samples were recorded by i n d i v i d u a l  

limb-tap only i n  s i t e s  wi th  low-density popu la t i ons ,  and the  incomplete  

record ing  of t h e  range of d e n s i t i e s  a c t u a l l y  observed,  compared wi th  o t h e r  



Table 6.1. Results of linear regression usingTaylor'spower law and Iwao's 
regression methods for 1982-1984 data pooled in different categories 

Sample Iwao's regression Taylor's power law 

Category n ~eang a 6 r a b r 2 

1982 
1983 
1984 
Generation 1 
Generation 2 
Young nymphs 
Older nymphs & 
adults 

Adults 
Mixed varieties 
Delicious varieties 
Sprayed orchard& 
~nsprayed/organic" 
1982 Gen. 1 

Gen. 2 
1983 Gen. 1 

Gen. 2 
1984 Gen. 1 

%rand mean of all samples of 20 limb-taps. 
b -Pesticide regimes 2, 3 from Table 3.1 
s~esticide regime 1 from Table 3.1 



y e a r s ,  r e s u l t e d  i n  t he  above d i f f e r e n c e s .  When the  1982 d a t a  were excluded 

from t h e  a n a l y s i s ,  no s i g n i f i c a n t  d i f f e r e n c e s  were found between equat ions  

c a l c u l a t e d  from 142 samples i n  1983 and 24 i n  1984 (Table 6 .2) .  

Equations were then  c a l c u l a t e d  from the  s e t  of 166 p o i n t s  gathered i n  

1983-1984 and pooled by gene ra t ion  of - C. v e r b a s c i ,  developmental s t a g e s ,  

p e s t i c i d e  regimes, f r u i t  v a r i e t i e s ,  and among 7 orchards  w i th  > 10 d a t a  

p o i n t s ,  f o r  each method (Table 6.2).  No s i g n i f i c a n t  d i f f e r e n c e s  (P<0.1) were 

found between the  equa t ions  c a l c u l a t e d  from t h e  pooled da t a  s e t s  by e i t h e r  

method. 

The observed va lues  of d and P (Table  9.2) i n d i c a t e  t h a t  t h e  b a s i c  

component of t h e  popu la t ion  i s  a s i n g l e  i n d i v i d u a l  f o r  a d u l t  - C. v e r b a s c i  

(d 4 0 )  but  i s  a  group f o r  nymphs (OC >O), and t h a t  both s i n g l e  a d u l t s  and 

groups of nymphs a r e  d i s t r i b u t e d  contagious ly  ( P  >1) w i t h i n  the  t r e e s  (Iwao 

1968, 1977). The dens i ty-contagiousness  c o e f f i c i e n t  ( ,& ) was -  s l i g h t l y  

g r e a t e r  f o r  o l d e r  nymphs and a d u l t s  than  f o r  young nymphs o r  a d u l t s  a lone .  

However, cons ide r ing  only  t h e  f i r s t  gene ra t ion  r e s u l t s ,  both b and P va lues  

i n d i c a t e  t h a t  t he  g e n e r a l  l e v e l  of contag ion  is  g r e a t e r  i n  i n t e n s i v e l y  

managed orchards  than  o rgan ic  o r  unsprayed ones,  and f o r  'De l i c ious '  o r cha rds  

than  those  of mixed c u l t i v a r s  (Table  6.2) .  The observed va lues  of b a r e  

s i m i l a r  t o  t hose  found i n  many moderately aggregated i n s e c t s  (Taylor  1961, 

1970, 1971) and a l s o  r e v e a l  agg rega t ion  t o  be g r e a t e r  i n  t he  f i r s t  gene ra t ion  

than  t h e  second, and i n  young nymphs than  o l d e r  nymphs o r  a d u l t s ,  as expected 

on b i o l o g i c a l  grounds (Chapters  111, I V ;  Guppy and Harcour t  1970; Wilson and 

Room 1983; Xu 1985). 

Choice of Tay lo r ' s  c o e f f i c i e n t s ,  a  and b, a s  a  measure of s p a t i a l  

d i s p e r s i o n  and b a s i s  of sampling p lans  was made us ing  3 c r i t e r i a .  The f i t  o f  



Table 6.2. Results of linear regression using Taylor's power law and Iwao's 
regression methods, for 1983-84 data pooled in different categories2 

Sample Iwao's regression Taylor's power law 

Category n Mean a 6 r a b r2 2 

1983 & 1984 166 1.0 
Generation 1 9 3 1.2 
Generation 2 73 . 7  
Young nymphs 5 3 1.6 
Older nymphs and 84 .9 

adults 
Adults 29 .4 
Mixed varieties 72 1.2 
Delicious varieties 90 .9 
Sprayed orchards 70 .7 
~npsrayed/organic 96 1.1 

1983-1984 Generation 1 only 

Sprayed orchards 47 1.0 
Unsprayedlorganic 4 6 1.4 
Mixed varieties 4 6 1.0 
Delicious varieties 46 1.5 
Young nymphs 34 2.0 
Older nymphs and 4 9 .8 

adults 
Adults 10 . 7  

~~ootnotes, as in Table 9.1 



t h e  r e g r e s s i o n  l i n e s ,  measured by r2 va lue ,  was very good f o r  both methods 

(Tables  6.1, 6.2) bu t  i n  27 of 4 1  equat ions  was b e t t e r  f o r  TPL, whereas 2 

va lues  were equal  and 1 2  equa t ions  were f i t t e d  b e s t  using the  I R  method. The 

s tandard  e r r o r s  of t h e  r e g r e s s i o n  c o e f f i c i e n t s  were lower f o r  t h e  TPL method 

i n  a l l  except  2  equa t ions .  Graphic a n a l y s i s  (Anscombe 1953) revealed a  

b e t t e r  f i t  and more even d i s t r i b u t i o n  of d a t a  along t h e  r e g r e s s i o n  l i n e  f o r  

t h e  TPL method than  t h e  I R  method, a s  shown i n  Figs.  6.1 and 6.2. Moreover, 

t h e  I R  method i s  based upon l i n e a r  r e g r e s s i o n  of mean crowding on t h e  mean, 

but  Taylor  (1984) and Xu (1985) have shown c u r v i l i n e a r  r e l a t i o n s h i p s  t o  e x i s t  

i n  s e v e r a l  ca ses  from t h e  l i t e r a t u r e  and use  of t h e  method has l e d  t o  f a l s e  

conclus ions  o r  i s  o f t e n  not  v a l i d  (Taylor  e t  a l .  1978, Taylor  1984).  

Values of a  = 1.6864 and b = 1.2842 were used i n  t h e  fol lowing sample 

p lans .  They were c a l c u l a t e d  from TPL r e g r e s s i o n s  of 93 samples c o l l e c t e d  

dur ing  t h e  f i r s t  - C. v e r b a s c i  gene ra t ions ,  when damage occu r s , -  of 1983 and 

1984 and a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  from o t h e r  va lues  i n  Table 6.2. 

O p t i m a l  sample sizes 

The optimum sample s i z e s  f o r  - C. v e r b a s c i  a t  2  d i f f e r e n t  l e v e l s  of 

r e l i a b i l i t y ,  and f o r  2  l e v e l s  of p r e c i s i o n  r e l a t i v e  t o  t h e  mean, a r e  shown i n  

Table 6.3. Sample s i z e s  a r e  g iven  f o r  a  range of mean d e n s i t i e s  encompassing 

t h e  c u r r e n t  economic th re sho ld  and those  es t imated  i n  Chapter V f o r  Golden 

and Red De l i c ious  app le  v a r i e t i e s .  

All bu t  2 of t h e  sample s i z e s  a r e  l a r g e r  than  t h e  c u r r e n t l y  recommended 

20 samples i n  0.5 ha. A t  a  mean popula t ion  l e v e l  of 2 / t a p  one could be 80% 

s u r e  t h e  es t imated  popula t ion  l e v e l  i s  w i t h i n  25% of t h e  t r u e  va lue  us ing  a 

sample s i z e  of 29 t a p s .  A t  b e s t  t h e  c u r r e n t  sample i s  69% of t he  requi red  

s i z e  a t  t h i s  mean d e n s i t y ,  and 42% t h a t  r equ i r ed  f o r  Golden Del ic ious  app le s  



Fig. 6.1. Regression of the variance on the mean of 166 samples of 20 limb- 

taps, for - C. verbasci using Taylor's (1961) method 

4k 
Fig. 6.2. Regression of the mean crowding (m) on the mean of 166 samples of 

20 limb-taps, for - C. verbasci using Iwao's (1968) method 



Mean (log scale) 

Mean 



Table 6.3. Number of samples r e q u i r e d ,  f o r  g iven  va lues  of pro- 
b a b i l i t y ,  P ,  and p r e c i s i o n ,  c ,  f o r  limb-tap sampling 

of - C. v e r b a s c i  nymphs i n  0 .5  ha  

No. samples a t  each popu la t ion  d e n s i t y  
(mean/ t ap )  

P r o b a b i l i t y  P r e c i s i o n  
P% c% 0.3  0.5 1 2 4  7 . 4  



a t  an economic t h r e sho ld  of l .O / t ap .  The use of sma l l e r  sample s i z e s  than 

r equ i r ed  may e x p l a i n  some of t h e  problems exper ienced  wi th  - C. ve rbasc i  i n  t h e  

p a s t  (Madsen e t  a l .  1975; Vakent i  and ~ e t e r s 2 ) ,  a s  a  r e s u l t  of poor e s t i m a t e s  

of popula t ion  d e n s i t y .  

Sequential count plan 

The c r i t i c a l  s t o p  l i n e  f o r  t h i s  p lan  (F ig .  6.3) was c a l c u l a t e d  us ing  a 

p r e c i s i o n  l e v e l  of 25% of t h e  mean a s  extremely l a r g e  samples a r e  r equ i r ed  t o  

ach ieve  10% p r e c i s i o n  (Table  6 . 3 ) ,  and a r e  no t  f e a s i b l e  i n  t h e  f i e l d .  

Computer s imu la t i on  showed t h a t  v a r i a t i o n s  of +.2 i n  a  and +.05 i n  b, - - 

s u f f i c i e n t  t o  i nc lude  most observed va lues  (Table  9 .2) ,  had l i t t l e  e f f e c t  on 

t h e  r e s u l t s .  

A person sampling - C. v e r b a s c i  would use Fig.  6.3 by p l o t t i n g  Tn 

(accumulated nymphs) and n  (number of t a p s )  a f t e r  each t a p  was taken. When 

t h e  p l o t  f a l l s  above t h e  l i n e ,  sampling i s  s topped and the  mean dens i ty  (m) 

i s  w i t h i n  25% of m = Tn/n. 

Sequential decision plan 

A s e q u e n t i a l  d e c i s i o n  p lan  i s  e a s i e r  f o r  p e s t  managers o r  growers t o  use 

than a  s e q u e n t i a l  count  p lan ,  a s  t h e  popula t ion  d e n s i t y  is  c l a s s i f i e d  i n t o  1 

of 3  c a t e g o r i e s  fo l lowing  each limb-tap. However, i t  r e q u i r e s  t h e  use of an 

economic t h r e s h o l d ,  which v a r i e s  w i th  app le  c u l t i v a r ,  t h e  market t h e  f r u i t  

a r e  d e s t i n e d  f o r ,  and t h e  p a s t  exper ience  of t h e  decision-maker (Chapter V ) .  

Moreover, a  choice  of e r r o r  r a t e s  must be made (reviewed by Al len  e t  a l .  

1972; Wilson e t  a l .  1983a; Nyrop and Simmons 1984).  E r r o r  r a t e s  ( p r o b a b i l i t y  

l e v e l s )  of 10-20% a r e  common i n  s e q u e n t i a l  sampling programs (Waters 1955; 

A l l en  e t  a l .  1972; Sevacher ian  and S t e r n  1972; S t e r l i n g  1976; Wilson e t  a l .  

1983b; Ekbom 1985) and a r e  a c c e p t a b l e  t o  f ie ldmen and pes t  managers i n  t h e  



Fig. 6.3. Sequential count plan for 
C. verbasci at a constant precision - 

level of 0.25 of the mean 
inn . 

10 20 30 40 
No. of limb-tap samples 



Okanagan Va l l ey ,  a s  a  compromise between accuracy and u t i l i t y .  

The s e q u e n t i a l  d e c i s i o n  p lan  shown i n  F i g .  6.4 i s  c a l c u l a t e d  us ing  an  

economic t h r e sho ld  of 2 / t a p ,  a s  c u r r e n t l y  recommended (Madsen and Car ty  1977; 

A g r i c u l t u r e  Canada 1983).  Two l e v e l s  of p r o b a b i l i t y  a r e  shown, f o r  10% and 

20% e r r o r  r a t e s .  From my exper ience  wi th  >400 samples (some 8,000 l imb-taps)  

i n  3 y e a r s ,  a t  l e a s t  5  t a p s  should be taken randomly throughout each  0.5 ha 

of a  block of app le s  of s i m i l a r  v a r i e t a l  composi t ion,  age o r  s i z e .  A 

cumulat ive t o t a l  count of nymphs o u t s i d e  t h e  c r i t i c a l  ranges of F ig .  6.4 

i n d i c a t e s ,  wi th  80  o r  90% p r o b a b i l i t y ,  a  d e n s i t y  s i g n i f i c a n t l y  d i f f e r e n t  from 

t h e  economic t h r e sho ld .  

D e n s i t i e s  w i t h i n  t h e  upper r eg ion  i n d i c a t e  a  popu la t i on  l e v e l  r e q u i r i n g  

t r ea tmen t ,  , and those  f a l l i n g  w i t h i n  t h e  lower r eg ion  i n d i c a t e  t h a t  t h e  

popu la t i on  w i l l  no t  cause s e r i o u s  damage. Sampling con t inues  when the  

d e n s i t y  remains w i t h i n  t h e  c e n t r a l  r eg ion  u n t i l  t he '  s t o p  l i n e ;  n  max, i s  

reached,  i . e .  a t  27 samples f o r  t h e  20% l e v e l  and 44 samples f o r  t h e  10% 

l e v e l  u s ing  a  conf idence  i n t e r v a l  of 0 .5 / t ap  o r  25% of t h e  mean. I f  t h e  

cumulat ive count i s  s t i l l  w i t h i n  t h e  c e n t r a l  r eg ion  when t h e  s t o p  l i n e  is  

reached,  t he  mean d e n s i t y  i s  not  s i g n i f i c a n t l y  d i f f e r e n t  from the  economic 

t h r e sho ld  and t h e  decision-maker must choose whether t o  resample a t  a  l a t e r  

d a t e  o r  make an immediate dec i s ion .  

I n  t h e  example g iven  (Fig.  6 .4) ,  a t  a  20% e r r o r  l e v e l ,  sampling could 

cease  a f t e r  5  t a p s  i f  <3 o r  >15 C. v e r b a s c i  nymphs had been counted. I f  t h e  - 
r e s u l t s  l a y  w i t h i n  t h e  c e n t r a l  r eg ion  u n t i l  27 t a p s  were taken,  a t  t h a t  po in t  

>65 nymphs r e v e a l s  a  damaging l e v e l  of - C. v e r b a s c i ,  <40 i n d i c a t e s  a  

non-economic l e v e l ,  and 40-65 nymphs would r e q u i r e  a  d e c i s i o n  t o  take  more 

samples,  resample l a t e r ,  o r  t r e a t  wi th  a  p e s t i c i d e .  I n  homogeneous b locks  



Fig. 6.4. Sequential decision plan for C verbasci 
using an economic threshold of 2/tap, 

at 2 levels of probability, P 
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>0.5 ha ,  where many t aps  a r e  made, t he  s e q u e n t i a l  count p lan  can a l s o  be used 

t o  provide  an e s t i m a t e  of t h e  popula t ion  d e n s i t y  wi th  a  f i x e d  l e v e l  of 

p r e c i s i o n .  

S e q u e n t i a l  t a b l e s  a r e  more u s e f u l  i n  t h e  f i e l d  t han  graphs (Sevacherian 

and S t e r n  1972) .  The t a b u l a r  form of Fig.  6.4,  t o g e t h e r  wi th  my e s t ima te s  of 

d e c i s i o n  r u l e s  f o r  Red and Golden De l i c ious ,  based upon economic t h r e sho lds  

de r ived  i n  Chapter  V ,  a r e  provided i n  Tab le s  6.4-6.6. A t  l e a s t  5 samples 

should be taken  a t  random throughout  each  0.5 ha of a  homogeneous app le  block 

of t h e  s e n s i t i v e  v a r i e t i e s ,  and cumulat ive counts  f a l l i n g  on e i t h e r  s i d e  of 

t h e  u n c e r t a i n t y  band correspond t o  t h e  t rea tment  and non-damaging reg ions  of 

F ig .  6.4. 

CONCLUSIONS 

P e s t  managers c u r r e n t l y  t ake  a  number of samples i n  an orchard and 

average  t h e  counts  t o  provide  an  e s t i m a t e  of popula t ion  dens i ty .  

Unfo r tuna t e ly ,  t h e  aggrega ted  s p a t i a l  p a t t e r n  of - C. v e r b a s c i  r e s u l t s  i n  a  . 
l a r g e  number of samples t h a t  must be taken  i n  o rde r  t o  judge the  mean 

a c c u r a t e l y  u s ing  convent iona l  methods. Th i s  is  accounted f o r  i n  s e q u e n t i a l  

sampling by us ing  t h e  observed variance-mean r e l a t i o n s h i p  t o  reduce t h e  

amount of sampling. The s e q u e n t i a l  sampling p l ans  a r e  based upon r e s u l t s  

from 93 samples ga the red  over  a  wide range of popula t ion  d e n s i t i e s  i n  

numerous s i t e s  f o r  2 y e a r s ,  and a r e  p a r t  of a l a r g e r  set of 275 samples,  

l end ing  cons ide rab l e  s t r e n g t h  t o  t h e  g e n e r a l i t y  of t h e  r e l a t i o n s h i p .  

