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\\ ' ith io ur iu sco u s lo ng itudina l lin cs 
intcrrupted o n ca ch segmc nt IJ~ ' th e 
g ro und co lo ur. t hu s g i\' in g t hc appca r ­
ance ()f a cha in of c!;\ shes, 

Pupa. T' upa t inn :i1JOln Jl!nc 1st. 
LC ll gt h 7 111 Ill. x 2,5 111 III '. 1I;;rk IJrIl\\'n 
in cn illur. Cl'cmastcr c(>11 s ist in g' <>i t\\'" 
dive r g ing' s li g h t ly cun'cd sp in~s, SOllle 
uf th c Iarva c heca m c sluggish and 
li st less durin g th c close of t he la st 
in stal', a nd ia il ed to pu pa te: o n!\- a 
sl11a ll pe r cc n tagc o f th nsc hatc hcd 
r each ed t h e pupal stagc , "(0 cilcoon 
w as fo rm cd, t he larva e I11 c rc l.', c reep­
ing und e r d ehris o r hc t\\'c cn o ld lea vc s 
;ll1d pupa tin g- aftcr ly in g' (Iui cscc n t f<>r 
a clay o r t\\'O , 

Remarks. Frll 11l the easc with 
" 'hi ch Eplilhoe p/ebeCli /c1/a feel a nd thriv ­
ed.Gulllllll aPil/'I/I !! is c\' ide n t ly a pe rfect-
1\, S;!t is l ;ll'ln r\' iood p lant. At a ll 
t'i1l1cS the hr v;lc \\' e r c vi go ro u s and 
tlll'rc \\'crc n() d ca th s, Ellphyia /artea/a, 

(In the ot hc r ha nd. \\'hi lc rea dil v tak ­
in g' li) 11i 0/l/I'/ ;ll1d in fact r efu sin g o ther 
pl;!nts (I/Tcrcd . did not thrive in t he 
Jin ;tl SUtgcs. a hin t t h:1t so m e thing was 
\\To n g'. I'oss ih lv th e foo d p lant ,va s 
t()O s~l ccu l c n t, n r' in na ture th ey chan g­
ed to Slll11C o t her spccies of plant. 
Fu turc inv cs tigations Illav clea r the 
11la t t c r up . 
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Fro111 19-+9 to 1953 th e s tat uscs of 
thc parasites a nd preda to r s int rodu ccd 
into Brit ish Colu mbia to :li<l ill t he 
con trol o f 11 in sect pes t s \\'e rc ilw est i­
g ated. The m e t hod s u se d \\'c re ma in l)' 
em piri cal hcca u sc 111 0 l' e accu rate 
method s arc not kno\\'n , The v a lue 
o f it pa ra sit e wa s dete rmin ed hy it s 
abi li ty to pnw id e co mm c rc ia l CO lltrn l 
o ve r a lon g' period , in cludin g in terva ls 
of host abunda n cc and sca r cit \'. A ll 
bio logica l contro l pro jccts ill 'nri t ish 
Colu mbia have bc c n s t arted du r in g 
pe riod s of hos t ahund a n cc , Spccics 
that ha\'c rcduced th c host pnpu lat i( )n s 
to and mai n ta in ed t hem at cco no mi c 
lcvels fo r 14 year s o r m o r c a rc cla ssed 
as effcct ivc contro l age nt s . 

Thi s a rbitran' m ethod of e\';t!1.1 :1t ill g 
pa r asites has 11lan~' wcak n esses. COI11 -

m e rcia l C(Jllt rn l call he ac hiev cd ;1 t 
\\' id ch ' d iffer cnt host po pulati o n Ic ve ls . 
e,g .. a popu 1a ti o n up to 10.000 0 f a 
le ca n ium sca lc o r 1,000 of larch sa\\'­
fh' la r vae pe r trcc \\'ou ld not be 

1 C Olltribll ti o n :\'0. ~ l G5 , Fnt n l llo ingy Ilj \' j"j n n , 
Scirnce ~e \'\' i ce, Depa rtm ent 01 .\ gTiClItturl', ( )1 t :l \\ "' t. 

Ca n a d :l . 
':? .-\ gr ic tlltllrai ]{ t':'t.'arch Offirt· r. 

c('(m()1ll i ca ll~ ' i1llpo r tant , but 100 cod ­
lin g m(Jt h I:tr \,<lC p e r trec w o uld b e . 

]n t hi s p:1]ler. pe rce n tage pa rasit is m 
docs /l0/ in d ic;ll c the effect ive n es s of a 
p;lra sit c spcc ies. hut is u sed t o incli ­
catc t he re lativc llumhe r s of thc va.r i­
(J\1S s pccic s th at attack the same host 
o r to indicatc th e numhe r s of a para ­
s it c .in r e lat io 11 lo thosc of its h ost:. 
Th c n U1lle ri ca l rc lation ship betwee n 
t he paras it c and host popula t ion s 
necessa n ' fo r C0 1111ll e r cia 1 contro l 
\'a ri es g ;' ca tl y a nd is dcpcnd ent upon 
the effcct i\' cncss of oth c r m o rta li ty 
[; tc lllrs . 

Apple Mealybug, Phenacoccus aceris 
(Sign.) 

Th c app lc mca lyh ug', PiJenc1COrCllJ aceris 
(Si;:'I1.), \\':is di sco \crcd in Briti sh Col-
11 1l1ili;1 in 1<) 1:) a nd h\' 193 :i \\a s causin g­
~c rillU s l11 c' ,n vc ni e ;lcc t() th e irui t 
QT()\\'C rs in thc j(()()[c na\' Vall e\' , Th c 
~"lTeli() n ir()111 th e in sects pro m o t ed 
the g r ()w th o f a sooty fung-us that 
rend e red th e i ruit un sa lab le unle ss 
\\';l shcd, 

Fn)11l 193x t( ) 19-+3 c'.]uni cs o f Allo/ , 
10 f t/ /I/I/IS :'I fucs, t()t; lllin g- 6.602 adu lts 
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were r e leased at 11 se lected points 
throughout the infested a r ea. By 1943 
this parasite had become \ve ll estab­
li shed. ]n 1944 and 1945, fo ur co loni es 
cO ll1pri sing' 4,5-1-9 indivi dua ls obta in ed 
at the o riginal release points 'we re re­
leased in the K oo tena\' Va ll e\' . In 19-+8 
a co lony of 133 ad ults 'was re leased in 
a small ' a r ea uf infestati o n near 1<.O\·a l 
Oak on Vanc()uver Is land . . 

