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ABSTRACT 

- 

Seven spec ies  of l e a f  r o l l e r s  (Tor t r ic idae)  feed on apple i n  t h e  

Okanagan Valley of B r i t i s h  Columbia: Archips rosanus (L.), Archips 

a rgyrosp i l a  (Wlk. ) , Pandemis l i m i t a t a  (Rob. ) , Platynota i d a e u s a l i s  (Wlk. ) , 

Syndemisaff l ic tana  (Wlk.), Argyrotaenia dorsalana (Dyar), and Choristoneura 

rosaceana (Harr . ) . . 
The abundance of each species  var ied  pr imar i ly  wi th  t h e  des t iny  of 

a l t e r n a t i v e  host  p l a n t s  andwith  t h e  environment i n  which t h e  hos t  apple 

was growing and secondari ly with t h e  a p p l i c a t i o n  of sprays.  

Each spec ies  had d i f f e r e n t  a l t e r n a t e  host  p l a n t s  except f o r  rose  which I 

i s  t h e  major a l t e r n a t e  host  p lan t  of a l l  t h e  species .  Other important 

a l t e r n a t e  hos t  p l a n t s  were p r i v e t  f o r  - A. rosanus, dogw~od f o r  P. l i m i t a t a ,  
I 

and ante lope bush f o r  A. argyrospi la .  

Thirty-eight species  of p a r a s i t e s  were reared from l e a f  r o l l e r s .  Eight 

of t h e s e  were abundant while t h e  o the r  t h i r t y  species  were only i n c i d e n t a l l y  

associa ted  with t h e  l e a f  r o l l e r s .  The incidence of pa ras i t i sm var ied  

between 1.0% and 32 .4%,  apparently depending on t h e  amount of spraying. On 

unsprayed host  p l a n t s  t h e  incidence of pa ras i t i sm averaged 25%. It i s  

doubtful  i f  t h e  present  p a r a s i t e  complex of l e a f  r o l l e r s  i n  t h e  Okanagan 

Valley is  exer t ing  s i g n i f i c a n t  b i o l o g i c a l  pressure  on t h e  l e a f  r o l l e r s .  

There has  been a change i n  t h e  r e l a t i v e  abundance of l e a f  r o l l e r  

spec ies  from t h a t  found f i f t y  years  ago. Some species  have become r a r e  o r  

are absent  while o the r  spec ies  t h a t  were absent  o r  r a r e  have become abundant. 

iii 



This  change appears t o  be due t o  increased urbanizat ion and increas ing 

land c u l t i v a t i o n  t h a t  decreased t h e  a r i d  type environment of t h e  Valley. 

Urbanization and c u l t i v a t i o n  a r e  continuing t o  inc rease  whi le  

spraying i s  decreasing a s  in tegra ted  con t ro l  programs a r e  developed. 

Because of these  changes the  r e l a t i v e  abundance of t h e  l e a f  r o l l e r  

species  may change i n  the  fu ture .  Populat ions of - A. rosanus, - P. l i m i t a t a  

and some of t h e  minor species  may increase .  
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INTRODUCTION 

The ecology of l ea f  r o l l e r s ,  wh1:ch a r e  the l a r v a e  of apple-feeding 

t o r t r f c t d  moths, was fnves t fgated  t n  t h e  Okanagan Va l l ey  of B r i t i s h  

ColumBfa durtng 1972. The specfes  concerned a r e  of t h e  sub-famtly 

Tor t r f c inae  of t h e  famt ly  Tor t r i c fdae  (Obraztsov 1954; Chapman and 

- 
Archfps a rgyrosp t l a  (Wlk.) was apparen t ly  one of t h e  major apple  

p e s t s  tn t h e  Okanagan Va l l ey  be fo re  the codltng moth, Laspeyresia 

pomonella CL.), appeared there (Venables 1937). The subsequent use  of 1 
a r sena tes ,  ch lo r tna ted  hydrocarbons and then of organophosphates f o r  

c o d l h g  moth con t ro l  apparen t ly  kept  - A. argyrospf la  populatfons a t  l e v e l s  

t h a t  requfred no s p e c f f i c  c o n t r o l  recommendations (Marshall 1963). Due " 

t o  a re-evaluat ion of t h e  orchard preventa t fve  spray  program and t h e  

u s e  of fn tegra ted  c o n t r o l s  t h e  present  modffied spray  program includes  

an e a r l y  sprfng spray  f o r  A. argyrospf la  con t ro l .  This  spray  p lus  t h e  

codling moth sprays  genera l ly  keep l ea f  r o l l e r . p o p u l a t i o n s  low i n  com- 

J 
merc ia l  orchards . 

Work afmed a t  e rad ica t ing  t h e  codling moth by t h e  s ter i le -male  'I 
\ 

technique is i n  progress (Proverbs, Newton, and Logan 1969). I f  t h i s  

is success fu l ,  spray  treatments i n  commercial orchards w i l l  be  reduced I 
and t h i s  may permit A. a r ~ g r o s p f l a  t o  Ancrease t o  i,ts former fn ju r ious  i 
l e v e l s .  

It ts known t h a t  - A. a rgyrospf la ,  a t  t h e  present  ttme, has t h e  

potent1:al t o  Became a se r fous  pes t  of apple  An s f t u a t f o n s  where codling 



moth and/or 1 eaf r o l l e r  sprays a r e  reduced o r  elimin iated: A. argyrospi la  - 
has  increased i n  orchards where sprays a r e  modified o r  omitted (Madsen 

i 
i 

and Downing 1968); i t  has required treatment i n  orchards where a sterile- 

male codling moth con t ro l  program is being applied (Proverbs -- et a 1  1969); 

and i t  increased t o  i n j u r i o u s  l e v e l s  i n  a n  orchard t h a t  has not  been 

sprayed f o r  codling moth f o r  s i x  yea rs  (Madsen 1969). It is the re fo re  

probable t h a t  it and perhaps o the r  species  of l e a f  r o l l e r s  might inc rease  

i n  t h e  Okanagan Valley a f t e r  t h e  codling moth has been reduced o r  el iminated 

by t h e  sterile-male technique and t h e  spray program consequently reduced 

o r  stopped. 

The recent  use  of sex  phe'romone t r a p s  f o r  - A. argyrospi la  has  

indicated  t h a t  more than one specres  of l e a f  r o l l e r  a t t a c k s  apple i n  

t h e  Okanagan Valley (Madsen, personal  communication, 1972). Two of 

t h e s e  specres  were not found i n  an e a r l i e r  inves t iga t ion  of apple- 

feeding t o r t r i c i d s  i n  the  Okanagan Valley (Venables 1924). Studies 

s i n c e  1924 have l a r g e l y  been concerned with t h e  biology and con t ro l  

of - A. argprospi la  (Venables 1937; Madsen 1970). Other s t u d i e s ,  though 

not  s p e c i f i c a l l y  concerned with t h e  apple-feeding T o r t r i c i n a e  of t h e  

Okanagan Valley, have been conducted on Lepidoptera i n  B r i t i s h  Columbia 

(Blackmore 1921; P r e n t i c e  1965). Museum records of l ea f  r o l l e r s  co l l ec ted  

i n  B r i t i s h  Columbia were given by Freeman (1958) and MacKay (1962). 

Therefore, t o  provide a b a s t s  f o r  a p e s t  management program f o r  

l e a f  r o l l e r s  i n  t h e  Okanagan Valley the  following information was 

needed: t h e i r  i d e n t i t i e s ,  relative abundance, periods of a c t i v i t y ,  

hos t  p l a n t  r e l a t i o n s h i p s ,  and p a r a s i t e  r e la t ionsh ips .  To ob ta in  such 



of the present investigation. 



METHODS AND PROCEDURES 

1. P l a n t s  Surveyed 

P l a n t  spec ies  chosen f o r  surveying were those  t h a t  were s u i t a b l e  

h o s t s  of apple-feeding l ea f  r o l l e r s  as determined from a l i t e r a t u r e  re- 

view and/or t h a t  were growing near apple o r  p r i v e t .  Pyrus communis L . ,  

pear ,  was not surveyed because i t  and apple  have t h e  same genera l  l e a f  

r o l l e r  fauna. The seventeen species  of food p l a n t s  t h a t  were surveyed 

f o r  l ea f  r o l l e r s  are as follows: 

Acer sp . ,  maple, a f a i r l y  common ornamental tree i n  urban a reas ;  

Alnus sp . ,  a l d e r ,  a common n a t i v e  tree usua l ly  found along creek edges 

o r  where t h e r e  is wet ground; 

Betula sp . ,  b i r c h ,  a f a i r l y  common ornamental tree i n  urban a reas ;  

Caragana arborescens Lam., an  uncommon ornamental shrub; 

Cornus s t o l o n i f e r a  - Michx., dogwood, a common n a t i v e  shrub i n  wet 

s i t u a t i o n s ;  

Crataegus doug las i i  Lindl . ,  hawthorn, a common n a t i v e  tree i n  wet 

s i t u a t i o n s ;  

Elangus a n g u s t i f o l i a  P a l l . ,  Russian o l i v e ,  a f a i r l y  common ornamental 

tree i n  urban a r e a s  and an introduced wild tree i n  w e t  s i t u a t i o n s ;  

Juglans r e g i a  L., walnut, a common ornamental tree; 

Idgustrum vulgare  L . ,  p r i v e t ,  a common ornamental shrub o r  hedge; 

Mahonia nervosa (Pursh), Oregon grape, a common na t ive  shrub i n  w e t  

s i t u a t i o n s  and an  ornamental i n  urban a reas ;  



Prunus v i r g i n i a n a  L., chokecherry, a common shrub growing - 
ground is damp; 

where t h  

purshia  t r i d e n t a t a  (Pursh), antelope bush, a common shrub i n  a r i d  a reas ;  - 
pyrus malus L., apple,  a common commercfal tree and a f a i r l y  common wild 

tree i n  wet s i t u a t i o n s ;  

Ribes cereum Dougl., cu r ran t ,  a f a i r l y  common shrub i n  a r i d  areas ;  - 
Rosa spp., rose ,  a common shrub i n  a l l  s i t u a t i o n s  and an ornamental i n  - 
urban areas ; 

S a l i x  spp., willow, a common tree i n  wet s i t u a t i o n s ;  - 
Sorbusaucuparia L. ,  mountain ash ,  an uncommon ornamental tree. - 

2. Descr ip t ion of Study Areas 

Study a reas  were se lec ted  on t h e  b a s i s  of two c r i t e r i a :  a) condit ion 

of hos t  p l a n t s ;  and b) h a b i t a t  types as indicated  by vegeta t ion.  This 

was done t o  determine and compare spec ies  and populat ion nwnbers of l e a f  

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

a)  Condition of hos t  p l a n t s  

The amount of man's c a r e  of t h e  p l a n t s  ranged from complete neglect  

t o  commercial c u l t i v a t i o n  with and without p e s t i c i d e  appl ica t ions .  

Abandoned apple orchards were those  t h a t  had not  been cared f o r  by man 

f o r  a t  l e a s t  f i f t e e n  years ;  wild apple  and o the r  wild p l a n t s  were 

considered t o  be  t h e  equivalent  of abandoned orchards. Unsprayed- 

commercial apple orchards and o the r  semi-commercial p l a n t s  were those 

t h a t  received c u l t i v a t i o n ,  pruning, and f e r t i l i z e r  but  were not t r e a t e d  

wi th  chemical pes t i c ides .  Commercial apple orchards and o the r  commercial 



' plan ts  were those subjected t o  normal c u l t u r a l  procedures t he  same a s  

t he  semi-comercial p l an t s  but  including treatment with chemical pes t i c ides  

i n  1971 and/or 1972. 

b) Habitat  types a s  indicated by vegetation.  

Habitat  types a r e  fundamental ecological  u n i t s  (Daubenmire and 

Daubenmire 1968). There a r e  c l imat ic  parameters t ha t  permit quan t i t a t i ve  

de f in i t i ons  of the  zones of steppe vegetation and these  near ly  always 

concern t he  environmental water balance (Daubenmire 1970). Small d i f ferences  

i n  t h e  amount and timing of moisture ava i lab le  t o  t h e  vegetation,  o r  t he  

environmental water balance, a r e  c r i t i c a l  i n  determining the  composition 

of p lan t  communities, or  hab i t a t  types. Based on Daubenmeir 's (1970) 

c l a s s i f i c a t i o n  th ree  d i f f e r e n t  hab i t a t  types were surveyed. The hab i t a t  

types ranged from a very dry s i t u a t i o n  t o  a r e l a t i v e l y  wet s i t ua t i on .  

These types were: 

A very dry s i t u a t i o n ,  indicated by t he  presence of Purshia t r iden ta ta -  ' 
I 

Festuca idahoensis hab i t a t  type. P. t r i den t a t a  was the  dominant shrub 
I 

- - 
and t he r e  was a mixture of grasses  such a s  P.  idahoensis and Agropyron 

s p i c a t m  i n  t h e  herb layer .  This h a b i t a t  type was found a l t e rna t i ng  

with the  moderately dry hab i t a t  type. 

A moderately dry s i t u a t i o n ,  indicated by the  presence of Pinus ponderosa- - 

Purshia t r i den t a t a  hab i t a t  type. P. ponderosa was the  dominant t r e e ,  \ I 
P. t r i den t a t a  t he  dominant shrub along with Rosa spp.,and t h e  herb l ayer  - 
consisted of a mixture of grasseb such a s  E. idahoeniss and A. spicatum, i 

and forbs ,  such a s  Balsamorhiza sp. 

0 



A r e l a t i v e l y  wet s i t u a t i o n ,  indica ted  by t h e  presence of Crateaegus 
I 

douglasii-Symphoricarpos albus  h a b i t a t  type. The shrub l a y e r  was a 

mixture of p l a n t s  including - C. doug las i i ,  S. - -  albus ,  C. s t o n i f  e r a ,  and ) 

Rosa spp. This  h a b i t a t  type was found only along streams o r  l akes  o r  - 
a t  p laces  where man was increas ing t h e  environmental water balance by 

i r r i g a t i o n  such a s  i n  urban a reas .  

3. Col lec t ing S i t e s  

Nine c o l l e c t i n g  sites were se lec ted  f o r  p l a n t  surveys i n  t h e  

southern Okanagan Valley (Figure 1 ) .  These were divided i n t o  two 

groups: sites t h a t  had apple t r e e s ;  and sites t h a t  d id  no t  have apple 

trees. 

The c o l l e c t i n g  sites containing ap:lle, from south t o  nor th ,  were 

located  near Okanagan F a l l s ,  Summerland, and Kelowna. 

Okanagan F a l l s  c o l l e c t i n g  site. 

The apple trees surveyed near Okanagan F a l l s  were located  i n  t h e  

P. t r identata-E.  idahoensis ,  o r  very dry ,  h a b i t a t  type. This  s i te  had - 1 

the  lowest environmental water balance of any of those surveyed during 

t h i s  s tudy.  It contained a twenty-tree apple orchard t h a t  had Seen 

completely abandoned f o r  f i f t e e n  

and wild r o s e  were a l s o  surveyed 

Summerland c o l l e c t i n g  site.  

This  s i t e ,  near Summerland, 

of t h e  Okanagan F a l l s  site. The 

t o  twenty years.  Antelope bush, 

a t  t h i s  site. 
curr ant 'Ti 

was located about t h i r t y  m i l e s  nor th  , 

h a b i t a t  type was 2. douglasii-5. a lbus ,  

* 



Map of the southern Okanagan Valley of 

British Columbia showing the major lakes 

and c i t i e s .  
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o r  r e l a t i v e l y  wet, and t h e  environmental water balance was higher than 
G 
I. 

t h a t  of t h e  o ther  s i t e s  containing apple  surveyed during t h i s  study. 

Wild apple trees, commercial apple ,  unsprayed-commercial apple,  and 

nursery apple were surveyed. The apple orchards were surrounded by 

a number of wild and c u l t i v a t e d  p l a n t s ,  notably p r i v e t ,  r o s e  (wild and 

commercial), dogwood, Mllar,  chokecherry, hawthorn, mountain ash ,  a l d e r ,  
. , 

b i r c h ,  C. arborescens,  and Russian o l i v e ,  a l l  of which were surveyed. 

Kelowna c o l l e c t i n g  site.  