Th i s  s e q u e n t i a l  count  p lan  w i l l  permit r e s e a r c h e r s  and p e s t  managers t o  

d e s c r i b e  t h e  mean d e n s i t y  more a c c u r a t e l y  t han  be fo re ,  can be used i n  a l l  

app le  c u l t i v a r s ,  and may l ead  t o  a  b e t t e r  unders tanding  of t h e  economic 

t h r e s h o l d  and b e t t e r  d e c i s i o n s  i n  t h e  f u t u r e .  The s e q u e n t i a l  d e c i s i o n  p lan ,  



Table 6 .4 .  Sampling form incorporating sequential 
decision rules and an economic threshold of 

2 nymphs/tap, for a nominal error rate of 10% 

Total number of nymphs 

Limb-tap 
number 

Don't treat Treat 
if < if > 

*** Stop sampling *** 
If the total number of nymphs is >25<54 after 20 
taps, the population density is not significantly 
different from 2 + .5. For an 80% reliable es- 
timate of the mean density take 9 more taps and 
divide the total count by 29.  Or, if possible, 
re-sample in 3 days time. 



Table 6.5. Sampling form i n c o r p o r a t i n g  s e q u e n t i a l  
d e c i s i o n  r u l e s  and an economic t h r e s h o l d  of 

1 nymphltap, f o r  a  nominal e r r o r  r a t e  of 10% 

T o t a l  number of nymphs 

Limb- t a p  
number 

Don't  t r e a t  T r e a t  
i f  < i f  > 

*** Stop sampling *** 
I f  t h e  t o t a l  number of nymphs is  >10<29 a f t e r  20 
t a p s ,  t h e  popu la t ion  d e n s i t y  i s  no t  s i g n i f i c a n t l y  
d i f f e r e n t  from 1 + .25. For an  80% r e l i a b l e  es- 
timate of t h e  mean d e n s i t y ,  27 more t a p s  must be  
takenand t h e  t o t a l  count d iv ided  by 47. It i s  
p r e f e r a b l e  t o  re-sample i n  3 days t ime,  i f  
p o s s i b l e .  



Table 6 .6 .  Sampling form inco rpora t ing  s e q u e n t i a l  
d e c i s i o n  r u l e s  and an  economic th re sho ld  of 

4 nymphs/tap, f o r  a nominal e r r o r  r a t e  of 10% 

T o t a l  number of nymphs 

Limb-tap Don't t r e a t  T r e a t  
number i f  < i f  > 

*** Stop sampling *** 
I f  t h e  t o t a l  number of nymphs is  >53<98 a f t e r  19 
t a p s ,  a n  80% r e l i a b l e  e s t i m a t e  of t h e  popula t ion  
d e n s i t y  is 4 2 1. For a  90% r e l i a b l e  e s t i m a t e  t a k e  
8  more t aps :  d o n ' t  t r e a t  i f  t h e  number of nymphs 
is  <94 and t r e a t  i f  t h e  t o t a l  is  >122. Otherwise,  
re-sample i n  3  days time i f  p o s s i b l e .  



a l though  only a p p l i c a b l e  t o  homogeneous blocks of s e n s i t i v e  c u l t  i v a r s ,  w i l l  

a l l ow  c o n t r o l  d e c i s i o n s  t o  be taken  wi th  a s m a l l e r  number of samples and 

g r e a t e r  degree of conf idence  than  by any o t h e r  aeans .  The cons ide rab l e  

r educ t ion  i n  sampling o r  i n c r e a s e  i n  accuracy  t h a t  i s  achieved with t h e s e  

p l ans  should enable  decision-makers t o  c o n c e n t r a t e  t h e i r  e f f o r t  i n  orchards  

c l o s e  t o  t h e  economic t h r e s h o l d .  



VII Evaluation of an overwintering sampling n~thod for predicting damaging 

levels of Campylonma verbasci 

INTRODUCTION 

Madsen e t  a l .  (1975) and Haley (1977) developed a complete pes t  

management scheme f o r  i n t e r i o r  B.C. app le  orchards ,  r e q u i r i n g  popula t ion  

samples of 5 i n s e c t s  from each orchard between pink and p e t a l  f a l l  growth 

s t a g e s  of a p p l e l ,  normally t h e  f i r s t  3 weeks i n  May. Nany of t h e  samples a r e  

t ime-intensive o r ,  i n  t h e  ca se  of - C. v e r b a s c i ,  should be repea ted  a t  

i n t e r v a l s  (Chapter  111) .  Because of t h e  d i f f i c u l t y  of i n t e n s i v e l y  sampling a 

number of orchards  i n  a l i m i t e d  time, some of t he  methods were subsequent ly 
A .  

r ev i sed  (Madsen and Car ty  1977; Hadsen and P r o c t e r  1982) but  Vakenti  and 

p e t e r s 2  s t i l l  found i t  imposs ib le  t o  sample 42 o rcha rds  adequate ly  i n  t he  

l i m i t e d  time a v a i l a b l e .  

Sampling the  popula t ion  d e n s i t y  of - C. v e r b a s c i  p r i o r  t o  the  pink s t a g e  

of apple  i s  very d i f f i c u l t  a s  i t  overwinters  a s  a n  egg. D i rec t  counts  a r e  

t ed ious  because the  eggs a r e  l oca t ed  deep i n s i d e  bud s c a l e s ,  l e a f  bases ,  o r  

bark of new growth, wi th  only t h e  operculum exposed (Co l lye r  1953b; Sanford 

1964; Hc14ullen and Jong 1970).  

I n  response t o  t h i s  problem i n  Nova S c o t i a ,  MacPhee (1976) developed a 

"hatching" method which he descr ibed  a s  r e l i a b l y  measuring and p r e d i c t i n g  the  

popula t ion  l e v e l s  of 2 mir id  bugs, Atractotomus m a l i  (Meyer) and - C. ve rbasc i ,  

t h a t  r e g u l a r l y  damage app le s  (HacLellan 1979).  Th i s  method has gained some 

acceptance among ex tens ion  s t a f f  (NacPhee 1976; R. J. Whitman13, pers .  comm. ) 

and r e q u i r e s  a sample of branches from each orchard t o  be he ld  i n  water i n  a 

warm greenhouse and t o  be r e g u l a r l y  examined f o r  emerging - C. ve rbasc i .  The 

sample i s  taken  e a r l y  i n  t h e  s p r i n g  and provides  an e s t i m a t e  of popula t ion  



d e n s i t y  p r i o r  t o  the  normal time of emergence i n  t he  f i e l d .  

This  chap te r  p re sen t s  the r e s u l t s  of an  eva lua t ion  of the  ha t ch ing  

method f o r  B r i t i s h  Columbia. 

METHOD 

S i x t e e n  orchard s i t e s  (Table 7.1,  Fig. 3 .1,  Table 3 .1) ,  were sampled by 

c u t t i n g  40 (1982) o r  20 (1983) branches from each s i t e ,  i n  mid-April a t  t h e  

s i l v e r -  t o  green- t ip  s t a g e s  of app le  development. The branches, 

approximately 1 m i n  l eng th  (1983 mean length120 branch sample = 23.8 + - 0.6 

m), were he ld  i n  water f o r  1 month and checked twice weekly by j a r r i n g  them 

i n d i v i d u a l l y  over a p l a s t i c  shee t  (100 x 120 cm) spread on a black s u r f a c e .  

Any d is lodged  ar thropods  were immediately i d e n t i f i e d .  

The orchards  were r epea t ed ly  sampled through t h e  bloom period us ing  t h e  

limb-tap method (Chapters  111, IV) t o  e s t i m a t e  t h e  d e n s i t y  of - C. v e r b a s c i  

overwinter ing  i n  t h e  t r e e s .  A t  h a r v e s t  t h e  f r u i t  was examined and t h e  

presence and s e v e r i t y  of damage from - C. v e r b a s c i  was determined from 

approximately 500 apples  of 1-3 v a r i e t i e s  (Chapter  V,  Appendix B). 

The experiment was repeated i n  1984 bu t  poor weather prevented the  

monitor ing of - C.  ve rbasc i  i n  commercial o rchards  dur ing  t h e  bloom period 

(Chapter  111) .  

RESULTS 

Four teen  - C. v e r b a s c i  nymphs emerged from the  branches, w i th  8 produced 

from 2 samples (Table 7.1),  and ze ro  from 10  samples.  The low frequency of 

C. v e r b a s c i  i s  probably not due t o  dormant o i l  o r  o t h e r  t rea tment  of t he  - 
orchards  a s  14 of t he  samples produced o t h e r  i n s e c t s  o r  mi tes .  Only i n  s i t e  

1 3  were branches extremely heavi ly  coated wi th  o i l ;  none of them produced any 

ar thropods .  T'ne owner of s i t e  1 3  i s  an  ' o rgan ic '  grower and employs 



(dl 



petroleum o i l s  r o u t i n e l y  throughout t h e  yea r  a s  a  pes t  c o n t r o l  method (Table  

3.1).  

S i t e  12,  wi th  t he  g r e a t e s t  - C. v e r b a s c i  emergence, conta ined  the  l a r g e s t  

overwin te r ing  popula t ion ,  expressed  as t h e  mean limb-tap count a t  t h e  peak of 

t h e  f i r s t  gene ra t i on  (Table  7 .1) ;  s i m i l a r l y ,  t h e  s i t e  w i th  t he  lowest  t ap  

count produced zero  i n  t h e  branch sample. However, t h e  u n r e l i a b i l i t y  of t h e  

ha t ch ing  method i s  shown i n  t he  1 0  s i t e s  producing no nymphs from c u t t i n g s ,  

t h a t  l a t e r  had peak tap- counts  up t o  5.1 - C. v e r b a s c i / t a p  and very s e r i o u s  

l e v e l s  of damage. When the  t ap  counts  were grouped i n t o  sets by the  numbers 

of nymphs emerging from t h e  c u t t i n g s ,  no d i f f e r e n c e s  were found 

(Kruskal-Wallis t e s t ,  a d j u s t e d  H=4.6, P >0.1),  showing t h e  v a r i a b i l i t y  of t he  

popula t ion  d e n s i t y  a s s o c i a t e d  w i th  a  p a r t i c u l a r  branch sample. 

Comparison of t he  damage a t  h a r v e s t  wi th  numbers emerging from branch 

samples r e v e a l s  no r e l a t i o n s h i p  f o r  app le  cv. Golden De l i c ious  but a  

s i g n i f i c a n t l y  l i n e a r  r e l a t i o n s h i p  f o r  cv. Red D e l i c i o u s  ( R ~  = 0.64, P < 0.01, 

N = 11 ,  a l though i t  i s  based p r imar i l y  upon 2 h igh  va lues  (F ig .  7.1). 

Exc lus ion  of t he  h i g h e s t  va lue  r e s u l t e d  i n  a  very weak t r end ,  and no 

s i g n i f i c a n t  l i n e a r i t y ,  a s  i s  a p p a r e n t l y  t h e  ca se  f o r  MacPhee's (1976) da t a .  

The r e l a t i o n s h i p  between damage and popu la t i on  d e n s i t y  of - C. v e r b a s c i ,  

expressed  a s  a peak limb-tap count ,  was more l i n e a r  and more c l o s e l y  

c o r r e l a t e d  than t h a t  between damage and t h e  ha tch ing  popu la t i on  i n  branch 

samples, f o r  both v a r i e t i e s  (Golden De l i c ious  ~2  = 0.68, P (0.005, N = 9; Red 

) e l i c i o u s  R~ = 0.72, P < O . O l ,  N = l l ) ,  t h e  oppos i t e  of r e s u l t s  from Nova 

k o t i a  (MacPhee 1976). 

A l i n e a r  r e l a t i o n s h i p  (F ig .  7.2; R2 = 0.56, P <0.01, N = 16)  was found 

,etween t h e  2  types  of popu la t i on  samples ,  branch and limb-tap, a l though i t  



Fig. 7.1. Relationship between the proportion of Red Delicious apples with 

damage at harvest and the number of C. verbasci found in a 20- - 

branch overwintering sample, in 11 commercial orchards 

Fig. 7.2. Relationship between the first generation peak of C. verbasci, - 

measured by the limb-tap method, and the number found in a 2Q- 

branch overwintering sample, in 13 commercial orchards. 
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i s  g r e a t l y  i n f luenced  by a  s i n g l e  high value.  The s lope  of t he  l i n e ,  b, 

imp l i e s  an i n c r e a s e  of  2.73 nymphs/tap f o r  each nymph found i n  t h e  branch 

sample. 

Examination of t h e  branch samples was t ime- in tens ive  a s  branches were 

u s u a l l y  handled i n d i v i d u a l l y ,  w i th  cons ide rab l e  c a r e  r equ i r ed  t o  check t h e  

sma l l  f o l i a g e  p i e c e s  under which - C. v e r b a s c i  nymphs t r y  t o  h ide .  

I d e n t i f i c a t i o n  of 312 small a r thropods  was r equ i r ed ,  us ing  a  hand l e n s  of 16x 

magn i f i ca t i on .  

DISmSSION 

MacPhee (1976) was t he  f i r s t  t o  show t h a t  t h e  amount of damage to  app le s  

caused by mir id  bugs i s  l a r g e l y  r e l a t e d  t o  t h e  d e n s i t y  of t h e  popula t ion  

(Chapter  V). He went on t o  d e s c r i b e  t he  ' ha t ch ing '  method, o r  branch sample, 

a s  more u s e f u l  and a  b e t t e r  p r e d i c t i o n  of damage than t h e  limb-tap count i n  

Nova S c o t i a ,  based upon t h e  r e s u l t s  of obse rva t ions  i n  8 o rcha rds  and some 

use  by ex t ens ion  s t a f f .  I have e a r l i e r  shown (Chapter  V) t h a t  t h e  limb-tap 

count  i s  u s e f u l  i n  B.C. and i n  t h i s  s tudy  i t  was a  b e t t e r  p r e d i c t o r  of damage 

f o r  2 v a r i e t i e s  of app le ,  t han  t h e  ha t ch ing  method was f o r  1 v a r i e t y .  The 

va lue  of t he  ha t ch ing  method l i e s  i n  i t s  use a s  an  e a r l y  warning of h igh  

popula t ion  d e n s i t y ,  t o  c o n c e n t r a t e  sampling i n  needy orchards  and e l i m i n a t e  

o t h e r s ,  and it f a i l e d  t o  meet t h i s  o b j e c t i v e .  

The ha t ch ing  method cannot  be cons idered  r e l i a b l e  f o r  e s t i m a t i n g  - C .  

v e r b a s c i  i n  B.C. when 6  samples from orchards ,  l a t e r  having high popu la t i ons  

and s e r i o u s  damage 0 1 % )  produced no nymphs and one orchard  ( s i t e  9 )  had 19% 

of t h e  f r u i t  c u l l e d  a t  t h e  packing house (Chapter  V). The exp lana t ion  f o r  

t h e  f a i l u r e  of t h e  method is  probably due t o  t h e  sample s i z e  of  20, 1 m 

branches being too  small t o  adequate ly  r e p r e s e n t  an orchard.  The method may 



be  more r e l i a b l e  i n  Nova S c o t i a  because of g e n e r a l l y  h ighe r  d e n s i t i e s  of C. - 

ve rbasc i  i n  o rcha rds  (MacPhee 1976; Sanford 1976) and h igher  economic i n j u r y  

l e v e l s  (MacLellan 1979; Hardman e t  a l .  1984) t han  i n  B.C. (Chapters  111, V ) .  

However, i t  i s  not  c l e a r  t h a t  MacPhee (1976) r e a l l y  demonstrated a r e l i a b l e  

method; i f  one extreme va lue  i s  excluded from h i s  8 obse rva t ions  one has poor 

d a t a  upon which t o  p r e d i c a t e  t h e  l i n e a r  r e g r e s s i o n s  and economic i n j u r y  

l e v e l s  provided. S i m i l a r l y ,  i n  t he  absence of a s i n g l e  high va lue  f o r  t he  

'Red Del ic ious '  v a r i e t y  ( F i g  7.1) t h e r e  would be only  a weak r e l a t i o n s h i p  

among my remaining d a t a .  

There a r e  weak a s s o c i a t i o n s  between ha tch  counts ,  popula t ion  d e n s i t y ,  

and damage a t  h a r v e s t  i n  t h e s e  r e s u l t s .  However, t he  sample s i z e  of 20 

branches i s  too s m a l l  t o  prove u s e f u l  i n  B.C. Few p e s t  managers have t h e  

space  t o  keep, s epa ra t ed  i n  w a r m  rooms, more than  t h i s  amount of m a t e r i a l  

from each of t h e  30-50 orchards  i n  a t y p i c a l  program, nor  do they  have t h e  

t i m e  t o  check r e g u l a r l y  f o r  small - C. v e r b a s c i  nymphs. I conclude t h a t  t he  . 
hatching  method is  u n r e l i a b l e  f o r  p e s t  management i n  B.C., and i m p r a c t i c a l  on 

a l a r g e r  s c a l e .  



VIII The associations between Campylomma verbasci, its damage, and common 

mullein, Verbascum thapsus, i n  apple orchards of the Okanagan Valley 

INTRODUCTION 

The common mul le in ,  Verbascum thapsus ,  (Scrophular iaceae)  was the  

p r i n c i p a l  summer hos t  f o r  Campylomma ve rbasc i  i n  t h e  Okanagan Valley dur ing  

1982-1984 (Chapter 111) .  This  p l a n t  i s  an important  hos t  throughout Europe 

(Southwood and Leston 1959) and North America (Leonard 1915; Ross and Caesar 

1920; Knight 1941; McMullen and Jong 1970),  where comparisons of t h e  

d i s t r i b u t i o n s  of - V .  thapsus  (F ig .  2 i n  Gross and Werner 1978) and - C.  ve rbasc i  

(Table 2.1; Chapter 1 1 )  r e v e a l  c l o s e  s i m i l a r i t y .  
A .  

