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ABSTRACT 

The parasite complex of the larch casebearer, Coleophora l a r i -  

c e l l a  (Hbn.), was examined in  the Kootenay area of ~ r i t i s h  Columbia i n  

1973 and 1974, pr ior  t o  the establishment of exotic parasites released 

for biological control of the larch casebearer. Forty-two species of 

hymenopterous parasites were obtained from mass-rearings of fourth-instar 

larval  and pupal C. l a r i c e l l a ,  of which 30 were considered actual para- 

s i t e s  of C. l a r i c e l l a .  Fifteen species were confirmed by individual 

rearings. No parasites were obtained from eggs, needle-mining larvae o r  

casebearing third-instar larvae. The complex of C. l a r i c e l l a  parasites 

i n  British Columbia was comparable t o  tha t  in  other areas of North 

America, .as well as the parasite complex of a native coleophorid in 

British Cplumbia. Dicladocerus  spp. and S p i l o c h a l c i s  a l b i f r o n s  (Walsh) 

dominated the complex in  British Columbia. A l l  of the parasite species 

obtained were non-specific and non-synchronized with C .  l a r i c e l l a .  The 

incidence of parasitism ranged from O t o  27.7 percent. 

Density of C. l a r i c e l l a  and percentage parasitism by Dic ladocerus  

spp. and S .  a l b i f r o n s  did not d i f f e r  significantly between the five 

height classes of t rees  sampled. The within-tree distribution of C. 

l a r i c e l l a ,  Dic ladocerus  spp. and S .  a l b i f r o n s  varied, depending on the 

t ree  class sampled. 

The exotic species tha t  were recently released against C. l a r i -  

c e l l a  i n  western North America are  taxonomically related to  the native 

iii 



s p e c i e s .  They a r e  non-spec i f ic  and non-synchronized w i t h  C. l a r i c e l l a  

and have a minor role i n  de te rmin ing  l a r c h  ca sebea re r  popu la t i ons  i n  

Europe. A s  a r e s u l t ,  t h e i r  e f f e c t i v e n e s s  a s  b i o l o g i c a l  c o n t r o l  agen t s  

may be  l im i t ed .  
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INTRODUCTION 

The l a rch  casebearer ,  Coleophora l a r i c e l l a  (Hbn.) (Lepidoptera: 

Coleophoridae), is  cur ren t ly  the  most se r ious  d e f o l i a t o r  of western l a rch ,  

Larix occ iden ta l i s  Nutt. in western North America. It was f i r s t  d is -  

covered i n  t h e  P a c i f i c  Northwest near  Ste.  Maries, Idaho, i n  1957 (Denton 

1958),  and apparently entered  B r i t i s h  Columbia some t i m e  before 1966 from 

i n f e s t a t i o n s  i n  Washington, Idaho, and Montana (Dawson 1971). Its p resen t  

d i s t r i b u t i o n  i n  B r i t i s h  Columbia (Fig. 1) is  along the  i n t e r n a t i o n a l  

border from Anarchist Summit t o  Roosvil le  and nor th  t o  the  Cranbrook, 

Lardeau, and Nelson areas .  Most de fo l i a t ion  is  confined t o  s tands  below 

an e leva t ion  of  3,000 f e e t  (Morris and Monts 1972) . 
C. l a r i c e l l a  is  univol t ine  i n  western North America (Dawson 1971; 

Denton and Tunnock 1972). Moths emerge from l a t e  May t o  e a r l y  Ju ly .  

After  mating, the  female moth deposi t s  about 50 eggs, usual ly  s ing ly ,  on 

the  undersides of  needles. Two weeks t o  a month l a t e r ,  t he  l a rva  hatches 

and bores through t h e  eggshell  and d i r e c t l y  i n t o  t h e  needle, where it 

feeds f o r  one t o  two months a s  a needle miner ( i n s t a r s  1-111). The t h i r d -  

i n s t a r  l a r v a  cons t ructs  a case by l i n i n g  t h e  mined needle sec t ion  with 

s i l k  and chewing t h i s  sec t ion  f r e e  from t h e  r e s t  o f  the  needle, leaving 

both ends open. Bearing the  case ,  t h e  l a r v a  feeds ex te rna l ly  upon f o l i -  

age from mid-August onwards. I n  October t h e  t h i r d - i n s t a r  l a r v a  leaves 

t h e  fo l i age ,  a t t aches  i t s  case t o  a twig o r  branch, and overwinters in- 

s i d e  t h e  case. The l a rva  resumes feeding with t h e  appearance of new 

1 



Fig. 1. Dis t r ibu t ion  of Coleophora laricella i n  B r i t i s h  
Columbia (1972) and loca t ion  of t h e  e i g h t  1973 and the  
1 4  1974 c o l l e c t i o n  sites (adapted f r o m  Shepherd and Ross 
unpubl . * ) 

* 
R. F. Shepherd and D. A. Ross, P a c i f i c  Fores t  Research Centre, 

Vic tor ia ,  B.C. 
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fo l i age ,  usually i n  mid t o  l a t e  Apri l .  I n  May t o  ea r ly  June t h e  fourth-  

i n s t a r  l a rva  a t t aches  t h e  case t o  a needle o r  twig and pupates. Length of 

the pupal period is about one month. 

Defoliat ion of l a r c h  r e s u l t s  i n  growth l o s s  and i n  p red i spos i t ion  

t o  a t t a c k  by o the r  organisms (Tunnock e t  a l .  1969). 

Introductions of exo t i c  p a r a s i t e s  have begun i n  t h e  western 

United S t a t e s  and B r i t i s h  Columbia, i n  an attempt t o  con t ro l  C. l a r i c e l l a  

b io log ica l ly  (Denton 1972; Morris and Monts 1972; Ryan and Denton 1993; 

Ryan e t  a l .  1975). Turnbull and Chant (1961) argued t h a t  t h e  ecology of 

a p e s t  being considered a s  a t a r g e t  f o r  a b io log ica l  con t ro l  program 

should be s tud ied  i n  t h e  a r e a  of proposed r e l e a s e  p r i o r  t o  the  introduc- 

t i o n  of exo t i c  na tu ra l  enemies. The occurrence of na t ive  p a r a s i t e s  of  

C. l a r i c e l l a  i n  B r i t i s h  Columbia has not  been w e l l  documented although 

Andrews and Geis t l inge r  (1969) reared nine species  o f  p a r a s i t e s  from 

small rear ings  of casebearers  from 1966 t o  1968. The ob jec t ive  of t h e  

present  work was t o  determine t h e  incidence of na t ive  p a r a s i t e s  o f  C. 

l a r i c d l a  over i t s  range i n  B r i t i s h  Columbia, as a prelude t o  the  in t ro-  

duction and establishment of  e x o t i c  p a r a s i t e s .  



CENERAL SURVEY OF PARASITES OF COLEOPHORA LARICEL- 

I N  BRITISH COLUMBIA 

Methods and Materials 

Survey f o r  P a r a s i t e s  of  Mature Larvae and Pupae 

Mass Rearings 

I n  1973 c o l l e c t i o n s  were made on 8-9 May and 23-25 May, t h e  for-  

m e r  c o l l e c t i o n  c o n s i s t i n g  mainly of  C. laricella four th - ins ta r  l a rvae  

and t h e  l a t t e r  o f  pupae. Samples were taken a t  e i g h t  s i t e s :  Anarchist 

Summit, A r r o w  Creek, Cascade, F ru i tva le ,  Rossland, Sheep's Creek cutoff  

( 12 m i l e s  south o f  Salmo) , Shoreacres, and Yahk (Fig. 1). 

A t  eacl. site 10 trees were sampled a t  the  crown l e v e l s  4-6 f t .  