This  site,  near Kelowna, was located  about fo r ty - f ive  m i l e s  nor th  

of t h e  Summerland site. The h a b i t a t  type was - P:ponderosa-E. t r i d e n t a t a ,  

o r  moderately dry ,  and t h e '  environmental water balance 'was in termedia te  

between t h a t  of t h e  o ther  c o l l e c t i n g  sites containing apple. The twenty- 

a c r e  apple orchard was represent ive  of a  commercial orchard operat ion 

i n  t h e  Okanagan Valley except no sprays  were applied t o  t h e  orchard 

during t h e  cotirse of t h i s  study. The apple  orchard was surrounded by 

o the r  commercial apple  orchards,  a commercial vineyard, wild rose ,  

- antelope bush, and pine.  Apple, rose ,  and ante lope bush were surveyed 

f o r  l ea f  r o l l e r s .  commercial apple and commercial grape were not  

surveyed s i n c e  p e s t i c i d e s  were applied and p ine  was not  considered as 

a hos t  p l a n t  f o r  apple-feeding l e a f  r o l l e r s .  

The c o l l e c t i n g  sites t h a t  d id  not  conta in  apple  were i n  urban and 

non-urban locat ions .  

Urban s i t e s  

P r i v e t  hedges i n  four  urban sites i n  r e l a t i v e l y  w e t  s i t u a t i o n s  i n  t h e  

c i t i e s  of Okanagan F a l l s ,  Pen t i c t ion ,  Summerland, and Kelowna were 



e lec ted  f o r  surveying on t h e  b a s i s  of proximity t o  streets and ex ten t  

1 t o  which they were trimmed. Other p l a n t s  surveyed were rose ,  maple, 

walnut, and Oregon grape where they were near p r i v e t  hedges. 

Non-urban c o l l e c t i n g  .sites. 

Two d i f f e r e n t  sites i n  non-urban a r e a s  i n  moderately dry  s i t u a t i o n s  

located  near Summerland were se lec ted .  Wild rose ,  cu r ran t ,  ante lope  

bush and chokecherry were surveyed. 

4. Sampling Methods 

Egg masses w e r e  co l l ec ted  by hand from apple,  rose ,  dogwood, and 

p r i v e t  and examined f o r  egg p a r a s i t e s .  Samples of egg masses from 

Okanagan F a l l s ,  Summerland, and Kelowna and from apple,  rose ,  dogwood, 

and p r i v e t  were allowed t o  hatch  and were reared t o  a d u l t s  t o  determine 

t h e  species  of l e a f  r o l l e r  present .  

Larvae and pupae a r e  genera l ly  found on t h e  leaves  of hos t  p lan t s .  

Allowing f o r  t h e  d i f fe rences  i n  gross  morophology of t h e  va r ious  hos t  

p l a n t s  surveyed, t h e  l e a f  c l u s t e r  of apple and t h e  l e a f  group of t h e  

o the r  p l a n t s  was t h e  most s u i t a b l e  sample u n i t .  Both sample u n i t s  

cons i s t  of f i v e  t o  seven leaves  and a r e  equivalent  t o  one another. With 

respect  t o  l e a f  r o l l e r  larval feeding,  later i n s t a r s  usua l ly  t i e  together  

only one l e a f  of a l e a f  c l u s t e r  and two o r  more of a l e a f  group. The 

term lea f  c l u s t e r  i s  synomynous wi th  l e a f  group. The seasonal  average 

of each l e a f  r o l l e r  species  was ca lcu la ted  from sampling during t h e  

season while t h e  l e a f  r o l l e r  was i n  t h e  l a r v a l  and pupal s t age .  The 

percentage of each l e a f  r o l l e r  spec ies  from each hos t  p lan t  and s i te  

was ca lcu la ted  from t h e  numbers reared t o  a d u l t  s t age ,  



$ 
ii. random from a l l  p a r t s  of each s e l e c t e d  p lan t .  The method of ensuring 
*, 
i random samples var ted  dependtng on t h e  p l a n t s  and was modified from 

~n t h a t  of Paradfs  and LeRoux (1962). On apple,  trees were divided i n t o  

four v e r t i c a l  quadrants  and two hor izon ta l  l e v e l s  and l e a f  c l u s t e r s  

were taken from each of t h e  e i g h t  sec t ions .  On p r i v e t ,  t h e  procedure 

was t o  t ake  f i v e  s t e p s  along t h e  hedge and then sample twenty-five 

c l u s t e r s .  Much t h e  same type of procedure was used t o  survey r o s e  and 

dogwood. I n  some cases  t h e  same p l a n t  was surveyed more than once. 

Samples of l a r v a e  and pupae were taken a t  f i v e  t o  seven day 

i n t e r v a l s  from each s i te  and from each hos t  p l a n t  between t h e  beginning 

of May and end of July .  A few samples were taken i n  the  middle of August 

and a t  the  end of September. 

Data on t h e  p a r a s i t e s  is  presented i n  terms of t h e  species  of 

p a r a s i t e s  recovered from d i f f e r e n t  species  of l e a f  r o l l e r s ,  from each 

h a b i t a t  type,  and from each hos t  p lant .  The percentage of paras i t i sm 

- 

from each hos t  p l a n t  and s i te  was ca lcu la ted  from l a r v a l  and pupal r ea r ings  

of t h e  l e a f  r o l l e r s .  P a r a s i t e s  t h a t  died before  reaching matur i ty  o r  

t h a t  were un iden t i f i ed  because of l o s s  o r  damage t o  key charac te r s  were 

included i n  t h e  ca lcu la t fon  of percent  paras i t i sm.  

5. Rearing Methods 

Larvae and pupae were hand picked from t h e  l e a f  c l u s t e r  and 

brought i n t o  t h e  labora tory  t o  be reared t o  a d u l t  s t age  f o r  p o s i t i v e  

i d e n t i f i c a t i o n .  I n  most cases  paras i t i sm could not be  determined wifhout 
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rearAng t o  t he  p a r a s t t e  adul t .  Leaf r o l l e r s  and t h e i r  pa r a s i t e s  were 

reared a t  80-90.F. and a r e l a t i v e  humidity of 70-80%. 

The rear2ng procedures were modiffed from Chapman and Lienk (1971). 

~ o s t  l a rvae  were reared indtvidual ly  i n  corkstoppered 25x95 mm. s h e l l  
a I 

v i a l s  containing one or  two apple leaves. Every four t o  f i v e  days the  
h 

i l a rva  was t ransferred t o  a clean v i a l  containing apple leaves. This 

f 
p procedure was repeated u n t i l  t he  l a rva  o r  pa r a s i t e  had pupated. During 
f 

t he  l a t t e r  p a r t  of the  study some leaf  r o l l e r  larvae,  a f t e r  being 
i 

C separated by speciee,  s i t e ,  and host  p lan t ,  were reared f i v e  t o  a one- 

hal f  p in t  j a r  containing apple leaves. 

Paper towelling was placed on the  bottom of a c lean v i a l  with the  

pupa l a i d  on top o f t h e  paper towelling during individual  rear ings .  An 

apple l ea f  was a l s o  placed i n  t he  v i a l  and then the  v i a l  was cork-stoppered. 

Fie ld  collected pupae, a f t e r  separation by host  p l an t  and s i t e ,  and the 

pupae from the  mass rear ing,  were placed i n  a p e t r i  d i sh  containing f i l t e r  

paper and wet cotton and held u n t i l  emergence. 

- A l l  v i a l s ,  j a r s ,  and p e t r i  d ishes  were washed and heat  s t e r i l i z e d  

before use. This procedure, p lus  changing t h e  leaves every four t o  
- .  

f i v e  days, v i r t u a l l y  eliminated mold problems. Mortal i ty of l e a f  r o l l e r s  

and t h e i r  pa ras i t es  i n  t he  laboratory was low. 
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RESULTS 

1. A r t i f i c i a l  Key t o  Last  I n s t a r  Larvae 

To determine t he  pest  s t a t u s  of a specfes it is necessary t o  i den t i fy  

i t  readt ly .  Chapman and Lienk (1971) provzde a read i ly  usable system 

f o r  i den t i f i c a t i on  of adu l t  leaf  r o l l e r s  by t he  use  of water-color i l l u s t r a -  

t ions. 

I n  many cases i t  is advantageous t o  determine the  species  while i t  

is i n  t h e  l a r v a l  stage.  I developed t h e  following f i e l d  key which may 

be  used t o  i den t i fy  the  l a t e r - i n s t a r  l a r v a l  s tages  of l ea f  r o l l e r  species  

found on apple i n  t h e  Okanagan Valley. 

1) - Head green, body l i g h t  green ................................. 2 - Head reddish brawn, dark brown o r  black,  body dark 
green o r  brownish green ..................................... 3 

2) - F u l l  grown a t  about t he  end of apple bloom; la rvae  
r e l a t i v e l y  s luggish .................... Argy'rotaenia dorsalana - F u l l  grown two or  th ree  weeks l a t e r ;  larvae r e l a t i v e l y  
ac t i ve  ....................................... Pandemis l imi ta ta  

... 3) - Head reddish brown t o  brown, body brownish o r  brown green 4 - Head brown t o  black, body dark green ........................ 5 

4) - Body brownish, sometimes two sub-dorsal  dark brown s t r i p e s ;  ..... f u l l  l a t e  i n  summer o r  e a r ly  f a l l  Syndemis af f l i c t a n a  
t. Body Grown green, no sub-dorsal s t r i p e s ;  f u l l  grown i n  

l a t e  spring or  e a r ly  summer .............. Platynota idaeusa l i s  

5) - Prothoracic l egs  brown, other thoracic  l egs  green; not 
found on p r ive t  ........................... Archips a r ~ y r o s p i l a  - A l l  thoracic  l e g s g r e e n i s h ;  p r i ve t  a common host  p lan t  ............................................... Archips rosanus 

2. Leaf Rol lers  
I 

A list of t he  t en  species  observed on apple and other  p lan t s  i n  
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t h e  Okanagan Val ley  is grven i n  Table 1. 

The h i s t o r y ,  s t a t u s ,  and ecology of t h e  spectee  of l e a f  r o l l e r s  
E 
k 
t 
$, 

a s  observed i n  t h e  Okanagan Val ley  durfng t h i s  s tudy a r e  dfscussed 

k 
f 

below i n  t h e  order of apparent p e s t  importance. With t h e  exception 
F, 

of A. argyrospf la  and Choristoneura rosaceana (Harr.), t h e  l i fe-cycles  

of t h e  apple-feeding l e a f  r o l l e r s  found f n  t h i s  s tudy were pr imar i ly  
3- 

unknown i n  t h e  Okanagan Valley. 

J 
a)  Archips rosanus (L.), The European l ea f  r o l l e r .  

Blackmore (1921) and Freeman (1958) reported - A. rosanus from t h e  

t 

lower mainland of B r i t i s h  Columbia and Vancouver Is land.  It was  f i r s t  

found on apple i n  t h e  Okanagan Valley i n  1971 (Madsen, personal  . 
communication, 1972). 

Larvae were found feeding on p r i v e t  i n  t h e  c i t i e s  of Okanagan 

F a l l s ,  Pent ic ton,  Summerland, and Kelowna. They were co l l ec ted  from 

apple  and rose  a t  a l l  c o l l e c t i n g  s i t e s  containing apple. Dogwood 

- occurred only i n  t h e  r e l a t i v e l y  w e t  h a b i t a t  type,  and t h e r e  - A. rosanus 

was found feeding on it. Larvae were a l s o  found on a l d e r ,  chokecherry, 

hawthorn, maple, Oregon grape, Russian o l i v e ,  walnut, and willow. Egg 

masses were found on apple,  dogwood, p r i v e t ,  and rose.  

This  species  i s  un ivo l t ine  and overwinters i n  t h e  egg s tage .  The 

egg masses a r e  l a i d  on woody stems and branches t h a t  a r e  l a r g e r  than 

one-half inch i n  diameter. The eggs began t o  hatch during t h e  very 

end of A p r i l  and f i r s t  p a r t  of May. Hatching d a t e  depends on t h e  hos t  

p lan t .  This was a l s o  noted by Gibson (1924) on Vancouver Is land.  On .. 



Table 1 Spectes of l ea f  r o l l e r s  i n  t h e  order of apparent  p e s t  
importance and t h e i r  overwintering s t a g e  a s  observed 
i n  t h e  Okanagan Valley. 

S c i e n t i f i c  Name Common Name Overwintering 
s t a g e  

*Archips rosanus (L . ) European l ea f  r o l l e r  

Archips argprospi la  
(Wlk. ) 

F r u i t  tree l e a f  r o l l e r  

Pandemis l i m i t a t a  (Rob.) Three-lined l e a f  r o l l e r  

Pla tynota  i d a e u s a l i s  Tufted apple  bud moth 
(Wlk. ) 

Syndemisaffl ictana (Wlk.) F a l l  dead-leaf r o l l e r  

A r ~ y r o t a e n i a  dorsalana None 
(Dyar) 

egg 

egg 

l a r v a  

l a r v a  

l a r v a  

l a r v a  

Choristoneura rosaceana Oblique-banded l e a f  r o l l e r  l a r v a  
(Harr . ) 
Croesia albicomnana None l a r v a  
(Clem.) 

Ac le r i s  f orbesam- (McD . ) None l a r v a  

Acleris spec ies  near None l a r v a  
bowmana (McD .) 

* Introduced t o  North America from Europe 



-16- 

apple t h e  eggs began t o  hatch  when t h e  p l a n t  was i n  t h e  one-half inch 

green-bud s t a g e  of Bud development. On p r f v e t  the  major i ty  of t h e  egg 

masses began t o  hatch  one t o  tws weeks la ter  than they d id  on apple. 

Ha tchhg  was completed by t h e  lajCddle of .May on apple  when t h e  trees 

were ;Pn t h e  p ink s t a g e  of bud development. 

Newly- hatched l a r v a e  inrmedfately move away from t h e  egg mass and 

crawl towards t h e  branch apex, o f t e n  dropping on s i l k e n  threads  and 

being Blown by t h e  wlnd. On apple  they o f ten  feed on developing buds by 

boring i n t o  them. Later  l a rvae  t i e  growing leaves  together with s t r ands  

of s i l k  and feed on them. Blossom feeding is  common: t h e  l a rvae  t i e  

t h e  Blossoms together over t h e  developfng sex organs and feed on the  

pollen.  They a l s o  feed on t h e  developing f r u i t .  On apple ,  mature l a rvae  

r o l l  a s i n g l e  leaf  lengthwtse using s t rands  of s i l k  t o  t i e  t h e  l e a f  i n t o  

a r o l l .  This  shel ter - leaf  is o f t e n  a t tached t o  the  f r u i t .  Larvae a r e  

i n s i d e  the  r o l l e d  up leaf  wi th  only t h e  head and f i r s t t h o r a c i c  segment 

exposed during feeding.  On p r i v e t ,  l a rvae  appear t o  p r e f e r  t h e  young, 

- 
growing t i p s .  Two t o  f i v e  leaves  a r e  r o l l e d  together along t h e  s t e m  t o  

fashion a feeding s h e l t e r .  Mature l a r v a e  can be found from t h e  e a r l y  

p a r t  of June u n t i l  t h e  e a r l y  p a r t  of July .  

Larvae pupate i n  t h e i r  l a s t  feeding s i te ,  o r  drop t o  t h e  ground t o  do 

so ,  o r  move t o  another l e a f  which is r o l l e d  but  not fed upon. The pupal 

s t age  l a s t s  t e n  t o  f i f t e e n  days. Pupae were found i n  t h e  f i e l d  from t h e  

middle of June u n t i l  t h e  middle of July .  

Adults began t o  emerge about t h e  middle of June and emergence w a s  

completed by t h e  end of July .  They f l y  during t h e  evening, when mattng 



probably occurs though two copulatfng p a i r s  were observed a t  d i  f  f  e ren t  

d a t e s  on p r i v e t  dur ing mtd-morning. DurLng t h e  day a d u l t s  si t  motionless 

on t h e  upper s u r f a c e s  of l e a v e s  of hos t  and non-host p lan t s .  When 

dis turbed they f l y  s h o r t  d f s t ances  and a l i g h t .  

Largest  v i s i b l e  numbers occurred when the 'ma jor i ty  of t h e  l a rvae  were i n  the  

l a s t  two i n s t a r s .  These peaks occurred a t  d i f f e r e n t  tfmes on d i f f e r e n t  

host p l a n t s  a t  t h e  same c o l l e c t i n g  si te (Ffgure 2).  They were about two 

weeks l a t e r  on p r i v e t  and r o s e  than on apple  a t  Summerland. 