V. thapsus i s  a common Canadian weed (Mulligan 1978) and a hos t  f o r  - 
numerous p e s t s ,  no tab ly  p l a n t  bugs, and microorganisms damaging t o  crops 

(Cockere l l  1901; Chi t tenden  and Marsh 1910; B u t l e r  1923; McAtee 1924; 

Bruckart  and Lorbeer  1976; S c o t t  1977; Bendixen e t  a l .  1979, 1981; Kha t t a t  
b 

and Stewart  1980; Manuel e t  a l .  1981, 1982; Fye 1982; Jones and S u l l i v a n  

1982; Sha f fe r  and Rock 1983; Powell e t  a l .  1984; M .  Maw12, pers .  comm.). It 

is a monocarpic pe renn ia l  (Re ina r t z  1984a,b,c)  with a low vege ta t ive  r o s e t t e  

up t o  60 cm i n  diameter  succeeded by a s t o u t  f lowering stem 0.3-2 m t a l l ,  

having a sp ike - l i ke  raceme bea r ing  numerous white  o r  yellow f lowers  t h a t  each 

bloom f o r  1 day. Popula t ions  may extend over s e v e r a l  h e c t a r e s  o r  a long roads 

and ra i lways ,  i n  open o r  d i s t u r b e d  s o i l  [ f o r  a d e t a i l e d  review of i t s  b io logy  

s e e  Gross and Werner (1978) l .  

U n t i l  now, only taxonomic a t t e n t i o n  has been given t o  t h e  a s s o c i a t i o n  

wi th  - C. v e r b a s c i  bu t  i t  is  i n t e r e s t i n g  f o r  2 f u r t h e r  reasons: the  impressive 

a b i l i t y  of - C. ve rbasc i  t o  s ea rch  out  and co lon ize  - V. thapsus i n  remote 

l o c a t i o n s  (Chapter  111)  and because an  inc reas ing  body of in format ion  l i n k s  



p e s t  i n s e c t  numbers t o  t he  presence of non-crop p l a n t s  i n  o r  around 

a g r i c u l t u r a l  c rops ,  p a r t i c u l a r l y  ground cover  vege ta t ion  i n  pe renn ia l  c rops .  

I n  o rde r  to  e x p l o i t  the  obviously c l o s e  a s s o c i a t i o n  between - C.  v e r b a s c i  

and - V. thapsus f o r  management purposes,  a s tudy  of t h e i r  r e l a t i o n s h i p  w i t h i n  

and between orchards w a s  r equ i r ed .  This  chap te r  p r e s e n t s  t he  r e s u l t s  of 2 

s e r i e s  of i n v e s t i g a t i o n s  conducted i n  commercial o rchards  and exper imenta l  

s i t e s  between 1982 and 1984. The f i r s t  s e c t i o n  d e s c r i b e s  the  d i s t r i b u t i o n  of 

C.  ve rbasc i  on i n d i v i d u a l  V . .  thapsus w i t h i n  a s tudy  s i t e .  The second - - 

examines the  r e l a t i o n s h i p  between the  2 organisms i n  s i t e s  wi th  d i f f e r i n g  

d e n s i t i e s  of - V. thapsus.  

1. DISTRIBUTION OF C- VEBBBSCI ON V- W S U S  - -. 

Haterials and Methods 

The d i s t r i b u t i o n  of - C. v e r b a s c i  was examined i n  t he  Okanagan Val ley  from 

J u l y  t o  November 1982, June t o  September 1983, and June t o  August 1984. 

De ta i l ed  s t u d i e s  occurred i n  experimental  garden p l o t s  i n  1982 (Chapter  111) C 

and t h e  Simon F r a s e r  U n i v e r s i t y  (SFU) block i n  1983-1984, where popula t ions  

of - V. thapsus numbering 34 (1982),  239 (1983),  and 137 (1984) were 

maintained. P l a n t s  were tagged,  mapped and sampled a t  weekly i n t e r v a l s  i n  

1982; bi-weekly i n  1983 and 1984. The d a t a  recorded were: p l a n t  dimensions, 

f lowers ,  h e a l t h ,  type  and number of a s s o c i a t e d  a r thropods  and t h e i r  

p o s i t i o n s ,  presencelabsence of p l a n t  wounds and exudates .  The s tudy  covered 

t h e  pe r iods  of d i s p e r s a l ,  c o l o n i z a t i o n ,  and es tab l i shment  of f i r s t  gene ra t ion  

C. v e r b a s c i  a d u l t s  on V. thapsus.  - - 
I n  a d d i t i o n ,  t h e  d i s t r i b u t i o n  of - C. v e r b a s c i  on an i s o l a t e d  group of 

p l a n t s  w a s  s t ud ied .  F i f t y  - V.  thapsus  were t r ansp lan ted  i n  June  1984 from 

f i e l d  s i t e s  i n t o  l a r g e  p l a s t i c  p o t s  (380 x 300 mm) f i l l e d  with pebbles and 



f i n e  sand. The p o t s  were covered wi th  aluminum f o i l  t o  reduce hea t ing  and 

placed on c l e a r e d  ground 1 m a p a r t .  The p l a n t s  were examined on 10 J u l y ,  18 

J u l y ,  and 20 J u l y  and any - C. v e r b a s c i  found on them were removed. On 20 

J u l y ,  36 were moved t o  a prepared s i t e  i n  t h e  c e n t r e  of a r e c e n t l y  mown hay 

f i e l d  and po t s  were randomly placed i n  a squa re  l a t t i c e  des ign  4 m a p a r t .  

A l l  e x i s t i n g  - V. thapsus  were removed from t h e  per imeter  of t h e  f i e l d  and f o r  

a t  l e a s t  400 m from t h e  s i t e ,  i n  a l l  d i r e c t i o n s .  The p l a n t s  were w e l l  tended 

u n t i l  17 August when a l l  - C. v e r b a s c i  were counted and removed. From 16 

s t a k e s  placed i n  a square  10  m around the  p l a n t s ,  160 female - C. v e r b a s c i  were 

r e l e a s e d  a t  1700 on 17 August and 146 females  were r e l e a s e d  a t  1600 on 18 
. . 

August. The - C. v e r b a s c i  popu la t i on  was counted and removed on 19 August and 

on 22 August t h e  p l a n t s  were examined thoroughly.  

More than 2100 sets of o b s e r v a t i o n s ,  from samples of p l a n t s  where - C. 

v e r b a s c i  were p r e s e n t ,  were ana lysed  us ing  g raph ic  (Anscambe 1973), 

pa rame t r i c  c o r r e l a t i o n  (Snedecor and Cochran 1980; Sokal  and Rohlf 1981) and 

nonparametr ic  c o r r e l a t i o n  (Conover 1980) methods. 

Results 

C.  - v e r b a s c i  popu la t i ons  never  occur red  i n  r e g u l a r  o r  random s p a t i a l  

p a t t e r n s  but were always 'clumped', wi th  up t o  360 on a s i n g l e  p l a n t .  

A s  many a s  12,675 C.  v e r b a s c i  were counted on V .  thapsus  i n  an  orchard  (SFU - - 
block; 19 June  1983) bu t  very r a r e l y  were a d u l t s  no t i ced  on o t h e r  p l a n t s  i n  

t h e  ground cover  v e g e t a t i o n  (Chapter  111). 

Adults  were r a r e  on V. thapsus  r o s e t t e s  o r  p l a n t s  <30 c m  t a l l  and nymphs - 
were never found on r o s e t t e s .  Few C. v e r b a s c i  were found elsewhere than on - 
t h e  racemes; i n  June,  on some p l a n t s  wi th  h igh  popu la t i ons  (> loo ) ,  up t o  30% 

of t h e  a d u l t s  were i n  t h e  lower 2 /3  of t h e  p l a n t s ,  but  from J u l y  onwards 



a d u l t s  were only r a r e l y  found on the  unders ides  of l e aves .  The peak growth 

of  - V. thapsus  occurs  i n  t h e  e a r l y  s p r i n g  (Gross and Werner 1978; Re ina r t z  

1984a,b,c;  pe r sona l  obs.)  and by J u l y  growth was only  i n  t he  i n f l o r e s c e n c e  

(F ig .  8.1) and cont inued  u n t i l  mid-September. A s  - C. v e r b a s c i  a d u l t s  

d i spe r sed  from t h e  trees onto V. thapsus  i n  June  and J u l y  t h e  number on - 
p l a n t s  w a s  g e n e r a l l y  c o r r e l a t e d  (Pearson product-moment c o r r e l a t i o n ,  P(0.01) 

w i t h  p l a n t  he igh t  and d iameter ,  a s  was the  number of nymphs e a r l y  i n  t h e  

summer (Table  8.1). 

The peak f lower ing  per iod  of t h e  p l a n t s  occur red  i n  J u l y  and August 

(F ig .  8.1) when t h e  c o r r e l a t i o n s  of number of  - C. ve rbasc i  were lower wi th  

he igh t  o r  d iameter  and g r e a t e s t  w i th  raceme l e n g t h  and number of f lowers  

(e.g. Tables  8.1, 8.2),  p a r t i c u l a r l y  i n  a x i l l a r y  racemes. These were 

gene ra l l y  g reene r  and more t u r g i d ,  more f r a g r a n t ,  and had more f lowers  and 

lymphs/unit l e n g t h  than  t h e  t e rmina l  raceme. The number of  - C. v e r b a s c i  

iymphs on a x i l l a r y  racemes was a l s o  f r e q u e n t l y  c o r r e l a t e d  (P (0.05) w i t h  

:aceme l e n g t h  (Table  8.1). The number of a d u l t  females was p o s i t i v e l y  

: o r r e l a t e d  (except  i n  exper imenta l  p l o t ,  Table 8 .2)  w i t h  raceme l e n g t h  from 

'uly onwards. Both s exes ,  p a r t i c u l a r l y  females ,  were numerous on p a r t i c u l a r  

l a n t s  f o r  pe r iods  of up t o  60  days ,  even i f  removed and re - re leased  as i n  

he exper imenta l  p l o t  (Table  8.2, 17-19 August, female R = 0.53, P<0.01), 

uggest ing a p re fe rence  f o r  c e r t a i n  p l a n t s  w i t h i n  a  cohor t ,  probably l e d  by 

emales ( s e e  Chapter  I X ) .  

The numbers of a d u l t  males were c o n s i s t e n t l y  c o r r e l a t e d  wi th  t h e  numbers 

i females  on t h e  p l a n t s .  Following t h e  removal of a l l  a d u l t s  and r e l e a s e  of 

16 females  i n t o  t h e  exper imenta l  p l o t ,  129 males were observed on the  p l a n t s  

. t h i n  48 h  i n  a  s p a t i a l  p a t t e r n  h i g h l y  c o r r e l a t e d  wi th  females  (Table  8.2).  



Fig. 8.1. The development of 34 - V. thapsus in Summerland, and the numbers 

of - C. verbasci counted and rereleased on the plants from July to 

October 1982. Values are totals/sample date. 

A) Plant height, including inflorescence 

B) Inflorescence length, including secondary racemes 

C) Number of flowers open 

D) Number of - C. verbasci 
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T h i s  r e s u l t  suggests  a  s t rong  a t t r a c t i o n  of males t o  females and the  p o s s i b l e  

e x i s t e n c e  of a  sex  pheromone (Chapter  I X ) ,  powerful enough t o  draw males over  

300 m w i t h i n  48 h. 

No gene ra l  r e l a t i o n s h i p s  between a d u l t s  and nymphs on p l a n t s ,  o r  w i t h  

o t h e r  a r thropods  o r  number of p l a n t  wounds were observed. However, feed ing  

by - C. ve rbasc i  was common and from J u l y  onwards, marks were observed on t h e  

upper  stems of the  p l a n t s  t h a t  c l o s e l y  resembled those  on t r e e  f r u i t s  damaged 

by - C .  ve rbasc i .  The numbers of o t h e r  a r th ropods ,  p a r t i c u l a r l y  weev i l s ,  

Gymnaetron te t rum (F . ) ,  and mu l l e in  t h r i p s ,  Haplo thr ips  v e r b a s c i  (Osborn), 

were o f t e n  c o r r e l a t e d  with raceme l eng th  and, less f r e q u e n t l y ,  wi th  p l a n t  
. . 

l eng th .  Larvae of the  weevi ls  l i v e d  and fed i n  developing f lowers  of t he  

racemes; p l a n t s  with high weevi l  popula t ions  had fewer f lowers  open, and 

sometimes lower numbers of - C. v e r b a s c i  a d u l t s ,  than  o t h e r  p l a n t s .  

Discussion 

The d i s t r i b u t i o n  of - C. v e r b a s c i  w i t h i n  s i t e s  i s  c l e a r l y  governed by 

p l a n t  v igour ,  indexed by he igh t  i n  t h e  s p r i n g  and raceme l eng th  o r  number of 

f lowers  open i n  summer, a s  found i n  o t h e r  herb ivorous  i n s e c t s  (Addico t t  1978; 

Thompson 1978; Whitham 1978; Evans 1983; S e r v i c e  1984; Myers 1985). Vigour 

i s  a  measure of p l a n t  h e a l t h  and herb ivorous  i n s e c t s  a r e  commonly d i s t r i b u t e d  

w i t h i n  a  cohor t  of similar p l a n t s  accord ing  t o  t h e  q u a l i t y  of food o r  o t h e r  

r e sou rces  (Dixon 1967; Chew 1975; Thompson and P r i c e  1977, Thompson 1978; 

I v e s  1978; Bach 1981, 1984; H i l l  1982; Evans 1983; Myers 1985). 

Simple v i s u a l  and o l f a c t o r y  cues of p l a n t  q u a l i t y ,  p a r t i c u l a r l y  p l a n t  

co lou r  and s i z e ,  have f r e q u e n t l y  been l i n k e d  t o  d i s t r i b u t i o n  of herb ivorous  

i n s e c t s  ( M i s t r i c  and M i t c h e l l  1966; Saxena and Saxena 1974,1975a,b; I v e s  

1978; G i l b e r t  1982; Prokopy e t  a l .  1983a,b; S e r v i c e  1984; Myers 1985). The 



results of this study stimulated an investigation of the utility of visual 

and olfactory traps for monitoring - C. verbasci (Chapter IX), because of the 

striking form and odour of - V . thapsus . 
In Aeteroptera, the reproductive development and fecundity of late 

nymphs and adults is very dependent upon concentration and quality of 

nitrogen available (McNeill 1973, McNeill and Southwood 1978, McNeill and 

Prestidge 1982; Mattson 1980). The occurrence of C. verbasci in the - 
inflorescence of - V. thapsus may be due to the greater concentration of 

several nutrients, including nitrogen and phosphorous, compared with 

elsewhere in the plant (Abrahams.on and Caswell 1982), or because suitable 

animal prey, particularly the mullein thrips, is found there. The relative 

extent of feeding by - C. verbasci upon 

is not known. 

The distribution of herbivorous 

levels of secondary compounds in a 

Thorsteinson 1960; Rodman and Chew 

ivIcNeill and Prestidge 1982; Stanton 

the plant or the insects on V. thapsus - 

insects has also been correlated with 

cohort of similar plants (Gupta and . 
1980; Berenbaum 1981; Harborne 1982; 

1983) and the biological activity of 

flowers, seeds, and leaves of V. - thapsus is well known. Parts of the plant, 

or those of other closely-related Verbascum spp., are reportedly lethal to 

insects (McIndoo and Sievers 1924; Hartzell 1944; McIndoo 1945; Heal et a1 

1950; Srbova and Palaveyeva 1962; Supavarn et al. 1974), fish (Wilhelm 1974; 

Jankowiak 1976), were used in the 18th century as a rodenticide (Recker 

1965), and can also inhibit plant growth (Jameson 1961). - V. thapsus is an 

important medicinal plant and tobacco substitute in parts of Europe and North 

America (Millspaugh 1974; Wilhelm 1974; Ulubelen et al. 1975; Jankowiak 1976; 

Gross and Werner 1978; Chandler and Hooper 1979; Huxtable 1980; Osvath et 



a l .  1982; Hooper and Chandler 1984) .  The e x i s t e n c e  i n  remote a r e a s  of 

s e v e r a l  i n s e c t s  s p e c i f i c  t o  Verbascum spp. ,  t h e i r  succes s  i n  hos t  f i n d i n g ,  

and my r e s u l t s  sugges t  t h a t  v i s u a l  and/or  o l f a c t o r y  cues ,  and secondary 

:ompounds p lay  an important  r o l e  i n  i n  t h e i r  d i s t r i b u t i o n .  

Some o t h e r  p o s s i b l e  exp lana t ions  of t h e  agg rega t ion  of - C. v e r b a s c i  on 

i p e c i f i c  p l a n t s ,  such a s  an agg rega t ion  pheromone of nymphs, a r e  d i scounted  

r i t h  the  l i k e l y  except ion  of a female-produced sex  pheromone, known i n  o t h e r  

d r i d s  ( S c a l e s  1968; S t rong  e t  a l .  1970; King 1973; Smith 1977; Boivin and 

t ewar t  1982a; Slaymaker and Tugwell 1964)  and now shown t o  occur  i n  - C. 

e r b a s c i  (Chapter  I X ) .  

2. ASSOCIATION BETWEEN SITES 

Introduction 

Both i n c r e a s e s  and dec reases  i n  numbers of i n s e c t s  can r e s u l t  from t h e  

-esence of weeds i n  d i f f e r e n t  a g r i c u l t u r a l  systems (van Emden 1965a,b,  1973, 

81; Way 1977, 1978; A l t i e r i  and Whitcomb 1978, 1979; Zands t ra  and Motooka 

78; Thresh 1981; William 1981; Nor r i s  1982; Risch e t  a l .  1983; Nordlund e t  

. 1984).  However, a  common i n t e r a c t i o n  r epo r t ed  between weeds and i n s e c t  

3 t s  is an e a r l y  i n c r e a s e  i n  numbers of t h e  i n s e c t  on weeds i n  o r  a d j a c e n t  

t he  crop. P l a n t  bugs, Lygus spp. ,  i n  p a r t i c u l a r  w i l l  i n c r e a s e  r a p i d l y  on 

: e rna t e  hos t  p l a n t s  e a r l y  i n  t h e  s p r i n g  before  a t t a c k i n g  many f i e l d  c rops  

e r n  1969; S tewar t  and Khoury 1976; K h a t t a t  and S t ewar t  1980; Anderson and 

u s t e r  1983). Conversely,  removal of s p e c i f i c  types  of weeds i n  t h e  ground 

e r ,  o r  nearby a r e a s ,  can reduce t he  damage and lower t h e  popu la t i on  

s i t y  of  Lygus spp. i n  app le ,  peach and pecan orchards  of B.C. o r  e l sewhere  

r r o t t  and Hodgkiss 1913; Ruhmann 1936; Venables and Waddell 1943; Woodside 

'; Proverbs  1956; Fogle  e t  a l .  1974; Fye 1980; Q u i s t  1980; Gruys 1982; 



Rober t s  and P ree  1983; Tedders 1983; K i l l i a n  and Meyer 1984) .  

