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Due to its polyernbryonic development, M. gifuensis can be reared in the 
laboratory in quite large numters. Most of the difficulties encountered are those 
relating to the rearing of the host both before and after parasitism. Ai times 
when good host food is availabie ant1 the handling of the host larvae is careful!), 
done, it has been found possible to secure over f i f t y  per cent as many pras i te  co- 
coon masses as there were larvae parasitized. i n  so far as the parasite itself is 
concerned, the only critical point is in securing a good sex ratio. This can be 
secured by proper mating. 
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T H E  INTRODUCTION OF  INSECT PARASITES OF T H E  SPRUCE 
BUDWORM, ARCHIPS FCT~$fIFERANA CLEM., 

I N T O  EASTERN CANADA* 
BY A. WILKES, 

Dominion Parasite Laboratory 
Belleville, Ontario. 

T h e  extent and intensity of the present infestation ol the spruce budworm, 
Archip J~mi f e~nnc t  Clem., in pastern C:annda has beromc il prohlcrn of immense 
national concern (1). Thc necessity for r~rrthcr kno~vlecfg~ i n  rorrnulating ale-  
quate cont.ml [~rograrnm~s has en~phasizerl the impclrtance (11 '  mnsidcring the pns- 
sible utilization of natural iilsccr parasites. ,As part of the morc conil)rehensive 
study of control being carried on by the Fctleral Divisjon n C  Entnrnology, the 
Dominion Parasite Laboratory in cooperation with the Forest Insect Unit institut- 
ed a prograimne ol parasite intrtlducrior.r in 1943. Since the importation of 
natural erlemies of A .  fztmifcrann, or closely related species with similar hosts ancl 
habits in other parts nf ~11e wnrlrl, coulrl nor be attempted at that time, considera- 
lion was given to the possil>iliry of parasite colonization by transferring certain 
species found to attack the h11c1wr)rm in other parts of this continent to areas 
in eastern Canatla where the infestation was developing. I t  is the purpose of 
the present paper to give an outline,of the work now in progress and to indicate 
briefly the results to date. 

This work is being conducted will1 the co-ol>eratir)r~ ol varioi~s n~en tbe~ , s  
of the Division of Entomology. Special acknr)~vledgrne~~t i s  macic LO Mr. \,IT. C .  
Mathers of the Forests Insects Laboratory, Vernon, E. C:., and t r ~  h[r. H. C:. 
Coppel o l  the Dominion Parasite Labora~ory Eor \.alualjle hcIp in orprlizing ancl 
carrying out the collec~.ions i n  British Ct-) lunr l~ia .  ' T I i a ~ ~ l i s  are also exter~derl to 
Mr. C. D. Orcharcl, D e p u t ~  Minister of the British Colunibia Department oE 
Forests, and to ~nemhers  of rhe staff of the Forest Service at Kamloops and 
Lillooet for their very generous cooperation. 

Previous Records of A:nfv~rrl  Cort t rol Pnrfm:s 
PuSlished data do not give a clear p ic~ure  or the effects nf' r-lat ural [actors 

on the abundance of this insect in Carlacla, either during the present epidemic 
or on the rise and fall of past outbreaks. ?‘lie decline ol 1,udrvnrm a t ~ ~ ~ n d a n c e  i ! ~  
some cases has been attributed to the presence of natural agents of control, while 
in others the natural checks have not been capable of suppressing the abundance 
of the insect before it  has been starved out by lack of food-plants. As a result 
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c4 the studies carried out by the Division of E~~~r l~ j i{ ) logy  ~ I i ~ r i n g  t i l e  11a;il i)clI-  

break, 1911-1922, Totbill (2) states that in Netl: l:r:i!lrrvic.k, 1,artic-ularly in m-eit.; 
where the preferred food-plant was present in I:irjic 1111 I I I  I IC. I -Y.  I l ~e nat i~lal  c.Il~cl;> 
were not ~ufficient to control the outbreak. \\:Ilc~rc;rs, ; I L  Lillooct in Brit i d 1  