Populat ions were h ighes t  a t  Summerland and t h e  urban sites; next 

h ighes t  a t  Kelowna; lowest a t  Okanagan P a l l s ;  and no l a rvae  were found a t  

non-urban sites (Table 2). 

A t  Summerland, where - A. rosanus was t h e  dominant spec ies ,  populat ions 

were h igher  on p r i v e t  than on o t h e r h o s t p l a n t s  and next  h ighes t  on 

commercial apple. Populat ion numbers were about equal  on unsprayed apple ,  

wi ld  apple,  and dogwood. The numbers found on commercial and wild rose  

were about equal  and somewhat h igher  than on unsprayed apple  o r  dogwood. 

A t  Kelowna and Okanagan F a l l s  populat ions were very low on apple  and r o s e  

(Table 3). 

Larval  feeding causes two kinds of damage t o  t h e  f r u i t :  t h e  feeding 

on developing buds, blossoms and f lowers  is a d i r e c t  l o s s  of p o t e n t i a l  

f r u i t ;  and t h e  feeding on t h e  f r u i t  causes wounds which make t h e  f r u i t  

unmarketable. 

The l i f e - h i s t o r y  a s  described above f o r  t h e  Okanagan Valley shows no 

s i g n i f i c a n t  d i f f e r e n c e  from t h e  d e s c r i p t i o n s  given by Chapman and Lienk 

(1971) f o r  New York S t a t e  o r  by Gibson (1924) f o r  Vancouver Islandse B r i t i s h  

Columbia. 



Frgure 2 Number of - A. rosanus per 100 leaf clusters at 

different times on apple, rose, and privet at 

Summer land. 





Table 2 Average number of leaf r o l l e r s ,  by species ,  per 100 leaf  
c l u s t e r s  of a l l  p lan t s  surveyed a t  the  d i f f e r en t  s i t e s .  

Species S i t e  

2 Okanagan ' Non- 
Summer land F a l l s  Kelowna Urban Urban 3 

A. rosanus - 
A. argyrospi la  - 1.34 3.33 10.3 * 0 

P. l im i t a t a  - 0.47 0 0.17 * 0 

* Pr ive t  was t he  main host  p lant  surveyed and it i s  not 
a host  p lant  of - A. argyrospila o r  - P. l im i t a t a  

1 dry s i t u a t i o n  
2 r e l a t i v e l y  wet s i t ua t i on  
3 moderately dry s i t u a t i o n  



Table 3 Seasonal average of number of A. rosanus per 100 leaf 
clusters on df f f erent host plants at Summer land, Kelowna , 
and Okanagan Palls. 

PLANT SITE 

Summer land Kelowna Okanagan Falls 

privet-wild 8.6 --- --- 
apple-commercial 6.2 0.68 ---- 
apple-unsprayed- 
commerctal 1.1 -- ---- 
apple-wild 1.8 ---- 0.04 

rose-commercial 2.8 .-- --- 
rose-wild 2.38 0.22 0.01 

dogwood-wild 1.4 --- ---- 
antelope bush- 
wild --- 0 0 

currant-wild --- --- 0 

--- plant absent 

0 plant present - no larvae found 



b) Archips a rgyrosp i l a  (Wlk.), The fruAt tree lea f  r o l l e r .  

A. a rgyrosp i l a  was f i r s t  reared from apple i n  the  Okanagan Valley i n  - 
1922 (Venables 1924). Since t h e  e a r l y  1920's i t  has  been t h e  major leaf  

r o l l e r  p e s t  of apple  Pn t h e  Okanagan Val ley  (Madsen, personal  communication, 

Larvae were found feeding on apple and r o s e  a t  a l l  c o l l e c t i n g  sites 

containing apple.  Larvae were co l l ec ted  from ante lope bush a t  Okanagan 

F a l l s .  They were a l s o  found feedtng on b i r c h ,  Caragana arborescens,  Russian 

o l i v e ,  walnut, willow, and Oregon grape. Egg masses were found on apple,  

rose ,  and ante lope bush. 

Th i sspec ies  is  un tvo l t ine  and overwintersf  i n  t h e  egg s tage .  Egg masses 

a r e  l a i d  on t h e  stems and branches of hos t  p lan t s .  No egg masses were found 

on twfgs smaller  than one-half inch i n  diameter. The eggs began t o  hatch 

about t h e  end of Apr i l .  On apple t h i s  was when t h e  trees were i n  t h e  one- 

ha l f  inch green-bud s tage  of bud development. Egg masses on a l l  hos t  

p l a n t s  began hatching a t  approximately t h e  same date .  Hatching was 

complete by t h e  f i r s t  week of May. 

No s i g n i f i c a n t  d i f fe rences  were detec ted  between t h e  feeding 

h a b i t s  of l a r v a l  - .  A, a rgyrospi la  and of l a r v a l  - A. rosanus. Mature l a rvae  

were found from t h e  end of May u n t i l  t h e  end df June. 

A. a rgyrospi la  l a rvae  pupate i n  t h e  same s i t u a t i o n s  a s  A. rosanus. - 
Pupae were found i n  t h e  f i e l d  from t h e  f i r s t  p a r t  of June u n t i l  t h e  f i r s t  

p a r t  of Ju ly .  

Adults began t o  emerge durfng t h e  f i r s t  p a r t  of June and emergence 



was completed by t h e  second week of July .  Adults normally f l y  during 

t h e  evening but  when dis t rubed during t h e  day they f l y  s h o r t  d is tances  

and a l i g h t .  During t h e  day they w e r e  observed s i t t i n g  on t h e  upper 

su r face  of leaves  of hos t  and non-host p lan t s .  

Highest v i s i b l e  populations occurred a t  about t h e  same d a t e  on a l l  hos t  p lan t ,  

surveyed a t  a c o l l e c t i n g  s i te  (Figures 3 and 4 ) .  Peaks were a t  approximately 

t h e  same d a t e  a t  t h e  c o l l e c t i n g  sites &ere i t  was tHe dominant l ea f  r o l l e r  

(Figures 3 and 4).  No egg masses were found on r o s e  a t  Okanagan F a l l s  and 

t h e  l a r v a e  found on i t  from 18 May t o  5 June were , the  r e s u l t  of d i s p e r s a l  

from apple and ante lope Bush. 

because i t  was not thought t o  

were a l s o  found on it a s  were 

Populat ions were highes t  

Antelope bush was not surveyed u n t i l  24 May 

be a hos t  p lan t .  A t  t h a t  t i m e  hatched eggs 

new egg masses l a t e r  i n  t h e  season. 

a t  Okanagan 'Fal ls ,  next h ighes t  a t  Kelowna, 

lowest a t  Summerland, and no l a rvae  were found a t  non-urban sites (Table 2). 

A t  Okanagan F a l l s  and Kelowna, where - A. argyrospi la  was t h e  dominant 

species ,  populat ions were h ighes t  on apple  which had been sprayed every 

year except 1972, next h ighes t  on abandoned apple,  followed by ante lope 

bush, rose ,  and currant .  A t  Summerland, where i t  was not  t h e  dominant 

spec ies ,  populat ions were higher on commercial apple  and rose  than on 

wild apple or  rose  (Table 4). 

Feeding l a rvae  cause the  same type of f r u i t  l o s s  t o  apple  a s  described 

above f o r  A. rosanus, 

Except f o r  t h e  use  of antelope bush a s  a hos t  p l a n t ,  the  l i f e - h i s t o r y  

and h a b i t s  described above show no s i g n i f i c a n t  d i f fe rences  from t h e  

desc r ip t ions  given by Venables (1937), Madsen (1970) , and Madsen and 



Ttgure 3 Number of  - A.  argyrospfla per 100 leaf clusters 

a t  different tfmes on apple, antelope bush, and 

rose at  Okanagan Fal l s .  





Figure 4 Number of A. argyrospila per 100 leaf clusters 

at different times on apple and rose at Kelowna. 





F Table 4 Seasonal average of number of A. argyrospi la  per  100 
! lea f  c l u s t e r s  on d i f f e r e n t  hos7 p l a n t s  a t  Summerland, 
Q Kelowna, and Okanagan F a l l s .  

I 
I 

PLANT SITE 

Summer land Kelowna Okanagan F a l l s  

pr  i v e  t - w i  l d  0 --- ---- 
apple-commercial 5.2 16.2 -- 
apple-unsprayed- 
conrmercial 0.98 

apple-wild 0.6 

rose-commercial 2.4 

rose-wild 0.46 

dogwood-wild 
- 

ante lope bush- 
wild 

currant-wild ---- 

---- Plan t  absent  

0 P lan t  present  - no l a rvae  found 



and Davis (1971) fo r  the  Okanagan Valley. 

c)  Pandemts l im i t a t a  (Rob.), The three-lined leaf  r o l l e r .  

Freeman (1958), Mackap (1962), and Pren t tce  (1965) recorded - P. 

l i m i t a t a  from t h e  southern p a r t  of B r i t i s h  Columbia. It was f i r s t  

found on apple i n  the  Okanagan Yal ley . in  1971 (Madsen, personal communication, 

Larvae were found feeding on apple and rose  a t  Summerland and Kelowna. 

Dogwood occurred only a t  Summerland and there  P. l im i t a t a  was found feeding 

on it .  Larvae were a l so  col lected from b t r ch  and willow. Egg masses were 

found on apple,  rose ,  and dogwood. 

This species  is univol t ine  i n  t he  Okanagan Valley and overwinters 

a s  a t h i rd  o r  four th  i n s t a r  ' l a rva .  

Larvae l e f t  t he  ovexwtntering s f t e s  and began feeding during t h e  

f i r s t  few weeks of May, when apple t r e e s  were i n  the  pink s tage  of bud 

development. They feed on t he  developing buds and leaves.  A s  t he  

leaves grow, larvae t i e  them together t o  form a feeding she l t e r .  Later  

i n s t a r s  r o l l  t h e  leaf  i n  a typ ica l  leaf  r o l l e r  fashion or  t i e  a leaf  

t o  an apple and then e a t  a cav i ty  i n  the  f r u i t .  I n  general ,  l a r v a l  

feeding hab i t s  were the  same a s  fo r  t he  other  leaf  r o l l e r s  observed 

during t h i s  s tudy and a s  descrlbed f o r  A. rosanus. Last  i n s t a r  larvae 

were found from t h e  middle of June u n t i l  the  middle of July.  

Larvae pupate i n  t h e i r  f i n a l  feeding s i t e .  The pupal s t age  l a s t s  

ten  to  f i f t e e n  days. Pupae were found i n  t h e  f i e l d  from t h e  middle of 

June u n t i l  t h e  middle of July.  



Adults began t o  emerge during t h e  l a s t  p a r t  of June and were found 

u n t i l  t h e  middle of August. Durfng t h e  day they stt motionless on 

va r ious  p l a n t s  and f l y  s h o r t  d i s t ances  when dfsturbed.  They were less 

a c t i v e  than t h e  a d u l t s  of o ther  spec ies  of l e a f  r o l l e r s  observed. 

Eggs were l a f d  on t h e  upper su r face  of t h e  leaves  of hos t  p l a n t s  

dur ing Ju ly  and August. Egg masses were observed hatching during t h e  

f i r s t  and second week of August. 

Ear ly  i n s t a r  l a r v a e  feed on t h e  under su r face  of leaves  under a 

p ro tec t ive  webbing. They did not  r o l l  t h e  leaves  and were usua l ly  

found on leaves  t h a t  had not  been fed upon by o the r  l ea f  r o l l e r s  during 

t h e  spring.  By t h e  end of September these  l a rvae  had moved off  t h e  

leaves  t o  t h e i r  over wintering sites. No l a r v a e  could be  found over- 

wintering,  though Newcomer and Carlson (1952) found l a rvae  overwintering 

i n  s i l k e n  cocoons on the  Branches and twigs of apple  t r e e s .  

A s l i g h t  population - increase was noted a t  summerland on apple during 

t h e  f a l l  and sp r ing ,  but  on other  hos t  p l a n t s  populat ions were f a i r l y  

l e v e l  or  sporadic during t h e  season (Figure 5).The apparent population increase  j 

t h e  spr ing occurs when l a rvae  leave  t h e  overwintering site and t h e  one 

i n  t h e  f a l l  when eggs hatch (Figure 5 ) .  No l a rvae  o r  pupae were found 

from t h e  middle of J u l y  t o  t h e  f i r s t , p a r t  of August. , 

Populat ion numbers were h ighes t  a t  Summerland, next h ighes t  a t  

Kelowna andno l a rvae  were observed a t  Okanagan P a l l s  o r  t h e  non-urban 

sites (Table 2).  



Ffr8ure 5 Number o f  - P:limftata per 100 leaf clusters a t  

different times on apple ,  rose, and dogwood a t  

Summer land. 
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Populatfon numbers were Wgker on unsprayed-commercfal apple than 

any other  hos t  p lan t  surveyed (Table 5) .  It was t h e  dominant spectes  of 

l e a f  r o l l e r  on unsprayed-commercial apple  a t  Summerland. A t  Summerland, 

populat ions were about equal on wfld apple and r o s e  and s l i g h t l y  lower 

on dogwood (Table 5) .  A t  Kelowna, populat ions were about equal  on 

commercfal apple and wild rose  (Table 5) .  

Overwintered l a rvae  cause t h e  same type of feeding damage a s  

descrfbed above f o r  A. rosanus. The e a r l y  i n s t a r  s t ages  t h a t  ha tch  

i n  t h e  l a t e  summer and ovencinter  were not observed t o  feed on apple 

f ruPt  . 
The l i f e -h i s to ry  and h a b f t s  a s  described above show some 

s i g n i f f c a n t  d f f fe rences  from observatfans made on t h i s  spec ies  elsewhere 

f n  North America. These dkfferences  w i l l  Be discussed i n  a l a t e r  sec t ion.  

d) Platynota: i d a e u s a l i s  (Wlk.), The t u f t e d  apple bud moth. 

MacKay (1962) reported t h a t  spectmena of P. i d a e u s a l i s  co l l ec ted  

i n  B r i t i s h  Columbia a r e  i n  t h e  Canadian National  Collect ion.  

Larvae were found feeding on apple ,  rose ,  and willow. This spec ies  

was found only a t  Summerland and a t  low d e n s i t i e s ~  Populat ions were 

about t h e  same on unsprayed-commercial apple  and wild r o s e  (Table 6) .  

P. i d a e u s a l i s  is  un ivo l t ine  and overwinters i n  t h e  l a r v a l  s t age .  - 
Late-instar  l a r v a e  were found during t h e  end of May and f i r s t  p a r t  of 

June. Larval  feeding h a b i t s  were t h e  same a s  previously described f o r  

A. rosanus. Larvae pupate i n  t h e  r o l l e d  up leaf  of t h e i r  f i n a l  feeding - 
site. Pupae were found f n  t h e  f i e l d  durfng t h e  f i r s t  p a r t  of June. 



Table 5 Seasonal average of number of P. l i m i t a t a  per  100 
l e a f  c l u s t e r s  on d i f f e r e n t  hos t  p l a n t s  a t  Summerland 
Kelowna and Okanagan F a l l s  

PLANT SITE 

Summer land Kelowna Okanagan F a l l s  

p r  fvet-wild 0 --- --.- 

apple-commercial 0.23 0.17 -- 
apple-unsprayed- 
commercial 1.43 I--CI 

app le-wild .33 .--- 

rose-wild 0.20 0.17 

dogwood-wild 0.16 --- 
ante lope bush- 
wild 

currant-wild ---- ---- 

---- Plan t  absent  

0 P lan t  present  - no l a rvae  found on it. 



Table 6 Seasonal average of number of P. idaeusalis, 2. afflictana - - .- 
A. dorsalana and 2. rosaceana per 100 leaf clusters on - 
different host plants at Summerland and Okanagan Falls. 

PLANT SITE 

Summer land Okanagan Falls 

apple-unsprayed- 
commercial P. idaeusalis 0.1 - 

So afflictan? 0.07 - 
A. dorsalana 0.03 - 

apple-wild 0 C. rosaceana 0.04 - 

rose-wild P. idaeusalis 0.2 - 
A. dorsalana 0.03 - 

---- Plant absent 
0 Plant present - no larvae found 



Middle-instar l a r v a e  were found feeding t n  r o l l e d  up leaves t n  August 

and September. These l a rvae  a r e  t h e  overwintering s tage .  