(1.22-1.83 m) and 10-12 E t .  (3.05-3.66 m) above t h e  ground during each 

co l l ec t ion .  Five primary branches were taken from a l l  s i d e s  of  each 

tree i n  each crown l e v e l  and then c u t  i n t o  1-1% f t .  (30.5-45.8 cm) sec- 

t ions .  The samples taken on 8-9 May were placed i n  p l a s t i c  bags and 

t r a n s f e r r e d  t o  r e a r i n g  cages 24-48 hours l a t e r ,  whereas t h e  samples taken 

on 23-25 May were placed d i r e c t l y  i n t o  r e a r i n g  cages i n  t h e  f i e l d ,  before 

t r anspor t  t o  t h e  laboratory.  

Two types of  cages w e r e  used for mass-rearing of  t h e  samples. 

One type was a s tandard  1' x 1' x 2 '  (30.5 x 30.5 x 61.0 cm) i n s e c t  cage, 

cons i s t ing  of  a wooden frame and bottom with mesh on a l l  s ides  and top. 

  he o the r  type was a 1' x 1' x 1' (30.5 x 30.5 x 30.5 cm) corrugated 

cardboard box with t h e  top  and one s i d e  removed and covered with 0.2 mm 

mesh. 
5 



The i n s e c t s  were reared  i n  a labora tory  i n  which temperature and 

humidity f luc tua t ions  were recorded. Emerged moths and p a r a s i t e s  were 

c o l l e c t e d  d a i l y  and placed d i r e c t l y  i n t o  70 percent  ethanol .  

The number of  casebearers  i n  each sample was determined a f t e r  

emergence was completed by manually removing the  cases from t h e  rea r ing  

cages. Casebearer dens i ty  i n  each sample was determined by d iv id ing t h e  

number of f a s c i c l e s  ( i . e . ,  needle c l u s t e r s )  i n t o  t h e  number of  cases 

found. The mean number o f  f a s c i c l e s  pe r  inch o f  branch was ca lcu la ted  

from 100 branch sec t ions  from each co l l ec t ion .  When emergence of moths 

and p a r a s i t e s  had ceased, lengths of a l l  of  t h e  branch sec t ions  i n  a 

sample were measured and mul t ip l ied  by t h e  previously determined r a t i o  

of branch length:  number of f a s c i c l e s  i n  each sample. 

Unemerged p a r a s i t e s  were detec ted  by immersing a l l  cases i n  warm 

10 percent  KOH f o r  15  minutes, and then examining under a d i s s e c t i n g  

microscope. 

The data  from the  two height  i n t e r v a l s  were combined i n t o  one 

group. There were no obvious d i f fe rences  i n  e i t h e r  casebearer  dens i ty  

o r  t o t a l  percentage paras i t i sm;  however, some p a r a s i t e  species  occurred 

only i n  one crown l e v e l  (Mil ler  and Finlayson 1974). 

I n  1974 t h e  number of survey s i t e s  was increased from 8 t o  14 by 

adding t h e  Cranbrook, Johnstone Creek Park ,  Kootenay Bay, ~ o o s v i l l e ,  

Rykerts, and Winlaw s i t e s  (Fig. 1) .  Col lec t ions  were made a t  t h e  sites 

on 14-15 May (casebearer  la rvae)  and 12-13 June (casebearer  pupae). 

The crown l e v e l s  i n  1974 were 5-10 ft. (1.53-3.05 m) and 20-25 f t .  



(6.10-7.63 m) above t h e  ground. The higher samples were obtained with a 

pole  pruner. Mass-rearings were done i n  I' x 2 '  x 1' (30.5 x 61 x 30.5 

cm) cardboard boxes, the  t o p  of which had been replaced by 0.2 mm mesh. 

Otherwise, handling and rea r ing  was t h e  same a s  f o r  t h e  23-25 May 1973 

co l l ec t ion .  

Individual  Rearings 

A t o t a l  of 18,300 l a rvae  and pupae of C. l a r i c e l l a  were indi -  

v idual ly  reared from samples taken a t  the  Rossland and Shoreacres s i t e s  

on 30 Apr i l  t o  1 May 1974; a t  t h e  Cascade, Rosslan,d, Sheep's Creek, and 

Shoreacres sites on 14-15 May 1974; and a t  t h e  Rossland, Sheep's Creek, 

and Shoreacres s i t e s  on 29-30 May 1974. 

The sample taken a t  each s i t e  cons is ted  of f i v e  branches per  

he igh t  i n t e r v a l  from each of  t e n  t r e e s ,  encompassing the  f u l l  circum- 

ference of  each t r e e .  The samples were taken from 5-10 f t .  a t  a l l  s i t e s  

during a l l  c o l l e c t i o n s ,  and from 20-25 f t .  a t  t h e  Sheep's Creek and 

Shoreacres sites during t h e  14-15 May c o l l e c t i o n  and a t  the  Shoreacres 

s i t e  during t h e  29-30 May co l l ec t ion .  These samples were t ranspor ted  t o  

t h e  labora tory  i n  p l a s t i c  bags. 

The casebearers  were removed manually from t h e  branches and 

placed i n  %-dram s h e l l  v i a l s ,  one casebearer  per  v i a l ,  with f r e sh  l a r c h  - 
needles. The open end of t h e  v i a l  was then plugged with cot ton  bat ten .  

Dried l a r c h  needles were pe r iod ica l ly  replaced with f r e sh  ones. Rearing 

was done under a 12:12 hour l ight -dark  cycle  a t  a temperature of  about 

22.OC (21-2S•‹C). Moth and p a r a s i t e  emergences were recorded da i ly .  

Af te r  emergence had ceased, cases were d i s sec ted  t o  determine 



the host stage from which each parasite had emerged. Occurrence o f  hyper- 

parasitism was determined by examining the remains within 25 cases that 

had produced each of Dicladocerus spp., Mesopolobus sp., and S. albifrons. 

Survey f or-Eg_s Parasite-% 

C. laricella eggs were collected from 10 trees at each of the 

eight 1973 and 14 1974 sites. The 1973 samples were taken on 21-22 July 

and the 1974 samples on 29-30 July. The terminal 6" (15.3 cm) of 12 

secondary or tertiary branches was taken from all sides of each tree from 

the same crown levels as the late-instar larval-pupal collections. These 

samples were mass-reared in 15 x 35 mrn petri dishes. 

Parasite emergence was checked daily for six weeks, after which 

the eggs were counted but the egg density was not estimated. 

Early larval instars of C. laricella were collected at the Ross- 

land and Shoreacres sites in 1973 on 21 August (needle-mining larvae) 

and 7 October (casebearing larvae). Collection, handling, and rearing 

techniques were the same as in the 23-25 May 1973 collection. 

All of the rearing cages were the cardboard-box type. The 

samples were checked daily for parasite emergence for four weeks. C. 

laricella density was calculated only for the 7 October samples. The 

number of casebearers in the 21 August samples was determined by dissec- 

tion of all needles which appeared to contain mines and in the 7 October 

samples by manually removing the cases. 



Results  ~ n $ - D ~ s c u s  s ion  

Densit ies  -- of Coleophora l a r i c e l l a  i n  B r i t i s h  Columbia ----- 

A t o t a l  of 134,501 four th - ins ta r  la rvae  and pupae of C. l a r i c e l l a  

were mass-reared i n  t h i s  s tudy.  The numbers reared and t h e  casebearer  

d e n s i t i e s  i n  samples from each s i t e  a r e  l i s t e d  i n  Table I. I n  add i t ion ,  

2,427 eggs, 19,279 needle-mining larvae ,  and 6,890 casebearing th i rd -  

i n s t a r  l a rvae  were reared. 