The apple mealybug' has been co n ­
trolle(! ll\' A. 1ItiiiJ in the Koot e n;]\" 
Va ll ev siil ce 1943 a nd o n VanCOu\·C'r 
{s la n(! sin ce 1949. j \ n important 
factor in the effect iveness of A. !lti/is 
is i ts ~l bilitv to survi\'e spnvs of 
dormant o il 'lime-sulphur \y h e 'r cas 
m a ny o f the apple me;] lybugs ;] re 
killed b v thi s treatment. \ t\1 hen the 
spray is'appli ed, A. !ltiliJ is in t he pup;]1 
st;]ge and is protected by t he mumll1 i­
fie d remai n s o f the host , in \\'hi ch it 
pupa tes. 

Marsha ll (1953) stated that A. !It//iJ 
mu st he o ne o f the outsta ndin g ex­
amples in Ca nada of bi ologica l co n tro l 
b~' an introdu ced p;] ras i te . 

Codling Moth, Carpocapsa 
pomonella (L.) 

The c o d 1 i n g 111 o th, Carpocapsa 
pOlilonella (L.), \va s fl rst reported on 
Vancouve l- Tsland ill 1900 and in the 
in te l-io l- of British Columbia in ]90.;. 
The menace of t hi s pest to the fruit 
indu st 1-y was recogni zed ;It ;1n early 
date and rigorous e radi cat io n r eg'u1a­
tions are credited hy ::\'hrsha ll ( 1952) 
wit h pre vent in g se ri ous losses unti l 
the r egulat ions were relaxed in ]925. 
D uring the n ext 20 years th e codlin g­
moth in creased in destructiveness. 
S ince ] 945 the use of DDT ;]nd the 
de\'e lopme n t of mo re efficie n t sp ray 
eq uipm ent hav e co ntroll ed t he cod ling 
moth in com mercia 1 o r cha rd s (i\f as­
shall. 1953). The g'ene ra! use of DDT 
is helieved to he responsihle for the 
npic1 in cre ;\se in o r cha rd Illite 
populations and for thi s reason s\1hst i­
tute in sec ticides are he in g sO \1 g h t . 

Biol()gica l control of t he cod ling' 
moth \\';\S attempted thrntlgh the in'-
11'ndUd io n oj three species o f ]1;]1';] ­

s ites: A.rrogaster qlladridellftlta \ Ves 111 .. 
Ephia!t.er calldatlls ( Rat z.), and CryptllS 
.rexal7ttlatll~r Grav. Stoc k o f A. Cjlladriden-

lata was obtained in Ontario and propa­
ga ted at the Entomo logy Laboratory, 
BellC\'i ll e, Ontari o . A t ota l of 50,800, 
in co loni es of 29 1 t o 33,250 individua ls, 
\I'ere released at \'ario us points 
thro ugho ut the Oka n aga n Valley in 
1934, 1935, 1936, 1937, and 1939. A . 
(j1laciricientata became es tab li shed but it s 
num bers ha ve no t ye t increased 
suffic ientl y to affect the cod ling m oth 
PO])ula tion. 

Sma ll numbers o f E. ralldallls and 
C. SeXallll1l/at!IS \Vere im po rted from 
France a nd both specie s \\-'e r e pro pa­
g'ated at the Be ll evill e laborato ry. 
Co loni es of 54 a nd 4, 199 adults of E. 
cdlldatlls \\'e re 1'eleased in the Okanagan 
V;t1 1ey in 1942 and 1946, r espectively. 
('( do ni es tota lling 3,030 of C. sexall ­
IIII/atlll' w e re rel eased at six points in 
th e interi o r of Brit ish Columbia in 
19-1-1. 1946, and 1947. N ei t he r species 
ha s heen recovered. Th e sear ch fo r 
e lTec tiYe pa ras it es o f the codling m oth 
is con t inuing . 

European Earwig, F orficula 
auricularia L. 

The E u ropea n ea rwig', ForjiCliia ami­
(II/aria L , was first r epo rted from Brit­
ish Colu mhia in 1916. In 1929 Buckell 
r el)(l rt ed that o n t he Pacifi C coast th e 
]':{lJ'opcan ea rwi g- hac! b eco me firm ly 
cst;t1, li shed a nd \\'as a se ri ou s ga rden 
and household pes t. 

Small co l()n ies of Bigollicheta setipennis 
(Fa ll. ) obta in ed fro m E ng land a nd re­
leased at :\ew Westm inster between 
19~8 and 193 1 did not g ive ev idence of 
he co ming estahli shed. Tn 1933 breed ­
ing stock of this parasite was obtained 
from the City of Portland . Oregon. 
!'-]'o re than a qua r te r of a milli on para ­
sites were pro p;] gate d at the Divisiona l 
la hor;l torv a t V i cto ri a and were re­
leased at'se lected poi nt s from 1934 to 
]Q39. 