The l i f e - h i s t o r y  and h a b i t s  described above show some d i f fe rences  

from those t n  eas te rn  North Amertca. These d i f fe rences  w i l l  be  

discussed i n  a l a t e r  sec t ion.  

e) Syndemis -- afflictma(W1k.) The f a l l  dead l e a f  r o l l e r .  

S.afflictan_a is  a northern spec tes  t h a t  has  been recorded from - 
B r i t i s h  Columbia (Freeman 1958) , 

Larvae were found feeding only on apple  and only a t  Summerland i n  

t h e  unsprayed-commercial orchard. Populat ions were low (Table 6) .  

S. a f f i c t a n a  i s  un ivo l t ine  and overwfnters as a l a s t - i n s t a r  l a rva .  - 
Adults were observed i n  the  f i e l d  from t h e  middle of May u n t i l  t h e  end 

of June. They were observed s i t t i n g  on t h e  limbs of apple  trees during 

day l igh t  hours and were less a c t i v e  than a d u l t  A. rosanus and A. 

argyrospi la  though more a c t i v e  than a d u l t  P. l i m i t a t a .  

Middle-instar l a rvae  were found during June and l a r v a e  i n  t h e  

middle and l a s t  i n s t a r s  were found u n t i l  t h e  middle of August. A l l  

l a rvae  observed were feeding i n  r o l l e d  up leaves.  By t h e  end of September 

l a rvae  had moved away from t h e  leaf  c l u s t e r  t o  t h e i r  overwintering site. 

None could be found overwintering a s  l a rvae ,  though Chapman and Lienk 

(1971) found them i n  f a l l e n  leaves  on t h e  ground. 

The l i f e -h i s to ry  a s  described f o r  t h e  Okanagan Valley shows no 

s i g n i f i c a n t  d i f fe rence  from t h e  desc r ip t ions  given by Chapman and 

Lienk (1971) f o r  New York s t a t e .  



Freeman (1958) reported specimens of A. dorsalana i n  t h e  Canadian - 
National Col lec t ion from B r i t i s h  Columbia. 

Late-instar  l a rvae  were found feeding i n  t y p i c a l  l e a f  r o l l e r  n e s t s  

during t h e  e a r l y  and middle p a r t  of May on apple,  i n  the  unsprayed- 

commercial orchard, and wild rose  a t  Summerland. Populations were low 

and about equal on both hos t s  (Table 6) .  It i s  un ivo l t ine  and overwinters 

i n  t h e  l a r v a l  s tage .  

The h a b i t s  a s  described f o r  t h e  Okanagan Valley show some d i f fe rences  

from thos  reported by Freeman (1958) f o r  North America and Powell (1964) 

f o r  Ca l i fo rn ia .  These d i f fe rences  w i l l  be discussed l a t e r .  

g) Choristoneura rosaceana (Harr.),  The oblique-banded l e a f  r o l l e r .  

C. rosaceana was formerly the  major pes t  spec ies  of apple i n  t h e  - 
Okanagan Valley (Venables 1924). 

In  t h i s  s tudy only low numbers of t h i s  species  were found. It was 

found only a t  t h e  Okanagan F a l l s  s i t e  feeding on apple  (Table 6 ) .  From 

t h i s ,  no conclusion can be drawn on t h e  l i f e - h i s t o r y  though t h e  absence 

o r  r a r i t y  of i t  provides t h e  b a s i s  of some conclusions discussed i n  a 

l a t e r  sec t ion .  

h) Other species .  

Three spec ies  of l e a f  r o l l e r s  were found feeding on r o s e  o r  dogwood 

but not on apple. Populat ians of a l l  of them were low. A s  t h i s  s tudy was 

not  d i rec ted  towards non-apple feeding spec ies  they are mentioned only 

b r i e f l y .  Acler is  forbesana (McD.) and Ac le r i s  sp. near bowmana* (McD . ) 
were found only on dogwood a t  Summerland. Powell (1964) s t a t e d  t h a t  



A. forbehana is apparently speci fdc  t o  dogwood i n  Cal i fornia .  Croesia - 
albicomana (Clem.) was found only on r o s e  a t  Kelowna. Powell (1964) 

found it only on r o s e  i n  Ca l i fo rn ia .  
4 

Other spec ies  of Lepidoptera which were found feeding on apple  

were: Lithophane g e o r g i i  G r t .  ( ~ o c t u i d a e ) ;  Epinotia r e c t i p l i c a n a  Wlshm. 

(Olethreutidae);  Hedia ochroleucana Hbn. (Olethreutidae);  Epiblema spp. 

(Olethreutidae);  k a r t e m a  punctanum Wlshm. (Olethreutidae);  F i la l ima 

demissae Keif . (Glechiidae) ; and Trachoma walsinghamiella Busck (Gelesh- 

i idae ) .  A l l  these  species  were found as l a r v a e  feeding on t h e  fo l i age .  

3. Natural Enemies I 

a) P a r a s i t e s .  

Thirty-eight  species  of p a r a s i t e s  were reared from l e a f  r o l l e r s  

during t h i s  study. Eight f ami l i e s  and thirty-two genera were represented.  

P a r a s i t e  species  were divided i n t o  two c l a s s e s ,  i )  s i g n i f i c a n t ,  i i )  and 

i n c i d e n t a l ,  based on t h e  number of each spec ies  reared.  

(i) Sign i f i can t  species .  Those species  which were w e l l  represented 

and considered s i g n i f i c a n t  because of t h e  numbers found, a r e  as follows 

, i n  order  of apparent numberical s ign i f i cance ;  

I t o p l e c t  is  quadr ic ingula ta  ' (Prov . ) (Hymenopt e r a  : Ichneumonidae) w a s  reared 

from A. argyrospi la ,  - A. rosanus, and P. l i m i t a t a ' f e e d i n g  on apple,  r o s e  

p r i v e t ,  dogwood and ante lope bush and w a s  found a t  a l l  c o l l e c t i n g  



I 

aites where lea f  r o l l e r s  were found. 

Pseudopertchaeta e r e c t a  (Coq.) (Diptera; Tachkntdae) was reared  from 

A. a rgyrospf la  and A. rosanus feedtng on apple ,  rose ,  p r f v e t ,  an te lope  bush - - 
and dogwood. T t  was found a t  a l l  c o l l e c t i n g  sites. where l ea f  r o l l e r s  were 

found b u t  was more common a t  Okanagan F a l l s  than a t  o the r  sites. 

Nemorflla p-te (Wlk.) (Diptera: Tachinidae) was reared  from - A. a rgyrosp i l a  

and - A. rosanus feedfng on apple ,  r o s e  and p r i v e t .  It was found a t  Okanagan 

P a l l s ,  Summerland, and urban a r e a s  Sn about equal  numbers. 
, 4 

Hemfsturmfa t o r t r f c f s  (Coq.) (Dfptera: Tachinfdae)'was reared  from - A. 

a rgyrosp i l a ,  - A. rosanus and - P. l i m i t a t a  feedfng on apple,  rose  and p r i v e t  

and was found only  a t  ~ummerland and urban sttes. 

Diadegma sp .  1 (Hymenoptera: Xchneumonidae) was reared  from A. rosanus,  

P. l i m f t a t a ,  and P. i d a e u s a l f s  feeding on apple ,  p r t v e t ,  dogwood and willow - - 
and was found o n l y  a t  Summerland. 

Microgaster epagoges Gahan (Hymenoptera: Braconidae) was reared  from - A. 

a rgyrosp i l a ,  A. rosanus,  and - P. l h f t a t a  feeding on apple,  r o s e ,  and dogwood. 

It was found mainly a t  Summerland and urban sites though a few were found 

from Kelowna. 

Apanteles cacoeciae (Riley) (Hymenoptera: Branconidae) was reared  from 

A. a rgyrosp i l a ,  A. rosanus, and A. dorsalana feeding on apple,  rose ,  - - 
p r i v e t ,  dogwood, and Russian o l i v e .  It was found a t  Summerland only. 

Habrobracon xanthonotus ( A s b . )  (Hpenoptera: Braconidae) was reared  

from - A. a rgyrospf la  f e e d h g  on apple  and found on ly  a t  Okanagan P a l l s .  

(f A) Tncidental  spec t  e s .  Those paraaAte - spec fes  of which only a 

t r a c e  (less than f t v e  f.nd$vtdual r ea r fnga  04 a specfes)  was found were 



considered tncltdental ' pa ras i t e s .  They a r e  l i s t e d  by order and family a s  

follows: 

Diptera  : Tachinidae 

~ o m ~ s i l u r a  concinnata (Mg.) - f ran - A. rosanus feeding on rose;  

Eumea caesar  (Ald.) - from A ,  rosanus and A. argyrosp i l a  feeding on p r i v e t  - - - 
and apple;  

Hymenoptera: BraconPdae 

Oncophanes americanus (Weed) - from - A. rosanus feeding on p r i v e t ;  

Agathis annulipes (Cress.) - from - A. a rgyrosp i l a  and A. rosanus feeding 

on r o s e  and p r i v e t ;  

Agathfs sp. - from - A. rosanus feeding on p r i v e t ;  

Apanteles sp.#49 - from A. rosanus and E.  l i m i t a t a  feeding on apple  and 

p r i v e t  ; 

Hymenoptera: Ichneumonidae 

Hercus p l e u r a l s s  (Prov.) - from - A. rosanus feeding on r o s e  and dogwood; 

Scambus tecumseh (Harris)  - from - A. rosanus feeding o r  rose;  

Exochus n i g r i p a l p i s  tectulum Townes - from - A. argyrosp i l a  feeding on 

apple ; 

Phytodietus sp. - from - A. rosanus feeding on p r i v e t ;  

Glysta - sp.- from - P. l i m i t a t a  feedtng on apple;  

Acropimpla a 1 b 0 r i c . t ~  (Cress.) - from - A. rosanus feeding on rose ;  

Diadegma sp.  #2 - from - A. a rgyrospi la  feeding on apple  and rose ;  

Gelis sp. - from - A. rosanus feeding on r o s e  and p r i v e t ;  

P$mplinae - fromA. rosanus feeding on r o s e  and p r i v e t ;  
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i Hymenoptera: 

Xr Achogr-t i d a e  

mtnutum R t l e ~  - from &. rosanua and A. a rgyrosp t l a  on apple ,  

rose,  and p r t v e t  ; 

Chaicididae 

a l b i f r o n s  (Walsh) - from A. rosanus feeding on apple ;  

Brachymeria -- ovata ovata (Say) - from - A. rosanus and P. l i m i t a t a  feeding 

on apple  and p r i v e t ;  

Hymenoptera: Elasmidae 

Elasmus a t r a t u s  Howard - from - A. rosanus and - A. a rgyrosp i l a  feeding on 

apple; 

Hymenoptera: Pteromalidae 

Habrocytus phycidis  Ashm. - from - A. rosanus and A. a rgyrosp i l a  feeding 

on apple  and p r t v e t ;  

Catolaccus aeneo-:rridis(Girault) - from A. rosanus and A. a rgyrosp i l a  feeding 

on apple  and p r i v e t .  

Dibrachys cavus (Wlk.) - from - A. a rgyrospf la  feeding on apple ;  

Dibrachys poss. new sp. A - from - A. rosanus feeding on p r i v e t ;  

Hymenoptera: Eulophidae 

Eulophus anomocerus (Crawford) - from A. a rgyrosp i l a  feeding on apple ;  

Sympiesis marylandensls Gi rau l t  - from 4. rosanus feeding on dogwood; 

Dicladocerus WestwoodiiWestwood - from_A. a rgyrosp i l a  feeding on apple;  

Pediobius sp. - from - A. a rgyrosp i l a  feeding on apple ;  

E lacher tus  aeneoniger (Gfrault)  - from A. rosanus feeding on rose ;  

Elachertus cacoeciae (Howard) - from A. rosanus feeding on rose ;  

Elachertus sp.  - from - A. a rgyrosp i l a  feeding on ante lope  bush. 

Table 7 g ives  t h e  percentage of pa ras i t i sm of l e a f  r o l l e r s  on each 



host  p lan t  from t h e  d i , i ferent  collectAng sftes w;tth the exclusion of 

urban s f t e e  d t c h  f a  gkveninTa0le  11; the htghes t  (32.4%) was on 

abandoned apple  a t  Okanagan P a l l s  wtllle t h e  lowest was on commercial 

apple and r o s e  a t  Summerland and ICelowna. On unsprayed hos t  p l a n t s  the  

incrdence of paras i t i sm averaged about 25%. 

b) Predators.  

No egg predators  were observed and no predators  were found feeding 

on e a r l y  i n s t a r  la rvae .  

Known predatory i n s e c t s  t h a t  were found i n  l ea f  r o l l e r  n e s t s  with 

dead l ea f  r o l l e r  l a r v a e  may bepresumed t o  be  predators.  They were: 

Chrysopa carnea Step. (Neuraptera; Chrysopidae); Chrysopa spp. (Neuroptera: 

Chrysopidae); Adalia Bipunctata L.  (Coleoptera: Coccinell idae);  and 

Tapinoma s e s s i l e  (Say) (Hymenoptera: Formicidae). Their  numbers were 

low a t  a l l  sites. 

On one occasion an unidentffed species  of b i r d  was observed t ea r ing  

a p a r t  leaf  r o l l e r  n e s t s  a t  Kelowna. 

c)  Nematodes and microbial  pathogens. 

Some - P. l i m i t a t a  l a rvae  i n  t h e  unsprayed-commercial orchard a t  

Summerland contained a granulos is  v i r u s .  Apparently, no v i r u s  d i sease  has 

been reported previously f o r  t h i s  species .  

P ie ld  co l l ec ted  l a rvae  t h a t  were infected  developed normally u n t i l  

t h e  l a s t  i n s t a r .  They then began t o  t u r n  a milky, whi t i sh  color.  The 

t i s s u e s  Became flacc%d and d i s in tegra ted .  

Attempts t o  i n f e c t  - A. rosanus l a rvae  wi th  t h i s  v i r u s  were not  * 



Table 7 Total percent parasitism of leaf roller larvae and pupae 
on dffferent host plants at dffferent sttes. 

PLANTS SITES 

Summerland Kelowna Okanagan Falls 

apple-commercial 

apple-unsprayed 
commercial 

apple-wild 

rose-commercial 

prfvet-wild 

antelope bush- 
w3Lld 

dogwood-wild 

currantwild 

--.-- Plant absent 

0 Plant present - no leaf rollers 
3. Plant present with leaf rollers - no parasites 



successful .  rnfec ted  l a s t - i n s t a r  g. l%nftata l a rvae  were put  2n a 

rear fng j a r  wt th  mfddle t o  l a s t - i n s t a r  A. rosanus l a rvae  and apple 

leaves.  A l l  - A, rosanus l a rvae  developed normally. 

Thomas (personal communfcat$on, 1972) s t a t e d  t h a t  most granulos is  

v f ruses  a r e  f a f r l y  hos t  spec f f fc  though t h e r e  2s a s l f g h t  chance t h a t  

t h e  granulosfs  2nfectfng - P. l b t t a t a  may fnf e c t  A. rosanus and/or - A. 

argyrospf l a .  

Approximately one-hundred ffeld-collected l ea f  r o l l e r  l a rvae  and 

f f f t p  f f e ld -co l l ec ted  a d u l t s  were dfssected t o  see i f  they  contained 

nematodes. No evfdence of nematode f n i e c t i o n  was found. 

3 .  Changes i n  Abundance of Leaf Ro l l e r s  and t h e i r  P a r a s i t e s  

a)  Changes between h a b i t a t  types. 

A s  each of t h e  c o l l e c t i n g  s i t e s  containing apple  (Okanagan F a l l s ,  

Summerland, and Kelowna) were located  i n  d i f f e r e n t  h a b i t a t  types,  comparisons 

between t h e  abundance of d i f f e r e n t  species  of l ea f  r o l l e r s  and t h e i r  p a r a s i t e s  

could be made on t h e  Basis  of h a b i t a t  type. 