C. l a r i c e l l a  d e n s i t i e s  decl ined over t h e  per iod  of t h e  study.  

The primary cause o f  t h e  dec l ine  may have been the  severe drought, o r  

high temperatures associa ted  with it, t h a t  occurred i n  t h e  summer of  1973. 

The d e n s i t i e s  o f  t h e  casebearer  a t  Rossland and Shoreacres on 7 October 

were 13.6 and 46.7 pe r  100 f a s c i c l e s ,  r e spec t ive ly ,  compared t o  66.7 

and 112.8 per  100 f a s c i c l e s  on 25  May. Desiccation o f  eggs and espec ia l ly  

t h e  needle-mining larvae ,  the  s t ages  which occurred during the  drought, 

is  known t o  be an important mor ta l i ty  f a c t o r  (Eidmann 1965; Jasch 1973). 

Other important mor ta l i ty  f a c t o r s  known t o  reduce C. l a r i c e l l a  popula- 

t i o n s  include unfavorable winter  and sp r ing  weather, i n t r a s p e c i f i c  compe- 

t i t i o n  of  needle-mining larvae ,  b i r d  predation during winter ,  and poor 

synchronization of  la rvae  emerging from diapause with budding of t h e  

l a r c h  trees (Eidmann 1965; Jasch 1973; Sloan 1965; Webb 1953). 

P a r a s i t e s  of  Coleophora l a r i c e l l a  i n  B r i t i s h  Columbia 

P a r a s i t e s  of  Mature Larvae and Pupae 

Species Obtained 

A t o t a l  of  42 species  of  hymenopterous p a r a s i t e s  were obtained 



m r- . . 
0 0 

C O O  
d N 

cy t. . . 
0 0 

0-l d 
rl m 



0 N . . 
4 0 
CJ f-i 

rl m 
a, d' 
0 w . 
4 

r- '3' . . 
CJ 03 
m rl 

d ' o  
r l c n  
0 In . 
rl 

a, 

N 
rl 
d 



from the niass-reari .ngs of fourth-instar larvae and pupae of C. laricella 

(Table 11). In 1973 and 1974, 32 and 25 species, respectively, were 

taken; 15 being common to both years. 

As the samples were mass-reared, some of the parasites could have 

in fact emerged from hosts other than C. laricella that were accidentally 

included in the rearings. A mass-reared parasite was considered a larch 

casebearer parasite if the species emerged in individual rearings done to 

verify host relationships in this study or in others (Bousfield and Load 

1973; Denton 1972; Sloan 1965; Webb 1953). Thirty of the species in 24 

genera were considered parasites of C. laricella (Table 11). 

Most of the species represent new host records for British 

Columbia. Four of these were previously recorded by Andrews and Geist- 

linger (19691, namely: Gelis tenellus (Say), Scambus decorus Wly., Tetra- 

stichus ecus [=xanthops (Ratz.)], and Spilochalcis albifrons (Walsh) . 
They also obtained Bracon sp. which may well have been B. pygmaeus Prov., 

Amblymerus sp. which may have been the same species as lfesoplobus sp. 

in this study, and Dicladocerus westwoodii Westw. which may be one of 

the species obtained in this study; as well as Scambus transgressus 

(Holmg.) and Sceptrothelys deione (Wlkr.) which were not taken in this 

study. The average percentage parasitism of 3,245 casebearers sampled 

by Andrews and Geistlinger was less than 1 percent in 1966 and 1967, and 

4 percent in 1968. The highest percentage parasitism at an individual 

site was 14 percent at Creston in 1968. 

Several species excluded as C. laricella parasites could in fact 

be parasites of C. laricella. Species of Acrolyta and Hypsoter have 
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been reared from another coleophorid, Coleophora rna l ivore l la  m y .  (Beacher 

1947).  Diglyphus sp.  was obtained i n  s u f f i c i e n t l y  l a r g e  numbers t o  indi -  

c a t e  t h a t  it d id  emerge from C .  l a r i c e l l a .  

Introduced Species 

Two of t h e  species ,  Chrysochar i s  l a r i c i n e l l a e  ( ~ a t z . )  and Cirro- 

s p i l u s  p i c t u s  ( ~ e e s ) ,  a r e  European species  t h a t  were re leased aga ins t  C. 

l a r i c e l l a  i n  eas te rn  North ~ m e r i c a  i n  the  l a t e  1930's (Dowden 1962; 

McGugan and Coppel 1962). C .  l a r i c i n e l l a e  was re leased agains t  C. l a r i -  

c e l l a  i n  t h e  western United S t a t e s  (Idaho and Washington) i n  1972 (Ryan 

and Denton 1973) bu t  was probably present  i n  western North America before 

1972 as  specimens were reared  from C .  l a r i c e l l a  long d is tances  from t h e  

re l ease  po in t s  i n  the  same year (Ryan e t  a l .  1974). The c l o s e s t  r e l e a s e  

point  was over 200 miles from the  s i t e s  i n  B r i t i s h  Columbia where speci-  

mens were c o l l e c t e d ,  a long d i s t ance  t o  d i spe r se  i n  one season. 

Poss ib le  explanations f o r  the  presence of  C. L a r i c i n e l l a e  i n  t h e  

P a c i f i c  Northwest a r e :  (1) it has spread from eas te rn  North America on 

a l t e r n a t i v e  hos ts ;  ( 2 )  it was introduced with C .  l a r i c e l l a  and spread 

with it; o r  ( 3 )  it was introduced with e a r l y  in t roduct ions  of A g a t h i s  

pumila (Ratz . ) , a European species  previously re leased aga ins t  C. l a r i -  

c e l l a  i n  western North America (Ryan e t  a l .  1974). These explanations 

could a l s o  apply t o  C. p i c t u s .  

A. pumila is  conspicuous by i t s  absence i n  t h i s  study. This 

species  was re leased i n  B r i t i s h  Columbia i n  1969 a t  two s i t e s ,  F ru i tva le  

and Arrow Creek (not  a t  s i t e s  of the  same names i n  t h i s  s tudy,  although 

the  Arrow Creek s i t e s  were l e s s  than one mile a p a r t )  and became 



es tab l i shed  a t  both (Morris and Monts 1972). The absence of A. pumila 

a t  t h e  F ru i tva le  and Arrow Creek s i t e s  of t h i s  study ind ica tes  t h e  slow- 

ness with which t h i s  p a r a s i t e  i s  dispers ing .  I n  t h e  western United 

S t a t e s  t h e  most d i s t a n t  recovery from a re l ease  po in t  was only s i x  miles 

10 years  a f t e r  r e l ease ,  possibly due t o  the  excessively l a r g e  numbers of 

C. l a r i c e l l a  ava i l ab le  i n  t h e  immediate area  and consequent slow dis-  

p e r s a l  r a t e  (Denton 1972). 

Relat ive Importance of  P a r a s i t e  Species 

Although many p a r a s i t e  species  were reared,  only a few predomi- 

nated. Of t h e  seven species  present  i n  t h e  c o l l e c t i o n  of 8-9 May 1973, 

Dicladocerus  spp. represented 86.7 percent  and B. pygmaeus 8.5 percent  

of t h e  t o t a l  number of  p a r a s i t e s .  Of the  26 species  reared from the  col- 

l e c t i o n  o f  23-25 May 1973, seven species  cons t i tu ted  96.6 percent  of  t h e  

t o t a l ,  namely: Dicladocerus  spp. (46.0%), S .  a l b i f r o n s  (32.8%), B. 

pygmaeus (8.5%) , Mesopolobus sp. (4.9%) , and T e t r a s t i c h u s  e c u s  

(4.4%).  These species  were a l s o  t h e  most widespread (Table 11). I n  

1974, 11 species  were taken i n  t h e  c o l l e c t i o n  of  14-15 May with Dicla- 

docerus  spp. (83.2%),  and Mesopolobus sp. (13.3%) c o n s t i t u t i n g  96.5 per- 

cen t  of the  t o t a l  number of  p a r a s i t e s .  I n  t h e  c o l l e c t i o n  of 12-13 June, 

17 species  were reared,  with Dic ladocerus  spp. (63.8%),  S .  a l b i f r o n s  

(23.5%), and Mesopolobus sp. (9.9%) c o n s t i t u t i n g  97.2 percent  of  the  

t o t a l .  These species  were a l s o  t h e  most widespread i n  1974 (Table 11). 