B. Jet ijJelillis became estahli shed a nd 
in 19-.J.S seventy per cent. pa ra siti sm 
was reco rded in Va ncoU\'e r b v 
Spencer (1947) . Tn 1951. the r ange 
o i jl;] 1'asitis1l1 at seve n wic1eh' sepa rat­
ed po in ts o n V;]l1 CO\1Ve r Tsland was 
{rolll 10.9 to SO.O per ce nt. : a t 10 o n 
th e l11ainLtnd. fr o l11 1.6 to 30.4 pe r ce nt. 
Further <l ata o n the par;]sitisl11 in the 
Yancouv e r area were oht;]inec1 when 
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m a ss co ll ections of the earwigs ,,,ere 
rea red t o ob ta in B. setipennis fo r tran s­
fe r t o othe r infested a reas in Canada , 
Th e numbe rs of B. setipeJlJlis a ne! o f r. 
alll'iCtllal'ia a nd the pe rce n tage lJarasiti sm 
fo r collections m ade in 1950, 1951. ,I nd 
1952 were res pe cti veIl' : 6.21 1, 52,500, 
and 11.8 ; 8,097, 42,800; and 18,9; 7.669, 
71 ,300, and 10.8. 

B. setipenllis is the onl y pa ra sit e Ih ;lt 
h as been rea red f rom th e E urope;l n 
earwig in B riti sh Colum bia <lnd is ;1 

m ore important co nt ro l fa cto r tha n 
preda to rs o r disea se. One uf the 11l 0st 
important predato rs is a ca rab id . 
Feronia meianaria Ill. S pide rs h;t ve been 
obser ved fee din g 0 11 t he ea rwi g', 
The common house spider, Paras/ea/oda 
tepidariorll111 (C. L. l(och ) , is a n e ffi cie nt 
preda to r o f a rbo rea l ea rwi gs , 

B, se/ipel/Ilis pu pa ri a are parasit ized 
by a pteromalid, Dibraehys sp. Dibrachp 
Ca1'l1S W lkr. was repo rted by Tholllp­
son (1943) as a parasite of B. se/ipelliliJ 
in E ng land ; but Dr. O. Peck, Ento­
m ology Divi sion, Otta \\'a , ,\' ho exa m ­
ined specim ens reared from B. se/i­
pennis in Briti sh Colu mbia , report ed 
( in litt. ) t ha t th ese secondari es 
throug h B. JetipeJIJlis arc di s tan t fro111 
D. ~at'!ls a nd presum ably o f a l1 e\\­
specIes, 

B. setipeJllzis is no t numerous enoug h 
to control th e ear wig, but \\' it h o ther 
control age nts it has preven ted t he 
cal-wig fr0 111 beco ming' a m aj o r in se ct 
pest in B riti sh Columbi a , 

Lecanium Scales 
T he id en t it ies o f lecanium sca les in 

nri t ish Co luIll bia a re obscure, It is 
beli eved that the re is a mi xed popula ­
t ion o f t\\'O o r more species, includin g 
th e E uropean fruit leca nium. Lecanimll 
COl'lli Bouche, ;1l1el th e haz el nut scale, 
L. cOl'yli (L ) , bot h of ,vhi ch \\'ere in ­
troduced acc identa ll y frOlll E urope . 
Glend ennin g (1933) sta terl that sin ce 
1925 the leca niulll sca le had bee n one 
of t he most destr ll ct i\'e in sects in t he 
coast region of Briti sh Columhia. A 
colon v of 263 adult s of Blasloth rix 
Jeriee; (Dalm, ), oh ta in ed fro m E IH,,,'lanc1 . 
\va s r elea sed in 1928; ;\nd tll'll coloni es 
t()ta llin g' 779 adu lt s \I 'e re released ill 
1929, Glend e nnin g ( loc. cit.) r eported 
th a t the colonies o f B, Jericea relea sed 

in 1928 a nd 1929 be came established 
and by 1932 had spread ove r the en ­
t ire area o f in fe station, which a t that 
tim e was 200 sq ua re miles. The num ­
be r of scale s per foot o f twig w a s re ­
dll ced frul1l an a\'e rage uf 35 in 1930 to 
;t llla ximum ()f two in 1932. The para ­
siti sm u f th e few adult scal es present 
in 1932 ranged i rUIll 90 t o 100 per cent. 
J .eca nium scale s have no t since been 
u f eC() I)(lIni c importa nce in British Col­
umhi a. 

Cb use n ( 19SI ) p ruposed th e th eor y 
that a " full y" effec ti ve pa ra site wou ld 
ac hi eve cOlltr,,1 a t t he coloni zation 
p()int s within three h()st generations 
(Jr within three yea rs a fter the para­
sites are re leased, l-:lc assum ed that 
certain requirement s had been met , 
and in cluded in th e li st " that releases 
\\'e re sv nchroniz ecl with the time of 
allllnda;l ce o f th e preferred host 
s ta ges." Th e cul() ni es o f B. sericea tha t 
\\' e re in t n )du ced int() B ritish Columbia 
I\'e re released fro m Jun e 24 to Jul y 27, 
' I'h c n th e host is in th e egg o r ea rl y 
" cra wler" stage a nd is not suitable 
for paras itism, Gra ham and Prebble 
(1953) s tated t hat in southwes tern 
British Colum uia th e first-gen eration 
eggs o f B. ,rerirea w e re never found in 
t he nympha l sca le s ea rlier tha n Sep­
tembe r 18, alth ough ad ults of B. serieea 
eme rged from th e full v fo rm ed female 
sca les in the latter h ,i lf o f June, and 
th e young scale crawl e rs were on the 
f()li age h o m ca rl y June o n wa nls; 
t he l-e was thu s an inte rval of m ore 
than two m onth s when the paras ite 
wa s apparent ly not associated with 
t he scale, Investi gations by the 
a uth o r in 1952 a nd 1953 confirmed 
th ese findings. It 'was a lso found that 
B, J,grirea fem a les of th e summer ge n­
e ration do no t hecom e sexually m a ture 
until sho rtl y before ovipos ition occurs, 
ill late Sept e mbe r, Thi s is an example , 
t he refo re. of a n introdu cecl pa rasite 
havin g cont roll ed a host with in three 
~-ea r s a lth oug h it s r elease was not 
s \'ll chronized wi th th e timc of abunc\ ­
,,;lce r)f th e pre fe rred host stage. 