It w i l l  be noted from Table 8 t h a t  the  l ea f  r o l l e r  species  present  

and r e l a t i v e  abundance of each va r i ed  by c o l l e c t i n g  site: 4. rosanus, 

P .  l i m i t a t a ,  P. i d a e u s a l i s  , 2. s f f l i c t a n a  and A. dorsalana were r a r e  o r  - - 
absent  except a t  Summerland which was located i n  t h e  r e l a t i v e l y  wet 

h a b i t a t  type; t h e  opposi te  a f tua t fon  exfsted wkth - C. rosaceana and A. 

a rgyrospf la  though t h e  l a t t e r  was present  f n  a l l  t h r e e  h a b f t a t  types. 

A. rosanus was t h e  domknant specfes  a t  Summerland and A. a rgyrosp i l a  was - 
t h e  domfnant specfes  a t  Okanagan P a l l s  and Kelowna. 



TaBle 8 The r e l a t t v e  abundance of l e a f  r o l l e r s  found on apple a t  t h e  
t h r e e  co l l ec t fng  s f t e s  containing apple  whfch were located t n  
d t f  f e r e n t  h a b i t a t  types. 

REZATXVE SITE 

ABUNDANCE Okanag an 
Summerland Kelowna F a l l s  

Domf nant A. rosanus - 52% A. argyrospi la  95% A. argyrospi la  99% 

Sub-dominant - A. a rgyrospi la  35% - A. rosanus 4% - A.rosanus  0.5% 
C. rosaceana 0.5% - 

Other P. l i m i t a t a  - 11% P. l i m i t a t a  - - 

P. i d a e u s a l i s  0.5% - 
S. a f f l i c t a n a  - 0.4% 
A. dorsalana - 0.2% 



As pointed ou t  An a prevkous s e c t i o n  some of t h e  s i g n i f i c a n t  

p a r a s i t e s  were more common t n  one o r  t h e  o the r  c o l l e c t f n g  sites. P. 
e r e c t a  and H. xanthonotus were more common a t  Okanagan F a l l s  i n  t h e  dry  

h a b f t a t  type than a t  t h e  o ther  sites i n  r e l a t i v e l y  wetter h a b i t a t  types. 

H. t o r t r i c i s ,  5. epagoges, and A. cacoeciae were more common a t  Summerland - - 
i n  t h e  r e l a t i v e l y  wet h a b f t a t  type than a t  t h e  o ther  c o l l e c t i n g  sites i n  

r e l a t t v e l p  d r i e r  habStats .  

b) Changes due t o  d i s p e r s a l .  

There is reason t o  Belteve t h a t  l a r v a l  d t s p e r s a l  occurs by crawling, 

by dropping on a s t l k e n  thread,  and by being blown by t h e  wind using 

the  s i l k e n  thread a s  buoyant. This  d ispers ion was a l s o  evidenced by: 

t h e  presence of feeding sites wtthout l a rvae  and without evidence of 

predation such a s  c a s t  predator sk ins  o r  l a r v a l  remains; t h e  occurrence 

of l a t e  i n s t a r  l a r v a e  on p l a n t s  t h a t  had been thoroughly searched e a r l i e r  

f o r  eggs and/or e a r l y  i n s t a r  la rvae;  t h e  presence of feeding sites on wild 

rose  and pupae on nearby Saskatoon bush (which is not  a food p lan t )  

i n  r o l l e d  up, undamaged leaves ;  t h e  presence of pupae i n  r o l l e d  up leaves  

of apple t h a t  had not  been fed on; and t h e  r e s u l t s  shown i n  Figure 6. 

This f i g u r e  shows what happened when r o s e  was sprayed t o  con t ro l  l e a f  r o l l e r s .  

Before t h e  spraying t h e  l a r v a l  populat ions were four teen per one-hundred 

leaf  c l u s t e r s .  Aftersprayingpopulations dropped t o  near zero but  

approximately a month a f t e r  spraying populat ions were up t o  twelve l a rvae  

per one-hundred l ea f  c l u s t e r s .  The inc rease  i n  l a rvae  on r o s e  a f t e r  

spraying was ev iden t ly  a consequence of l a r v a l  d i s p e r s a l  from nearby, 



Pfgure 6 Number of leaf ro l lers  per 100 leaf clusters on 

cultivated rose at different tfmes a t  Summerland. 

Sprayed on about 17-19 Nap. 





beyond twenty feet, leaf roller infested apple trees which had not 

been sprayed. 

My observations tend to agree with those of Paradis and LeRoux (1965), 

working with - A. argyrospila, that larval migration away from a sit- 

uation can be a major factor in reducing the population there. 

c) Changes due to spraying. 

Virtually no leaf rollers are found in orchards that are under a 

preventive spray program for codling moth or leaf roller control (Madsen, 

personal communication, 1972). 

The number of leaf rollers per one-hundred leaf clusters was higher 

on apple sprayed in 1971 than on wild (abandoned) apple or unsprayed- 

commercial apple (Table 9). The situation was not as clear with re- 

spect to rose. The average number per one-hundred leaf clusters was 

about the same on commercial rose at Summerland and wild rose at Kelowna, 

but the commercial rose at Summerland had about twice the population as 

wild rose at Summerland (Table 9). The numbers per one-hundred leaf 

clusters on unsprayed-commercial apple, wild apple, and wild rose were 

about equal at Summerland, indicating that this is the situation when 

sprays are not applied; at the same site numbers were three times as high 

on commercial apple. When rose was sprayed early in the season the larval 

population was reduced, but by the end of the season the numbers were 

nearly as high as before the spraying (Figure 6). 

Spraying lowered the population of - P. limitata, - P. idaeusalis, - S. 
afflictana, - .- and - A. dorsalana relatively more than it did A. rosanus or - 



Table 9 Seasonal average of leaf ro l lers  per 100 leaf clusters on 
different plants. 

PLANT SITE 
-- -- - - -  p p  

Summer land Kelowna Okanagan Fal ls  

apple-commercial 11.6 17.0 

apple-unsprayed- 
c m e r  c ta l  3 . 5  --- 
apple-wild 2 . 9  --- 

rose-wild 3 .3  5 .5  

---- Plant not present 



A. a rgyrospi la  a t  Summerland (Table 10). - 
d)  Changes due t o  pruning and veh ic le  t r a f f i c .  

Leaf r o l l e r  populat ions on p r i v e t  were highes t  on trimmed hedges on 

s i d e  streets; next h ighes t  on untrimmed hedges on busy streets, lower 

on an untrimmed hedge on a s i d e  s t r e e t ,  and lowest on trimmed hedges 

near busy streets (Table 11).  No c l e a r  t r ends  a r e  shown though i t  

does appear t h a t  t h e  combination of trimming and hedge foca t ion  near 

a busy street lowers l e a f  r o l l e r  populat ions.  

Percentage paras i t i sm was highes t  on a hedge on a s i d e  street which 

was untrimmed and lowest on trimmed hedges on busy streets (Table 11). 

This t a b l e  shows t h a t  t h e r e  may be a d e f i n i t e  r e l a t i o n s h i p  between 

incidence of paras i t i sm,  hedge trimming and. veh ic le  t r a f f i c .  

6. Cross-Breeding of A. rosanus and A. a rgyrosp i l a  

A l a r g e  number of a d u l t  A. rosanus and - A. a rgyrosp i l a  were a v a i l a b l e  

a s  a r e s u l t  of t h e  primary ob jec t ives  of t h i s  study. They appear t o  be 

c lose ly  r e l a t e d  i n  t h e i r  h a b i t s ,  l i f e -cyc les ,  food p l a n t s ,  l a r v a l  ex te rna l  

c h a r a c t e r i s t i c s ,  and a s  shown by Madsen and Vakenti ( I n  p ress ,  1973) they 

have c l o s e l y  r e l a t e d  sex pheromones ind ica t ing  they may be capable of 

in terbreeding.  

A number of experiments using var ious  types of cages were conducted 

i n  t h e  l abora to ry  t o  determine i f  a d u l t s  of t h e  two d i f f e r e n t  species  

would mate with each o the r .  The a d u l t s  were supplied wi th  a water source 

but seldom l i v e d  f o r  more than four  days. Conditions were not  optimal 



Table 10 Relattve abundance of dtfferent species of leaf rollers on 
various host plants at Summerland. 

PLANT RELATIVE ABUNDANCE 

Domf nant Sub-dominant Other 

apple-unsprayed- g. limitata 42% A. 
commercial A. 

apple-commerical A. rosanus 53% A_. 

apple-wild - A. rosanus 80% A, 
P. - 

rose-commercial A_. rosanus 49% A_. 

rose-wild A_. rosanus 72% A. 

argyrospila 27% 
rosanus 26% 

argyrospila 45% 

argyrospila 10% 
limitata 10% 

argyrospila 42% - 
argyrospila 14% 

idaeusalis 3% 
affictana 2% 
dorsalana 1% 

limitata 2% 

limitata 9% 

limitata 6% 
idaeusalis 6% 
dorsalana 1% 



Table 11 The densAtp and degree of paras i t i sm of A. rosanus on urban 
~ r k v e t  hedges- 1. k e r a g e  of 5' sample s i t e s ,  2. Average of 

3 sample sites, 3. 1 sample site. 

S i t e  Number per 100 Degree of 
Loca t t on  Cond$tf on leaf  c lu s t e r s  parasi t ism (%) 

Busy s t r e e t  7.5 1 4.4 
1 

T r  fmrned 
Side s t r e e t  16.0 

1 
11.2 

1 

Busy s t r e e t  13.6 
2 

17.6 
2 

Untrimmed 
Side s t r e e t  10.0 

3 
32. o3 



f o r  mating because of high temperatures An the  laboratory and lack  of B 

su i t ab l e  l i gh t i ng  system. Adult males and females of both species  

were put i n t o  cages together 2n varying r a t f o s  from 1:l t o  1 : l O .  The 

t o t a l  number of a d u l t s  put  i n t o  a cage a lao  varted from two t o  eleven 

dependfng on thenumber avar lable  each day. 

Only one successful  mating was observed between a female A. rosanus 

and a male - A. a r rn rospf la  out  of a t o t a l  of fo r ty - th ree  experiments. The 

cage contained four male - A. argyrospfla and one female - A. rosanus. The 

copulating pa i r  were observed t o  remain together f o r  approximately th ree  

hours. Unfortunately, no eggs resu l ted  from t h i s  mating. The experiments 

were not under contfnuous observation and other  matings may have occurred. 

The concluston is  tha t  t he  two d i f f e r en t  species  can mate with each 

other  but the  frequency and successfulness of these  matings is open t o  

question. 
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DISCUSSION AND CONCLUSIONS 

1. Feeding Habits  

I n  genera l  a l l  leaf  r o l l e r s  observed i n  t h i s  s tudy have t h e  same 

feeding h a b i t s  u t i l i z i n g  leaves  though t h e r e  is  some f r u i t  feeding. They 

a r e  p e s t s  of apple  because of t h e  na tu re  of t h e i r  feeding and of t h e i r  

a b i l i t y  a t  high populat tons t o  d e f o l t a t e  trees. Ear ly  i n s t a r  l a rvae  

feed on t h e  developing f r u f t  and buds I n  t h e  spring,reducing t h e  p o t e n t l a l  

' f r u i t  set. La te r ,  l a r v a l  feedtng on t h e  developing f r u i t  produces small ,  

d t s t o r t e d ,  o r  scabbed (healed-over f e e d h g  i n j u r i e s )  mature f r u i t  a t  

harves t .  This  f r u i t  is genera l ly  unmarketable. 

A t  t h e  population l e v e l s  found on apple  i n  the  Okanagan Valley during 

t h i s  s tudy,  t h e r e  appeared t o  be  l i t t l e  o r  no competition between t h e  

var ious  l e a f  r o l l e r  spec ies  f o r  l a r v a l  food. Although a l l  t h e  l ea f  r o l l e r s  

and a number of o ther  species  of Lepidoptera feed on leaves ,  a t  no t i m e  

during t h e  season d i d  t h e r e  appear t o  be a l ack  of s u i t a b l e  feeding sites. 

This a l s o  indicates t h a t  competition f o r  food is  n e i t h e r  an  i n t e r s p e c i f i c  

nor an i n t r a s p e c i f i c  l i m i t i n g  f a c t o r  of l e a f  r o l l e r  populat ions on apple. 

My observations agree with those of Chapman and Lienk (1971) t h a t  

f r u i t  feeding by t h e  e a r l y  i n s t a r  l a r v a e  of II_. l i m i t a t a  is r a r e ,  while 

G i l l i a t t  (1932) found t h a t  e a r l y  i n s t a r  l a r v a e  genera l ly  a t tached a l ea f  

t o  t h e  f r u i t  and fed  on the  f r u i t .  I n  eas te rn  Canada e a r l y  i n s t a r  l a rvae  

of - P. l i m i t a t a  were dependent on o the r ,  o ld ,  part%-Ted-on l ea f  r o l l e r  

n e s t s  t o  e s t a b l i s h  feeding s f t e s  (Hall 1929; G i l l i a t t  1932). I n  e f f e c t  

0 



the re  would Be i n t r a spec i f f c  competftion among ea r ly  i n s t a r  larvae fo r  

these  favorable feedrng s i t e s  t h a t  would I h f t  populattons. I n  the  

Okanagan Valley t h f s  type of competktTon dfd not occur and e a r l y  i n s t a r  

larvae were found feeding on the  under-surface of leaves t ha t  had not 

been fed on by other leaf  r o l l e r s .  

Xn cen t r a l  Washtngton S t a t e ,  approxfmately 300 miles south of the  

Okanagan Valley, g. l fmf ta ta  &as two generattons a year (Newcomer and 

Carlson 1952), while i n  southern Br i t f sh  Columbia it is untvol t ine .  These 

populatfons a r e  not necessar i ly  separated by geographical f a c t e r s  a s  the re  

fs ac tua l l y  one long va l l ey  from southern Br t t f sh  Columbia i n t o  northern 

Oregon. This va l ley  runs north- south and has mountain ranges on the  

e a s t  and west. This ind ica tes  t ha t  the  d i f fe rence  i n  l i fe-cycles  

between t he  Okanagan Valley and Washington populations is  probably due 

t o  environmental f a c to r s  ins tead of genet ic  ones s ince  there  would 

apparently be genet ic  flow between the  populations. The univol t ine  l i f e -  

cycle of - P. l im i t a t a  i n  the  Okanagan Valley would tend t o  reduce t he  

probab31ity of i t s  becoming a pes t  the re  compared with mul t ivol t ine  

s t r a i n s  of more southern a reas  where t h e  shor ter  generation time enables 

populations t o  build up f a s t e r .  

P.  idaeusa l i s  is  univol t ine  wlth two d i f f e r en t  s i z e s  of larvae over- - 
wintering i n  N e w  York (chapman and Lienk 1971). I n  Pennsylvania, south 

of New York, i t  appears t o  be b ivo l t tne  (Frost 1923). I n  eas tern  Canada 

k t  2s untvol t ine  (Prentfce 1965). I n  t he  Okanagan Valley i t  is univol t ine  

w$th only one s$ze l a rvae  ovekwhterfng. Apparently t h i s  species  is  

I. 



univo l t ine  i n  t h e  more northern reaches of its range. 

I n  New York, t h e  major i ty  of - S.a f f l i c t ana  l a rvae  const ruct  t h e i r  

n e s t  out  of dead leaves  o r  cause a l f v i n g  l e a f  t o  d i e  by p a r t i a l l y  

severfng t h e  l e a f ' s  p e t f o l e  (Chapman and Lrenk 1971). Tn t h e  Okanagan 

Va l ley  t h e  majorf ty  of t h e  l a rvae  found had s h e l t e r s  of l i v i n g  leaves.  

These observations point  out  the  v a r t a b i l i t y  of d i f f e r e n t  populat ions 

of leaf  r o l l e r s  i n  d i f f e r e n t  geographtcal areas .  T t  is  surpr i s ing  t h a t ,  

f o r  t h e  most p a r t ,  Archips spp, do not  exhfb i t  t h i s  v a r i a b i l i t y .  The two 

species  found i n  t h i s  s tudy a r e  un ivo l t ine  throughout t h e i r  range, which 

is  very  wide, and a l l  l o c a l  populat ions appear t o  have t h e  same genera l  

feeding h a b i t s .  1 

-. 