An hypo thes i s  was cons t ruc t ed  t h a t  s i t e s  w i th  V .  - thapsus would have 

h i g h e r  - C .  v e r b a s c i  popu la t i on  d e n s i t y ,  du r ing  the  summer and overwin te r ing  i n  

app le  t r e e s  du r ing  t h e  w in t e r ,  and g r e a t e r  damage t h e  fo l lowing  year  t h a n  

s i t e s  w i th  no V. thapsus .  Some type of graded response would occur between - 
t h e  2 extremes of  - V. thapsus  d e n s i t y .  

Materials and Methods 

The s tudy  a r e a ,  commercial o rchards  and exper imenta l  s i t e s  were b r i e f l y  

desc r ibed  e a r l i e r  (F ig .  3.1, Table  3.1). The popula t ion  d e n s i t y  of - C.  

v e r b a s c i  w i t h i n  t r e e s  was r e g u l a r l y  a s se s sed  wi th  t h e  limb-tap method, a s  

p a r t  of a s tudy  on seasona l  abundance (Chapter  III), a t  bi-weekly i n t e r v a l s  

i n  t h e  growing seasons  of 1982-1954 and weekly i n t e r v a l s  throughout  t h e  

bloom1 per iod .  Damage t o  t h e  f r u i t  from - C. ve rbasc i  was a s se s sed  annua l ly  i n  

commercial o rchards  by examinat ion of approximately 500 a p p l e b / v a r i e t y  a t  

h a r v e s t  and i n  exper imenta l  s i t e s  by s t r i p p i n g  50% of t h e  t r e e s  (Chapter  V,  L 

Appendix B )  . 
Experimental sites 

Experiments were conducted i n  3 o rcha rds  ( s i t e s  14-21, Table  3.1) of t h e  

Agr i cu l tu re  Canada Research S t a t i o n ,  i n  Summerland. A l l  t r e e s  were on 

semi-dwarfing r o o t s t o c k s  and t h e  t r e e s  w i t h i n  each block had rece ived  t h e  

same pruning,  i r r i g a t i o n  and f e r t i l i z e r  t rea tment  f o r  a t  l e a s t  t h e  preceding  

5 y e a r s .  None of t h e  blocks was t r e a t e d  w i th  i n s e c t i c i d e  u n t i l  t h e  summer of 

1984. 

The Simon F r a s e r  U n i v e r s i t y  (3FU) block ( s i t e s  14 ,  15 )  c o n s i s t e d  of 124 

t r e e s  a r ranged  i n  a 3 x 3 m p l a n t i n g  (F ig .  8.2) bounded on t h e  e a s t  and n o r t h  

s i d e s  by t a l l  shade t r e e s ,  and on t h e  sou th  and west s i d e s  by g ra s sy  open 



Fig. 8.2. Map of part of the Entomology orchards, Agriculture Canada Research 

Station, Summerland, showing experimental sites 14-21 
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a r e a s .  The 4 rows of 'McIntosh'  v a r i e t y  were des igna ted  s i t e  14 and the  60 

t r e e s  i n  5 rows of  'Red De l i c ious '  v a r i e t y  were des igna ted  s i t e  15 (Table 

The Morgan block ( s i t e s  16 ,  17, and 21) c o n s i s t e d  of 20 rows of 8 trees 

of 5 v a r i e t i e s  i n  a  2.4 x 4.3 m p l a n t i n g  (Fig.  8 . 2 ) .  The v a r i e t i e s  were 

grouped i n  s e t s  of 8  trees w i t h  4 r e p l i c a t e s  of each v a r i e t y  l a i d  ou t  i n  a  

completely randomized design.  The block was bounded along t h e  2 s i d e s  by 

app le  and pear  blocks which were unsprayed dur ing  t h e  s tudy  per iod and t h e  

ends of t h e  block faced  onto open g r a s s  p a s t u r e  ( e a s t )  and a  mixed hedgerow 

(west) .  The 6 rows a t  t h e  e a s t  and west ends were des igna ted  s i t e s  16 and 

17,  r e s p e c t i v e l y ,  and the  c e n t r a l  p o r t i o n  a s  s i t e  21. 

The Red De l i c ious  block ( s i t e s  1 8  and 19)  c o n s i s t e d  of 23 rows of 1 2  

trees, and a  row of 9 t r e e s  (F ig .  8.2).  Three 'Red D e l i c i o u s '  t r e e s  were 

p l an t ed  . t o  each p o l l e n i z e r  o f  'NcIntosh '  o r  'Red Rome' v a r i e t y ;  which were 

s c a t t e r e d  throughout  t h e  2.4 x 4.3 m p l a n t i n g .  The 8 rows a t  each end were 

des igna t ed  as s i t e  18 ( e a s t )  and s i t e  19 (wes t ) .  

Association in commercial orchards 

During June  1982, 323 V. thapsus  p l a n t s  were s t u d i e d  i n  t h e  f i e l d  t o  - 
develop a  sampling method s u i t a b l e  f o r  o r cha rds .  The p l a n t s  were sampled i n  

J u l y  1982 by count ing  t h e  number of V. thapsus  >30 cm h igh  i n  a  s t r i p  10  m - 
wide around t h e  edges of t h e  s i t e ,  and i n  every t h i r d  t r e e  row from t h e  4 

edges t o  t he  c e n t r e  of t h e  orchard.  I n  a d d i t i o n ,  t h e  number of C. v e r b a s c i  - 
on t h e  sampled p l a n t s  was recorded i n  1982. I n  J u l y  1983, I employed a  10 

min v i s u a l  scan  of t h e  s i t e  a s  Conn e t  a l .  (1982) showed t h a t  i t  is t h e  

op t imal  method f o r  de te rmin ing  t h e  abundance of h i g h l y  obvious weeds i n  

o rcha rds .  A l l  t h e  - V. thapsus  w i t h i n  v i s i o n ,  i n c l u d i n g  those  o u t s i d e  t h e  



s i t e ,  were counted while  walking i n  an "S" p a t t e r n  through the orchard.  

R o s e t t e s  >10 cm were a l s o  counted. 

C o l l e c t i o n  of d a t a  was not p o s s i b l e  i n  s i t e s  7 and 1 3  a f t e r  August 1982, 

and extremely poor weather i n  1984 prevented repea ted  sampling of t h e  

orchards  f o r  f i r s t  gene ra t ion  - C. ve rbasc i .  None of t he  growers app l i ed  a  

p e s t i c i d e  of known t o x i c i t y  t o  - C. ve rbasc i  dur ing  the  s tudy  pe r iods  (Chapter  

111). 

Resu l t s  were analysed us ing  nonparametric rank c o r r e l a t i o n  methods (Fox 

1976; S t e e l  and T o r r i e  1980; Conover 1980) a s  t he  hypothes is  did not assume a  

l i n e a r  response. The Spearman rank c o r r e l a t i o n  c o e f f i c i e n t ,  Rho, and 

Kendal l ' s  c o e f f i c i e n t  of concordance, W,  were used t o  t e s t  f o r  independence 

between v a r i a b l e s  and a s  an o v e r a l l  measure of the  degree of a s s o c i a t i o n  

e x i s t i n g  among them. 

Experimental alteration of V. - thapsus density 

I n  1983, t he  hypothes is  was t e s t e d  exper imenta l ly ,  under the  c o n s t r a i n t  ' 

of u s ing  small p l o t s  i n  unsprayed orchards .  It was assumed t h a t  t he  e f f e c t  

of - V. thapsus i n  a  s i t e  would r e s u l t  i n  l o c a l i s e d  changes a s  no informat ion  

was a v a i l a b l e  on the  f l i g h t  o r  d i s p e r s a l  powers of - C. ve rbasc i ,  and because 

growers complained of damage i n  p a r t i c u l a r  p a r t s  of t h e i r  orchards.  I f  the  

n u l l  hypothes is  is  t o  be r e j e c t e d ,  popula t ion  d e n s i t i e s  of a d u l t s  i n  t h e  

Summer and F a l l ,  and of f i r s t  gene ra t ion  nymphs the  fo l lowing  yea r ,  should be 

s i g n i f i c a n t l y  h ighe r  f o r  s i t e s  con ta in ing  - V. thapsus than  those  without .  

Experiments were conducted i n  t he  Morgan and Red De l i c ious  blocks.  

S i t e s  16 and 18  were des igna ted  a s  t rea tment  s i t e s  and 17 and 19  a s  c o n t r o l  

s i t e s .  Cont ro ls  and b u f f e r  a r e a s  were included i n  the  r o u t i n e  weed c o n t r o l  



program of t he  Research S t a t i o n  but a l l  Verbascum spp.  were removed from the  

blocks and t h e i r  sur roundings  f o r  500 m, a t  bi-weekly i n t e r v a l s  from May 

u n t i l  November 1983. An excep t ion  was made f o r  t h e  SFU block ,  s epa ra t ed  from 

t h e  o t h e r s  by 120 m of hay f i e l d ,  shade t r e e s  and s t o n e  f r u i t  b locks .  

Remaining p l a n t s  w i t h i n  1 km of t h e  s i t e s  were p r i m a r i l y  small, grew poorly,  

and suppor ted  few - C. ve rbasc i .  

T rea t ed  s i t e s  were prepared by mowing of a l l  v e g e t a t i o n  i n  t h e  t r e e  row 

du r ing  May 1983 a s  V .  - thapsus  p r e f e r s  open ground f o r  e s t ab l i shmen t  (Gross 

1980).  The popula t ion  d e n s i t y  of - C. v e r b a s c i  i n  each s i t e  was a s se s sed  on 2 

June and 6 June  1983, a f t e r  which 186 - V. thapsus  were p l an t ed  i n  s i t e s  16 and 

18,  so  t h a t  each had s i m i l a r  numbers of d i f f e r e n t  s i z e  p l a n t s ,  and by 1 3  June 

both si tes con ta ined  1.3 p l a n t s / a p p l e  t r e e .  Before p l a n t i n g ,  each was 

c a r e f u l l y  checked by 2 i n d i v i d u a l s  who removed t h e  few - C. v e r b a s c i  found on 

t h e  s u r f a c e  of t h e  p l a n t s .  The p l a n t s  were w e l l  tended and . t he  number of 

v i a b l e  - V. thapsus  i n  each s i t e  on 1 8  August,  exc luding  those  under 30 cm 

h igh ,  was 1.3 ( s i t e  16)  and 1 .2  ( s i t e  1 8 ) / a p p l e  tree, o r  61 and 123, 

r e s p e c t i v e l y .  

R e s u l t s  were ana lysed  us ing  t-tests and ana lyses  of va r i ance  (Sokal and 

Rohlf 1981).  

Results 

Association in commercial orchards 

Orchards w i th  a  ' h i s t o r y '  of damage from - C.  v e r b a s c i  were i n v a r i a b l y  

s i t u a t e d  i n  c l o s e  proximity t o  l a r g e  a r e a s  of u n c u l t i v a t e d  land,  p a r t i c u l a r l y  

h i l l s i d e s  and g u l l i e s ,  w i th  v i s i b l e  popula t ions  of - V. thapsus .  The p l a n t  was 

l o c a l l y  abundant throughout  t h e  Okanagan-Rootenay r eg ion ,  i n  groups of up t o  

s e v e r a l  thousand; they  f r e q u e n t l y  grew >2 m high ,  even i n  a r e a s  wi th  <300 mm 



annual  p r e c i p i t a t i o n ,  sugges t ing  the  e x i s t e n c e  of a  well-adapted s t r a i n  a s  

such s i z e  and drought t o l e r a n c e  i s  not r epo r t ed  f o r  - V.  thapsus elsewhere 

(Gross and Werner 1978; Re ina r t z  1984a) .  

Mullein p l a n t s  o f t e n  grew l a r g e r  than  normal along t h e  edges of 

o rcha rds ,  where they bene f i t ed  from the  i r r i g a t i o n  water  meant f o r  t r e e s ,  and 

i n  d i t c h e s  o r  a long roads ides  and ra i lways  near  orchards .  On numerous 

occas ions ,  dense s t a n d s  of small p l a n t s ,  o r  small numbers of l a r g e  p l a n t s  

(2-3 m ) ,  were d iscovered  i n  t h e s e  s i t u a t i o n s ,  harbouring hundreds of - C. 

v e r b a s c i .  I n s i d e  orchards  they grew only i n  the  t r e e  rows where the  r e g u l a r  

mowing and/or  h e r b i c i d e  program o f t e n  f a i l e d  t o  c o n t r o l  them, a s  repor ted  i n  
> .  

o t h e r  s i t u a t i o n s  (Burton 1964; Young and Evans 1984) ,  and they grew we l l  due 

t o  t h e  f e r t i l i z e r  programs i n  t h e  orchards .  

Twelve of t he  1 3  commercial o rchards  had - V .  thapsus  i n s i d e  o r  ad j acen t  

t o  t h e i r  boundaries  i n  1982-1983 (Tables  8.3, ' 8.4).  The d e n s i t y  of - V. 

thapsus  w a s  over 100/ha i n  7 of 23 samples,  o r  5 of t he  13 commercial .  

o rchards .  One s i t e  (12)  conta ined  no - V. thapsus i n  1982 but  l a r g e  numbers 

occurred approximately 50 m away, f o r  t he  l e n g t h  of t he  orchard ,  along a  

ra i lway t r a c k .  A d i f f e r e n t  sampling method adopted i n  1983 included such 

p l a n t s  but  s t i l l  had f a u l t s ;  s h o r t l y  a f t e r  sampling s i t e  11, >I00 p l a n t s  were 

d iscovered  t h a t  were not  inc luded  i n  t h e  1 0  min v i s u a l  scan .  

The s i z e  of t h e  popu la t ion  of - C. verbascf  sampled on herbaceous h o s t s ,  

i n  commercial o rchards  i n  1982, was d i r e c t l y  c o r r e l a t e d  with t h e  number of 

V. thapsus  bea r ing  the  i n s e c t s  (Rho = 0.88, n = 12, P <0.001). As t h e  l a t t e r  - 
i s  r e l a t e d  t o  t h e  number of  - V. thapsus ,  t h e  popula t ion  s i z e  w a s  c o r r e l a t e d  

wi th  t h e  number of p l a n t s  i n  t h e  orchards  (Rho = 0.82, n  = 12, P<0.01). S i t e  

10  conta ined  fewer i n f e s t e d  - V.  thapsus ,  and fewer - C. v e r b a s c i ,  than  expected 



Table 8.3. - C. ve rbasc i  and V. thapsus p l a n t s  i n  commercial orchards (1982- 
1983) wi th  % damage from - C.  ve rbasc i  a t  ha rves t  

b 1982 - V. thapsus C. v e r b a s c i  - 1983 damage 
Del ic ious  apples  

Studx 
site- 

To ta l  wi th  C. 1982 no. on 1983 peak of 1st 
no. verbagci  - V. thapsu& gen. (mead tap)  Red Golden 

1 145 111 375 1.35 5 .8  31.8 

a 
--Sites 7,13 removed from s tudy,  August 1982. 
b 
-Number >cm high i n  every 3rd  row + 10 m band around per iphery .  

%ampled 20 J u l y  t o  8 August 1982. 



Table 8.4. C. verbasci and l. thapsus plants in plants in commercial 
and experimental orchards (1983-1984) with % damage from 

C. verbasci at harvest - 

b 1983 V. thapsus- d - 1984 damage to apples- 
1984 peak count of 

Study No. plants No. of 1st gen. (Z no. C. Mixed 
sit& >30 cm rosettes verbasci/tap)L Delicious varieties 

3xperimental sites (15-19) indicated with T (treated) and C (check). . 
humber in 10 min visual scan. 
.%umbers in brackets obtained May 15-18, before poor weather halted 
sampling, may not be peak values. 

%lo blocks containing Golden Delicious were sampled at harvest in 1984. 



which I a t t r i b u t e  t o  f r equen t  use of s y n t h e t i c  py re th ro ids  (Chapter  111 ) .  

When s i t e  12 was excluded from t h e  a n a l y s i s ,  because of unde re s t ima t ion  

of - V .  thapsus ,  t h e  number of - V. thapsus  bear ing  C.  v e r b a s c i  i n  J u l y  1982 was - 
s i g n i f i c a n t l y  c o r r e l a t e d  wi th  popu la t i on  d e n s i t y  of  - C. ve rbasc i  i n  1983 (Rho 

= 0.68, P<0.05, n  = 9) ,  and wi th  i t s  damage (Rho = 0.77, P<0.02, n  = 9).  

T o t a l  c o r r e l a t i o n ,  w, among t h e  number of - V .  thapsus  i n  a  s i t e ,  - C .  v e r b a s c i  

popu la t i on  i n  J u l y ,  and the  1983 popu la t i on  d e n s i t y  w a s  0.71 (P<0.01, n  = 9), 

r i s i n g  t o  0.82 (P<0.01) when only  t h e  number of i n f e s t e d  p l a n t s  was used i n  

t h e  c a l c u l a t i o n .  S i m i l a r l y ,  W u s ing  observed damage, r a t h e r  than  nymphal 

popula t ion  d e n s i t i e s ,  was always s i g n i f i c a n t  (P<0.05) f o r .  t h e  2  De l i c ious  

a p p l e  v a r i e t i e s .  

These r e s u l t s  a r e  s t r o n g  evidence t h a t  t h e  s i z e  of an ov 'erwinter ing 

popu la t i on  of - C. v e r b a s c i  and r e s u l t a n t  damage i n  t h e  Spr ing  a r e  in f luenced  

by t h e  number of  V. thapsus  p l a n t s  i n  t h e  a r e a  of t h e  orchard  t h e  preceding - 

year .  