Paras i t i sm a t  Individual  S i t e s  

The number of taxa  and t h e  t o t a l  percentage paras i t i sm f o r  each 



s i t e  and c o l l e c t i o n  a r e  summarized i n  Table 111. Percentage pa ras i t i sm 

by individual  species  a t  each s i t e  i n  each c o l l e c t i o n  a r e  given i n  

Appendix 11. 

The percentage pa ras i t i sm and t h e  number of  taxa  were g rea te r  i n  

t h e  second c o l l e c t i o n  than t h e  f i r s t  i n  both years  (Table 111). Bousfield 

and Lood (1971) and Beacher (1947) found s i m i l a r  increases  i n  pa ras i t i sm 

of C. l a r i c e l l a  and C. m a l i v o r e l l a ,  respect ive ly ,  during t h e  sp r ing  feed- 

i n g  per iod  of  t h e  hos ts .  Evidently, a c t i v e  p a r a s i t i z a t i o n  o f  C. l a r i c e l l a  

occurs during t h i s  period,  suggest ing t h a t  p a r a s i t e  a d u l t s  had j u s t  become 

a c t i v e  o r  t h a t  C. l a r i c e l l a  reached a suscep t ib le  s tage .  Sweep-net col-  

l e c t i o n s  o f  a d u l t s  o f  B. p y p a e u s ,  I t o p l e c t i s  vesca Townes, Dicladocerus 

spp., and Hesopolobus sp. during t h e  f i r s t  1974 c o l l e c t i o n  confirmed t h e  

presence o f  a d u l t  p a r a s i t e s  a t  t h a t  t i m e .  I n  Europe, G e l i s  spp., D. 

westwoodi i ,  and ,Vesopolobus subfumatus Ratz. a r e  known t o  a t t a c k  C,  l a r i -  

c e l l a  j u s t  a f t e r  t h e  hos t  la rvae  have resumed feeding i n  the  spr ing ,  a s  

probably do most o t h e r  European p a r a s i t e  species  (Jasch 1973). B. 

pygmaeus a t t a c k s  Coleophora p run i e l l a  C1. i n  Wisconsin during t h e  same 

per iod  (Doner 1934). The increase  i n  pa ras i t i sm by S. a l b i f r o n s  between 

c o l l e c t i o n s  was probably cor re la t ed  with t h e  increase  i n  hos t  pupal popu- 

l a t i o n s  which i s  thought t o  be t h e  s t a g e  a t tacked by t h i s  species  (Bous- 

f i e l d  and Lood 1971). 

B. pygnaeus i s  known t o  have two generat ions pe r  year  on C. 

p r u n i e l l a  during t h e  sp r ing  (Doner 1934). I f  t h i s  species  a l s o  has two 

on,C. l a r i c e l l a  i n  B r i t i s h  Columbia, t h e  a c t u a l  percentage paras i t i sm 

may d i f f e r  from t h a t  ind ica ted  i n  e i t h e r  c o l l e c t i o n  of each year ,  depend- 

i n g  on t h e  amount of  generat ion overlap (which was unknown). 
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Aspects of Parasite Biology 

Brood Size: 

A c h r y s o c h a r e l l a  sp. was the only gregarious parasite species indi- 

cated by the individual rearings. The mean number produced from four 

cases was 3.25 (range L - 5 ) .  A l l  individuals that  emerged from one case 
I 

were of the same sex. Bousfield and Lood (1973) also found a very low 

incidence of gregarious parasites.  However, these researchers found 

three species, A c h r y s o c h a r e l l a  s i l v i a  G i r .  , T .  e c u s ,  and Mesopolobus sp., 

tha t  occasionally produced more than one adult per case. 

Hyperparasitism: 

No evidence of hyperparasitism by D i  c l a d o c e r u s  spp. , Mesopolobus 

sp., o r  S. a l b i f r o n s  was found in the dissected cases of C. l a r i c e l l a .  

They have been recorded as hyperparasites, as  well as primary parasites,  

of other insects (Muesebeck e t  a l .  1951; Peck 1963; Telford 1961). It 

could not be determined i f  any of the other species obtained were hyper- 

parasites because of the small numbers present in  the individual rearings. 

Species taken during th i s  study tha t  have been recorded both as hyper- 

parasites and primary parasites (Muesebeck e t  a l .  1951; Peck 1963; 

Telford 1961) include: G. t e n e l l u s ,  G e l i s  sp., T .  e c u s ,  Zagramnosom 

a m r i c a n u m  Wlkr., C a t o l a c c u s  a e n e o v i r i d i s  ( G i r . )  , and Habrocytus  p h y c i d i s  

Ashm, The l a t t e r  species was found t o  be both a primary and secondary 

parasite on the same host, A c r o b a s i s  r u b r i f a s c i e l l a  Pack., by Finlayson 

(1967). 



Emergence Pat terns :  

Only Dicladocerus  spp. , S .  a l b i f r o n s ,  and Mesopolobus sp. were 

taken i n  s u f f i c i e n t l y  l a rge  numbers i n  individual  rear ings  t o  permit t h e  

p l o t t i n g  of  emergence curves (Fig. 2 ) .  No c o r r e l a t i o n  e x i s t e d  between 

p a r a s i t e  emergence and temperature over t h e  range observed. Dic ladocerus  

spp. emergence began t h r e e  days a f t e r  t h a t  o f  C. l a r i c e l l a  and l a s t e d  14 

days, peaking on t h e  s i x t h  day. Mesopolobus sp. emergence began t h r e e  

days a f t e r  t h a t  of Dicladocerus  spp. and l a s t e d  12 days, peaking on the  

f i f t h  day. S. a l b i f r o n s  emergence began 11 days a f t e r  t h a t  of Diclado- 

c e r u s  spp. and l a s t e d  10 days, peaking on the  four th  day. 

The emergence p a t t e r n s  o f  Dic ladocerus  spp. and S .  a l b i f r o n s  

d i f f e r  from t h e  p a t t e r n s  reported by Bousfield and Lood (1971) . The 

emergence began, peaked, and ended sooner i n  t h e  p resen t  study. These 

d i f ferences  may have been the  r e s u l t  of d i f ferences  i n  r ea r ing  condit ions,  

which were no t  reported by Bousfield and Lood (1971). 

P a r a s i t e s  of Eggs and Ear ly- Ins tar  Larvae 

No p a r a s i t e s  were taken from mass-rearings of C. l a r i c e l l a  eggs, 

needle-mining l a rvae  o r  casebearing t h i r d - i n s t a r  larvae.  Sloan and 

Coppel (1965) d i d  not  f ind  any egg p a r a s i t e s  i n  Wisconsin and none have 

been reported elsewhere. Whether t h e  l ack  of  r epor t s  of ea r ly - ins ta r  

l a r v a l  p a r a s i t e s  i n  o t h e r  areas  of North America is  due t o  the  lack of  

p a r a s i t e s  o r  d e f i n i t i v e  research i s  not  known. 