Columbia, where Tothill and Baird conducted colltrol studies between I917 
and 1920, Tothill (2) reports that natural control lactol.s reduced the budwornl 
population before any trees were killed and in the Following year the outbreak 
completely subsided. The  natural checks were found to consist almost entirely 
of birds and insect parasites; 38 per cellt of  i h r  I:~r\.:le ant1 I,illlae w r e  clc- 
stroyed by birds and 60 per cent I ) ?  ~ x ~ r a s i ~ c s .  .\lnr>ng rllc vn1.ir):.15 paraqitc sj~c.ric:h 
recorded, an  ichneumonid, Ph,ytc)dirtlr.s / r ~ ~ r r i / r ~ ~ , n ~ r t t c  1 < ( 1 1 1 ~ . .  alorit~ ;Ict~nnl~tt,rl 1.01 

almost half of the budworrns killcd hy  irt5r.r t \ .  '1.11 i ~ .  .;llcc,ir lracl I I L \ I  cr l)iacll loun(l  
in eastern Canada and plans were ~herel'o~.c ~rlatle to introduce as many as IIO'i- 

sible into New Brunswick the following year. Unfortunately, this project was 
never carried out due to the previously noted scarcity of the hudworm in thc 
years immediately following 1920. 

The Collection and TI-ansfel- of Parasites from Western Canada. 

I n  the surllrner oE 1943 the duthor in co-operation with Mr. W. G. 
Mathers of the Vernon Forest Insect Laboratory succeeded in locating a light 
infestation of budwor~n in the nlountains near Lillooet, British Col:.~mbia, where 
P. fumiferanae had been iound 25 years previously. A snlall collection of para- 
sites was made and brought back to Belleville for further study. I t  was found 
that in addition to Phytodietzls fzlmiferanae there were also two of the tachinid 
parasites which had not been found in the East. These were Ceroinasia azlricau- 
data Tns. and Phorocera incrassatn Smith, of which the former was present irl 
considerable numbers. 

As a result of these i'indiilgs a more extensive programme of collecting 
parasitcs in British Cululnlrin rv;iA undertaken in 1944 and continued in 1945. 
Ald~ongli conqidera bic tli l fic.111 t y was r-s 1 lcricnced in securing adequate fielcl 
coIlectors, by using schuol Im?s and Japanesc from a local internment centre, 
220,000 butlwt~rrns wrrc collcctccl in 19-14 ;incl 251,000 in 1945. T h e  budworm 
collcctior~s were sliipl~ed to Bellcvillc and reared for parasite recovery and fol 

releaqe o l  certain seicctecl spccies. 

(a) Methods of Collecting and Rearing the Parasites. 
T h e  method used in collcc~ing the budworm was modified sornewhat 

[ro~n titr~c to tinir c l r l ~ e ~ ~ d i n ~  o t l  thc. age of the collectors and nature o i  ~ h c  
iore+l. In jieneb al, r.:~ r h c ollrr t r i t  ura\ pr ovicled wilh a small canvas haversack, 
two light-wcigi~t rnct:l scrccll r n l  el ctl cages, and a larger cardboard box, each 
01 which fir r rd intr~ s~'l);11-i11 C* I I O ~ I . P L ~  o i  the haversack. Koth the cages and boxes 
had a one-inrl~ hole i t t  ~ h c  U I ) I ) P ~  \irle and were proxided with cork stopper>. 
'I'lle \traps o l  the hater5acL wcre carricd around the neck and the bag allowed to 
hang tree in  lront of 1 7 1 ~  ctllleclnr. 

In inakinq thr callcrti~~nr. the- Irancher of the trees were closely exarnincd 
and tlre lxtdworm larvae, prlpac. ant1 tree para5ites carefully removed by hand. 
'The larvae were rlropppd inrr, rhr carcll~oard box with an abundant supply of 
fnliagc and the buclworm praliar nnd p;lra\ites placed separately in  the screened 
cages. \I?ith Imr mr~derare s u p r l ' t i ~ i o l ~  otllv a \cry small proportion of the insects 
collected werv injr~rctl, alrhougl~ l l ~ u y  wore held in the boxes until the end 
of the day. 