Experimental alteration of - V.  thapsus density 

I n  1983 bo th  s i t e s  p lan ted  wi th  V .  - thapsus  conta ined  a d u l t  C. v e r b a s c i  - 
i n  t h e  t r e e s  more f r e q u e n t l y  t han  c o n t r o l  s i t e s .  Following t h e  d i sappearance  

of f i r s t  g e n e r a t i o n  a d u l t s  i n  l a t e  June ,  one a d u l t  was found i n  t he  c o n t r o l  

s i t e s  i n  l a t e  Ju ly ,  and 3 on 15  August. However, a d u l t s  were a l s o  found i n  

September i n  t h e  t r e a t e d  Morgan s i te ,  and cont inuous ly  through J u l y  t o  13 

jeptember i n  t h e  t r e a t e d  Red De l i c ious  si te.  More a d u l t s  were found i n  

~ u g u s t  and September i n  t r e a t e d  s i t e s  than  i n  t h e  c o n t r o l s  (23 v s  4 ) ,  and 

ummer gene ra t i on  nymphs were a l s o  more abundant i n  t r e a t e d  si tes than  

o n t r o l s  (F ig .  8 .3) .  

The f i r s t  gene ra t i on  popu la t i on  d e n s i t y  of - C.  ve rbasc i  i n  1984 was 
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h ighe r  i n  t r e a t e d  s i t e s  than c o n t r o l s  (Table 8 .5 ) ;  s i g n i f i c a n t  d i f f e r e n c e s  

(ANOVA, P<0.001) were observed between s i t e s  with o r  without  V .  thapsus ,  - 

r e j e c t i n g  the  n u l l  hypothes is  of no e f f e c t .  D i f f e rences  were not s i g n i f i c a n t  

between blocks al though they d i f f e r e d  i n  t h e i r  i n t e r a c t i o n s  with the  p l a n t s  

(ANOVA, P<0.025), and the  Morgan block showed the  g r e a t e s t  d i f f e r e n c e  i n  

popula t ion  d e n s i t y  between s i t e s  ( t  = 3.68, df = 47, P<0.001). The damage 

(%) found a t  ha rves t  was g r e a t e r  i n  both t r e a t e d  s i t e s  (4.1,  7.4) than 

c o n t r o l s  (3.0,  4.7) (Table 8.4) but could not be s t a t i s t i c a l l y  t e s t e d .  

Moreover, t he  damage the  preceding year  was a l s o  h igher  i n  the  t r e a t e d  

po r t ion  of t h e  Red Del ic ious  block than  i n  t he  c o n t r o l .  

I t  i s  d i f f i c u l t  t o  c r e d i t  t h e  popula t ion  i n c r e a s e  i n  t r e a t e d  s i t e s  

simply t o  d i f f e r e n c e s  i n  V .  thapsus d e n s i t y ,  a s  an i n c r e a s e  i n  d e n s i t y  of C .  - - 
ve rbasc i  a l s o  occurred between 1983 and 1984 i n  c o n t r o l  s i t e  17 (Table 8.5). 

However, t he  r e l a t i v e  change i n  t r e a t e d  s i t e s  was g r e a t e s t  i n  t h e  Red 

De l i c ious  block and i t  is no tab le  t h a t  t h e  only d e c l i n e  i n  d e n s i t y  of C. - 
ve rbasc i  was observed i n  t h e  c o n t r o l  s i t e  of t h i s  block (Table 8 .5) .  These 

r e s u l t s  sugges t  t h a t  d e n s i t y  of V.  thapsus may have an e f f e c t  on the  - 

populat ion of - C.  ve rbasc i  i n  Red De l i c ious  v a r i e t y  t r e e s ,  but a r e  no t  

:onclusive proof .  

P a r t  of the  exp lana t ion  f o r  t he  unc lea r  r e s u l t s  may l i e  i n  t he  g r e a t  

lbundance of prey f o r  C. v e r b a s c i  i n  a l l  of s i t e s  14-21 i n  1983. The - 

!xperimental s i t e s ,  unsprayed f o r  s e v e r a l  yea r s ,  supported l a r g e  popula t ions  

I•’ p e s t s ,  p r eda to r s  and p a r a s i t i c  a r thropods .  No d i f f e r e n c e s  were apparent  

between s i t e s  w i t h i n  blocks but t h e  Red Del ic ious  s i t e s  (18,19) suppor ted  

pproximately 50% of t he  a r thropods  found i n  t he  mixed v a r i e t y  Morgan block 

16,17,21).  Di f fe rences  i n  abundance of C .  v e r b a s c i  between s i t e s  were - 



Table 8.5. Populat ions of C. v e r b a s c i  i n  experimental  s i t e s  wi th  and 
wi thou t  - V. thapsus 1983-1984 

Mean no. - C .  v e r b a s c i l t a p  

1st gen. peak Change, 1 y r .  
Study V. t h a  s u s  

Apple v a r i e t y  s i t e  -+ t reatment-  1983 19 84 % 

Mixed 16 1.3 p l a n t s l t r e e  4.3 6 .1  + 1 . 8  + 4 2  

Mixed 17 c o n t r o l  1.7 3.1 + 1.4 + 86 

Red Delicious 18 1 .3  p l a n t s l t r e e  2.8 4.4 + 1.6 + 59 

Red Del ic ious  19 c o n t r o l  3.9 3.7 - 0 . 2  - 5 

a  - A 1 1 1 .  thapsus were removed r e g u l a r l y  from t h e  l o c a l  a r e a  f o r  500 m; 
remaining p l a n t s  w i t h i n  1 km supported few 5. verbasc i .  Between 6-13 
June 1983, 186 V. thapsus were p lan ted  i n  sites 16 and 18. On 18 
August 1983 t h e s u r v i v i n g  p l a n t s  numbered 1 . 3 1 t r e e  ( s i t e  16) and 1.21 
t r e e  ( s i t e  18) .  

- 



c o n s i s t e n t l y  g r e a t e r  i n  the Red De l i c ious  block than  the  Morgan block i n  

1983. 

Discussion 

The r e s u l t s  from commercial orchards i n d i c a t e  t h a t  popula t ion  d e n s i t y  of 

C .  ve rbasc i  and i t s  damage can be c o r r e l a t e d  wi th  V. thapsus d e n s i t y .  - - 
Although - C. v e r b a s c i  i s  a s i g n i f i c a n t  preda tor  on app le  (Kelton 1982; Chapter 

11) i t  i s  a l s o  c l o s e l y  a s s o c i a t e d  wi th  - V .  thapsus ;  i n  t h i s  r e s p e c t  i t  appears  

t o  behave i n  the  same way a s  s p e c i a l i z e d  herb ivores  on t h e i r  hos t  p l an t s .  A 

cons ide rab le  l i t e r a t u r e  e x i s t s  on herb ivorous  i n s e c t s  i n  po lycu l tu re s  ( f o r  

reviews s e e  P e r r i n  1977; Risch e t  a l .  1983; S t an ton  1983).  Seve ra l  s t u d i e s  
. . 

on t h e  responses of herb ivorous  i n s e c t s  t o  p l a n t s  i n  varying d e n s i t i e s  (Root 

1973; Ralph 1977a,b; Risch 1980, 1981; Bach 1981, 1984). a g r e e  t h a t  they a r e  

l i k e l y  t o  feed  and remain i n  a dense s tand  of a hos t  p l an t  r a t h e r  than  a 

s p a r s e  one, t h a t  s p e c i a l i z e d  he rb ivo res  a r e  more e f f e c t i v e l y  t rapped t h i s  way 

than  o t h e r s ,  and t h a t  numbers i n  a s tand  can be r e l a t e d  t o  s t and  s i z e .  I n  

a d d i t i o n ,  TJaloff and Bakker (1963) found t h a t  d e n s i t i e s  of 4 mi r id  bugs were 

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

The exper imenta l  r e s u l t s  a r e  not  convincing evidence of a cause and 

e f f e c t  r e l a t i o n s h i p ,  being complicated by the  polyphagous f eed ing  of - C. 

ve rbasc i  and i t s  d i s p e r s a l .  The occurrence of abundant prey i n  t r e e s  and 

orchards  has been l i nked  t o  h i g h  - C. ve rbasc i  d e n s i t y  (Chapters  111, IV) and 

i t  is  l i k e l y  the  exper imenta l  blocks,  p a r t i c u l a r l y  t he  Horgan block, had few 

of t h e  l i m i t i n g  f a c t o r s  u s u a l l y  found i n  commercial o rchards  f o r  - C. 

ve rbasc i .  Mobile p reda to r s  commonly aggrega te  near  t h e i r  prey (Muir 1966; 

Dixon and R u s s e l l  1972; Solomon 1975; F raze r  and G i l b e r t  1976; P a r e l l a  e t  

a l .  1981; Bryan and Wrat ten 1984: Sholes  1984; F r a z e r  and Raworth 1985).  I n  



a n  exper imenta l  s tudy of b e e t l e  d i f f u s i o n ,  Wetzler  and Risch  (1984) found the  

tenure  time of a  c o c c i n e l l i d  p reda to r  of aphids  was s i g n i f i c a n t l y  prolonged 

i n  aphid- infes ted  corn i n  comparison to  aphid-f r e e  p l a n t s  and t h a t  movement 

was much f a s t e r  through corn  wi th  low r a t h e r  than  h igh  aphid abundance. The 

d i f f e r e n c e  i n  prey popu la t ion  l e v e l s  might e x p l a i n  the  absence of a n  e f f e c t  

i n  t h e  Morgan block. 

The d i s p e r s a l  power of 129 male - C. v e r b a s c i  was shown i n  t h i s  s tudy t o  

be over  300 m i n  48 h, i n v a l i d a t i n g  t h e  s m a l l  s i z e  of t h e  exper imenta l  

s i t e s .  However, t h e  d i f f e r e n t  s i z e s  of t h e  exper imenta l  s i t e s ,  and 

consequent ly numbers of - V.  thapsus ,  may have had an  e f f e c t .  The Red 

De l i c ious  s i t e s  conta ined  twice  a s  many t r e e s  a s  t he  Morgan s i t e s ,  and t o  

preserve  a  s i m i l a r  - V. t h a p s u s l t r e e  r a t i o  t h e  number of V. - thapsus p lan ted  

(125, s i t e  18 )  was a l s o  double t h a t  i n  t he  Morgan block (60,  s i t e  1 6 ) .  

Although t h e  d e n s i t y  of - V. thapsus  was s i m i l a r ,  t h e  l a r g e r  number i n  s i t e  1 8  

may have e l i c i t e d  a  d i f f e r e n t  response from t h e  mobile - C. v e r b a s c i  t h a n  the  . 
number i n  s i t e  16. 

I conclude t h a t  i n  commercial orchards t h e  number of - V .  thapsus can 

in f luence  t h e  popula t ion  d e n s i t y  of - C .  v e r b a s c i  overwinter ing  i n  t h e  t r e e s .  

I found t h a t  2 o r  more gene ra t ions  of - C. v e r b a s c i  occurred on - V .  thapsus 

(F ig .  8.1) a t  t he  t ime t h a t  one occurred i n  t h e  t r e e s  (Chapter  I I I ) ,  and t h a t  

l a r g e  numbers can develop on 1. thapsus i n  o r  near  orchards.  The d e n s i t y  of 

V. thapsus i n  commercial o rchards  i n  1982 was c o r r e l a t e d  wi th  t h e  number of - 

C. v e r b a s c i  i n  t he  Summer, t he  popula t ion  d e n s i t y  i n  the Spr ing  of 1983, and - 
t h e  damage a t  h a r v e s t .  

On the  o t h e r  hand, i t  i s  c l e a r  t h a t  t he  widespread damage from - C .  

ve rbasc i  experienced throughout t h e  Okanagan Valley i n  1985 (M. ~ a n d e r s l o ,  



R O D .  ~ c ~ u l l e n ~ ,  pers .  comms.; pe r s .  obs . )  cannot be expla ined  simply by the  

abundance of  - V.  thapsus i n  1984. I f  C. ve rbasc i  popula t ions  i n  orchard t r e e s  - 
can b u i l d  up due t o  i n s e c t i c i d e  r e s i s t a n c e  o r  unusual  weather (Chapter 111)  

then  t h e  l e v e l  of - V. thapsus  i s  not  a s  c r i t i c a l  a s  a t  lower populat ion 

d e n s i t i e s ,  and t h e  va lue  of t h e  p l a n t s  i s  l i k e l y  a s  r e s e r v o i r s  o r  r e fug ia  f o r  

C. ve rbasc i .  - 

I n  view of t he se  r e s u l t s  and t h e  success  r epo r t ed  wi th  r educ t ion  of 

weeds f o r  Lygus spp. c o n t r o l  ( s e e  I n t r o d u c t i o n ) ,  t h e  d e s t r u c t i o n  of - V. 

thapsus  popu la t i ons  i n  and around orchards  w i l l  l i k e l y  lead  t o  lower 

popula t ions  of  - C. v e r b a s c i  and reduced damage on apple  i n  succeeding years .  
, . 



IX Visual and o l f a c t o r y  components of a n  a d u l t  m n i t o r i n g  t r a p  f o r  

Campylomma v e r b a s c i  i n  apple orchards.  

INTRODUCTION 

Damage from - C.  v e r b a s c i  nymphs t o  app le s  is  d i r e c t l y  r e l a t e d  t o  the  

l e v e l  of t he  overwinter ing  popula t ion  (MacPhee 1976; Chapter V). Emergence 

of t h e  nymphs occurs  a t  a  c r i t i c a l  time f o r  p e s t  management i n  Canada 

(MacPhee 1976; Madsen and P r o c t e r  1982) and i n t e n s i v e  sampling i s  r equ i r ed  

f o r  d e t e c t i o n  near  t he  economic i n j u r y  l e v e l  (Chapters  I V ,  VI). Early 

warning of s i t e s  wi th  a  dangerously high popula t ion  would s i g n i f i c a n t l y  

a s s i s t  pes t  management programs (MacPhee 1976; Norton 1976; Chapters  V I ,  V I I )  

bu t  overwinter ing  samples taken  from orchards  i n  e a r l y  s p r i n g  provide 

u n r e l i a b l e  r e s u l t s  o r  a r e  i m p r a c t i c a l  on a  l a r g e  s c a l e  (Chapter  VII ) .  

Although measurement of t h e  overwinter ing  popula t ion  i t s e l f  i s  

i n f e a s i b l e ,  t h e  number of a d u l t  - C. v e r b a s c i  i n  orchards -at the  time of 

o v i p o s i t i o n  may be a  u s e f u l  i n d i c a t o r  of t h e  popula t ion  l e v e l  of t h e  next  

gene ra t ion .  I f  a  r e l i a b l e  method of e s t ima t ing  a d u l t  number were developed, 

i n t e n s i v e  sampling could be confined t o  t hose  orchards  with high popula t ion  

l e v e l s .  The s imp les t  method would be t o  employ an  e f f i c i e n t  t r a p ,  such a s  a  

s t i c k y  coa ted  t r a p  commonly used i n  orchards  f o r  s e v e r a l  i n s e c t s  (Hoyt e t  

a l .  1983) ,  a s  a d u l t s  a r e  d i f f i c u l t  t o  c o l l e c t  us ing  o t h e r  methods (Chapters  

Adult  p l a n t  bugs, i nc lud ing  - C. v e r b a s c i ,  have been r e a d i l y  c o l l e c t e d  

from t r a p s  employing 2 types of s t i m u l i ,  v i s u a l  and o l f a c t o r y .  Prokopy e t  

a l .  (1979) found t h a t  a d u l t  t a rn i shed  p l a n t  bugs, Lygus l i n e o l a r i s  ( P a l i s o t  

de Beauvois),  were more e f f e c t i v e l y  de t ec t ed  i n  orchards  on s t i c k y ,  non-UV 

r e f l e c t i n g ,  whi te  r e c t a n g u l a r  t r a p s  than  by 3  o t h e r  methods: v i s u a l  counts ,  



limb-tap samples, o r  sweepnet samples of ground cover vege ta t ion .  Prokopy e t  

a l .  (1982) r e l a t e d  the  t r a p  cap tu re s  t o  f r u i t  i n j u r y  l e v e l s  and developed 

t rea tment  l e v e l s  f o r  t he  t a rn i shed  p l a n t  bug on apple.  Roivin e t  a l .  (1982) 

used t h i s  t r app ing  scheme f o r  2  yea r s  t o  monitor  5 mir id  s p e c i e s  i n  a Quebec 

app le  orchard ,  bu t  caught no - C.  v e r b a s c i  on 21 t r a p s ,  d e s p i t e  f i nd ing  a d u l t s  

i n  t r e e s  and on ground cover  vege ta t ion .  

Probably the  f i r s t  r e p o r t  of an  o l f a c t o r y  a t t r a c t a n t  f o r  mir id bugs was 

i4arshal11s (1930) obse rva t ion  t h a t  t r a p s  b a i t e d  wi th  e t h y l  propionate ,  hung 

i n  apple  t r e e s ,  had a  ' f a i r '  a t t r a c t i o n  f o r  - C.  ve rbasc i .  Subsequently,  t he  

presence of a  female s ex  pheromone, h igh ly  e f f e c t i v e  i n  a t t r a c t i n g  males t o  

caged females ,  was e s t a b l i s h e d  i n  5 mir ids :  -. L. l i n e o l a r i s  (Sca les  1968; 

Slaymaker and Tugwell 1984),  - L. hesperus Knight (Strong e t  a l .  1970),  

D i s t a n t i e l l a  theobroma ( D i s t . )  (King 1973),  H e l o p e l t i s  c l a v i f e r  (Walker) 

(Smith 1977),  and Lygocoris  communis (Knight)  (Boivin and Stewar t  1982a). 

' Fre l iminary  obse rva t ions  of - C. v e r b a s c i  i n  1982 revea led  a  c l o s e  

a s s o c i a t i o n  wi th  common mul l e in ,  Verbasum thapsus ,  a s  we l l  a s  an aggregated 

d i s t r i b u t i o n  on c e r t a i n  p l a n t s  (Chapters  111, V I I I ) ,  and suggested t h a t  

v i s u a l  and o l f a c t o r y  s t i m u l i  could be employed i n  an  a t t r a c t i v e  t r a p  f o r  - C .  

ve rbasc i .  I n  t h i s  s tudy I i n v e s t i g a t e d  some poss ib l e  components of such a  

t r a p  i n  and around B r i t i s h  Columbia i n t e r i o r  app le  orchards .  