Fig. 2. Emergence p a t t e r n s  of Dicladocerus spp. , S p i l o -  
c h a l c i s  a l b i f r o n s ,  and Mesopolobus sp.  i n  r e l a t i o n  t o  t h a t  
of  Coleophora l a r i c e l l a  under a 12:12 hour l ight-dark 
cycle  a t  22OC. The po in t s  represent  t h e  da i ly  ( i n  r e l a -  
t i o n  t o  casebearer emergence which began 11-12 June) aver- 
ages of t h e  samples co l l ec ted  on 29-30 May 1974 and reared 
individual ly .  Day 1 was t h e  f i r s t  day of  casebearer  
emergence i n  the  sample from a s i t e  o r  he ight  
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DISTRIBUTIONS OF COLEOPHORA LARICELLA AND ITS PARASITES 

I N  WESTERN LARCH CROWNS 

Methods and Materials  

The d i s t r i b u t i o n s  of C. l a r i c e l l a  and t h e  p a r a s i t e s  Dic ladocerus  

spp. and S .  a l b i f r o n s  i n  crowns of  western l a r c h  were examined on 15 May 

and 13  June 1974 a t  Shoreacres. A t o t a l  of 40 t r e e s  were sampled from 

f i v e  c l a s s e s  of t r e e s  during t h e  1 3  June co l l ec t ion .  The f i v e  c l a s s e s  

and t h e  number o f  t r e e s  sampled i n  each c l a s s  were: 

Class Description No. of  Trees 

1 
Open-grown t r e e s  a t  l e a s t  100 yd. from 
road and over 40' high 

10 

2 Same a s  c l a s s  1 except 25-35' high 10 

3 
> 

Same a s  c l a s s  1 except 10-15' high 5 

4 Same a s  c l a s s  1 except t r e e s  were road- 
s i d e  

Same a s  c l a s s  1 except t r e e s  formed 

5 closed canopy. Trees sampled were a t  
l e a s t  twice t h e  he ight  of the  t r e e s  

10 

from t h e  edge o f  the  stand.  

During t h e  15 May c o l l e c t i o n  only c l a s s  1 t r e e s  were sampled. 

Samples were taken a t  two crown l e v e l s ,  5-10 f t .  and 20-25 f t .  

above t h e  ground. Two primary branches were taken from both t h e  sunny 

and shaded s i d e s  of  each t r e e  from each crown l e v e l  and c u t  i n  h a l f .  

The branch halves were mass-reared i n  p a i r s  according t o  t r e e ,  crown 

l e v e l ,  s i d e  of  t r e e ,  and branch h a l f .  Otherwise these  samples were 

handled and reared i n  t h e  same manner a s  t h e  mass-reared 1974 general  

survey samples. 



2 7 

For s t a t i s t i c a l  a n a l y s i s  l o g  X t ransformat ions  were c a r r i e d  
10 

o u t  on l a r c h  casebearer  d e n s i t i e s  (no./100 f a s c i c l e s )  and a r c s i n e  t r ans -  

formations were done on percentage p a r a s i t i s m  da ta  because var iances  were 

no t  independent of  means i n  t h e  untransformed da t a ,  var iances  i nc reas ing  

wi th  means. The t ransformat ions  made t h e  var iances  independent.  I n  

a n a l y s i s  of  var iance  (Dixon 1973) of  t h e  i n t r a - t r e e  d i s t r i b u t i o n s  of  each 

c l a s s ,  t r e e s  were allowed t o  go random, r e s u l t i n g  i n  conserva t ive  F 

va lues  and genera l ized  s ta tements  o f  da t a .  The d a t a  a r e  given i n  t h e  

unt rans  formed form. 

Resul t s  and Discussion 

The mean dens i ty  of C. l a r i c e l l a  and t h e  mean percentage para-  

s i t i s m  by Dicladocerus  spp. and by S. a l b i f r o n s  i n  t h e  crown l e v e l s  o f  

each t r e e  c l a s s  a r e  l i s t e d  i n  Table I V .  There were no s i g n i f i c a n t  d i f -  

fe rences  i n  h o s t  d e n s i t y  o r  i n  p a r a s i t i s m  by e i t h e r  spec i e s  between t h e  

f i v e  c l a s s e s  (Tables V - V I I ) .  

The mean d e n s i t i e s  of  C. l a r i c e l l a  i n  t h e  var ious  po r t ions  of 

t h e  t r e e  crown a r e  i l l u s t r a t e d  i n  Fig. 3. Analysis  of var iance  showed 

a h ighly  s i g n i f i c a n t  v a r i a t i o n  i n  C. l a r i c e l l a  dens i ty  between crown 

l e v e l s ,  between s i d e s  o f  t h e  t r e e ,  and between branch ha lves  i n  c l a s s  1 

c o l l e c t i o n s  (Table V I I I ) .  Density was s i g n i f i c a n t l y  higher  a t  t h e  lower 

crown l e v e l  than a t  t h e  h igher  l e v e l ;  on t h e  sunny s i d e  of t r e e s  than  on 

t h e  shaded s i d e ;  and on t h e  o u t e r  h a l f  of t h e  branch than on t h e  i n n e r  

h a l f .  S i m i l a r  d i s t r i b u t i o n s  i n  c l a s s e s  2 and 4 a l s o  proved t o  be s i g n i f -  

i c a n t  (Fig.  3; Table V I I I ) .  I n  c l a s s  3 ,  s i g n i f i c a n t  v a r i a t i o n  occurred 



Table I V .  Density of Coleophora l a r i c e l l a  and percentage 
parasitism by Dicladocerbls spp. , and by S p i l o c h a l c i s  
a l b i f r o n s  i n  five classes of t rees  on 13 June 1974 a t  
Shoreacres, Bri t ish Columbia. (X=mean, SD=standard devi- 
ation) 

- -- - - --- 

Crown C. l a r i c e l l a  density % Parasitism 
Level (no. /lo0 fascicles)  Dicladocerus  spp. S .  a l b i f r o n s  - - - 

Class (ft. ) X SD X S D X S D 



Table V. Analysis of variance for the distribution of 
Coleophora Laricella in five classes of trees on 13 June 
1974 at Shoreacres, British columdia. (DF=degrees of 
freedom, MS=mean square, F=F ratio, LS=level of signifi- 
cance) 

C r o w n  L e v e l  
5-10 ft. 20-25 ft. 

Source of Variation DF MS F LS DF MS F LS 

Between Classes 4 .0627 5.22 - 3 -0255 2.57 - 

Within Classes 

Total 3 9 3 4 

- not significant 



Table VI. Analysis of variance for the distribution of 
Dicladocerus spp. in five classes of trees on 13 June 
1974 at Shoreacres, British Columbia. (DF=degrees of 
freedom, MS=mean square, F=F ratio, LSzlevel of signifi- 
cance) 

C r o w n  L e v e l  
5-10 ft. 20-25 ft. 

Source of Variation DF MS F LS DF MS F LS 

Between Classes 4 16.890 0.81 - 3 7.499 0.53 - 

Within Classes 

Total 39 3 4 

- not significant 



Table VII. Analysis of variance for the distribution of 
Spilochalcis albifrons in five classes of trees on 13 
June 1974 at Shoreacres, British Columbia. (DF=degrees 
of freedom, MS=mean square, F=F ratio, LS=level of sig- 
nificance) 

C r o w n  L e v e l  
5-10 ft. 20-25 ft. 

Source of Variation DF MS F LS DF MS F LS 

Between Classes 4 108.958 5.39 - 3 51.452 1.31 - 

Within Classes 

Total 39 3 4 

- not significant 



Fig. 3. Schematic representation of within-tree distri- 
butions of Coleophora laricella in one class of tree on 
15 May 1974 and five classes of trees on 13 June 1974 at 
Shoreacres, British Columbia. (Numbers represent number 
of casebearers per 100 fascicles, with outer being those 
of outer branch half and inner those of inner branch 
half .) 
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between branch halves but not between sides of trees (Fig. 3; Table VIII). 