Kearing of the collections was cxrricrl O I I I  at  a ccn~ri i l  lield slation near 
Iillooet. 1 he budworm larvae were rearccl to thc l1t111al +laKe in cnxrrrd traJ\. 
T h e  framework of the trays was wot~tl, Incasur inq -42 In ::ti I) \ ,  3 inrl~cs: ~ h c  
bottom was covered with cloth and coulrl rcil<lilv be rrpIaccrl when nilce+<ar\. 
All the trays were furnished with t i ~ h t l v  litting c ! r > 1 1 1  lid\ nlnr le rz-ill1 lrain~\  1)1 
wood which fitted into a groove on rlw upper c~ lgc  01 L I I F  tra!\. \.\'hen in i w  
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the trays were provided with an abundant supply of foliage and stored in a pro- 
tected spot under canvas. 

Incubation for para~itc recovery rvas nor arterrqtterl in  the TielrI. All field- 
rollectccl pupae ant1 thofe taken from t l ~ c  rearing tla!s were chipl)ed by air- 
expre?? to Bclleville at approximately two-[lay interlalc. Orrlinary mailing tube\, 
9.5 inches in diameter and X inclic? Ions, tr.i!Il nrctal +crew tops. w c l r  used with 
g y a t  wccess Cnr the shipment oi ~naterial from [he licld. Fine mwdust was mixed 
wrth the pupae lo prcvent mechanical injury and to provide protection from 
extreme temperatures. 

On receipt of 11ie collecrion~ at the laboratory ~ l t r  budworm pupae were 
wrted and placed in  citlier I-inch shell vial5 or wooden boxes with sliding glass 
Lops for rearing. Srriall samplcs of each mllection werc reared indi~idually in 
1I1e qheI1 vials and the remainder placed directlv en lnasse in the boxes. The  
parasite emergenu were sorretl a4 they appeared each day, identified, and in the 
caw of thore selected for. releaw, placed in small screened cans for shipment to 
the tield in specially constructed iced containers. 

Budworm larvae parasiti7ecl by Phytodzetzls fumiferanae were reared in 
3 by I-indi ?hell vials, plugged with cotton stoppers. Little mortality occurred 
when the lrdiagae was rrplacerl at Ireqncnt intervals. As the Phytodzetus cocoons 
were formed in the viah, they wcrc o-anrformed to small cardboard boxes and 
shipped by air-express to Bellerille. 

( b )  Parasites Recovered for Release 
During_the course of the present study, 45 species of parasites have 

been recovered from the collections made in British Columbia. A detailed ac- 
count of the species taken is now in preparation and will be published at a later 
date. T h c  most ri~imerous species reared from the collections were the three 
previously nientinned and a sarcophagid, Pseudoscarcophaga affinis (Fallen). 
T l ~ c  number reared in shown in table 1. 

TABLE 1 

Parasites reared for release from collections made at Lillooet, B. C. 
1943 1944 1945 

Phytodietus fumiferanae cocoons collectedX 338 6,251 4,547 
Dipterous parasite puparia reared 123 45,011 56,676 
Phytodietus fumiferanae adults emerged 124 2,818 
Ceromasia auricaudata adults emerged 2,432 5,510 
Phorocera incrassata adults emerged 157 47 
Pseudosarcophaga affinis adults emerged 5 623 

'This species is univoltitle, passing the winter as nlature larvae in cocoons on the trees. 
From records of laboratory rearing, some (20 to 40%) remain in diapause another year or 
longer. 