MATERIALS AND METBODS 

Experimental sites 

I n v e s t i g a t i o n s  were conducted i n  commercial orchards (F ig .  3.1, Table 

3.1),  and i n  a  f i e l d  ( s i t e  A) and o rcha rds  ( s i t e s  B, C) of t h e  A g r i c u l t u r e  

Canada Research S t a t i o n ,  Summerland (Chapter 111) .  S i t e  A was, i n  1983, an  

open g ra s sy  f i e l d ,  approximately 100 x 200 m, wi th  a  few smal l  abandoned 
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a p p l e  trees, and s e v e r a l  thousand V. - thapsus ,  bounded on 3 s i d e s  by s t e e p  

g u l l i e s .  I n  e a r l y  1984, p a r t  of s i t e  A was p l an t ed  t o  app le s  of many 

v a r i e t i e s  andthe - V. thapsus  popu la t i on  dec l ined  by approximately 60%. S i t e  B 

conta ined  mature pear  trees, p r i m a r i l y  cv. B a r t l e t t .  S i t e  C h e l d  216 smal l  

(2-3 m) a p p l e  t r e e s  cv. S ta rkr imson,  Red D e l i c i o u s ,  and Golden D e l i c i o u s  on 

M26 r o o t s t o c k ,  i n  6  rows of a  3  x 4 m p l a n t i n g .  

During J u l y  1983 4 rows of 22 s t a k e s ,  1.5 m h igh ,  were placed i n  s i t e  A 

i n  a  r e c t a n g u l a r  l a t t i c e  p a t t e r n  1 0  x 3 m a p a r t .  Because of concern t h a t  

non-uniform - V .  thapsus  d i s t r i b u t i o n  might a f f e c t  a d u l t  movement, on 8 August 

and 10 September t h e  numbers of h e a l t h y  - V. t hapsus  >30 c m  h igh  w i t h i n  2 m of 

a  s t a k e  were counted,  and t h e  d i s t a n c e  i n  cm t o  t h e  n e a r e s t  p l a n t  was 

measured a t  each s t a k e ,  f o r  use  a s  c o v a r i a t e s  i n  d a t a  a n a l y s i s .  

Visual traps 

Traps were made from whi t e  c a r d s  (16 x 44 cm) laminated o n  one s i d e  wi th  

p l a s t i c  (Domtar I n c . ) ,  normally used a s  pheromone t r a p  l i n e r s .  Rec tangles  . 
were c u t  and used o r  pa in t ed  on t h e  laminated s i d e  wi th  2 c o a t s  of p a i n t  

(General  P a i n t  Div., Reed Decora t ive  Products  Ltd.) :  Empress White, Spanish 

Yellow, Seafoam Green, Superg loss  Green, Oxford Blue, G u l l  Grey, S igna l  Red, 

S a t e l l i t e  Yellow, Turf Green o r  T i t a n  Red ( F i g  9.1; t h e  l a t t e r  3  c o l o u r s  

f l u o r e s c e  i n  d a y l i g h t ) .  The laminated s i d e  of each ca rd  was coated wi th  

Tang le t r ap  (The Tanglefoot  Co.), a  c l e a r  s t i c k y  polymer, before  use .  

A l l  co lou r s  except  G u l l  Grey and t h e  unpainted ca rd  were used i n  

experiment  1. P i e c e s  15  x 20 cm were fo lded  i n t o  2 shapes ,  h o r i z o n t a l  

r e c t a n g l e s  (10 x 1 5  cm) o r  v e r t i c a l  c y l i n d e r s  (20  cm x 4.6 cm d iameter )  and 

s t a p l e d  t o  s t a k e s  i n  s i t e  A. Four r e p l i c a t e s  of t h e  18  shape x c o l o u r  

combinat ions were l a i d  ou t  i n  a  s p l i t - p l o t  des ign  ( L i t t l e  and H i l l s  1978; 



Fig. 9.1. Cards of var ious  hues and shades, used i n  experiment 1.  

Top: Turf Green, Supergloss Green, Seafaan Green 

Centre: Empress White, Spanish Yellow, S a t e l l i t e  Yellow 

Bottom: Oxford Blue, Signal  Red, T i t an  Red 



Snedecor and Cochran 1980) w i t h  shape a s  main p l o t s  and co lour  a s  s u b p l o t s ,  

on t he  wes t e rn  72 s t a k e s ,  on 6 August 1983. On 8 August and 12 August, a l l  

C. v e r b a s c i  were removed from the  t r a p s ,  sexed and counted. - 

Turf Green, S i g n a l  Red, G u l l  Grey, and Empress White co lou r s  were 

compared w i t h  unpainted ca rds  (15 x 20 cm) i n  experiment 2. The ca rds  were 

s t a p l e d  i n  t h e  v e r t i c a l  c y l i n d r i c a l  p o s i t i o n  on t h e  e a s t e r n  24 s t a k e s  of s i t e  

A ,  and deployed i n  a 4 - r e p l i c a t e ,  randomized block des ign ,  on 1 6  August 

1983. They were checked f o r  - C .  v e r b a s c i ,  rerandomized and r ep l aced  on 19 

August, and. t he  t r a p s  checked and removed on 22 August. 

V i s i b l e  and UV wavelength r e f l e c t a n c e  of pa in t ed  and unpainted c a r d s  w a s  

measured by a Cary 17 r eco rd ing  spec t rophotometer  wi th  a magnesium oxide 

s tandard .  

Olfactory traps 

I n  1982-1983, 7 experiments  were conducted u s i n g -  wild-caught o r  

i n sec t a ry - r ea red  - C. ve rbasc i  a d u l t s  and V. - thapsus  f lower  p a r t s ,  i n  up t o  7 . 
t r ea tmen t s  s imul taneous ly ,  a s  summarized i n  Table  9.1.  The i n s e c t s  were 

caged with wet d e n t a l  c o t t o n  wicks and f i l t e r  paper i n  c l e a r  p l a s t i c  

c y l i n d e r s  (3.5 x 1 0  cm) w i t h  gauze a c r o s s  t h e  ends. Between 4-6 a d u l t s  were 

placed i n  each cage,  depending on t h e  experiment ,  t o g e t h e r  wi th  a sugar-water 

mix ture  i n  g l a s s  v i a l s  wi th  s t r i n g  wicks.  Traps were checked 1-2 times d a i l y  

and s t u d i e s  were te rmina ted  when an average  of 1 a d u l t l c a g e  was immobile; i n  

experiments  4 and 5 t h e  t r ea tmen t s  were rep laced  and rerandomized a f t e r  4 and 

3 days,  r e s p e c t i v e l y .  P r i o r  t o  use i n  t h e  cages,  f r e s h  p i eces  of - V .  t hapsus  

raceme were c leaned  of a l l  - C.  v e r b a s c i  and o t h e r  a r thropods  except  t h e  

mul le in  t h r i p s ,  Hap lo th r ip s  ve rbasc i .  A t  t h e  end of each experiment t h e  

number of l i v i n g  and dead - C.  v e r b a s c i  i n  each cage w a s  determined. 



Table 9.1. Summarized design of 7 experiments with caged C. verbasci 
adults and/or - V. thapsus inflorescence, in sticky-coated-traps 

Experimental 
characteristic 

Expt. no. 

1 2 3 4 5 6 7  

Site 

Duration (days) 

No. of replicates 
. . 

Treatment 

Garden 15. 16 15 A 18 16 
19 17 

Control + + + 
C. verbasci adult males - + + + 

females + + + 
both sexes + 

V. thapsus inflorescence + + + + +  + 
with 5. - verbasci adult males + + + +  

females + + + + + + + . &  

both sexes + + 



I n  experiment 1 t h e  cages were clamped t o  1 m high s t a k e s  spaced I m 

a p a r t  i n  2  squares  of 20 t r a p s  each,  between 1.5-4 m away from - V .  thapsus i n  

t h e  exper imenta l  garden (Chapter  111). Two p ieces  of white ,  unpainted card 

(20 x  20 cm) coated on both s i d e s  with Tangle t rap ,  were s t ap l ed  to  t h e  

s t a k e s ;  one v e r t i c a l l y  f ac ing  t h e  p l a n t s  and the  o the r  h o r i z o n t a l l y  mounted 

above the  cage. For experiment 2  t h e  cage w a s  placed through a hole  i n  t h e  

c e n t r e  of a  22 x  22 cm p iece  of ca rd ,  coa ted  on both s i d e s  wi th  Tangle t rap  

and hung by wire  from t r e e s ,  but  i n  a l l  o the r  s t u d i e s  a  c y l i n d r i c a l  t r a p  was 

used. 

The c y l i n d r i c a l  t r a p s  [18.5 cm x  1 3  cm o u t s i d e  diameter (OD)] were made 

from whi te  paper i c e  cream c a r t o n s ,  pa in ted  wi th  E x t e r i o r  Super Varnish 

(General  P a i n t  Div., Reed Decora t ive  Products  Ltd.) t h a t  d r i ed  t o  a  l i g h t  

s t r aw  colour .  A whi te  pheromone t r a p  l i n e r  (44 x  16  cm), descr ibed  e a r l i e r ,  

was coated on t h e  laminated s i d e  wi th  Tangle t rap  and covered the  i n s i d e  of 

t h e  cy l inde r .  The cage w a s  hung i n s i d e  t h e  t r a p  i n  the top c e n t r e  (Fig.  

9.2).  Traps were hung i n  t h e  lower canopy of t r e e s  a t  eye he igh t  (1.5 m ) ,  o r  

t i e d  t o  s t a k e s  1-1.5 m high i n  s i t e  A ,  a t  l e a s t  20 m a p a r t .  

Experiments 2-5 were l a i d  out  i n  L a t i n  squares ,  numbers 1 and 7 i n  

completely randomized blocks,  and number 6 i n  6 randomized blocks - 4 i n  rows 

of Red De l i c ious  t r e e s ,  one on a  f ence  50 m away, and one on s t a k e s  100 m 

i n t o  a h a y f i e l d .  Cut app le  f o l i a g e  and f r u i t  was included a s  a  t rea tment  i n  

experiment 1 and mul le in  weev i l s ,  Gymnaetron te trum, were caged i n  experiment 

6 bu t  d ied  o r  became i n a c t i v e  w i t h i n  3 6  h. 

Insect and plant volatiles 

Porapak Q (50-80 mesh, Applied Science Labora to r i e s  Inc . )  was 

condi t ioned  by e x t r a c t i o n  wi th  anhydrous, reagent  grade d i e t h y l  e t h e r  i n  a  



Fig. 9.2. Cylfndrlcal trap used in olfactory experiments, mounted 

on a stake, showing the trap liner and cage containing 

plant material and adult C. verbasci 



Soxhle t  e x t r a c t o r  f o r  a t  l e a s t  24 h. Res idua l  s o l v e n t  was removed by hea t ing  

t h e  Porapak Q under helium a t  60•‹c f o r  2  h. F r e s h  - V. thapsus racemes were 

r e g u l a r l y  c u t ,  s t r i p p e d  of a l l  a r th ropods  except  mul le in  t h r i p s ,  weighed and 

packed i n t o  3 g l a s s  c y l i n d e r s  (30  cm OD x 50 cm) f i t t e d  with ground g l a s s  

j o i n t s  a t  top and bottom ends, and a c r o s s  t h e  t ddd le .  A g l a s s  a i r  sc rubber  

(2.4 cm OD x 12 cm) f i l l e d  w i th  a c t i v a t e d  coconut cha rcoa l  (50-80 mesh, 

F i s h e r )  was a t t a c h e d  t o  t h e  top of each c y l i n d e r  and a  g l a s s  t r a p  f i l l e d  w i t h  

Porapak Q (2.4 cm OD x 20 cm; Vernon e t  a l .  1977) t o  t h e  bottom. A i r  was 

drawn through the  systems a t  approximately 4 L/min by water a s p i r a t o r s .  The 

equipment and a i r  f low r a t e  was checked a t  l e a s t  4 times d a i l y ,  a t  0800, 

1200, 1600, and 2100. Room tempera ture  and r e l a t i v e  humidity were recorded 

on a  Feuss thermohygrograph. 

For  c a p t u r e  of insect-produced v o l a t i l e s ,  wild-caught o r  l abora tory-  

r ea red  a d u l t  C. v e rbasc i  were sexed and placed i n  t h e  c o n t a i n e r s  on f r e s h  V. - - 
thapsus  m a t e r i a l .  Numbers of immobile o r  dead - C.  v e r b a s c i  were counted d a i l y  b 

a t  0800 and 1600, and when t h e  chambers were opened a t  i n t e r v a l s  of 2-6 

days.  The c o n c e n t r a t i o n  of v o l a t i l e s  c o l l e c t e d  dur ing  a e r a t i o n  was expressed 

q u a n t i t a t i v e l y  i n  terms of bug hours  (bh)  and gram hours  (gh)  so t h a t  1 bh = 

t h e  v o l a t i l e s  from one bug i n  1 h ,  and 1 gh t h e  v o l a t i l e s  from 1 g of - V. 

thapsus  ( f r e s h  wt.)  i n  1 h. Ta rge t s  of 100,000 bh and 1 m i l l i o n  gh were set; 

a c t u a l  r e s u l t s  were, f o r  each t r ea tmen t :  - V. thapsus  a l o n e ,  1.27 m i l l i o n  gh 

(and 500 bh due t o  some a d u l t s  t h a t  escaped d e t e c t i o n ) ;  males 1.34 m i l l i o n  gh 

and 97,698 bh; females  1.34 m i l l i o n  gh and 95,356 bh. 

V o l a t i l e s  were recovered by e x t r a c t i o n  of t h e  Porapak Q w i th  350 m l  of 

p e s t i c i d e  grade  hexane ( g l a s s  d i s t i l l e d ,  Caledon L a b o r a t o r i e s ,  Ltd.)  i n  a  

Soxhle t  e x t r a c t o r  f o r  24 h. The e x t r a c t i o n s  were concent ra ted  t o  about  9  m l  



under vacuum i n  a  r o t a r y  evapora to r ,  t r a n s f e r r e d  t o  a  10  m l  vo lumetr ic  f l a s k ,  

and the  volume brought up t o  10 m l .  The concen t r a t e s  were s t o r e d  i n  g l a s s  

v i a l s  wi th  Teflon-l ined caps i n  a  deep f r e e z e r  u n t i l  r equ i r ed .  

The concen t r a t e s  were a p p l i e d ,  i n  volumes of 0.1 and 1 m l ,  to rubber 

s e p t a  (10  mm; Sigma Chemical Co. Inc . )  and l e f t  overn ight .  Seven r e p l i c a t e s  

of each p lus  a  hexane c o n t r o l  were p\repared. On 12 September 1984 they were 

placed i n  t r a p s  i n  7 l o c a t i o n s  ( s i t e s  9 ,  15,  A, B, C, and 2 o t h e r  commercial 

o rcha rds )  i n  t r e e s  a t  l e a s t  20 m a p a r t .  The t r a p s  were checked d a i l y  u n t i l  

21 September. 

Insect crushes 

Adult C. v e r b a s c i  were c o l l e c t e d  i n  1984 from V.  thapsus ,  sexed, and - - 
held overn ight  i n  groups of 10  i n  darkness  a t  1 - 5 " ~ .  A l l  s o l v e n t s  were 

pes t ic ide-grade  ( g l a s s  d i s t i l l e d ,  Caledon L a b o r a t o r i e s  L td . ) .  The g lassware  

and equipment was washed i n  ace tone ,  and r in sed  i n  hexane before  use and 

subsequent ope ra t ions  occurred i n  a  co ld  (1-2•‹C) room. 

I n s e c t s  were he ld  i n d i v i d u a l l y  with fo rceps  a t  t h e  abdomen and 

pro thorax ,  pu l l ed  a p a r t ,  and the  2 p a r t s  placed immediately i n  s e p a r a t e  g l a s s  

v i a l s  con ta in ing  hexane and r e s t i n g  on s o l i d  carbon d ioxide .  Af t e r  

accumulating s u f f i c i e n t  m a t e r i a l ,  normally from 50 i n s e c t s ,  t h e  p a r t s  were 

crushed i n  t h e  v i a l s  and t h e  v i a l s  s e a l e d  and brought t o  room tempera ture  

(approx. 20•‹C) f o r  30 min. So lu t ions  i n  t he  v i a l s  were drawn o f f ,  t he  p a r t s  

r i n s e d  wi th  hexane, and t h e  s o l u t i o n  aga in  drawn o f f .  Col lec ted  l i q u i d s  were 

s t o r e d  i n  s ea l ed  v i a l s  w i th  Teflon-l ined caps i n  a  f r e e z e r  u n t i l  requi red .  

I n  t o t a l ,  e x t r a c t s  of 300 male and 420 female - C. v e r b a s c i  were prepared.  

Two experiments were made wi th  t h e  m a t e r i a l s  and t h e  remainder was kept  

f o r  a n a l y s i s .  I n  t h e  f i r s t ,  6 orcha rds  ( s i t e s  2,4,9,12,15, B) were checked 



w i t h  t r a p s  con ta in ing  l i v e  female - C. v e r b a s c i  t o  ensure  t h a t  a popula t ion  was 

p re sen t .  S i x  t rea tments  were then placed i n  a L a t i n  square:  blank c o n t r o l ,  

hexane c o n t r o l ,  male o r  female head and t h o r a c i c  s e c t i o n s ,  and male or  female 

abdominal s e c t i o n s .  The m a t e r i a l  was app l i ed  i n  10-insect-equivalent  amounts 

t o  rubber s ep ta  (10 mm; Sigma Chemical Co. Inc . )  and l e f t  overn ight  f o r  t he  

hexane c a r r i e r  t o  evaporate .  The s e p t a  were placed i n  t h e  top c e n t r e  of t h e  

s tandard  cy l inde r  t r a p s ,  desc r ibed  e a r l i e r ,  hung i n  t r e e s  from the  edge of 

t h e  orchards  t o  t h e  c e n t r e ,  a t  l e a s t  10  m a p a r t .  The t r a p s  were s e t  on 5 

September 1984 and checked d a i l y  u n t i l  1 0  September. 