Th e simu ltaneous in crease in the 
pUfju!at iun ()f B. Jerieea a nd decrease in 
th ;lt (Ii L. coryli reached its climax in 
193 1 and \\'as 'fo llowed by a long perioel 
o f 10\\- host populati on. Durin g their 
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investigatio n , from 1941 to 19-1-5 , 
Graham a nd Prebblc ( lac . cit. ) io und 
that a lth ough th e L. cory!i infest:Jt io l1 
hacl remained at a low level i t h :J d 
spread about 70 mil es eas tward o n 
bo th sides o f th e Fraser Ri\·c r. Tt 
had also spread w est'v\"ard tn Van ­
couve r Island, wh e r e i t wa s \y c ll cstah ­
lish ed in the V ic to ria distri ct. ]\\. 1951 
it had spr ead northwa rd on V;ln cnuve r 
Island t o the Saan ish P enin s ula. B. 
sel'icea ha s foll owed it s hos t t n a ll the 
new area s of infes tati on. 

Spiders in th e fie ld ;l1ld Eun1pean 
earwigs in th e labo rat o ry h ;IV C hcc n 
observed feeding on L. comi, but pre­
dato r s a rc not be li eve d to hc a n im ­
po rta n t contro l fac to r. 1\ fc \\' spec i­
mens of ;1 na ti\"c parasite. A ph)'CIIs sp. 
near kincaid; Timh .. have hee n ohtain ­
ed from seve ral th()u sancl sca les r ca r ed 
in th c lahoratory . \In second a ry pa r ;l ­
sites o f B. sericea hav e bee n rearecl. 
Alth()ugh recent inves tigati()ns h;l\c 
shown that th e r e is se ld o m m o re tha n 
40 per cent para s it ism of th c ovcr­
winte ring scale popu lat ion , thi s addi ­
tion a l m o rtali tv fa c to!' is prohabl\- re ­
sponsibl e f()r th e co ntinu cd 10 \\ ' 'l nc l 
of th e lecani um sca le populati o n in 
Briti sh Columbi a. 

Greenhouse Whitefly, Trialeurodes 
vaporariorum (Westw.) 

Th c g r ce nhou se \\'hitefly, Tria!e/lrode.r 
z'aporari011l1ll ( \Vestw.), ha s bee1l a pcs t 
of many g ree nho use crops s in ce i t \\'as 
first repo rted in Hriti sh Colum hia in 
1907. W ith th e de \'e lopmcnt () j il1( ,re 
effici ent and economic;l l fUllli g'at io ll 
mate rial am! equipmcnt, 11l;ln\' g r'O\\'c r s 
have been ablc t o con tro l thc \\ ,hit e ­
fl v witho ut se ri ous difficult\,. Other 
growers , wh ose grcenh o uses a rc un ­
suitable for effect i\'c fumi gat io n o r 
who produ ce crops th;\t are eas il~' in ­
jured by fumigants. h;lve u sed the 
parasite E17carsia for1l70J'/ Ga ha n e:o;: ten ­
s ive ly . 

Tn' B riti sh Columhi a E. [o ,.lIIoJa was 
first used s uccessfu ll y in g-rccnho l1 ses 
in 1934 : a nd for 20 yea r s h o m 100.000 
to 475 ,000 of thes c p':Jr:Jsites. propa gat ­
ed at t he Dellevill e. Ontario . labo ra­
tory, have heen ship ped a n1111 :1 11\- (Ill 

reque s t t o gTee nh o l1 ses :llltl con se r va ­
tories in Dritish Colulllbia . It is neces­
sarv to recol o ni ze E. fOl"lIloJa e:Jch ye:Jr 

bccause o t t hc il1 cthod s o f ha ndling 
g- r ec nh o use-grow l1 c rops. 

J mprO\'ed m et hod s o f pro paga ting 
;l lld shipping E. fOJ"1l7 oJa havc heen c1e ­
vc l('ped a nd th c optimum Ilumh e r o f 
th e pa ra s itcs r equircd fo r sa ti s[ac t o r~' 
cfJ n t ro l ma\' bc calculatcd f ro m the 
s izc o t g ree nh o u sc, thc c ro ps g rown, 
th e dcgree 0 1 infestation , a ncl tbc t em ­
pcr;lture at which the g rccnh ouse is 
m a intain ed C\I cL cod, 1936) . 

Holly Leaf Miner, Phytomyza ilicis 
(Curt.) 

Th e ho ll\- lea f min e r , Ph)'lolII)'za ilicis 
(CurL ), w ;;s ;lcc icl c nta ll y introdu ced in ­
to nriti sh C ,]umhi a 'with impo rted 
lllir se n ' s tock. a nd In ' 193 1 it was 
c; lu s in g' consid c rable injury :J ncl was 
\\·id eh · di s tribut cd o ver the ho11 v-
gTo \\·fng· area (Do \\"nes , 1931). ' 

Fi\·c specie s ()t par;lsitcs \\'e re im -
1" ,rte([ from E ng lanel a nd co lo nies 
\\"C rc r e leased n n Va n cou vc r Tsla nd 
iru lll 1936 tu 1938 a nd on t hc m a inl a nd 
in 1939 as fo ll o \\'s:-

\"all C0 U\'cr :- raill ' 
hl:tnd land 

Cbl) ro..iJdli r p~ IIIIII" ( \\'Ik'.) J.J.,5n-t 11.393 
Cb,pOC/;.I, i l '< ),11/(/ \ \l lkr. 1.97i' 179 
CyriogJ l/er mlg,ni l \ \' I kr. 2.227 -t71 
O/Jill ' ilici .. :\ i"o)) 33 10 
S/, h ,·gig.I' l er fI.1l iCM lli , '\ \ ' Ik r . n .. I,;() 852 

0 11 Vall cn UV CI' rslaud the first re ­
('( )\, c rl e s \\' e r c n hta in ed 111 1940 
( J} I>\\'ncs ;lIld .\Ildi so ll, 19-1-1) . C. 
g elllll!a \\';IS ohtain cd in large numhers 
at nll C ll t t hc rc leasc po int s and " a 
sur ve:-' of th c pla n tat ion rC\'ca led the 
f;lc t that ;lpp r o:o;: ill1at e l~ ' 80 pe r cent 
of all Phy/olli)'za min es \\'e re parasi­
li /.ed." O. I/icis \ \'as a lso establi shed in 
19-10, alt h() ug h no recove ri es had been 
(liJtaillcd in 1938 fro m th e cagcd tree 
()n \\'hich 33 inc1il' idua ls \\'erc rcleasee! 
ill 1937. 