2. Factors  Influencing Abundance of Leaf R o l l e r s  

The r e s u l t s  of t h i s  s tudy suggest the re  a r e  a number of in te r - re la ted  

f a c t o r s  which inf luence  t h e  abundance of l ea f  r o l l e r  species  i n  t h e  

Okanagan Valley. These f a c t o r s  a r e  i n t r i n s i c ,  o r  wi th in  t h e  populat ion 

of t h e  spec ies ,  and a l s o  e x t r i n s i c ,  and due mainly t o  man's a c t i v i t i e s .  

a )  Host p lan t  r e la t ionsh ips .  

A l l  of t h e  T o r t r i c i n a e  found using apple  a s  a hos t  p lan t  i n  t h i s  

s tudy have t h e  h a b i t  of deposi t ing  t h e i r  eggs i n  egg masses. Chapman 

and Lienk (1971) suggest t h a t  t h i s  h a b i t  accounts f o r  d i s p e r s a l  pressure  

on the  newly hatched l a r v a e  and consequently the  general  wide h o s t  range 

found among t h e  Tor t r i c inae .  Chapman and Lienk (1971) a l s o  suggest t h a t  

l a t e r  i n s t a r  l a r v a e  of - A. argyrospi la  ~ 2 1 1  feed on most any p l a n t  r a t h e r  
* 



than s t a r v e .  My observations using p r i v e t  leaves  t o  r e a r  A. argyrospi la  

and Saskatoon leaves  t o  r e a r  l a rvae  of A. rosanus and A. argyrospfla,  p l a n t s  

on which these  spectes  were not  found f n  t h e  f i e l d ,  a l s o  suggest t h i s .  

T o r t r i c i n a e ,  genera l ly ,  are descrfbed a s  polyphagous feeders  (Freeman 1958) 

though the re  f s  evidence t h a t  t h e  number of primary hos t s  may be 

r e s t r i c t e d  (Chapman and Lienk 1971). Those p lan t  species  on which l a rvae  

and eggs a r e  c o n s i s t e n t l y  found and normal development i s  completed a r e  

considered primary hos t s .  

The primary hos t  p l a n t s  of - A. rosanus appear t o  vary wi th in  l a r g e  

geographtcal regions  such a s  western and e a s t e r n  North America. They 

a l s o  va ry  on a much more l o c a l  s c a l e  a s  shown by t h e  r e s u l t s  of t h i s  

s tudg . 
The high populat ions of A. rosanus found on apple a t  Summerland i n  - 

t h e  Okanagan Val ley  is  ndi: t h e  genera l  s i t u a t i o n  i n  North America. I n  

Europe i t  has much t h e  same pes t  s t a t u s  a s  A. argyrospi la  does i n  North 

America but  apparently has not  appeared i n  s i zeab le  numbers on apple i n  

North America. Why i s  unknown. I n  t h e  Okanagan Valley currant  was not 

a hos t ; ( though) i t  appears t o  be t n  eas te rn  Canada (Whitehead 1926). 

li.roosnus has  been present  on p r i v e t  hedges i n  t h e  Okanagan Valley 

f o r  a t  l e a s t  f i v e  years.  Y e t ,  populat ions on apple  were low a t  both 

t h e  Kelowna and Okanagan F a l l s  s i t e  and r e l a t i v e l y  high a t  Summerland. 

Apple was a primary h o s t  only  a t  Summerland. P r i o r  t o  1971 - A. rosanus 

had not  been found on apple i n  t h e  Okanagan Valley. Poss ib le  expla inat ions  

of why i t  was not  found on apple are :  it  was not  looked f o r ;  it was not  



using apple  a s  a hos t ;  and/or apple was growing under environmental 

condi t ions  adverse f o r  - A. rosanus. Though i t  is  d i f f i c u l t  t o  separa te  

t h e  l a s t  two explanations,  observations i n  support of t h e  second follow: 

A. rosanus was found u t i l i z i n g  p r i v e t  and r o s e  a s  primary h o s t s  i n  t h e  - 
urban a reas  of Okanagan F a l l s  and Kelowna but  not a t  t h e  sites containing 

apple which i n  some cases were wi th in  a m i l e  of t h e  in fes ted  hedges; - A. 

rosanus was i n  f a i r l y  high populat ions on apple and r o s e  a t  Summerland 

where a p r i v e t  hedge was located and it is poss ib le  t h a t  populat ions 

had b u i l t  up on t h i s  hedge and moved o f f  t o  o the r  host  p lan t s .  It is 

poss ib le  t h a t  t h e  s t r a i n  of - A. rosanus which was introduced i n t o  North 

America was c l o s e l y  associa ted  wi th  p r i v e t  and only now has  begun t o  

u t i l i z e  o the r  hos t  p lan t s .  This is  not c h a r a c t e r i s t i c  of a polyphagous 

spec ies  though. The same general  s i t u a t i o n  occurred with rose  a t  

Summerland. Rose was a primary hos t  p lan t  of - A. rosanus a t  t h e  s i te 

where apple and p r i v e t  were present  but not a t  a nearby s i te  where 

only r o s e  was present .  The i n d i c a t i o n  i s  t h a t  i f  a p lan t  species  i s  

a primary host  a t  one l o c a t i o n  and not  a t  another,  given appropr ia te  

d i s p e r s a l  time, l o c a l  environmental condi t ions  a s  w e l l  a s  a s u i t a b l e  

primary hos t  p lan t  inf luences  d i s t r i b u t i o n .  

A. rosanus has recen t ly  been found i n  t h e  inland apple growing regions  - 
of Washington S t a t e ,  about 200 miles south of t h e  Okanagan Valley (Madsen, 

personal communication, 1973). This suggests,  t h a t  - A. rosanus populations 

on apple a r e  on t h e  increase  i n  t h e  P a c i f i c  Northwest. The ind ica t ion  is  

t h a t  - A. rosanus populat ions a r e  increas ing on apple f o r  t h e  f i r s t  t i m e  i n  



North America. The Okanagan Vally may be  t h e  s t a r t  of population 

explosions of A. rosanus i n  t h e  apple growing regions of North America 

p a r a l l e l  t o  t h a t  of - A. a rgyrospi la  a s  it  moved i n t o  apple growing 

a reas  i n  t h e  e a r l y  1900's causing a g r e a t  dea l  of f r u i t  l o s s .  

Not only d id  primary h o s t s  vary  i n  t h e  Okanagan Valley but  s o  d id  

t h e  population l e v e l s  of - A. rosanus on d i f f e r e n t  hos t s .  The r e s u l t s  of 

t h i s  s tudy showing t h e  number of a l e a f  r o l l e r  species  per  one-hundred 

l e a f  c l u s t e r s  is an ind ica t ion  of hos t  preference and a l t e r n a t e  hos t  

importance. These population l e v e l s  appear t o  be  independent of number 

of hos t  p l a n t s  a s  t h e r e  was no l ack  of s u i t a b l e  feeding sites o r  hos t  

p lan t s .  Poss ib le  reasons f o r  these  d i f fe rences ,  assuming t h a t  - A. rosanus 

is  polyphagous, follow. 

A. rosanus was more abundant on p r i v e t  than on any of t h e  o the r  - 

host  p l a n t s  surveyed. This could be due t o  : l a t e r  egg-hatching d a t e s ,  

enabling l a rvae  t o  avoid e a r l y  season weather extremes; l e s s  d i spe rs ion  

l o s s  because p r i v e t  grows i n  t h i c k  hedges; and a continuous new food 

source a s  p r i v e t  shoots grow throughout t h e  summer. The same reasons 

t h a t  account f o r  t h e  higher populat ions on p r i v e t  may poss ib ly  account 

f o r  t h e  lower populat ions on o the r  hos t  p l a n t s .  Larval populations were 

about equal  on apple and rose  though eggs hatch l a t e r  on rose  and apparent- 

l y  less la rvae  would be k i l l e d  by weather. This could be explained by 

assuming t h a t  apple is preferred  over rose  f o r  egg l ay ing  and more egg 

masses a r e  l a i d  on apple. The 1ow.abundance on dogwood was probably due 

t o  t h e  f a c t  t h a t  its leaves  a r e  much l a r g e r  and t h e  establishment of 

feeding sites by young l a r v a e  would tend t o  be d i f f i c u l t  . 



The l A s t  of hos t  p l a n t s  f o r  4. argyrospi la  numbers w e l l  over a  

hundred. The primary hos t  p l a n t s  of A. argyrospi la  var ied  67 c o l l e c t i n g  

s i te f n  t h e  Okanagan Va l ley  though not  t o  t h e  ex ten t  a s  f o r  A. rosanus. 

Apple was a primary hos t  a t  a l l  s t t e a .  Th i s  suggests  t h a t  A. argyrospi la  

may be  c l o s e l y  associa ted  wi th  apple though l o c a l  environmental f a c t o r s  

may tnf luence  i ts  d i s t r i b u t f o n  t n  t h e  same manner they do t h a t  of A. 

rosanus. Antelope bush was a prAmary hos t  of A. argyrosp i l a  a t  t h e  

Okanagan P a l l s  site. Larvae were found on tt a t  one m i l e  from t h e  apple 

but  r o s e  was not  a  prfmary host  p lan t  a t  t h i s  s f te  even though i t  was 

growing wi th in  f i f t y  yards of t h e  apple. Antelope bush was not  a  hos t  

p lan t  a t  Kelowna but  r o s e  was a primary host .  A. argyrospi la  was not 

found a t  t h e  non-urban sites which d i d  not  have apple but  had two other  

apparent primary h o s t s ,  ante lope  bush and rose.  The ind ica t ion  is  t h e  

same a s  f o r  A. rosanus: t h a t  l o c a l  environmental condi t ions  determine 

primary hos t  p l a n t s  though - A. a rgyrospi la  appears t o  be  associa ted  wi th  

apple while - A. rosanus is assocfated wfth p r i v e t  and apple. 

Populat ion l e v e l s  of - A. argyrospi la  var ied  i n  t h e  Okanagan Valley 

on d i f f e r e n t  hos t  p l a n t s  i n  much t h e  same manner as A. rosanus populat ions 

d id .  Poss ib le  reasons f o r  t h i s  follow. 

A. a rgyrosp i l a  was more abundant on apple  than on any o the r  hos t  - 
plan t  surveyed. This could be due t o  e i t h e r  c l ima t ic  e f f e c t s  on e a r l y  

i n s t a r  l a r v a e  and/or a  genera l  preference of apple  f o r  egg laying. Egg 

masses on d i f f e r e n t  hos t  p l a n t s  hatch  a t  approximately t h e  same time 

regard less  of s u i t a b i l t t p  of t h e  hos t  f o r  feeding by e a r l y  i n s t a r  la rvae .  

Rose leaves  appear a t  l e a s t  one week a f t e r  egg masses have begun to-hatch. 



The l a rvae  which emerge from t h e  earliest egg hatching on r o s e  have no 

leaves  t o  feed on and s t a r v e  o r  d isperse .  Rose is  not  a s u i t a b l e  hos t  

during t h a t  period though it does become s u i t a b l e  later. Antelope bush 

is  a new host  record f o r  - A. a rgyrospi la  and i t s  use  a s  a hos t  p lan t  is  

a l s o  an ind ica t ion  of t h e  general  wide host  range of t h i s  species .  

Antelope bush leaves  a r e  small and s t i c k y ,  compared t o  apple leaves ,  which 

probably makes it d i f f i c u l t  f o r  t h e  young l a r v a e  t o  t i e  them i n t o  a s h e l t e r .  

Apple and r o s e  a r e  new hos t  records  f o r  - A. dorsalana.  Powell (1964) 

considers species  of Pinacae a s  t h e  normal h o s t s  of t h i s  species  while 

Freeman (1958) g ives  oak, Quercus spp. ,  a s  t h e  hos t  p lan t .  The l a r v a e  

of t h i s  spec ies  found feeding on apple and r o s e  may represent  a change i n  

t h e  feeding h a b i t s .  Oak was not  present  a t  Summerland where - A. dorsalana 

was found and it was q u i t e  some d i s t ance  t o  t h e  nea res t  p ine  which was 

not surveyed on t h e  assumption t h a t  it w a s  not  a host  of apple-feeding 

l e a f  r o l l e r s ,  ind ica t ing  t h a t  apple  and r o s e  were probably primary host  

p lan t s .  

The host  p lan t  r e l a t i o n s h i p s  of - P. l i m i t a t a  were d i f f i c u l t  t o  

determine because of low populations. It does appear t h a t  apple,  rose ,  and 

dogwood a r e  primary hos t s .  

The general  conclusion is t h a t  each s p e c i e s , o f  l e a f  r o l l e r  does have 

a l t e r n a t i v e  host  p l a n t s  which serve  a s  l o c a l  f o c i  of t h e  l e a f  r o l l e r  

species .  These vary  by both t h e  spec ies  and by t h e  geographical locat ion.  

The dens i ty  of a l t e r n a t i v e  h o s t s  i n  t h e  immediate a r e a  of apple  appears 

t o  have an e f f e c t  on species  of l e a f  r o l l e r  found on apple. 



b) Environmental condt t ions .  

The r e l a t i v e  abundance of t h e  d i f f e r e n t  spec ies  of l e a f  r o l l e r s  on 

apple  appeared 

By observation 

determfne *at 

t o  vary  by t h e  h a b t t a t  type f n  wfiich apple was growing. 

and c l a s s f f i c a t i o n  of h a b t t a t  types  i t  may be poss ib le  t o  

spec ies  of l e a f  r o l l e r ( s )  w i l l  be present  on apple  i n  

t h a t  s i tuakton.  

One method of comparing t h e  s t m f l a r t t p  of two d i f f e r e n t  community 

associa t fons  o r  h a b i t a t  types is based on spec ies  presence. I used 

leaf  r o l l e r s ,  trees, and. shrubs t o  determine t h e  index of s i m i l a r i t y  which 

is  defined as: Index of S i m i l a r i t y  = 2 x Species occurring i n  both communities 
Number of spec ies  i n  A -b Number of species  i n  B 

The index ranges from 0  t o  1 . 0  t o  quan t i fy  t h e  range from no s i m i l a r i t y  t o  

complete s i m i l a r i t y .  The index of s i m i l a r i t y  between Summerland and 

Okanagan F a l l s  was 0.35;  between Summerland and Kelowna 0.48;  and between 

Okanagan F a l l s  and Kelowna 0.77 .  This po in t s  o u t  t h e  same gradient  a s  t h e  

ind ica to r  p l a n t s  of h a b i t a t  types a s  discussed e a r l i e r .  The r e l a t i v e l y  

wet Summerland s i t e  was more c lose ly  r e l a t e d  t o  t h e  moderately d ry  Kelowna 

site than t o  t h e  ve ry  dry  Okanagan F a l l s  site. 

Not only were t h e r e  d i f fe rences  i n  t h e  presence of spec ies  of l ea f  

r o l l e r s  i n  t h e  d i f f e r e n t  h a b i t a t  types but the  h a b i t a t  types themselves 

were d i f f e r e n t .  This  d i f fe rence  could be explained by t h e  environmental 

water balance o r  t h e  establishment of a moisture gradient .  The Summer- 

land s i t e  was located  near a stream and a l a k e  and a l s o  i r r i g a t e d ,  t h e  

Kelowna si te was i r r i g a t e d ,  and t h e  Okanagan F a l l s  s t t e  w a s  n e i t h e r  c lose  

t o  a stream er l a k e  nor i r r t g a t e d .  The gradient  is from t h e  very  d ry  



Okanagan F a l l s  s i t e  t o  the r e 1 a t ; P v e l ~ w e t  Summerland sfte. 

Apple, a s u f t a b l e  hos t  p l a n t ,  was present  a t  a l l  t h r e e  sites,  

fnd ica t tng  t h a t  food source was not t h e  l h f t f n g  f a c t o r  i n  t h e  d i s t r i b u t i o n  

of t h e  d f f f e r e n t  spec ies  of l e a f  r o l l e r s .  This  i n d i c a t e s  t h a t  some species  

of l ea f  r o l l e r s ,  notably - A. rosanus and - P. l i m i t a t a , a r e  stenoecious while 

o the rs ,  such a s  - A. argyrospi la ,  a r e  euryecious. 

The leaf  r o l l e r  fauna of apple An t h e  Okanagan Val ley  has  changed 

during t h e  l a s t  f t f t y  years .  Some spec ies  have become r a r e  o r  absent  

while o ther  specfes  t h a t  were absent o r  r a r e  have become abundant. The 

r e l a t f v e  abundance of t h e  d f f f e r e n t  s p e c f e s  by h a b t t a t  type  suggests  t h a t  

o v e r a l l  changes i n  t h e  environmental water balance of t h e  Okanagan Valley 

may have affected t h e i r  r e l a t i v e  abundance. A poss ib le  explanation f o r  

t h e  change i n  species  follows. 