A second experiment used 30- insec t -equiva len ts  of m a t e r i a l  i n  4 

r e p l i c a t e s  of 5 t rea tments :  a hexane c o n t r o l ,  male o r  female head and 

t h o r a c i c  s e c t i o n s ,  and male o r  female abdominal s e c t i o n s .  The ma te r i a l s  were 

concent ra ted  under vacuum i n  a r o t a r y  evapora tor  before  a p p l i c a t i o n  t o  t he  

sep ta .  ' They were l e f t  overn ight  and placed i n  c y l i n d r i c a l  t r a p s  i n  4 

orchards  ( s i t e s  A, B,  and 2 commercial o rcha rds )  and checked d a i l y  from 18-24. 

September. 

Data analysis 

The s t u d i e s  were analysed by a n a l y s i s  of va r i ance  (ANOVA) o r  covariance 

(ANCOVA) a f t e r  t r ans fo rma t ion  by x = loglo (x+l )  o r  x = d ( x + 0 . 5 )  a s  

app ropr i a t e .  Means were sepa ra t ed  by or thogonal  c o n t r a s t s  o r  t he  

Student-Newman-Keul's t e s t  ( S t e e l  and T o r r i e  1980). Ca lcu la t ions  were 

performed us ing  MIDAS (Fox 1976) and ANOVAR (Grieg and O s t e r l i n  1978) 

s t a t i s t i c a l  packages. 

RESULTS AND DISCUSSION 

Visual responses 



coloured sticky traps in 1983. The majority were caught in early August, 

when the number of yellow or white flowers on - V. thapsus reaches its annual 

maximum (Shapter VIII). Later experiments caught fewer - C. verbasci, 

particularly females, than experiment 1 as the females left the area and 

moved onto perennial overwintering hosts in late August (H. Thistlewood, 

unpub. results). 

Both sexes of - C. verbasci were captured in significantly different 

numbers (ANOVA, P<0.01) on 9 colours presented in experiment 1 (Table 9.2). 

No significant differences (P = 0.05) were found among male - C. verbasci 

presented with the 5 colours in experiment 2 (1.3-6.0/trap), when too few 

females were caught for analysis (0.3-1.3/trap). 

The success of fluorescent Turf Green and relative captures of other 

colours are not explained by the reflectance profiles of the painted cards, 

nor by comparison with values obtained for V. - thapsus 

and flowers (Nulligan and Kevan 1973; Kevan 1983). 

Owens (1978, 1983) and Prokopy et al. (1979) suggest 

leaves (Wuenscher 1970) 

However, Prokopy and. 

that non-UV-reflecting 

white is a ' supernormal' bud and blossom mimic of plants and is attractive to 

'polyphagous' insects, such as plant bugs, on apple. White would be a 

suitable colour for a sticky-trap for adult - C. verbasci (Table 9.2,) as well 
as for other plant bugs (Prokopy et al. 1979, 1982; Boivin et al. 1982), 

provides a highly contrasting background for insect identification, and is 

easily available owing to widespread use in prefabricated commercial traps. 

In experiment 1, cards of the same size were Eolded in 2 shapes and the 

vertical cylinders captured significantly more female - C. verbasci than the 

horizontal rectangles (ANOVA, P<0.02; Table 9.2). - V. thapsus has a striking 

form, and trap shape, size and orientation can greatly influence capture 
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r a t e s  of v i s u a l  and pheromone t r a p s  (Carde and E l k i n t o n  1984; Levinson and 

Hoppe 1983; Prokopy and Owens 1983) but  i n  2 f u r t h e r  experiments ,  us ing  o t h e r  

shapes and o r i e n t a t i o n s ,  too few females  were caught  f o r  a n a l y s i s .  

I n t e r p r e t a t i o n  of male response  was complicated by a very c l o s e  

r e l a t i o n s h i p  (ANCOVA and Pearson product-moment c o r r e l a t i o n ,  P<0.01) w i t h  t h e  

number of females  caught  on i n d i v i d u a l  t r a p s .  The cons i s t ency  of t h i s  

e f f e c t  i n  t h e  4 v i s u a l  and 7 o l f a c t o r y  experiments  ( s e e  next  s e c t i o n )  

sugges t s  t h a t  i t  i s  s t r o n g e r  t han  a v i s u a l  p r e f e r ence .  Male counts  a d j u s t e d  

by t h e  number of females  on a t r a p  showed no s i g n i f i c a n t  d i f f e r e n c e s  (ANCOVA, 

P>0.1) among co lou r s  i n  experiments  1 (Table  9.2) and 2 sugges t ing  t h a t  males 
. - 

have l i t t l e  p re fe rence  f o r  co lou r .  C o n t r a r i l y ,  a l though t h e  number of 

females  cap tured  on a t r a p  was c l o s e l y  r e l a t e d  (ANCOVA, P<0.01) t o  - V.  thapsus  

d e n s i t y  ( w i t h i n  2 m of t h e  t r a p )  t h e  ad jus t ed  means merely confirmed p r i o r  

d i f f e r e n c e s  (Table  9.2). 

These r e s u l t s  demonstrate  t h e  importance of s imultaneous i n v e s t i g a t i o n  . 
of o l f a c t o r y  and v i s u a l  components of t r a p  c a p t u r e ,  and may be r e l e v a n t  t o  

o t h e r  i n s e c t s .  Prev ious  i n v e s t i g a t i o n s  of v i s u a l  responses  have o f t e n  

ignored i n t r a s p e c i f i c  s exua l  d i f f e r e n c e s  o r  i n t e r a c t i o n s  (e.g.  Owens and 

Prokopy 1978; Prokopy and Owens 1978; Prokopy e t  a l .  1979, 1982) ,  and lumped 

both  sexes  t oge the r .  I n  one excep t ion ,  Boivin and S tewar t  (1984) noted t h a t  

s i g n i f i c a n t l y  more males than  females  of 4 mi r id  s p e c i e s  were cap tured  on 

whi te  s t i c k y  t r a p s ,  i n  r a t i o s  of 1.5-4.5 males: 1 female.  Although s e x  

r a t i o s  of 1:l o r  less were c o n s i s t e n t l y  found i n  limb-tap and o t h e r  orchard  

samples,  Boivin and S tewar t  (1984) sugges ted  t h a t  t h e  d i f f e r e n t  c a t c h  r a t i o  

w a s  due t o  g r e a t e r  f l i g h t  a c t i v i t y  by males. My r e s u l t s  o f f e r  a d i f f e r e n t  

exp lana t ion  by showing t h a t  t h e  number of female - C .  v e r b a s c i  caught  on a 



coloured s t i c k y  t r a p  g r e a t l y  a f f e c t s  t he  male ca tch ;  agg rega t ion  of one o r  

both sexes  on t r a p s ,  r e s u l t i n g  from an o l f a c t o r y  s i g n a l ,  can confuse t h e  

r e s u l t s .  On occas ion ,  l a r g e  numbers of - C. v e r b a s c i  were found on p a r t i c u l a r  

t r a p s  ( s e e  s tandard  e r r o r s ,  Table  9.2) j u s t  a s  i n  a  cohor t  of - V. thapsus they  

a r e  more common on c e r t a i n  p l a n t s  than o t h e r s  (Chapters  111, V I I I ) .  

The h igh  l e v e l  of cap tu re s  of both sexes  on whi te  ca rds  caused t h e  

v i s u a l  experiments t o  be d iscont inued  a f t e r  1983. 

Olfactory responses 

I n  1982-1984, 907 male - C. v e r b a s c i  and 92 females  were captured i n  7 

experiments wi th  o l f a c t o r y  t r a p s  (Table 9.3). Traps con ta in ing  caged females 

captured  s i g n i f i c a n t l y  more males than  o t h e r s  (P<0.05) i n  5 experiments ,  and 

a d d i t i o n  of - V. thapsus t o  t h e  caged females produced cons ide rab le  i n c r e a s e s  

(P<0.05) i n  male ca t ch  over  t h a t  of females a lone ,  i n  2 experiments  (1 ,6 ) .  

No d i f f e r e n c e s  were i d e n t i f i e d  between t rea tments  f o r  cap tu re s  of females 

(Table 9.3) .  . 
Trap cap tu re s  were a f f e c t e d  by t h e  number of uncaged a d u l t s  i n  t h e  

exper imenta l  s i t e ,  and by t h e  cont inuing  a t t r a c t i v e n e s s  of captured females 

on i n d i v i d u a l  t r a p s .  I n  gene ra l ,  twice  a s  many males were a t t r a c t e d  t o  caged 

females  when the females were on - V. thapsus than  t o  females caged without  the  

h o s t ;  converse ly ,  t he  a t t r a c t i o n  halved when t h e  females were caged wi th  

males (Table  9.3) .  

The inc reased  a t t r a c t i v e n e s s  of females on V. - thapsus over females caged 

a l o n e  (wi th  food and wa te r )  may be due t o  the  i n t e r a c t i o n  of hos t  p l an t  and 

i n s e c t  v o l a t i l e s  o r ,  more l i k e l y ,  t o  e i t h e r  q u a l i t a t i v e  o r  q u a n t i t a t i v e  

changes i n  pheromone product ion.  The r e l e a s e  of sex  pheromone has been shown 

t o  be a f f e c t e d  by d i e t  (Hendry 1976),  o r  h o s t  p l a n t  odours i n  Lepidoptera  
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(Labeyr ie  1978; van de r  F e r s  e t  a l .  1980, van de r  P e r s  and King 1982) and 

Coleoptera  (Hummel and Andersen 1982).  

The a t t r a c t i o n  of males t o  groups of mature females of unknown 

rep roduc t ive  h i s t o r y  sugges t s  t h a t  pheromone product ion  i s  not  confined t o  

v i r g i n  o r  cal low females.  Many females  adopted a  c h a r a c t e r i s t i c  c a l l i n g  

p o s i t i o n ,  s i m i l a r  t o  t h a t  drawn by King (1973),  i n  t h e  evening. King (1973) 

suggested t h a t  a  l o s s  of a t t r a c t i v e n e s s  of females  fo l lowing  mating is  usua l  

f o r  Hemiptera, wi th  resumption a  few days l a t e r .  The observed decrease  i n  

a t t r a c t i o n  of mature females ,  when caged wi th  males, ag rees  with h i s  theory 

and sugges t s  t h a t  m u l t i p l e  mating may occur  i n  C.  ve rbasc i ,  a s  i t  does i n  - 
*. 

s e v e r a l  mi r id s  (S t rong  e t  a l .  1970; King 1973; Smith 1977).  

The responses of males t o  e x t r a c t s  of female- .and plant-produced 

v o l a t i l e s  (Table 9.4)  and t o  e x t r a c t s  of females  per  s e  (Table 9.5) confirms -- 
t he  e x i s t e n c e  of a female-produced sex  pheromone i n  - C. ve rbasc t .  The h ighe r  

response t o  t r a p s  wi th  9536 bh of female v o l a t i l e  conten t  than  t o  those wi th  
' 

954 bh con ten t  (Table 9.4) i n d i c a t e s  a  dose-response r e l a t i o n s h i p  over t h e  

range t e s t e d .  

The pheromone, o r  a  s i m i l a r  p recu r so r ,  i s  appa ren t ly  l oca t ed  i n  t h e  head 

o r  thorax  of t h e  female (Table 9.5) a l though some a c t i v i t y  w a s  a s soc i a t ed  

wi th  t h e  abdominal reg ion .  The crude method used t o  s e p a r a t e  t h e  2 s e c t i o n s  

of t h e  i n s e c t  may have r e s u l t e d  i n  incomplete  s e p a r a t i o n  of t i s s u e  conta in ing  

t h e  pheromone, r e s u l t i n g  i n  a c t i v i t y  i n  e x t r a c t s  of both s e c t i o n s .  

Chemical a n a l y s i s  (H.D. P i e r c e ,  ~r .I4, pers .  comm. ) revea led  t h a t  t h e  

concen t r a t ed  v o l a t i l e s  and i n s e c t  e x t r a c t s  a t t r a c t i v e  t o  males conta ined  2 

subs t ances  not  p re sen t  i n  t h e  u n a t t r a c t i v e  f r a c t i o n s .  The p r i n c i p a l  of 

t h e s e ,  i d e n t i f i e d  a s  n-butyl b u t y r a t e ,  was not  a t t r a c t i v e  t o  e i t h e r  s ex  i n  



Table 9.4. Capture of C. verbasci in traps containing concentrated 
solutions in hexgne of airborne volatiles collected on 

Porapak Q polymer 

Concentration of volatile extract 
Total no. 

V. thapsus - - C. verbasci bh C. verbasci in traps 

gh (X lo4) Male Female  ale^ Female 

a 
-Totals followed by the same letter are not significantly 
different at the P-0.05 level (Student-Newman-Keul's test) 



Table 9.5. Capture of C. verbasci males in traps containing hexane 
extract of crushed insect parts. from - C. verbasci adults 

No. of males captured 
by day of experiment 

Insect extract Total 
(30 insect equivalentsltrap) 1 2 3 4 captured5 

Hexane control 0 0 0 0 0 a 

Abdomen 

Head + thorax 

Abdomen 

Head + thorax 
a 
-Totals followed by the same letter are not significantly 
different at the P = 0.05 level (Student-Newman-Keul's test) 



f i e l d  t r i a l s  i n  1985 (H. Thistlewood, unpub. r e s u l t s ) .  This  m a t e r i a l  has 

been prev ious ly  found a s  a component i n  me ta tho rac i c  gland t i s s u e  of 3 

s p e c i e s  of a lyd id  bugs (A ld r i ch  and Yonke 1975) .  

There is  an e x c e l l e n t  p o s s i b i l i t y  of u t i l i z i n g  pheromones i n  monitor ing 

and a s s e s s i n g  popula t ion  l e v e l s  of - C. v e r b a s c i .  For  example, i n  experiment 

7 ,  118 male and 6 female - C. ve rbasc i  were cap tured  by t h e  t rea tment  

con ta in ing  females,  whereas 50 limb-tap samples taken  7 days before  and a f t e r  

t h e  experiment c o l l e c t e d  1 and 12  a d u l t s ,  r e s p e c t i v e l y .  This  comparison 

i l l u s t r a t e s  the i nc rease  i n  numbers of sampled i n s e c t s  t h a t  i s  p o s s i b l e  wi th  

pheromone-baited t r a p s .  

On t h e  o the r  hand, v i s u a l  t r a p s  a lone  were u s e l e s s  f o r  - C.  v e r b a s c i  i n  2 

y e a r s  i n  Quebec (Boivin e t  a l .  1982a) o r  provided confus ing  r e s u l t s  (Boivin 

and S t ewar t  1984); l i kewi se ,  Prokopy and Owens (1978, 1983) found t h a t  they 

a r e  of more l i m i t e d  va lue  f o r  t a r n i s h e d  p l a n t  bug than  o the r  types  of 

i n s e c t s .  P l a n t  s i z e  and vigour  (Chapter  V I I I ) ,  t r a p  co lour  and shape, and 

o l f a c t o r y  s t i m u l i  have s i g n i f i c a n t  e f f e c t s  upon - C. ve rbasc i  a d u l t s  and t h e  

combination of v i s u a l  and pheromone cues i n  a t r a p  can be expected t o  

i n c r e a s e  cap tu re  r a t e s  over t hose  of s e p a r a t e  s t i m u l i  (Ch i lde r s  e t  a l .  1979; 

Ladd and Kle in  1983; Ladd e t  a l .  1984; Carde and E l k i n t o n  1984) .  Although 

i d e n t i f i c a t i o n  of t h e  sex  pheromone components i s  necessary ,  t h e  development 

of a system f o r  f o r e c a s t i n g  - C .  v e r b a s c i  popu la t i on  l e v e l s  appears  pos s ib l e  

wi th  t h e  use  of an a d u l t  monitor ing t r a p .  
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X Conclusion 

Thi s  r e sea rch  has shown Campylomma ve rbasc i  t o  be a  common pes t  i n  apple  

orchards  of t h e  Okanagan Valley.  I ts  overwinter ing  h a b i t  i s  c e n t r a l  to  t h i s  

s t a t u s ,  due t o  t he  predominance of app le  and pear a s  hos t s ;  a lmost  a l l  of t he  

popula t ion  i s  found on these  t r e e s  i n  the  sp r ing .  Damage caused by C .  - 
ve rbasc i  f eed ing  on apple  w a s  widespread and o f t e n  se r ious .  

The s t r o n g  r e l a t i o n s h i p  between the  d e n s i t y  of t he  f i r s t  genera t ion  

nymphs and feeding  damage sugges t s  t h a t  the  f a c t o r s  governing t h a t  dens i ty ,  

and methods of e s t i m a t i n g  o r  f o r e c a s t i n g  i t ,  a r e  p a r t i c u l a r l y  important f o r  

p e s t  management. The limb-tap sample was the  most e f f i c i e n t  e s t ima to r  of 

nymphal popula t ion  d e n s i t y  and was not  a f f e c t e d  g r e a t l y  by t h e  

spat io- temporal  f a c t o r s  i n v e s t i g a t e d .  Consequently,  I developed s e q u e n t i a l  

p lans  f o r  e s t i m a t i n g  popula t ion  d e n s i t y  a t  a  cons t an t  p r e c i s i o n  l e v e l ,  and 

f o r  decision-making us ing  a  small number of limb-taps. 

Without a  l i f e - t a b l e  s tudy  one can only guess a t  t he  r e l a t i v e  importance 

of a  p a r t i c u l a r  f a c t o r  but  t h e  overwinter ing  d e n s i t y  and m o r t a l i t y  of C. - . 
ve rbasc i  i s  appa ren t ly  determined by t h e  popula t ion  l e v e l  i n  August and 

September, c u l t u r a l  e f f e c t s  such a s  p e s t i c i d e  a p p l i c a t i o n s  and pruning p r i o r  

t o  s p r i n g  emergence, and win te r  weather.  No p a r a s i t e s  were found i n  >I200 

C. v e r b a s c i  r e a r e d  from nymphs taken i n  many samples (H. Thistlewood, unpub. - 
r e s u l t s )  nor d id  any egg p a r a s i t e s  emerge from t h e  branch samples of Chapter 

V I I ;  p a r a s i t i s m  i s  commonly low i n  o t h e r  mi r id s  of commercial orchards (e.g. 

Glen 1977; Les ton  1959, 1961). 