Density was higher on the outer branch half than on the inner half. In 

class 5, significant variation occurred between branch halves but not be- 

tween crown levels or sides of trees (Fig. 3; Table VIII). The density 

was higher on the outer branch half than on the inner half. 

Webb (1953) found a similar distribution of C. l a r i c e l l a  with 

respect to crown level and branch portion. The density at the top of 

the crown was about 2/3 that at the base, and more casebearers were on 

the terminal portion than the base of the branch. The abundance of C. 

l a r i c e l l a  larvae and pupae on the sunny side of the tree and the outer 

half of the branch may reflect the oviposition behavior of the female 

moth (Sloan and Coppel 1965; Webb 1953). 

Parasitism by Dicladocerus  spp. in class 1 was significantly 

higher on the inner than on the outer branch half whereas there were no 

significant variations between crown levels or sides of trees (Fig. 4; 

Table IX). Similar significant and non-significant variations occurred 

in class 2 (Fig. 4; Table IX). In classes 3, 4, and 5, no significant 

variations occurred between crown levels, sides of trees or branch halves 

(Table IX) . 
Parasitism by S. a l b i f r o n s  was significantly greater at the lower 

than at the higher crown level and on the outer than on the inner branch 

half, whereas no significant variation occurred between tree sides in 

class 1 (Fig. 5; Table X). A similar distribution occurred in class 2 

(Fig. 5; Table X). No significant variations occurred between tree sides 

or branch halves in classes 3 or 4, as well as between crown levels in 



Fig. 4. Schematic representation of within-tree distribu- 
tions of Dicladocerus spp. in five classes of trees on 13 
June 1974 at Shoreacres, British Columbia. (Numbers repre- 
sent percentage parasitism, with outer being those of 
outer branch half and inner those of inner branch half) 
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Fig. 5. Schematic representation of within-tree distribu- 
tions of Spilochalcis albifrons in five classes of trees 
on 13 June 1974 at Shoreacres, British Columbia. (Numbers 
represent percentage parasitism, with outer being those of 
outer branch half and inner those of inner branch half) 
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class 4. In class 5, significantly greater parasitism occurred at the 

lower than at the higher crown level but no significant variations 

occurred between tree sides or branch halves (Fig. 5; Table X). 

The distribution of Dicladocerus spp. could be affected by move- 

ments of C. laricella larvae during the period of parasite attack and 

development. Since S. albifrons attacks the sessile pupae, host move- 

ments would not affect the distribution of this species. The amount of 

spring movement by casebearer larvae is influenced by casebearer density, 

greater movements occurring at higher densities (Webb 1953). At the 

casebearer densities that occurred during this study the movements of 

casebearer larvae would not appear to have affected the distribution of 

Dicladocerus since the distributions of C. laricella were the same in 

the 15 May and 13 June collections (Fig. 3). 

The within-tree distributions of Dicladocerus spp. and S. albi- 

frons in classes 1 and 2 are similar to those in 30-40 ft. trees in the 

western United States (Tunnock et al. 1972). The distributions of 

Dicladocerus spp. and S. albifrons within trees probably reduces compe- 

tition for hosts between these species (Tunnock et al. 1972). 



CONCLUDING DISCUSSION 

Although 30 parasites of C. l a r i c e l l a  were taken in British 

Columbia, the aggregate percentage parasitism was not large. However, 

the native parasite complex and the incidence of parasitism in British 

Columbia were comparable to those in other areas of North America 

(Bousfield and Lood 1971, 1973; Denton 1972; Sloan 1965; Webb 1953). 

The parasite complex and incidence of parasitism in British Columbia 

also resembled those in the Alps region of Europe, the area of origin 

of C. l a r i c e l l a  on European larch, L a r i x  decidua Mill. (Jasch 1973), 

although more major species (in terms of relative abundance and con- 

stancy) occurred in the Alps. The parasite complexes in other areas of 

western Europe were not as rich in species as was the Alps (Jasch 1973). 

Zwijlfer and Pschorn-Walcher (1968) reviewed the parasite com- 

plexes of several introduced pests and came to the following conclusions 

about possibilities for parasitism in areas of introduction: (1) the 

introduced pest may not be attacked by native parasites because the pest 

is not similar taxonomically to native hosts; (2) the introduced pests 

may be only occasionally and to a minor extent attacked by native parasites 

similar to the parasites in the original area of the host or by polyphagous 

parasite species; or (3) the introduced pest may be attacked to a large ext- 

ent by very adaptable parasite species. C. l a r i c e l l a  in British Columbia (and 

North America generally) fits into the second category. The polyphagous 

species taken include G. t e n e l l u s ,  S. d e c o r u s ,  E. cushmani, 2'. d o l o s u s ,  
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C .  a e n e o v i r i d i s ,  and S .  a l b i f r o n s  while species somewhat restricted to 

casebearers and needle miners as hosts include B. pygmaeus, C. r u f i p e s ,  

I .  v e s c a ,  Z .  americanum, and H .  p h y c i d i s  (Krombein 1958; Krombein and 

Burks 1967; Muesebeck et al. 1951; Peck 1963). The other specimens were 

only identified to genus so it was not possible to determine the recorded 

host spectrum of these. However, some of the species of the genera 

Diadegma, G e l i s ,  P r i s t o m e x u s ,  E u l o p h u s ,  Copidosoma, Mesopolobus ,  Eury toma,  

and Telenomus  are polyphagous, while some species of the genera P r i s -  

t o m e r u s ,  D i c l a d o c e r u s ,  and Mesopolobus are somewhat restricted to case- 

bearers and needle miners (Krombein 1958; Krombein and Burks 1967; 

Muesebeck et al. 1951; Peck 1963). Species of the genera Diadegma, G e l i s ,  

I t o p l e c t i s ,  D i c l a d o c e r u s ,  E l a c h e r t u s ,  T e t r a s t i c h u s ,  Habrocy tus ,  and 

Mesopolobus have been taken in both British Columbia and Europe (Jasch 

19731, as have the two introduced species taken in British Columbia. 

There has been an apparent increase in both number of species 

and total percentage parasitism in British Columbia between 1966 (Andrews 

and Geistlinger 1969) and 1973 to 1974. A similar increase occurred in 

the western United States (Denton 1972). This increase raises the ques- 

tion of what the ultimate role of native parasites might be. As the 

native parasite complex and incidence of parasitism of C .  l a r i c e l l a  are 

comparable to those of the native cherry casebearer, C. p r u n i e l l a ,  in 

British Columbia (Waddell 1952), at least during outbreaks, the ultimate 

role may already be reached (under the present circumstances). 

Mortality of C .  l a r i c e l l a  caused by the native parasites may be 

limited by the number of alternate hosts available to the parasites in 



the absence of suitable stages of C. l a r i c e l l a  since these or related 

species are known to have more than one generation per year (Clausen 

1962; Dowden 1941; Jasch 1973) and not all of these can be spent on C. 

l a r i c e l l a .  For example, in Europe Dicladocerus  wes twoodi i  Westw. that 

emerged from C. l a r i c e l l a ,  attacked the larch grey roller moth, z e i r a p h e r a  

d i n i a n a  Guen. (Aeschlimann 1969). S. a l b i f r o n s  is more dependent on 

alternate hosts than other species as very few females of this species, 

2.5 percent of the species total in 1973 and 0 percent in 1974, were 

taken from C. l a r i c e l l a .  The predominance of males of S. a l b i f r o n s  from 

C. l a r i c e l l a  has been recorded in other areas (Bousfield and Lood 1973; 

Webb 1953). The lack of alternate hosts has been suggested as a limiting 

factor of parasitism of C. m a l i v o r e l l a  (Beacher 1947) and C. p r u n i e l l a  

(Doner 1934, 1936). Similarly, the minor influence of parasitism on 

populations of the leafminer P h y l l o c n i s t i s  l a b y r i n t h e l l a  Bjerk. was the 

result of the lack of suitable host stages for the parasites emerging 

from this host in the spring (Sundby 1957). A positive trend was noted 

between total percentage parasitism and the total number of lepidopteran 

and sawfly larvae (which may or may not be alternate hosts of the para- 

sites taken) at five sites during this study. 