C. rosaceana was t h e  domhant pes t  spec ies  on apple u n t i l  t h e  e a r l y  - 
1920's (Venables 1924). Venables then found A. argyrospi la  t o  be t h e  

major p e s t  wi th  small  numbers of - C. rosaceana, Ac le r i s  maximana (B.& B.)  

and Aphelia a l l e n i a n a  (Fern.). , I n  1972, A. rosanus, - A. argyrospi la ,  and 

P. l i m i t a t a  were t h e  major pes t  species  followed by low numbers of P. - 
fdaeusa l i s ,  - S . a f f l i c t a n a  - - A, dorsalana,  and C. rosaceana. 

Two of t h e  new pes t  species  a r e  i n t e r e s t i n g  s ince  they were thought 

t o  have a c o a s t a l  d i s t r i b u t i o n .  A. rosanus has  been present  on both 

coas ts  of North America f o r  a t  l e a s t  f i f t y  years.  A. dorsalana w a s  a l s o  

considered t o  have a c o a s t a l  dks t r ibu t ion  i n  B r i t i s h  Columbia (Freeman 1958). 

There has Been a sequence of envfronmental changes t h a t  began with t h e  



in t roduct ion of apple t n t o  t h e  Okanagan Yalley. C. rosaceana was n a t i v e  

t o  t h e  area  and adapted f o r  t h e  o r i g i n a l  dry,  a r i d  environment. An 

abundant food source was supplted by the  fntroduced apple  and populat ions 

b u i l t  up t o  l a r g e  numbers. 

The environment became less d r y  and a r i d  and more humid as increas ing 

numbers of people moved'into t h e  area  and more land became cu l t iva ted .  

Populat5on decrease of C. rosaceana -4 coincident  wi th  increased human 

population and fncreas ing environmental water balance. A. argyrospi la  

populat ions increased and i t  Became t h e  dominant l ea f  r o l l e r  apple pes t .  

Recently, t h e  environmental water Balance has  tncreased t o  a high enough 

pofnt  t h a t  o ther  specfes  of l e a f  r o l l e r s ,  notably - A. rosanus and - P. 

lgmi ta ta ,  have been ab le  t o  bu i ld  up l a r g e  populatrons and become p e s t s  

i n  c e r t a t n  s i t u a t i o n s ,  

The r e l a t i v e  abundance of t h e  species  found a t  Summerland may be a 

good ind ica t ion  of t h e  f u t u r e  l ea f  r o l l e r  fauna of apple  i n  t h e  Okanagan 

Valley. A s  t h e  environmental water balance of t h e  Valley a s  a whole 

inc reases  and spraytng decreases,  A. rosanus and - P. l i m i t a t a  along wi th  

a number of minor spec ies  could become major p e s t s .  

c) SpecTes removal. 

Though t h e  presence of A. rosanus and - P. l i m i t a t a  and t h e  o the r  minor 

species  of l ea f  r o l l e r s  a t  Summerland i s  a f a c t  t h e  dominance of A. rosanus 

and P. l i m i t a t a  may on ly  be apparent.  Sex pheromone trapping of adu l t  - A. 

a rgyrosp i l a ,  l a r v a l  sampling of A. argyrospi la ,  and egg mass sampling of 

A. rosanus and A. argyrosp i l a  has  been q u i t e  extens ive  a t  t h i s  site. It - 



ts possible  t h a t  - A. argyrospfla has, An e f f e c t ,  been removed from t h e  

s i t e  resu l t fng  i n  t he  l o w p o p u l a t ~ o n s  found there.  It ts doubtful i f  the re  

ts a competftfon f ac to r  which, with t h e  reduct2on of - A. atgyrospi la ,  has  

allowed t h e  other specfes  t o  bufld up populatfons. The most l i k e l y  

e f f e c t ,  t f  the re  has been an e f f e c t ,  is the  reductfon of t he  overa l l  

leaf  r o l l e r  populatfons and the  apparent domtnance of leaf  r o l l e r  species  

other  than A, argyrospfla.  

d) T r a f f t c  and pruning. 

Two f ac to r s ,  veh tc le  t r a f f f c  and hedge-pruning, appear t o  lower 

A. rosanus populations on pr ive t  and t o  lower the  fncfdence of parasitism. - 
Vehicle t r a f f i c  was probably the  major fac tor .  

The major e f f e c t  of vehic lar  t r a f f i c  on leaf  r o l l e r s  may have been 

from exhaust emissions though noise  may be a poss ible  contr ibut ing fac tor  

i n  lowering populations. With increased urbanization t he r e  w i l l  be in- 

creased vehic le  t r a f f i c  t h a t  may tend t o  decrease leaf  r o l l e r  populations 

but i t  i s  doubtful i f  populations w i l l  be lowered s ign i f i c an t l y  by 

vehic le  t r a f f i c .  It does appear t h a t  increased veh ic le  t r a f f i c  w i l l  tend 

t o  lower t he  incidence of parasi t ism. 

Pr ive t  hedges a r e  normally pruned a t  l e a s t  twice during t he  summer, 

when - A. rosanus is i n  the  l a r v a l  s tage.  Pr ive t  hedge-prunings were not 

destroyed but were l e f t  wherever they f e l l  on t he  hedge o r  ground and the  

l a r v a l  l o s s  from prunfng was probably low. Pruning and t he  destroying 

of the  prunings before the  larvae have a chance t o  move back onto the  

hedge can be u t f l f zed  a s  a l oca l  con t ro l  method i n  the  future .  It is 
0 



not l f k e l y  t h a t  t h e  pruni.ng done durgng thAs s tudy  h.ad a g r e a t  e f f e c t  on 

lowering t h e  incfdence of paras2t f .m sfnce  l a rvae  were capable of moving 

Gack onto t h e  growing prfvet  hedge. 

A t  t h e  begtntng of t h i s  s tudy tt was f e l t  t h a t  t h e  c u l t u r a l  p r a c t i c e  

of prunfng apple t r e e s  i n  t h e  &.nter had p o s s i b i l i t i e s  as a con t ro l  

method. The p r u n b g s  d t h  the Archips spp. egg masses at tached t o  them 

could be destroyed before  hatching f n  t h e  sprfng reducing t h e  leaf  r o l l e r  

populations. Tn New York - A. a rgprospf la  egg masses were genera l ly  found 

on t h e  small  diameter branches (Chapman and Lienk 1971) and these  a r e  

genera l ly  t h e  ones t h a t  a r e  c u t  from the  tree during pruning operat ions.  

During t h i s  s tudy no egg masses were found on branches less than oner&alf 

inch i n  diameter and t h e  majority. of t h e  masses observed were on t h e  main 

sca f fo ld  limbs, which confirmed t h e  r e s u l t s  given by Madsen (1970) f o r  

A. a rgyrospi la  egg masses i n  the  Qkanagan Valley. A t  t h e  present  i t  does - 
not  appear a s  though winter  pruning and destroying of egg masses would have 

much e f f e c t  on l ea f  r o l l e r  populations. 

3. Leaf Rol ler  P a r a s i t e  Rela t ionships  

A l a r g e  complex of p a r a s i t e  species  was recovered from lea f  r o l l e r s  

i n  t h e  Okanagan Valley. Thirty-seven spec ies  were recovered from 4. rosanus 

and/or A. argyrosp i l a ;  i n  Quebec, t e n  spec ies  were recovered from A. 

argyrospf la  over a seven year perfod (Paradis  and LeRoux 1965); i n  Connecticut,  

t w e n t p f f v e  apecfea were recovered from A. argyrosp t l a  and Archfps g r i s e u s  

0 
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(Rob.) over a three year period (Prokopy 1968). Apparently, there is a 

greater number of parasite species attacking leaf rollers in British 

Columbia than in eastern North America. As the studies done in the east 

surveyed apple only, it may indicate that there are a number of parasites 

which parasitize leaf rollers on plants other than apple and not leaf 

rollers on apple. My results agree with those of Powell (1962), who 

surveyed leaf rollers on a number of host plants, that the Ichneumonidae 

and Tachinidae are common parasites while Chalcidoidea are only 

incidentally associated with leaf rollers. 

Larval and pupal parasites of Archips spp. either overwinter away from 

a host or need an alternative host which overwinters as a larva or pupa. 

If they need an alternate host for overwintering,because Archips spp. over- 

winters as an egg,this would apparently have an affect on the incidence of 

parasitism of Archips spp. Though the life-histories of the significant 

parasites found during this study are not well known it appears that at 

least some require hosts other than Archips spp. for overwintering. These 

parasites would then be limited in their populations by the number of 

available overwintering sites and would probably attack Archips spp. pri- 

marily when the stages of the primary host suitable for parasitizing are 

not in the field or as supplementary hosts when the primary host level is 

high and there is a build up of the parasite populations. 

Generally, the recorded larval and pupal parasites of leaf rollers 

exhibit wide host ranges that include several families of Lepidoptera. 

Many, such as - S. albifrons, - E. atratus, 2. cavus, C. aeneoviridis, and 

Gelis sp., are hyperparasites as well as primary parasites. None of the 



p a r a s i t e  species  found i n  t h t s  s tudy appeared t o  be  s p e c i f i c  t o  any species  

of leaf  r o l l e r .  None of them appeared t o  Be s p e c i f f c  t o  l e a f  r o l l e r s  a s  

a group as the named spectes ,genera l lp ,  had heen recorded from a t  l e a s t  

one o the r  hos t  specfes.  Tn genera l ,  those  p a r a s i t e s  which were constdered 

fmportant i n  t h i s  s tudy were those  t h a t  appear t o  have w3de hos t  ranges. 

New hos t  records a r e  given i n  Table 12. 

W3th t h e  poss ib le  exception of two apecfea A t  d i d  not  appear t h a t  

any of t h e  p a r a s i t e s  were p lan t  hos t  spec t f fc .  That is, they were found 

p a r a s 2 t b f n g  leaf  r o l l e r s  on more than one p lan t  species .  Thfs was 

d t f f i c u l t  t o  determine wfth a number of t h e  spec ies  because only low 

numbers were found. - M, epagoges was not  found a t t ack ing  A. rosanus on 

p r i v e t  a t  Summerland though it was reared from t h i s  species  on nearby 

apple  and rose .  The tndrcat ion is t h a t  i t  does not  search p r i v e t .  H. 
xanthonotus was not found a t tacking - A. argyrospi la  on ante lope bush a t  

Okanagan F a l l s  though i t  was reared from t h i s  species  on nearby apple. 

The fnd tca t ton  is  t h a t  t h i s  species  does not  search antelope bush. 

Incfdence of paras i t i sm was not  high a t  any of t h e  co l l ec t ing  

sites and ranged from 19.0% t o  32.4% on unsprayed apple. Chapman and 

Lienk (1971) found t h a t  t h e  incidence of paras i t i sm on wild apple was 

f a i r l y  constant  i n  New York. The incidence of paras i t i sm d id  not  appear 

t o  be density-dependent on t h e  d i f f e r e n t  host  p l a n t s  a t  each of t h e  

e i t e s  containing apple. Paradis  and LeRoux (1965) i n  a seven year study 

of - A. argyrosp i l a  found t h a t  t h e  pupal p a r a s f t e  I t o p l e c t t s  conqufsitor- 

(Say) was apparently. ac t ing  i n  a densfty-dependent manner based on a 



Table 12 A l is t  of new p a r a s i t e  host  records f o r  A. rosanus, A. arpyrospi la  
and - P. l imf ta ta .  

Archtps rosanus Archips argprospf la  Pandemis l i m i t a t a  

Compsilura concinnata 

A~anfizles -cacoec.iae 

Agathf s annultpee 

Dibrachys cavus Apanhles caso_eciaee_ 

Habr obr acon xanthonotus Hemisturmia t o r t r i c i s  

E u l o ~ h u s  anomoc erus  Pseudoperichaeta e rec ta  

Trichogramma minutum Dicladocerus westmodi i  Microgas t e r  epaaoges 

Sympiesis marylandensfs Elasmus a t r a t u s  Habrocytus phycidis 

Elachertus cacoeciae Catolaccus aeneovir id is  

Elachertus aeneoniger 

Elasmus a t r a t u s  

Habrocytus phycidis 

Catolaccus aeneovir id is  

Hercus p l eu ra l i s  

I t o p l e c t i s  
quadricingulata 

Brachymeria ovata ovata -- 

Scambus tecumseh 

Brachymeria ovata ovata 



va r i ab l e  percent parasit ism i n  r e l a t i o n  t o  pupal density.  It is doubtful 

i f  any of t h e  pa ra s i t e s  found i n  t h i s  study were responding t o  increasing 

numbers of Archips spp. d i r e c t l y  f o r  t he  following reasons: density- 

dependent pa ra s i t e s  a r e  generally f a i r l y  host  spec i f i c  and none of the  

paras i tes  found i n  t h i s  study were host  spec i f ic ;  and they were dependent 

on other  hosts  a t  t he  times when the  r i g h t  s tage  of k c h i p s  spp. f o r  

paras i t i z ing  was not present i n  t h e  f i e l d .  Some of t h e  s ign i f ican t  para- 

s i t e s  were found i n  t he  dry but not the  r e l a t i v e l y  wet hab i ta t  type while 

t h e  opposite occurred with other species.  A combination of f ac to r s  may 

account fo r  t h i s :  lack of a su i t ab l e  a l t e r n a t e  host;  adverse environmental 

condit ions;  l ack  of a su i t ab l e  host species on a su i t ab l e  host  p lant ;  and/or 

i t  had not dispersed i n t o  t h a t  area .  

In  t h i s  study spraying lowered the  incidence of parasitism. A t  the  

same t i m e  these were t h e  s i t ua t i ons  which had the  highest  l ea f  r o l l e r  

populations. Spraying probably a f f e c t s  pa ra s i t e s  e i t h e r  by d i r e c t  k i l l i n g  

act ion on t h e  pa ra s i t e  and/or by reducing the  number of ava i lab le  hosts.  

Apparently, pa ra s i t e s  a r e  exert ing a ce r t a in  l e v e l  of biological  control  

and i n  s i t ua t i ons  where sprays a r e  applied t h i s  control  i s ' reduced.  

Those pa ra s i t e  species t h a t  appear t o  be important a t t ack  t he  l a t e r  

l a r v a l  i n s t a r s  and t h e  pupal stages.  Pa ra s i t e  pressure was grea tes t  

a f t e r  much of t he  damage t o  apple f r u i t  had been done. 

A t  present,  it does not appear t h a t  t he  pa ra s i t e  complex found i n  

t h e  Okanagan Valley exer t s  an economically s ign i f ican t  pressure on 

population regulat ion of t he  two major pest  species,  A. rosanus 'and 



A. argyrospila. It may be  poss ib le  t o  introduce ( i )  l a r v a l  and/or pupal . - 
p a r a s i t e s  o r  ( i i )  egg p a r a s i t e s  from ou t s ide  t h e  Okanagan Valley t o  

con t ro l  these  pes t s .  

( i )  Larval and/or pupal p a r a s i t e s .  Larval and pupal p a r a s i t e s  have 

been dismissed a s  p o t e n t i a l  b io log ica l  con t ro l  agents for_A. a- 

i n  Quebec (Paradis  and LeRoux 1965). It is  doubtful  i f  t h e r e  is  a f a i r l y  

hos t  s p e c i f i c  l a r v a l  o r  pupal p a r a s i t e  of - A. rosanus o r  - A. a rgyrospi la  

present  anywhere. But, i t  would probably not do any harm t o . r e l e a s e  

l a r v a l  and/or pupal p a r a s i t e s  of these  o r  c lose ly  r e l a t e d  species  i n t o  

t h e  Okanagan Valley and may help  t o  con t ro l  these  pes t s .  

( i i )  Egg p a r a s i t e s .  Study and research on t h e  poss ib le  introduc- 

t i o n  of egg p a r a s i t e s  t o  con t ro l  A. rosanus and A. argyrospi la  would 

probably r e s u l t  i n  b e t t e r  con t ro l  of these  p e s t s  s ince  they spend t h e  

b e t t e r  p a r t  of t h e  year i n  t h i s  s t age  and f a i r l y  hos t  s p e c i f i c  egg 

p a r a s i t e s  a r e  avaiable .  