Frnlll 19-1-9 t () 1953, co ll ect io ns from 
\f;I Il COl1Ve r Ts land a ile! th e mainland 
y ie ld cd spec ill1 e ns o f a ll spccies th a t 
h ;lc1 hee ll r e leased except C. .f)'lIla. but 
C. ge!/l lllcl \\'as rccove red (lnh' 0 11 Va n ­
('()u ve r Tsbn (! :1 nc1 C. l'itlgariJ only on 
th e 1ll;lillhllc1. T he perce nta ge para ­
si ti sm irolll the sc ('() llecli()n s was no t 
s() h ig h as th a t r epo rt ed 1)\, D()\\"ncs 
an d J\lldi s() 1l (Inc. cit.) . the hi g hest 
l) e ill g' 60 ;l lld the ;l\'e rag-c a ho ut 30 
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on I)o th Y :l ll cu u vc r TsLlnd :lllli t hc 
mainlan d , O n \ ~a n c() u\ ' c r i s lalld C. 
gelilliitl w a s r cspotls i i)1e i(J!' 111(1 re t han 
90 pe r cen t () f t h c pa r a sit isill ;1lld a ll 
th c ma inl a nd O. iliris W;IS r espon sib le 
for 80 to 90 per cen t. S. jla"icomis, a l­
tho ug h p resc ll t in h"lh ;lrca s, \\'a s of 
mino r im po r tance, 

It is remarkable t ha t O. ilicis a ttain­
ed it s present statu s 0 11 t he main land 
as th e o ri g inal co lu ny cUll sisted of 
o nh' iuur m:dcs and s ix tC1l1; ti es. T hi s 
spc'cic s is a re la tive ly unim po r ta nt 
paras itc uf t hc ho ll y Ie! f mine r in 
E ngland; Camero n (1939) stated that 
it was a r a re species a nd t hat o nl y 0.3 
pe r cenl of t hc 111 ines\\c rc attClckerl 
1)\, i t. 

~o native pa r :l s il es \\'e rc rea red 
f rom the h o ll y leaf miner during thi s 
inv est igation; bu t se \era l specim ens 
of C. l'Idgaris were n~; l rcd [ ro m a nat ive 
s pecies of grass Icaf mi ne r, Phyloll7pza 
nigra Mg" \\'hi ch has ;l)lpa rcntl : ' been 
adopt ed as a n altern a te ho st. 

Th e u sefuln css o f th ese parasite 
species is d iffic ul t t o eva luate. The 
holl" bud 111 ot h . the st raw be r ry root 
w ee'vil , a nd t he black ,inc w ccvi'l of tcn 
r equire chc mi ca l treatment fo r their 
contro l in comme r cial ho lly planta­
tio ns. a nd thcse treatmcnts a lso con­
tro l the ho ll v leaf m ine r. IIowever, 
t hc re a re th~usands of holl y trees in 
() rn amc n tal plant in g s in the' a rea a nd 
fe \\' uf thesc r ece i, c chc mi ca l treat­
ll1 cn t. Thc in t roduccd parasites un ­
dUl1b led h ' c( 'ntriiJut c m;lteria lh' t o th e 
co n tro l of the holl : ' lea f m in e r' in s uch 
p l:in tings. 

Larch Sawfly, Pristiphora erichsonii 
(Htg.) 

In Dri t ish Colu mbia th e larch sa \\' ­
fl y , Prisli phortl erichso llii (lItg-.), 'was 
fir st repo rt ed in 1930 (Hoppi ng, Leech, 
and Mo rg; l11 , 19-1-3), I n 1933 cocoon 
samples ,\'ere (,iJtaincd a nclno cv id cncc 
(,t p;lras iti s Jl1 \\'as i()l1lHl. Coloni es of 
pa r;ls it es , \'e re introdu ced in 1934, 1935, 
1936. 194 1, a nd 19-1-2, The larch saw­
flv infcstat io n s ta rt ed nea r Fe rni e, in 
tJ;e so u theastcrn part o f the province . 
a nd spread westward. T he pa ras ite 
r e lcascs in 19-1-1 a nc! 1942 \ye rc mad c 
o n the \\estern f ringe of t he infesta­
ti n n tn ha stc n establi shm ent of t he 

pa r;ls iles ovc r thc c n t ire area of m­
Je s ta t ion. 

Threc spcc ies of parasitcs were re­
le: lsed as fo llo ws :-Bessa harveyi Tns. 
( = Jeiecta Mg, of A merican authors): 
1942, 5,995; M esoleitls tenth"edinis M o r­
ley: 1934, 673; 1935, 2,196; 1936, 781; 
1941,624; 1942,702; Z enillia nox Hall.: 
1935 , 1,265. 

M. lelllhretiilliJ bcca mc established 
and in crea sed r apid ly. B. harvey; be­
Cl111 e estab li shed. but has not increas­
ed c no ug h t ll be of economic im­
por t:l11 cc . Z . JIOX has not been recov­
c reel. 

TrilnepliJ kllfgii (Ratz,) , a E uropean 
spec ies t ha t was no t r e leased , has 
a lso hec'I111C es ta hlished. This speeies 
m ay ha vc sp r cad into B ritish Colum­
hi;l from con t iguo us a reas o f larch 
sa\\' fl v in festat io n in Monta na. The 
uscfu'lness ,)f T. klNgii is d oubtful be ­
cau sc it (,\ ipos it s in la rch sawfly co­
en 'Jl1 S indiscr iminate ly and des'troys 
m a ll\C of the host larvae that have al­
rcac(\-' bcen pa ra sitized b y M. tenthre­
clllli,f. 