In  addition to the work done in British Columbia, through arrange- 
ments made with the Imperial Parasite Service and the United States Bureau of 
Entomology and Plant Quarantine, an area of budworm infestation in the 
Rocky Mountain National Park in Colorado was investigated during the past 
three years. While the budworm collections obtained from this area were not 
large, the studies showed that the parasites present were essentially the same as in 
British Columbia. There was little difference between the number of species 
recovered and the relative abundance of each. If a sufficient quantity of para- 
sites cannot be obtained from British Columbia, the Colorado infestation might 
serve as an addition source of parasite material. 

Biological Studies  and Laboratory Rear ing  
When this work was instituted very little was known regarding the life 

history and habits of the western species of parasites attacking the budworm. It  
was, therefore, considered advisable to undertake studies to provide informa- 
tion on the most suitable conditions required by the parasites for their success- 
ful establishment in the field and to develop methods for their propagation in 
the laboratory and thus provide for their wider and more rapid distribution in 
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the field. Particular attention was paid to the study of probably the most import- 
ant species, Phytodietus fumiferanae, and an economical method was developed 
for rearing it o n  budworm lalvze in  the laboratory. 

The. technique developed, although rather simple, requires very careful 
attention to details. The  mated females secured early in the spring from over- 
wintering cocoons are placed individually in cloth-covered cages measuring .$ 

by 4 by 3 inches. After a preoviposition period of 15 days the females are ready 
to lay their eggs. Three or four mature budworm larvae are then placed in the 
fagc and allnwccI to remain i i n r i l  parasitized by the female. T h e  eggs are usu- 
al ly  attached to the inregunlcnt nl the host larvae on the pleural region of the 
sccond nr rhircl segment. .$frcr bein:; parasitized the budworm larvae are re- 
mm~ed fl.rm~ the cage ant1 pIacrd in %inch shell vials with spruce foliage for 
rearing. Thc Foliage must l x  rey.~lncecl every 24 hours. T h e  parasite larvae soon 
enlerge Imrn the eggs and begin fcctling on the body fluids of the budworm. On 
thc eleventh day. at a rearing tcn~perarure of 75"F., the parasite leaves the host 
and cnnstructs a rvhite silkerr coctjon i n  which it remains in hibernation until 
the following spring. T h e  cocoons, shortly after they are formed, are brought 
together and confined in small cardboard boxes for storage at 32" to 34°F. T h e  
adults are ready to emerge eight-months later, when incubated for 15 to 20 days 
at a temperature of 74°F. 

Propagation of this species has been carried out on an experimental basis 
for the past two ycars with very satisfactory results. I n  1944 over 700 parasitc 
cocoons were reared, the adults from which were released in 1945, largely in the 
Kabonga Reserve, Quebec. In 1945, 2,000' cocoons were propagated on spruce 
hudworm larvae collected in the infested areas of Maniwaki, Quebec, and Port 
Arthur, Ontario. These will produce adults for release in 1946. Large scale 
production in the laboratory is planned for the coming year. 

Distribution of Parasites 
The  number of parasites released in the field since the inception of the 

programme is somewhat amall. Alter setting aside a small number for use in lab- 
oratory propagation and study, just over 10,000 adults were available for liber- 
ation. These have been liberated as shown in Table 2. Nearly half of the 
Pliytodietus funziferanae remained in diapause. These are being held in storage 
for later release. 

TABLE I1 

Parasites from British Columbia released in eastern Canada. 

Liberation Point Kabonga Port Arthur, Belleville, 
Reserve, Ontario Ontario 
Quebec 

Year 1915 1944 1945 1944 1945 
ICHNEUMONIDAE 
Phytodietus fumiferanae 2,600 71 28 400 3,099 
TACHZNIDAE 
Ceromasia auricaudata 4,649 1,501 550 133 6,833 
Phorocera incrassata 12 110 122 
SARCOPHAGIDAE 
Pseudosarco$haga affinis 450 450 