The egg p a r a s i t e  Trichogramma minutum R i l .  was recovered from both 

these  species  f o r  t h e  f i r s t  t i m e  i n  t h e  Okanagan Valley during t h i s  study. 

It has  a wide hos t  range and is  apparently overwintering i n  Archips spp. 

eggs i n  t h e  Okanagan Valley. It was found emerging from eggs i n  l a t e  May 

a t  t h e  same general  t i m e  t h a t  l e a f  r o l l e r  l a rvae  were hatching. It is 

not a s p e c i f i c  p a r a s i t e  of Archips spp. It needs appropia te  egg h o s t s  

during t h e  spr ing and summer when - A. rosanus and A. a rgyrospi la  a r e  i n  - 
t h e  l a r v a l  and pupal s tages .  Like a number of t h e  l a r v a l  and pupal para- 

sites it is a l s o  dependent on o t h e r  host  species  t o  maintain high populations. . 



There axe two other  f a i y l y  host  specAfic egg pa ra s i t e s ,  

Trfchogrammatoymfa t o r t r $ c f s  Gfrault  and Trichogramma cacoeciae 

Harchal, d $ c h  a r e  po ten t fa l ly  useful  agents  f o r  in t roduct ion i n t o  

t h e  Okanagan Val ley  fo r  con t ro l  of Archips spp. x. t o r t r i c i s  is a host  

spec i f i c  pa r a s i t e  of - A. a rgywspf la  tn New York and tts l t f e - cyc l e  

appears t o  be fntegrated wtth t h a t  of A. argyrospila (Chapman, Pearce, 

and Avens 1941). - T. cacoeciae fs a European species  which has two 

generatfons a year on A. rosanus (Narcha1 1927). 

4. Factors Influencing Abundance of Leaf Rol lers  on Apple 
t 

a )  Al ternate  host  p lan t s .  

The influence of a l t e r n a t t v e  host  p lan t s  on leaf  r o l l e r  abundance 

on apple involves two fac tors :  t he  spectes  of leaf  r o l l e r  and what other 

host  p lan t s  it  u l t i l i z e s ;  and l a r v a l  d i spersa l .  

Different  species  of apple-feedAng leaf  r o l l e r s  feed on d i f f e r en t  

a l t e r n a t e  host  p l an t s  f n  the  Okanagan Valley. This study concentrated 

on rose ,  p r i ve t ,  and dogwood a s  a l t e r n a t e  host  p lan t s  though severa l  

other p lan t s  were surveyed extensively. Pr ive t  was fed on by only A. 

rosanus; dogwood was fed on by - A. rosanus and - P. l im i t a t a ;  antelope 

bush was fed on by only A. argprospila;  and rose  was fed on by a l l  apple- 

feeding leaf  r o l l e r s  with the  exception of 2. af f l i c tana .  

The a l t e r n a t e  host  p lan t s  of each species  of leaf  r o l l e r  An order of 

apparent importance follows. A. rosanus: p r fve t ,  rose,dogwood; A. 

argyroepfla: rose ,  antelope bush; P. I imita ta :  rose ,  dogwood; P. idaeusal is :  



rose ,  willow; - S. af f l ic tana:  ----- apple only; and A. dorsalana:  r o s e  only. - 

Rose i s  t h e  s i g n i f i c a n t  a l t e r n a t e  host-plant of apple-feeding l e a f  

r o l l e r s  as a group a s  i t  was e i t h e r  of f i r s t  o r  second importance as 

an a l t e r n a t e  hos t  p l a n t  f o r  most species .  The importance of o the r  hos t  

p l a n t s  near an orchard can be  determined only when it is known what 

spec ies  is present  i n  t h e  orchard. Because t h e  primary hos t  p l a n t s  of 

t h e  l e a f  r o l l e r s  appears t o  vary even wi th in  t h e  Okanagan Valley, t h e  

b e s t  procedure would be t o  survey any p l a n t s  which a r e  near orchards 

f o r  apple-feeding l e a f  r o l l e r s .  

Larval  d i s p e r s a l  is  e s p e c i a l l y  important t o  l e a f  r o l l e r s  i n  t h e  

Okanagan Valley which have only one generat ion a year ,  a s  t h e  range can 

be increased i n  a s h o r t  t i m e  period.  Larvae a r e  capable of being d i s -  

persed from a n  a l t e r n a t e  hos t  p lant  i n t o  t h e  orchard and v i c e  versa .  

The d i s t ance  v a r i e s  depending on wind and o t h e r  environmental f a c t o r s  

but  is  a t  l e a s t  twenty f e e t  and probably much more than t h i s  i n  some 

cases.  Larvae can a r r i v e ,  cause f r u i t  damage, and e s t a b l i s h  an  a d u l t  

focus one year sooner i n  an  orchard than can r e s u l t  from a d u l t  migration. 

This l a t v a l  d i s p e r s a l  can be e s p e c i a l l y  important when a commercial 

orchard has only t h e  spr ing spray applied t o  c o n t r o l  l e a f  r o l l e r s  because 

t h e  l a rvae  can move i n t o  t h e  orchard and cause damage a f t e r  t h e  e f f e c t s  

of t h e  spray have disappeared. This is  important with - A. rosanus a s  i ts  

l a r v a l  population peaks and egg hatching d a t e s  are later on p l a n t s  o the r  

than apple and t h e  sp r ing  spray is timed t o  hatching d a t e  on apple f o r  

A. a rgyrospi la .  - 



b) I n s e c t i c i d e s  and c u l t i v a t i o n .  

The r e l a t i v e  abundance of l e a f  r o l l e r  species  var ied  by t h e  amount 

of c a r e  given t h e  apple trees. Summerland was t h e  only s i te  where wild 

apple,  unsprayed-commercial appleland commercial apple  were present .  - A. 

rosanus and - P. l i m i t a t a  populations comprised 80% and 10% on wild,  27% 

and 42% on unsprayed-commercial , a h  53% and 2% on commercial, respect ively .  

These f i g u r e s  do not show any c l e a r  t r ends  bu t  t h a t  i s  probably t o  be 

expected as t h e r e  a r e  a number of f a c t o r s  which would inf luence  t h e  r e l a t i v e  

abundance of each spec ies  of l e a f  r o l l e r .  The condit ion of t h e  leaves 

would be expected t o  have an e f f e c t  and these  var ied  from diseased,  scabbed- 

over leaves  on wild apple t o  healthy-looking l eaves  on unsprayed-commercial 

and commercial apple. Each l e a f  r o l l e r  species  would be a f fec ted  d i f f e r e n t l y  

by t h e  condit ion of t h e  leaves  a l s o .  Spraying would a l s o  be expected t o  

a f f e c t  t h e  d i f f e r e n t  species  of l e a f  r o l l e r s  d i f f e r e n t l y  f o r  e i t h e r  behavioral  

o r  physiological  reasons. 

A poss ib le  explanation f o r  t h e  apparent g r e a t e r  e f f e c t  of spraying on 

l e a f  r o l l e r s  o the r  than Archips spp. on apple and r o s e  a t  Summerland may 

have something t o  do wi th  t h e i r  overwintering method. Both these  species  

overwinter as eggs while t h e  o t h e r s  overwinter as larvae .  

During t h e  l a s t  t h i r t y  yea rs  p e s t i c i d e s  applied a t  repeated i n t e r -  

v a l s  have temporari ly con t ro l l ed  l e a f  r o l l e r s  i n  t h e  Okanagan Valley. 

- d e r e  i s  no doubt t h a t  spraying is  e f f e c t i v e  i n  reducing t h e  abundance 

of l e a f  r o l l e r s .  From a pes t  management view-point one of t h e  major 

problems with spraying i s  t h a t  repeated app l i ca t ions  are needed f o r  

good con t ro l .  Leaf r o l l e r  populat ions increased from two t o  f i v e  



t i m e s  more i n  commercial apple orchards than i n  orchards 

been aprayed f o r  a number of years .  rt is not  c l e a r  why 

t h a t  had not 

populat ions 

increased but  does i n d i c a t e  t h a t  n a t u r a l  enemies a r e  w e r t t n g  some 

Biological  control .  One of t h e  problems i n  determining why l ea f  r o l l e r  

populat ions increase  is t h a t ,  a s  i n  t h e  case of most Tor t r t c inae ,  A. 

argyrospi la  and - A. rosanus populatfons appear t o  be  c y c l i c  i n  nature  

and rise and dec l ine ,  I n  p a r t ,  2r respect ive  of spraying (Chapman and 

Lienk 1971). Another c h a r a c t e r f s t i c  i s  loca l i zed  outbreaks. 

Tn t h e  f u t u r e  fewer p e s t i c i d e s  w t l l  be applied and a t  less 

frequent  Antervals due t o  fn tegra ted  c o n t r o l s  and use  of t h e  sterile- 

male technique t o  con t ro l  t h e  codling moth. When t h i s  happens i t  i s  

poss ib le  the re  w i l l  Be  outbreaks of one o r  more specfes of leaf  r o l l e r  

fin t h e  Okanagan Valley. 

5. Pes t  S t a t u s  

A:argyrospila is  a pes t  i n  North America, A. rosanus i s  a pes t  Pn - 
Europe, P, l i m i t a t a  has been a p e s t  i n  North America, and - P. i d a e u s a l i s  

has  been a sporadic pes t  i n  north-eastern United S t a t e s  (Chapman and 

Lienk 1971). - S . a f f l i c t a n a ' : u t i l i z e s  apple  a s  a primary hos t  though it has 

never been a p e s t  of apple. A. dorsalana has  not  been reported a s  a pes t  

species .  

Madsen (1970) and Madsen and Davis (1971) found t h a t  d i r e c t  f r u i t  

damage by 4. argyrospf la  an unsprayed apple  i n  t h e  Okanagan Valley var ied  

between 9.1% and 25.0%.. 'Madsen and Vakenti (unpublished r e s u l t s ,  1972) 

found up t o  8.0% d i r e c t  f r u t t  damage by &rosanus on unsprayed apple 



t n  t h e  Okanagan Valley. These levels. a r e  htgher than t h e  grower 

acceptable economic l e v e l  of d t r e c t  f r u t t  damage. 

The dominant spectea  found on apple  a t  each d2f fe ren t  s f t e  fs 

probably t h e  major p e s t  specfes.  Pur ther  atudy ts needed t o  determine 

i f  t h i s  i s  c o r r e c t .  

6 .  Management of Leaf R o l l e r s  on Al te rna te  Host P l a n t s  

Control  of l e a f  r o l l e r s  on t h c f r  a l t e r n a t e  hos t  p l a n t s  would lower 

t h e i r  populatfons i n  t h e  Okanagan Valley and se rve  t o  reduce i n f e s t a t i o n  

of conmrercial orchards. 

Before attemptrng t o  con t ro l  l ea f  r o l l e r  populat tons on a l t e r n a t e  

h o s t s  i t  was necessary t o  determfne i f  t h e  apple-feeding leaf  r o l l e r s  

feeding on a l t e r n a t e  h o s t s  were serving a s  r e s e r v o i r s  f o r  p a r a s i t e s .  The 

r e s u l t s  of t h i s  s tudy  i n d i c a t e  they were not serving a s  p a r a s i t e  r ese rvo i r s .  

It i s  poss ib le  t h a t  non-apple-feeding p a r a s i t e  h o s t s  o r  r e s e r v o i r s  a r e  

present  on the  a l t e r n a t e  hos t  p l a n t s  of apple-feeding l ea f  r o l l e r s  though. 

I d e n t i f i c a t i o n  of t h e  pes t  species  present  on apple  and surveys 

of t h e  a rea  f o r  a l t e r n a t e  hos t  p l a n t s  a r e  prel iminary t o  manipulation 

of a l t e r n a t e  hos t  p lan t s .  A poss ib le  pes t  manag'ement program involving 

removal and spraying of a l t e r n a t e  hos t  p l a n t s  could. be u t i l i z e d  t o  con t ro l  

apple-feeding l e a f  r o l l e r s  on these  p lan t s .  

Removing such a l t e r n a t e  hos t  p l a n t s  a s  p r i v e t  should be  f a i r l y  cheap 

and sfmple a s  E t  i s  an introduced,  cu l t tva ted  p lan t  t h a t  is usual ly  grown 



i n  urban areas .  Removing wiJd r o s e  would be comparatively expensive 

and d f f f f c u l t  a s  it  is a nat fve  p lan t  t h a t  grows throughout t h e  

Okanagan Val ley ,  and a l s o  f s  used a s  an ornamental; however; removal 

could be done on a l tmt ted  s c a l e  near orchards. 

be used i n  conjuction wtth removal. This  spraying would have t o  be 

repeated a t  i n t e r v a l s  - a t  t h e  minimum,yearly. Spraying of a l t e r n a t e  

h o s t s  of apple-feeding l ea f  r o l l e r s  f n  urban a reas  could be  increased by 

an information s e r v i c e  aimed a t  urban res fden t s .  This could be i n  the  

form of fnformatton on t h e  necessf ty  of con t ro l l ing  l e a f  r o l l e r  populations 
I 

on ornamentals i n  order  t o  reduce t h e  tncidence of i n f e s t a t i o n  i n  

commercial orchards. Also, i t  would be  u s e f u l  t o  inform. commercial apple 

growers of t h e  necess i ty  of spraying a l t e r n a t e  hos t  p l a n t s  t h a t  a r e  

located near orchards. Once t h e  farmer i s  advised of t h e  problem created 

by a l t e r n a t e  hos t  p l a n t s  and decides t o  spray them t h e r e  would probably 

be  l i t t l e  increased cos t  over normal spraying procedures. 
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SUMk&RY QF CONCLUSIQNS 

There a r e  seven spec ies  of l ea f  r o l l e r s  feel 
. . .  . .  . . . . . . . . . 

ding on apple  i n  t h e  

Okanagan Valley;  A. rosanus, A. argyrosp i l a  and P. l i m f t a t a  a r e  t h e  most 

Amportant. 

The densf ty  of a l t e r n a t i v e  host  p l a n t s  i n  t h e  immediate a rea  of 

apple appears t o  have an e f f e c t  on species  of l ea f  r o l l e r  found on apple. 

The abundance of l e a f  r o l l e r s  and leaf r o l l e r  species  appeared t o  

va ry  by h a b t t a t  type t h a t  apple was gratrlng in .  

The l t f e -cyc les  of t h e  two major pes t  species ,  A. rosanus and A. 

argyrosp i l a ,  c lose ly  coincide i n  t i m e .  

D t f fe ren t  spec tes  of l ea f  r o l l e r s  on apple  d i f f e r  pr imar i ly  i n  

t h e i r  method of overwintering. 

Di f fe ren t  species  of apple-feeding l ea f  r o l l e r s  have d i f f e r e n t  

a l t e r n a t e  hos t  p l a n t s .  

Rose i s  t h e  most important a l t e r n a t e  hos t  p lan t .  

I n  genera l ,  t h e  p a r a s i t e s  recovered were not  hos t  s p e c i f i c  t o  l e a f  

r o l l e r s  and they were not p l a n t  host-specif ic .  

Host p l a n t s  bes ides  apple need t o  be  considered i n  a p e s t  management 

program. 

Al te rna te  hos t  p l a n t s  wi th  apple-feeding l e a f  r o l l e r  i n f e s t a t i o n s  a r e  

not  s i g n i f t c a n t  p a r a s i t e  r ese rvo t r s .  

Leaf r o l l e r  populat ions fncrease  when spraying is  not  done regular ly .  

Reduced incidence of - A. rosanus paras i t i sm is coincidenta l  with 

vehkcular t r a f  f  t c .  



Durfng the  l a s t  f 4 f t y  years  gome spectes  of leaf  r o l l e r s  2n the  

Okanagan Valley have become abstent or  r a r e  while other species  t ha t  were 

absent or  r a r e  have become abundant; t h t s  change has Been coincidenta l  

w;ith increasing urbanization. 2nd cu l t i va t t on  of the  land. 

The r e l a t f v e  abundance of t he  leaf  r o l l e r  species  on the  d i f f e r en t  

host  p l an t s  t n  the  r e l a t i v e l y  wet hab t t a t  type a t  Summerland may be an 

fnd2catron of t h e  fu tu r e  leaf  r o l l e r  fauna of t he  Okanagan Valley. 
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