Spccim en s of Ellclasys (Endasp) sp. 
a nd Elfceros sp. have been r ea red from 
111 ;155 co ll ect ions of la rch sawflv co­
cuo ns. Both a r e h y pe rpa rasites 'of M. 
lellthrediJlis, !Jut ne ithe r species is 
a!Jundant e nough to be of economic 
im portance. 

i\ t no tim e s ince it became estab­
li shed in Brit ish Columbi a has the 
la r ch saw ny r cached o utbrea k propor­
tions cxcept in small , iso lated a reas. 
T hc popul a tio n in each of the h eavily 
infestcd a reas fo r w hi ch there are 
r e l' o rds beca me h eav ily parasitized b y 
,H. lelllhl'edillis a nd sub sid ed without 
se ri o us injury to the trees. 

F r' J1T1 1948 to 195 1 sample s o f la rch 
sawH v cocoon s were ob tained from a 
I() c;t li ~ed infes tation and were dissect­
ed t() deter minc the degree of parasit­
ism a llclm o rtality . Th e results (Table 
J) sho\\'cd that a large part of the 
Il Hl rt a li ty during t hi s period was due 
to pa ra si tism by M. tenthredinis. In 
1952 a nd 1953 t he la rch sawfly popula ­
tio n had dropped to such a low level 
that i t was imprClctical t o collect 
c()c()()ns t (, dete rmine t he degree of 
p.1]'a sit is 111. 
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TABLE I 

Mortalities and parasitism of larch sawfly larvae in cocoons. 
in, British Columbia, 1948 to 1951 

1948 1949 1950 1951 

Condition o f Larvac 
NlI lll - Per N lIlll- Pcr N tIIll- I Per I N tII1l- I PC I' 

ber Ccn t. bcr CCIl t. ber Cc n t. ber Ce n t. 

Cocoons disscc ted 1,500 100 536 100 -WI 100 J,200 iOt) 
D ead 248 16.5 -'1O 7 .. 1 53 12.0 102 8.4 
Parasi tiz ecl by .'vi. tel1thrediJlis 829 66.2* 305 61.5" 21:l 5-'1.9* 747 68.0* 
Pa rasiti zed by T. k/1I,~ii 10 .8* 23 4.6* ~ 1.3* 7 .7* 
Livin g- 413 27.S 168 31.3 170 38.:· 344 23. 7 

._----
" Based 0 11 numb cr o f li vin g lar,' h s a\\'f~l y Ltrva e. 

Oystershell Scale, 
Lepidosaphes ulmi (L.) 

The oys te rshell scale, L epidosaphes 
1Ilmi (L.), has been a pes t of fruit and 
othe r deciduous trees in Brit ish Col­
umbia for at least SO yea r s. Tn 1914 
Treherne included it among the more 
important pests of the lower Fraser 
Va ll ey. The oyste rshell sca le is not 
ll O W an important pest in co mm ercial 
o rchards, as it is ke pt uncl e I' contro l 
by the regular spray sched ul e fo r 
o thel- pests . However, co mm e rcial 
o rcha rds a re continu a lly subj ect to 
re in festation h om in fested wi ld hnst 
plan t s. 

T he introduct ion o f the preda cious 
mite H emisarcoptes maillS (Shimel-) in 
1917 m a rked the first attempt in Brit­
iss h Colu mbia to control insect pests 
through their natura l enemi es. Colon­
ies t otalling app roximate ly 1,000 of 
H . malus were released at one point 
on Vancouver Is land, two points in th e 
Fraser Vall ey, ancl one point in the 
Okanagan Va lley. Glenden ning (193 1) 
reported that at Agass iz and Ve rnon 
the mite survived. and und e r ce rtain 
condi tions effected excellent con trol. 

Recent investiga ti ons by the autho r 
have shown that H . maillS is now wide­
Iv distributed in British Colu mbia. The 
population of this spe cies was great ly 
r ed u ced during the winter o f 1949-50, 
when the temperature dropped below 
- 30° F. at many poi n ts in the interio r 
o f t he province. It is known, however, 
that H. maillS has at tim es been an im­
po rt a n t control factor. 

Pea Moth, Laspeyresia nigricana 
Steph. 

Th e pea Ill o th , LaJPeyreJia Iligricana 
S teph .. wa s Ilrs t r epo rted from British 
Colulllbia in 1933. :I t soon became a 
se ri ous pes t in the Fraser Vall e ,· 
vI ' he re 1110st of the ca nni llo' peas ;t ~ 
l\riti sh Colu lllbia are gTolI'n.'" Wi shart 
(1947) stated that from 1934 un ti l 
1945 it in creased stead il v on Suma s 
Prairi e a nd in 1945 e i g l~ty pe t· ce nt 
(It the pods were infested. 

F our species (I{ parasites w e re im­
po r ted from E ng land and colonies 
lVel'e re leased fl' om 1937 to 1939 as f" l­
lo\\,s: A Jroga.rler qlladridelilala Wesll1 .. 
S.291; Glypla haesilalor Gra 1'., 1,543; 
J-[orogelle.r spp. , 35; Prisl (JJltemJ rlllneralor 
(1'a nz.), ,:;. A. quadridentala and G. 
haesilalor heca me establi shed and the 
1l11l11be l's increased rapidly. The per­
ce1ntage parasiti s lll was reported fo r 
t he re lease a rea by \\i ishart ( loc. cit .) 
fOt· 1941 , 1942, 1943, 1944, and 1945 as 
fo ll ow s: A. quadridenlala, 0.34, 1.24,7.59, 
10.80, a nd 76.39 ; C. haesitator, 0.14, 1.87, 
0.70. 3.00. a nd 3.74: tota l parasit ism , 
0.48, 3.11. 8.29, 13.80, and 80.13. H oro­
r;eneJ spp. a nd P. 1'ltlneralor ha\'e not 
heen recove red. 