Total 7,699 1,584 550 271 400 10.504 

From the collection obtained in 1943, one colony of ~ h ~ t o d i e t u s  fumifer-  
anae was released in June, 1944, in  an infestation at Rlack Sturgenn Lakc nrar 
Port Arthur, Ontario, and a few individuals for ohscrl?ation pllrposes only in a 
small stand of infested white spruce near Belleville. T h e  tachinid ~arasitrs oh- 
tained in  1944 were released a little later in  the same year in the same general 
areas. Parasite releases in  1945 were concentrated largely in the Maniwaki and 
Kabonga Reserve areas of Quebec with only one colony of P. fumijeranae and C.  
ariricaudata being liberated respectively at  Belleville and Port Arthur. All liber- 
ations with the exception of those at  Belleville were made by or under the direc- 
tion of officers of the Forest Insect Unit. a t  Ottawa. 

Total 
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No attempts have yet been made to make collections for the recovery 
of the parasite species liberated. During the summer of 1945 a few cocoons of 
Phytodietus fumiferanae were reared from a small collection of budworm larvae 
gathered in  the white spruce stand near Belleville. These budworm larvae mad 

have been parasitized by parasites liberated earlier that season less than a mile 
away. I t  is hoped that planned recovery studies can be undertaken in the near 
future. 

SUMMARY 
I n  1943 a progralnme was instituted by the Dornin~on Palabite L.aharatory 

lor the transfer of spruce budworm parasites from British Col~imbia to eastern 
Canada. Over 10,000 adults of Phytodietus fumirej-anne, Crro:nacin n~lricaudzrla, 
Phorocera ir~crassata and Pseudosarcophaga affinis ;!i!lec~ed ncar Lillooet, B. C., 
were released in infested areas of Ontario and Ouebec. 

-r 
A short account is given of the methods of co!!cctIng ant1 rvaring the para- 

sites. 
T h e  technique developed for the breeding of Phytodietzls / J  1 :r)l . 'f e~- r~vac  irl 

the laboratory is described and an account given of the liberation of the ?nra\ites 
in the field. 
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NEW N O R T H  AMERICAN EUPITHECIAS, I1 (LEPIDOPTERA 
GEOME71'K1DAE) * 
BY J. McDUNNOUGH, 

Ottawa, Ont. 

Enpithecia plumasata n. sp. 

Male. Closely allied to gilata C. & S. in  both maculation and genitalia b u t  
consid~rably larger than this species. Palpi short, projecting only slightly be. 
vond the flat front. Antennae n~oderately ciliate. Prirrlaries with little trace 
of maculation, in  color an even deep snloky-gray as compared with the brown 
shade of gilata. T h e  only prominent feature is a black discal streak, slightly 
outwardly oblique. There are traces of a curved, dark basal line, some obscure 
small patches along costa of which a subapical one is largest and most prominent, 
slight blackish dashes on cubitus and indications of a t. 11. line by faint dark 
streaks on the veins. Terminal area somewhat darker than remainder of wing 
with slight indication of a paler s. t. line culminating in a small spot above 
tornus. A broken, dark, terminal line. Fringes smoky with faint, pale basal line. 
Secontlaries pale smoky with heavier dark shading along inner margin, cat by 
streaks of paler color which can be partially traced across outer area of wings as 
curved lines. ,4 srnall dark discal dot; tcbrminal area and fringes as on primaries. 
Beneath .very pale smoky, somewhat silky in appearance with indications of the 
same obscure maculation as on the upper side. Expanse. 24 mm. 

Genitalia. (fig.2). Very close to those of gilata, the claspers being as),m- 
metrical, and that of the right side nearly similar to that of gilata; the left clasper, 
however, shows differences in the shape of the projections along the ventral bor- 
der which can be noted by cornparing the present figure with that given of 
(1941, Can. Ent., 191). T h e  apical margin of the vinculum is broadly truncate, 
lnuch broader than in gilata. T h e  sinuate aedeagus is wider with a distinct 
bulbous enlargement at base and is armed with a large, basal, ~ar t i a l ly  hollowetl, 

* Contribution No. 2420, Division of Entomology, Science Service, Department ef Agri- 
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