Alternate hosts are known to be important in other systems. For 

example, the mymarid Anargus epos  Gir., an important egg parasite of the 

grape leafhopper Erythroneura e l e g a n t u l a  Osborn, is known to overwinter 

in the eggs of D i k r e l l a  c r u e n t a t a  (Gillette), a leafhopper on wild Rubus 

spp. and not on the grape leafhopper. The ability of A. epos  to reduce 

the level of grape leafhopper infestations is a function of the distance 



between vineyard and the endemic ecosystem where wild Rubus spp. occur 

(mutt and Nakata 1973). Other examples of the role of alternate hosts 

in parasitism are given by DeBach (1964). 

Exotic parasites were released against C. l a r i c e l l a  in eastern 

North America (Dowden 1962; McGugan and Coppel 1962) because of the inef- 

fectiveness of the native parasites in controlling the outbreak. They 

have been credited with control of C. l a r i c e l l a  (Munroe 1971; Turnbull 

and Chant 1961) and of the non-target C. mal i vore l l a  (LeRoux et al. 1963). 

One of the two species credited with control of C. l a r i c e l l a ,  A. pumila,  

is specific and synchronized with this host (Jasch 1973) while the other 

species, C. l a r i c i n e l l a e ,  is synchronized with C. l a r i c e l l a  in the pres- 

ence of A. pumila or in the presence of alternate hosts (Quednau 1970). 

In western North America, the native parasites did not prevent 

C. l a r i c e l l a  from reaching damaging population levels. A. pumila,  the 

first exotic parasite released in the western United States, did not 

become established at all release sites nor has it dispersed well where 

establishment did occur (Denton 1972). As a result, C. l a r i c i n e l l a e ,  

Dicladocerus spp., Necremnus metalarus  (Wlkr.), Diadegma l a r i c i n e l l a  

(Strobl), and Elacher tus  a rg i s sa  Wlkr. were released (Ryan and Denton 

1973; Ryan et al. 1975). 

The chances of success for biological control with these species 

seem limited. They are similar taxonomically and biologically to the 

parasite species already present. Since they cannot spend all their gen- 

erations on C. l a r i c e l l a  (Jasch 1973), lack of alternate hosts or other 

factors that may be limiting the native parasites may also limit these 



exotic species. C. laricinellae cannot control C. laricella in the 

absence of A. pumila or sufficient alternate hosts (Quednau 1970). Con- 

trol of C. malivosella by C. laricinellae was apparently facilitated by 

necessary alternate hosts (LeRoux et al. 1963). Population studies of 

C. laricella in Europe showed parasitism to be a minor factor influencing 

host populations (Eidmann 1965; Jasch 1973). Climatically, the areas of 

larch casebearer infestation in British Columbia and the western United 

States resemble the Alps region more than eastern North America. 

It is possible that the exotic species may have different alter- 

nate host spectra than the native species or other adaptations that might 

allow for greater parasitism of C. laricella than that observed for 

native species. Similarly, further releases of C. laricinellae from dif- 

ferent source areas may result in the introduction of a better-adapted 

strain. Strains are known to have different biological characteristics 

affecting the success of biological control attempts (Messenger and van 

den Bosch 1971). Further releases would also aid in the dispersal of 

this species. 

Studies of parasitism of C. laricella referred to above were 

carried out during outbreaks. Percentage parasitism was apparently 

inversely host-density dependent (although the significance of the rela- 

tionship was not stated) in Europe (Jasch 1973). A similar tendency 

occurred in British Columbia (increases in percentage parasitism coin- 

cided with decreases in C. laricella density at the eight sites sampled 

in both years); however, the number of samples was too small to determine 

the significance of the relationship. Varley and Gradwell (1970) 



considered factors that operate inversely density-dependently over the 

whole range of an insect's densities are relatively rare but cite the 

non-specific, non-synchronized parasites of the winter moth, Operophtera 

brumata L., as an example. If a significant inverse host-density re- 

sponse does exist, the parasites may be relatively more effective and 

may be capable of controlling C. laricella at endemic (non-damaging) 

population levels. 



APPENDIX I 

SITE DESCRIPTIONS 



Locat ion : Anarchist Summi t 

Elevation: 3,300' 

Aspect: South 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of stand: 33% 

Height: 65-75' 

Diameter at Breast Height: 19-27" 

2. Other Trees (proportion of Stand): Douglas-fir (33%), Ponderosa 

pine (33%) 

3. Tree Density: Open grown 

4. Understory: undergrowth was sparse; mostly grasses, some others 

such as Ribes sp., kinaikinnik 

Location: Arrow Creek 

Elevation: 2,100' 

Aspect: East 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 75% 

Height: 50-60' 

Diameter at Breast Height: 23-27" 

2. Other Trees (Proportion of Stand): Lodgepole pine (20%), Western 



red cedar and Douglas-fir (5%) 

3. Tree Density: Closed canopy 

4. Undergrowth: sparse; mostly grasses, some others such as waxberry, 

Rubus sp. present 

Location: Cascade  

Elevation: 2,100' 

Aspect: North 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 35% 

Height: 60-65' 

Diameter at Breast Height: 20-26" 

2. Other Trees (Proportion of Stand): Lodgepole pine (50%), Douglas- 

fir (15%) 

3. Tree Density: Closed canopy 

4. Undergrowth: very sparse; some grass, few waxberry bushes 

Location: Cranbrook  

Elevation: 3,000' 

Aspect: Northwest 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 



Proportion of Stand: 40% 

Height: 50-60' 

Diameter at Breast Height: 17-20" 

2. Other Trees (Proportion of Stand): Lodgepole pine (60%) 

3. Tree Density: Closed canopy 

4. Undergrowth: very sparse; grasses 

Location: Fruitvale 

Elevation: 1,400' 

Aspect: North 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 50% 

Height: 60-65' 

Diameter at Breast Height: 16-24" 

2. Other Trees (Proportion of Stand): Douglas-fir (50%) 

3. Tree Density: Closed canopy 

4. Undergrowth: very sparse; western red cedar, bracken and grasses 

present 

Location: Johnstone Creek Park 

Elevation: 2,700' 

Aspect: East South East 

Stand History: Undisturbed 



Stand Composition: 

1. Western Larch: 

Proportion of Stand: 30% 

Height: 60-70 ' 

Diameter at Breast Height: 28-30" 

2. Other Trees (Proportion of Stand): ~ouglas-fir (45%), Ponderosa 

pine (25%) 

3. Tree Density: Closed canopy 

4. Undergrowth: blanket of grass 

Location: Kootenay Bay 

Elevation: 1,850' 

Aspect: South 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 30% 

Height: 50-60' 

Diameter at Breast Height: 19-23" 

2. Other Trees (Proportion of Stand): Western white pine (40%), 

Douglas-f ir (30%) 

3. Tree Density: Closed canopy 

4. Undergrowth: very sparse; few plants such as bracken, tall mahonia, 

princess pine, waxberry present 



Location: Roosville 

Elevation: 2,600' 

Aspect: East 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 35% 

Height: 45-50' 

Diameter at Breast Height: 13-17" 

2. Other Trees (Proportion of Stand): Douglas-fir (50%), Lodgepole 

pine (15%) 