In 1946 the pea moth in festat ion 
dropped from 80 to 35 per ce nt in the 
parasite re lease area. In that year an 
i III porta n t cha nge occurred i'n pea­
growing prac tices in the a rea. The 
growing of dried peas was discontin­
ued a nd only ca nning peas were grown 
cOlllm e rciall y. vVhen dried peas are 
produ ced, the crop is no t ha rvested 
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until after the pea moth larvae have 
left the infested pods and entered the 
s() il to pupate. \Vhen canning peas 
are produced, the crop is harvested 
hefore the pea m ot h larvae have com­
pleted their development and many of 
them are destroyed. The 45 per cent 
reduction in inie s tati on that occurred 
in 1946, however , could not ha ve been 
l';lused exclusively l)y this change ill 
cultural practice. io r an infestation oi 
76 per cent \I'as rec() rded in areas 
II"here the parasites h:Ld n()t 1ft be-
C<lme esta1Jli~he(1. -

Between 19-+7 and 1953 the popula ­
li,)J1 of the pea moth remained at an 
extremely I,)\\" le\'el in cultivated peas. 
In 1949, ()i 8.921 purls examinecl, 196 
"were infested; ill 1950, 1951 , 1952, and 
1953 the in fes ta tiun was less t ha none 
per cent. 

Yet there vvas a relative ly large 
jJupula tion ill festi ng wild host plants, 
the most fav()ured of which is a species 
I,f vetch, Vicia angllSlifolia L. Larvae 
in these plants were heavily parasi­
tized by the introduced parasites. Tn 
1951 , 61.6 per cent .of the larvae wel-e 
p;lrasitizecl, -+5.1 per cent bv A. qlladri­
Jenlala, 13.8 per cent by G. haesitator, 
;Lnd 2.7 per cent by undetermined Hy­
menoptera. 

The low population of recent years 
is prubabh- due in part to the abandon­
ment oi the production of dried peas. 
The introduced parasites A. qtradridell­
lala ;lnd G. hdesilalor are, h()wever, an 
imp()rtallt contributing factor. There 
are many th()usands of home gardens 
in the iniestati o n area. Til most 
~-anlens peas are grown and some are 
left to ripen. Although home gardens 
;lnd wild host plants are potential 
sources of infestation, infestatio ns in 
cultivated peas have heen extremely 
lig-ht and chemical control has heen 
unn ecessa ry. The high pe rcentage 
parasitism ill the wild host plants is 
pr()l);[hlv the most important factor 
in the c(Jntinued 1m\" p()pubtioll ()f the 
pest. 

Satin Moth, Stilpnotia salicis (L.) 
The satin moth, Stilpnolia salicis (1..). 

was first reported from British Col­
umbia in 1920. The infestation de­
veloped to serious proportions in the 

willow and cottonwood stands of the 
lower Fraser Valley (G lendenning, 
1931). Four species of parasites were 
introduced from New Brunswick and 
l\Jassachusetts between 1929 and 1934 
as fo llows: Apanteles solitaritis (Ratz.), 
1933, 737; COlllpsil"ra cOllcimlata (Mg.), 
1929 to 1934, 3,592; Ell ptelOmallls nidttl­
am (Thoms.) , 1933, 4,313; MeteorllS 
l enicolor ( \Nesm.), 1934, 520. 

All species except E. lIidtdam became 
established and A. solilaritls increased 
and spread rapidly. The infestation of 
the satin mot h abated and no wide­
spread outhreak has occurred since 
1934. In 1951 there was a light infes­
tation un two willow trees on the 
L' niversitv of British Columbia cam­
pus. Fro"m 259 satin moth larvae col­
lected from these trees, 50 adults of 
C. concinnala, 102 of iV!. t·.nsicolor, and 14 
of A. solitaritls were obtained the com­
bined parasitism was 64.1 I;er cent. 

The three species of introduced para­
sites were parasitized bv native sec­
ondary para si tes. Dfbrachys CatitlS 
\Vlkr. parasitized all three species and 
G·!!lis tmel/lIS ( Say) pa rasi tized j\1. 
t'ersirolor. However, these secondary 
parasites were not abundant enough 
to seriously affect the primary para­
sites. Although no species of native 
primary parasites have been reared 
from the satin moth during the pres­
ent investiga tions, Glendenning (1932) 
reported ha ving reared five species of 
Diptet-a and three o f Hymenoptera 
irt'l11 larvae and pupae. lIe stated 
that none of these native parasites had 
l)een noticed in recent vears and they 
c()llld nut be relied UPO;1 to check thi-s 
pest t() any appreciable extent. The 
introduced parasites have survived 
thrnugh an extended period of low 
h()st population and cuntinue to be 
e ffecti I'e c(ln tn,] agents. 

Woolly Apple Aphid, Eriosoma 
lanigerum (Hausm.) 

The elate when the woolly apnle 
aphid. ErioJOlIla lanigeruJII (I-Iausm.), be ­
C:Lme established in Dritish Columbia 
is l1()t known, but in 1914 Treherne in­
cluded it in a list of economicallv im ­
purtant insects in the lower Fraser 
Valley. Aphelimls mali (Hald.) is the 
most important parasite of the aphid 
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and has been introduced into m os t of 
t he countries where the latter occurs. 

A. mali was introduced from Ontario 
to the lower Fraser Valley in 1921 ami 
to the Okanagan Vall ey in 1929. Re­
purts on the introducti on, establish­
ment, and distribution of A. lIlali in th e 
O kanagan Valley "were given by Ven­
ables (1931, 1937). 