Nei ther  t he  commonly used p e s t i c i d e s ,  nor unusual ly low temperatures  i n  

w in te r ,  r e s t r a i n e d  t h e  popula t ion  below damaging l e v e l s .  S imi l a r ly ,  no 

c o r r e l a t i o n s  were observed between the  l e v e l s  of animal prey s u i t a b l e  f o r  C. - 



v e r b a s c i  i n  an orchard  and e i t h e r  the overwin te r ing  popula t ion  d e n s i t y  o r  t h e  

degree of damage observed a t  harves t .  The amount of pruning w a s  no t  

q u a n t i f i e d  i n  each orchard but my observa t ions  do not i n d i c a t e  t h a t  t y p i c a l  

h o r t i c u l t u r a l  p r a c t i c e s  a f f e c t  t he  number of - C. v e r b a s c i  g r e a t l y ;  h igh  

popu la t i ons  were found i n  s e v e r a l  s i t e s  t h a t  were pruned heav i ly  i n  win te r .  

On t h e  o t h e r  hand, I have shown t h a t  t he  d e n s i t y  of t h e  overwin te r ing  

popu la t i on  was c o r r e l a t e d  wi th  t h a t  of t he  major summer hos t ,  common mul le in ,  

i n  s tudy  orchards .  The proposed i n t r o d u c t i o n  of a  b i o l o g i c a l  c o n t r o l  agent  

f o r  t h i s  p l a n t  (Haw 1980, 1984, pers .  comm.12) o f f e r s  t h e  p o s s i b i l i t y  of a  

r educ t ion  i n  numbers o u t s i d e  orchards ,  a l though i t  i s  not  c l e a r  whether t h e  

mu l l e in  shark ,  Cucu l l i a  ve rbasc i  L. (Noctuidae) ,  can s u c c e s s f u l l y  co lon ize  

p l a n t s  i n  t h e  i n t e n s i v e l y  sprayed environment of an app le  orchard .  However, 

a  r educ t ion  i n  t he  number of common mullein i n  and around an orchard may be 

expected t o  lower t h e  popula t ion  l e v e l  of - C.  ve rbasc i ,  p a r t i c u l a r l y  i f  t h e  

number on the  f r u i t  trees can be reduced by a  pes t  management program. 

The management of - C. ve rbasc i  would be g r e a t l y  improved by t h e  

development of a r e l i a b l e  system f o r  f o r e c a s t i n g  numbers o r  p r e d i c t i n g  l e v e l s  

of damage w i t h i n  orchards .  Samples taken from orchards  dur ing  t h e  

overwin te r ing  per iod  d id  no t  provide r e l i a b l e  r e s u l t s ,  and t h i s  method of 

f o r e c a s t i n g  i s  not  l i k e l y  t o  be s u i t a b l e  f o r  t h e  Okanagan Val ley.  However, 

co loured  t r a p s  and t r a p s  b a i t e d  w i th  e x t r a c t s  of females ,  o r  female-produced 

v o l a t i l e s ,  s u c c e s s f u l l y  cap tured  l a r g e  numbers of i n s e c t s  wi th  l i t t l e  

e f f o r t .  E x p l o i t a t i o n  of t h e s e  r e s u l t s  t o  develop an a d u l t  monitor ing t r a p  

and c o r r e l a t i o n  of t h e  ca t ches  with popula t ion  d e n s i t y  would be of g r e a t  

va lue .  

I d e n t i f i c a t i o n  of t he  s e x  pheromone, and of one o r  more c h a r a c t e r i s t i c  



i Metcalf e t  a l .  1980; Berenbaum 1981) appear t o  be t h e  most p r o f i t a b l e  a r e a s  

of f u t u r e  r e sea rch .  The f i r s t  i d e n t i f i c a t i o n  of a  mir id  sex  pheromone would 

a l s o  be s i g n i f i c a n t  because of t h e i r  world-wide pes t  s t a t u s ,  no twi ths tanding  

t h e  importance of Campylomma spp.  i n  North America and A u s t r a l i a  (Lloyd 1969; 

W.G. ~ h w a i t e l ~ ,  pe r s .  comm. ). 

A f u r t h e r  r e sea rch  s u b j e c t  should be t o  r e l a t e  t he  t iming of emergence 

of t h e  f i r s t  gene ra t i on  nymphs t o  t h e  ambient t empera ture  and t o  develop a  

p r e d i c t i v e  model t o  i d e n t i f y  when limb-tap sampling should occur.  The 

accuracy and c o s t  of sampling could be cons ide rab ly  improved i f  t h e  number of 

samples r equ i r ed  t o  o b t a i n  a  peak emergence count  were reduced. Such an 
>. 

approach may, however, be c o n s t r a i n e d  by t h e  d i f f i c u l t y  of ob t a in ing  l a r g e  

numbers of overwin te r ing  eggs o r  of r e a r i n g  mi r id s  i n  t h e  l a b o r a t o r y  (Co l lye r  

1952; McNeill 1973; pers .  obs . ) ,  and t h e  s i g n i f i c a n t  d i f f e r e n c e s  found 

between a i r  t empera ture  and bud o r  blossom tempera tures  (Pearce  and P r e s t o n  

1954; Landsberg e t  a l .  1973; Landsberg e t  a l .  1974),  p a r t i c u l a r l y  a s  t h e  eggs b 

a r e  a lmost  bur ied  w i t h i n  t he  bark. 

F i n a l l y ,  i n  a d d i t i o n  t o  s t u d i e s  aimed a t  popula t ion  management, t h e  

r e l a t i o n s h i p  between - C. v e r b a s c i  and common mul l e in  i s  worthy of f u r t h e r  

r e sea rch .  Our knowledge of i n s e c t  herb ivory  has  advanced cons iderab ly  wi th  

t h e  c l o s e  a t t e n t i o n  paid t o  p l a n t s  i n  s e v e r a l  groups,  no tab ly  t h e  

Asclepiadaceae,  Compositae, and Cruc i f e r ae .  A cons ide rab l e  l i t e r a t u r e  

a l r e a d y  e x i s t s  concerning t h e  phytochemistry of Verbascum spp.,  used 

e x t e n s i v e l y  i n  medicine and t h e  perfume i n d u s t r y ,  and on t h e  biology and 

ecology of s e v e r a l  s p e c i e s ,  p a r t i c u l a r l y  - V. thapsus .  The pauc i ty  of 

a s s o c i a t e d  i n s e c t s  o t h e r  t han  those  u s ing  t h e  p l a n t  a s  a  source  of s h e l t e r ,  
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the lack of feeding damage displayed by the majority of these plants, and the 

restriction of several insects found on the plants to Verbascum spp., suggest 

that further research into this relationship would be very fruitful. 



I XI Footnotes 

1 Deciduous f r u i t  t r e e s  pass through a s e r i e s  of f a i r l y  d e f i n i t e  growth 

s t a g e s  i n  t he  sp r ing .  The timing of many p e s t i c i d a l  spray  t rea tments  a r e  

g iven  accord ing  t o  t h e  growth s t a g e ,  i n  f r u i  t-growing reg ions .  

Unfor tuna te ly ,  no common agreement has been reached on the  s t a g e s  o r  t h e i r  

names, bu t  many p u b l i c a t i o n s  now r e f e r  t o  t h e  key growth s t a g e s  i d e n t i f i e d  by 

Chapman and C a t l i n  (1976) i n  t h e i r  photographic guide.  They a r e ,  i n  

ch rono log ica l  o rde r  f o r  apple:  dormant, s i l v e r  t i p ,  green t i p ,  ha l f - inch  

green ,  t i g h t  c l u s t e r ,  pink,  bloom, p e t a l  f a l l ,  f r u i t  set. Growth s t a g e s  

f a l l i n g  between the  key s t ages  can be q u a l i f i e d  by p r e f i x e s  and a d j e c t i v e s  

such a s  prepink,  e a r l y  pink, l a t e  pink, f u l l  pink, e t c .  The l e n g t h  of time 

between t h e  key s t a g e s  i s  g r e a t l y  dependent upon the  weather and, t o  a minor 

e x t e n t ,  t h e  f r u i t  v a r i e t y .  

2. Vakenti ,  J.M. and F.E. Pe t e r s .  1981. Report on the  v i a b i l i t y  of a 

p r i v a t e  p e s t  management s e r v i c e  f o r  southern  f r u i t  d i s t r i c t s  of t he  Okanagan 

Valley of B.C., 60 p. and 6 App., unbound, f i l e d  i n  t h e  Entomology Sec t ion ,  

A g r i c u l t u r e  Canada Research S t a t i o n ,  Summerland. Two o t h e r  u s e f u l  r e p o r t s  

a r e :  1 )  Vakent i ,  J . M .  and F. P e t e r s .  1981. F i n a l  r e p o r t  on es tab l i shment  

of an  orchard p e s t  management s e r v i c e  i n  B r i t i s h  Columbia. Agr i cu l tu re  

Canada Cont rac t  S e r i a l  No. 03278-00231, DSS F i l e  No. 07 SZ.31155-8-0701 40 

p.,  and 2 )  Vakent i ,  J.M. and F. Pe t e r s .  1980. In t e r im  r e p o r t  on 

e s t ab l i shmen t  of a pes t  management s e r v i c e  i n  southern  i n t e r i o r  B.C., 12  p. 

and 1 App. Both a r e  f i l e d  a t  t he  Entomology Sec t ion  of t he  Agr i cu l tu re  

Canada Research S t a t i o n  i n  Summerland. 



Unive r s i ty ,  For t  C o l l i n s ,  CO 80523. 

4. Research S c i e n t i s t ,  Agr i cu l tu re  Canada Research S t a t i o n ,  Vineland Stn . ,  

Ontar io  LOR 2E0. 

5. Assoc ia te  D i r e c t o r ,  S o i l s  and Crops Branch, and Head of P e s t  Control  

Sec t ion ,  Ontar io Min. of Agr i cu l tu re  and Food, P.O. Box 587, Simcoe, Ontar io 

6. Research S c i e n t i s t ,  Agr i cu l tu re  Canada Research S t a t i o n ,  K e n t v i l l e ,  Nova 

S c o t i a  B4N 155. 

7. Former Assoc ia te  D i r e c t o r  and Research S c i e n t i s t ,  Agr i cu l tu re  Canada 

Research S t a t i o n ,  Summerland, B.C. VOH 120. Present  -address is: 2591 

McKenzie S t . ,  Pen t i c ton ,  B.C. V2A 651. 

8. Assoc ia te  D i r e c t o r  and Research S c i e n t i s t ,  Agr i cu l tu re  Canada Research 

S t a t i o n ,  Summerland, B.C. VOH 120. 

9. # 24-774 Winnipeg S t r e e t ,  Pen t i c ton ,  B.C. V2A 5N3. Sole  p r o p r i e t o r  of 

a p e s t  management advisory  s e r v i c e  i n  t h e  southern  Okanagan Val ley  (Kelowna 

t o  Okanagan F a l l s )  s i n c e  1981. 

10. P r o v i n c i a l  Apple S p e c i a l i s t ,  B.C. Minis t ry  of Agr i cu l tu re  and Food, 1873 

S p a l l  Road, Kelowna, B.C. V1Y 4R2. 
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11. Averages a r e  g iven  a s  t h e  a r i t h m e t i c  mean, + t h e  s tandard  e r r o r  of t he  - 
mean, throughout t h e  t h e s i s .  

12. Research S c i e n t i s t ,  Biocont ro l  of Weeds, Agr i cu l tu re  Canada Research 

S t a t i o n ,  Regina, Saskatchewan S4P 3A2. 

13. A s s i s t a n t  D i r e c t o r  and Entomologist ,  Nova S c o t i a  Dept. of Agr i cu l tu re ,  

Research S t a t i o n ,  K e n t v i l l e ,  Nova S c o t i a  B4N 155. 

14. Research Assoc ia te ,  Dept. of Chemistry and Chemical Ecology Research 

Group, Simon F r a s e r  U n i v e r s i t y ,  Burnaby, B.C. V5A 1S6. 
.. . 

15. Senior  Entomologist ,  Agric.  Res. & Vet. C t r . ,  N.S.W. Dept. Agric. ,  

F o r e s t  Rd., Orange, N.S.W. 2800, A u s t r a l i a .  
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XIII. Appendix A: plants i n  the experimental garden 

INTRODUCTION 

E a r l y  i n  the  sp r ing  of 1982 and 1983 a  c l e a r  a r e a  (20 x 20 m), a d j a c e n t  

t o  t h e  S.F.U. F i e l d  Laboratory,  w a s  t r e a t e d  with h e r b i c i d e ,  r o t o t i l l e d ,  and 

dug by hand. Seeds and s m a l l  p l a n t s  were grown i n  s e v e r a l  p l a n t i n g s ,  t o  be 

f u l l - s i z e d  from J u l y  onwards, accord ing  t o  recommended p r a c t i c e s  (Hansen and 

Stewar t  1978).  

The garden -was d iv ided  i n  2 ha lves ,  h o r t i c u l t u r a l  c rops  and orchard  

p l a n t s ,  wi th  smal l  p l o t s  of o t h e r  p l a n t s  i n  each. A t  l e a s t  3 i n d i v i d u a l  

p l a n t s  o r  p l o t s  of 0.7 m2 of each c u l t i v a r ,  and up t o  4 c u l t i v a r s / c r o p  were 
+. 

grown i n  the  h o r t i c u l t u r a l  s e c t i o n ;  a t  l e a s t  5 i n d i v i d u a l s  o r  1 m2 p l o t s  of 

each orchard p l a n t  were grown. P l a n t s  t h a t  d ied  were not rep laced  and not  

a l l  types were grown i n  both years .  The p l a n t s  grown i n  t h e  garden a r e  

l i s t e d  below: 

CWOB OBCHBBD PLANTS 

Apple, Malus, cv. Antonovka, Red De l i c ious  

Wild r o s e ,  Rosa spp.,  c o l l e c t e d  from 5 s i t e s  - 
Saskatoon be r ry ,  Amelanchier c u s i c k i i  

F i e l d  bindweed, Convolvulus a r v e n s i s  

Climbing n ightshade ,  Solanum dulcamara 

Dandelion, Taraxacum o f f i c i n a l e  

S t ing ing  n e t t l e ,  U r t i c a  u rens  

White c l o v e r ,  T r i fo l ium repens  

Pe renn ia l  ve tch ,  V i c i a  spp. 

But te rcup ,  Ranunculus spp.  

Narrow and broad-leaved p l a n t a i n s ,  P lan tago  spp. 



Field horsetail, Equisetum arvense 

Common mallow, Malva neglecta 

Common groundsel, Senecio vulgaris 

Common mullein, Verbascum thapsus 

Lamb's quarters, Chenopodium album 

Redroot pigweed, Amaranthus retroflexus 

Shepherd's purse, Capsella bursa-pastoris 

Common chickweed, Stellaria media 

Quackgrass, Agropyron repens 

Kentucky blue grass, - Poa praetensis 
+ 

Orchard grass, Dactylis glomerata 

Barnyard grass, Echinochloa crus-galli 

Annual bluegrass, Poa annua -- 
HORTICULTDBBL CROPS 

Potato, Solanum tuberosum, cv. Warba, Pontiac, Explorer 

Tomato, Lycoperscion esculentum, cv. Starfire, Pik Red, Tiny Tim 

Eggplant, Solanum melongea var. esculentum, cv. Imperial, Black Beauty, Satin 

Beauty, Early Long Purple 

Pepper, Capsicum annuum, cv. California Wonder 

Corn, Zea mays, cv. Sunnyvee, Tastyvee, Market Beauty, Ornamental (Indian) -- 
Broad Bean, Vicia faba, cv. Windsor -- 
French Bean, Phaseolus vulgaris, cv. Top Crop, Pencil Pod Black Wax 

Lima Bean, Phaseolus lunatus, cv. Hendersons Bush 

Leek, Allium porrum, cv. Large American Flag 

Cucumber, Cucumis sativus, cv. Hybrid Sweet Slice 

Radish, Raphanus sativus, cv. Cherry Belle 



Lettuce, Lactuca sativa, cv. Great Lakes, Grand Rapids, Buttercrunch 

Beet, Beta vulgaris, cv. Detroit Dark Red 

Carrot, Daucus carota, cv. Scarlet Nantes, Amsterdam 

Onion, Allium cepa, unknown transplants 

Spinach, Spinacia oleracea, unknown transplants 

Celery, Apium graveolens var. dulce, unknown transplants 

Broccoli, Cabbage, Cauliflower, Brassica oleracea, unknown transplants 

Wildflowers of North America, mixed seeds, from Buckerfields Ltd., Vancouver, 

B.C., and Stecher-Traung-Schmidt of San Francisco, CA. 
>. 

Verbena spp., "finest mixed hybrids", mixed seeds, Buckerfields Ltd. 

Catnip, Nepeta cataria, Buckerfields Ltd. 



XIV.  Appendix B: peak tap counts and damage at harvest of a l l  

varieties and s i tes ,  1982-1984 

RED DELICIOUS 

% C.  verbasc i  damage - 
Peak count No. apples  

Year S i t e  ( m e a d t a p )  examined >'C' grade t o t a l  

Few t r e e s  of t h i s  v a r i e t y ,  normal production i s  2 b i n s l y r ;  sampled 100/bin 

b Rigorous c u l l i n g  occurred during picking 
G Estimated from a sample taken on 2 June 1983 



GOLDEN DELICIOUS 

% C. ve rbasc i  damage - 
Peak count No. a p p l e s  

Year S i t e  ( m e a d t a p )  examined >'C' grade t o t a l  



MCINTOSH 

% C. ve rbasc i  damage - 
Peak count No. app le s  

Year S i t e  ( m e a d t a p )  examined > ' C '  grade t o t a l  

2 E n t i r e  crop 

b Rigorous c u l l i n g  occurred dur ing  p i ck ing  

SPARTAN 

% C. ve rbasc i  damage, - 
Peak count  No. app le s  

Year S i t e  ( m e a d t a p )  examined > ' C t  grade t o t a l  

2 Rigorous c u l l i n g  occurred dur ing  p i ck ing  

b Few t r e e s  of t h i s  v a r i e t y ,  sampled 100 /b in  of e n t i r e  crop 



V a r i e t y  S i t e  
Peak count  No. a p p l e s  
( m e a d t a p )  examineda 

% - C. v e r b a s c i  damage 

> ' C 1  grade  t o t a l  

Newtown 16 

17 
Red Rome 16 

17 

5 50% of  e n t i r e  c rop  