3. Tree Density: Open grown 

4. Undergrowth: blanket of grasses 

Location: Rossland 

Elevation: 2,600' 

Aspect: Southwest 

Stand History: Partial cut 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 75% 

Height: 60-70' 

Diameter at Breast Height: 27-33" 

2. Other Trees (Proportion of Stand): Poplar (25%) 

3. Tree Density: Open grown 



4. Undergrowth: blanket of bracken; many other plants such as tall 

mahonia, waxberry, and elderberry present 

Location: Rykerts 

Elevation: 2,000' 

Aspect: Southwest 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 80% 

Height: 70-75' 

Diameter at Breast Height: 20-27" 

2. Other Trees (Proportion of Stand): Douglas-fir (20%) 

3. Tree Density: Closed canopy 

4. Undergrowth: very sparse; mosses, Clintonia sp. present 

Location: Sheep's Creek 

Elevation: 1,300' 

Aspect: South 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 90% 

Height: 30-35' 

Diameter at Breast Height: 10-12" 



2. Other Trees (Proportion of Stand): Poplar, Douglas-fir (10%) 

3. Tree Density: Open grown 

4. Undergrowth: even covering of grasses; bracken and a few other 

species present 

Location: Shoreacres 

Elevation: 1,550' 

Aspect: Southeast 

Stand History: Partial cut 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 45% 

Height: 45-55' 

Diameter at Breast Height: 20-23" 

2. Other Trees (Proportion of Stand): Douglas-fir (45%), Miscellaneous 

(10%) 

3. Tree Density: Open grown 

4. Undergrowth: blanket of grasses; many species such as bracken, tall 

mahonia, waxberry present 

Location : Winlaw 

Elevation: 1,850' 

Aspect: Northwest 

Stand History: Partial cut 

Stand Composition: 



1. Western Larch: 

Proportion of stand: 40% 

Height: 50-55' 

Diameter at Breast Height: 17-23" 

2. Other Trees (Proportion of Stand): Douglas-fir (30%), Western white 

pine (30%) 

3. Tree Density: Open grown 

4. Undergrowth: even cover of grasses; bracken and tall mahonia 

present 

Location : Yahk 

Elevation: 2,100' 

Aspect: South 

Stand History: Undisturbed 

Stand Composition: 

1. Western Larch: 

Proportion of Stand: 50% 

Height: 65-70' 

Diameter at Breast Height: 12-17" 

2. Other Trees (Proportion of Stand): Douglas-fir (35%), Lodgepole 

pine (15%) 

3. Tree Density: Closed canopy 

4. Undergrowth: sparse; grasses with a few waxberry bushes 



APPENDIX I1 

PERCENTAGE PARASITISM BY INDIVIDUAL PARASITE SPECIES 

AT SITES IN BRITISH COLUMBIA ON FOUR 

COLLECTING DATES IN 1973 AND 1974 
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of course work in bialogical sciences, sixty of which 
are in upper levels courses. 

B.C. Government Scholarships in three semesters. Simon 
Fraser University Open Scholarship in one semester. 

Burnaby Central Senior Secondary School, Burnaby, B.C. 
Completed grade 12. Diploma. 

1962 Roll of Honor for Scholastic Achievement; 1963 Minor 
Award for Athletics; 1964 Major Award for Athletics. 



EDUCATION (Cont Id. 1 

1962-1966 Moscrop Junior Secondary School, Burnaby, B.C. 

1956-1962 Cascade Heights Elementary School, Burnaby, B.C. 

CERTIFICATES HELD: 

British Columbia Pesticide Applicator Certificate (No. 
4292) in: 
1. Agricultural Crop Pest Abatement 
2. Forest Pest Abatement 
3. Nonagricultural and Nonforestry Vegetation Control 
4. Landscape and Garden Pest Abatement 
5. Structural Pest Abatement 
6. Mosquito Abatement 

WORK EXPERIENCE: 

1972-present Graduate  S t u d e n t  and Research  A s s i s t a n t .  Pestology 
Centre, Department of Biological Sciences, Simon Fraser 
University. Survey of insect parasites of the larch 
casebearer in B.C. for the Department of the Environment; 
with the degree of parasitism in relation to location 
within a plot, casebearer density, tree height, and 
density of alternate hosts. 

Responsibilities: Planning and leading field work; col- 
lection, preparation, and species identification of 
insect parasites; supervision of six technicians, five 
at once. 

Research  A s s i s t a n t .  Pestology Centre, Department of 
Biological Sciences, Simon Fraser University. Bark and 
ambrosia beetle biology, rearing, and sexing. Pheromone 
bioassays. Insect histology. Antenna1 morphology of 
parasitic Hymenoptera. 

Research  A s s i s t a n t .  Pestology Centre, Department of 
Biological Sciences, Simon Fraser University. Insect 
identification. 

F i e l d  Researcher .  Labatt ' s Fraser River Project . 
Vancouver, B.C. Interviewed companies about pollution 
problems. 

S t r a i g h t e n e r .  Western Canada Steel, Vancouver, B.C. 
Steel processing. 

S a n i t a r y  Eng ineer .  H .  R. MacMillan Planetarium, Van- 
couver, B.C. Responsible for building's appearance. 



RESEARCH PUBLICATIONS: 

J. H. Borden, G. E. Miller and J. V. Richerson. 1973. 
A possible new sensillum on the antennae of Itoplectis 
conquisitor (Hymenoptera: Ichneurnonidae). Can. Ent. 105: 
1363-1367. 

G. E. Miller and T. Pinlayson. 1974. Native parasites of 
the larch casebearer, Coleophora laricella (Lepidoptera: 
Coleophoridae) in the West Kootenay area of British 
Columbia. J. ent. Soc. Brit. Columb. 71:14-21. 

R. B. Ryan, W. E. Bousfield, G. E. Miller and T. 
Finlayson. 1974. Presence of Chrysocharis laricinellae, 
a parasite of the larch casebearer in the Pacific North- 
west. J. econ. Ent. 67:805. 

TEACHING EXPERIENCE : 

Teaching Assistant in the following courses: 
1. Insect Biology 73-3 
2. Plant Ecology 72-3 
3. Population Dynamics 74-1 
4. Introductory Biology 73-1, 75-1 

MEMBERSHIPS : 

Entomological Society of Canada 
Entomological Society of America 
Entomological Society of British Columbia 

PROFESSIONAL CONFERENCES ATTENDED: 

1975 Entomological Society of British Columbia 

1973 Western Forest Insect Workshop, Tucson, Arizona 

1972 Joint Meeting of the Entomological Society of America, 
Pacific Branch and the Entomological Society of British 
Columbia, Victoria, B.C. 

NON-ACADEMIC ACTIVITIES: 

University: 
1973 Graduate Student Representative on the Department Under- 

graduate Curriculum Committee 

Community: 
1975 Coach of boy's football team 
1974 Coach of boy's baseball and football teams. 
1973 Coach of boy's soccer team 

Hobbies : Volleyball, Floor Hockey, Tennis, Other Sports, Photo- 
graphy 



REFERENCES : 

Pro fe s so r  T.  F in layson ,  Professor .  
Pestology Cent re ,  Department of  ~ i o l o g i c a l  Sc iences ,  
Simon F r a s e r  Univers i ty ,  Burnaby, B.C., Canada V5A 1S6 

D r .  J. H. Borden, Professor .  Pestology Cent re ,  
Department o f  B io log ica l  Sc iences ,  Simon F r a s e r  Univer- 
s i t y ,  Burnaby, B.C. ,  Canada V5A 1S6 

D r .  B. P. Beirne,  P ro fe s so r  and Director, Pestology 
Cent re ,  Department of  B io log ica l  Sc iences ,  Simon F r a s e r  
Univers i ty ,  Burnaby, B.C., Canada V5A 1S6 