The past and pre se nt stat uses o f 
bo th the woolly apple aphid and its 
parasite A. mali have been succinctl\' 
sta ted (in litt .) hy Dr. J. Ma rshali , 
Officer-in -cha rge, En tunwlogy Labor­
ato ry, Summerland, ]\.c., as tulluw s: 
"Twenty- five years ago the ,,"o() lly 
apple aphid was the 1llust troublesomc: 
pest of the 13I-itish Columbi a apple in­
dustrv. It malfurmed the trees, smut­
ted the fruits , and made picking" 
hig hly unpleasant , and, ll1 ust im ­
purtant, its feeding wa s assnciated 
with the de\'e lopm e nt uf t he se riuu s 
iungus disease, perennial ca nke r. The 
fungal o rg'anism develups only in tis ­
sue that has been fed upon 1)\, wuollv 
aphids. With the eq uipm e nt o f th'e 
time, chemical control of th e aphid was 
unsatisfactory. Consequently, wurk 
was begun to establish biol ogica l cun­
t rnl, and it was accumplished ","ithin 
a few yea rs oy intl'odu ct ioll of the 
parasite Apheli17!1f IIltt/;, whi ch was in ­
troduced into the province thmugh the 
Entomology Laboratory, l1elleville. 
Ontario. The aphid became a minr,r 
pest and rem a ined so until DDT was 
generally used fn r codling nwth con ­
trol, in 1945. As DDT prov ed innocu­
o us to the aphid but toxic to the para ­
site, once again the aphid is a maiul' 
pest. Investigatio ns are to he uncler ­
ta ken tn re-es ta hlish the effect i veness 
of the parasite eithel' by suhstituting 
jor DDT in the apple spray schedule a 
chemical non-toxic to the parasite, or 
hv develnping a nDT-res is tant str;lin 
of the parasite." 

Discussion 

Introduced parasite s achiel'ed (lIll­

Ill e rcial control for 14 years or IT]{)re 
"I' five pest species, ~.e., the apple 
mealybug'. the larch sawAv , icc<lniulll 
scales. the pea l11uth. and th e satin 
m ot h. A sixth insect pest , the wo()li .l" 

apple aphid, was controlled for at least 
10 years, until DDT was used inr the 
control o f the codling moth. 

The times required fur the pa ras ites 
of these six insect pests to give e vi ­
dence of commercial control confo rm ­
ed, with olle exception, with Cla usen's 
( Iuc. cit.) conclusi on that a " full y" 
e lfect i ve pa ra si te or predato r wi il 
;lchieve control ncar the colo ni zat ion 
point s within three host generations 
"r three vears after release. The one 
pest that' wa s n()t brought uncler con ­
trol within three years was the pea 
lll<>th : A. qlladrideillala has c()ntinued t o 
I) e the most ahulldant parasit e species 
since it heca m e es tablished, hu t it did 
1](,t hecume :In effective co ntro l age nt 
ulltil six years :ljter the hst ( " IOIl\' 
wa s re leased. . 

Three oj th e in sect pests inv est igat ­
ed w e re con t rolleci onl" in sC>ln e a reas 
:lIId in so me yea rs , i.e.,- the oyste r sheli 
sca le, th e ]':uropea n earwig. and the 
h"ily leaf miner. The deg'ree " f con­
tr,,1 th;lt has resulted irom the e sta h­
li shm e nt uj the parasites and predators 
"I' th ese pests is difficult to assess. 
There has no t he en an iJ1lponan t out ­
break "j any of the pests ment ion ed 
sin ce the esta hli shment of th e ir natural 
enemies ill l\ritish ColuJ1lbia. 

The para s it es of the codling" moth 
ha ve hee n i ne ffecti I'e. Tvvo spec ies did 
lI()t be c(Jme esta hlished; the third he ­
ca m e established . hut th()ugh wid el" 
distributed . is ine ffective. The require'­
Illents fo r cummercial control 1",1 the 
codling Jl10th are so rigid as to e ntail 
practical eliminatiun of the pest. Tt is 
d()ubtful wh et he r ;t binlng-i ca l control 
ag-ent ca n he jound that will 1)\- i t ­
self ;lchieve such a degree of control. 
H(,we l'e r , a ne l\" combination "I chcJll ­
ica l and hiolog"ical control fllr the c(Jd ­
ling lIloth lIlav solve the prese n t 
extrelllely cumplex pl'nblel1l 01 orc hard 
Illite c( ,ntr()1. presul1lahh' l,fC>Ilg-ht" 
ahout thn1ugh the usc nl DDT and 
the ;lhse nce uf cffective hi (IIr,~" i ca l 
agents to Cll nl.r()1 th e cildling JllIJt h . 

E. !o/"I/Io.fa, the p;lrasite uf th l: gree n ­
Iwu se " 'hit eH I' , is effective unde r 
suitahle temperature conditi nns. hu t 
beca use "f the meth()ds emplr'yeel ill 
handlin g greenhouse -grown cr .. ,~ it is 
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llece S:';l ry to recolonize the parasi tes at 
freljuent inten-a ls. 

The insect pests that have been dis­
cussed are all introduced species. 
There is 11 0 evidence that a nv na tive 
par;ls ite attacks any of these 'pests in 
appre ciab le number s. There are two 
species o f exot ic parasit es ancl one 
exoti c predator that are re la t iyelv im ­
po r t;)llt. T. killgii ha s become e'stab­
li shed as a parasite of the la rch sawfly, 
but it ;) lso destroys large numbers of 
the effec tive introd uced pa rasite 11>1. 
lelllf, redillis. A. mylil,tspidis is a widely 

distributed parasite of the oystershell 
scale, but t he population is not large 
e nough to provide control. The ca ra­
bid beetl e F. melanaria is a preda tor of 
the European ea rwig but is not 
abundant enoug h to be effective. 

A few indigenous species of sec­
ondary parasites are known to para­
sitize some of the introduced parasite s, 
but none a re economically important 
except possibly Dibrachys sp. Thi s 
species may at times be an important 
secondary parasite of the European 
ea rwi g th rough B. seli penlliJ. 
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