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I. IRTRODUCTION

The year 1944 was characterized by considerabls
activity in the organization of the three prairie
provinces, Manitoba, Sasketchewsn and Alberta, for
post-war developments in forest entomology. In addi-
tion, the usual program of work was continusd and even
enlarged upon. While the personnel shortage remsined
acute, the Winnipeg Laboratory was able to secure the
services of one more technical man, R.J. Heron, for
the full summer seéason and F.B. Rabkin for the last
two months of the season. These two men augmenting the
regular stafl avallable for field work, made the suc-
cessful completion of a heavy summer program possible.
Since January 5, 1944, the Forest Insect Survey has
opsrated under the able direction of W.C. McGuffin,
alded by one full~time assistant.

Accomplishments durlng 1944 cen be conveniently
divided into five categories: (1) vudworm investiga~
tions, (2) organization of the three prairie provinces
for insect work, (3) wood-borers and bark bestles in
relation to timber salvege, (4) Luropean larch sawfly
investligatlons and (8) the Forest Insect Survey,

Budworm investigations were confined to the
Hawk Lake area in Ontaric. Ressearch was conducted
on the following phases: Host transfer asnd selection
of the spruce and jack pine budworms; population
estimates of larvae, pupse and eggs; larval parasites;
a pupal parasite survey in 5 selected replons; the
influence of pollen on survival and fecundity; instar
development in mele larvae; and, finally, permanent sample
plots. The extent of the infestation was mapped in the
district under the Jjurisdiction of the regional forester
at Kenora, Ontarlo, and throughout Manitoba and Saskatchewan.

The organization of the three prairie provinces
for post-war development was undertaken during August
and September by H.A. Richmond and R.R. Lejeune. All
the important forested areas in these provinces were visited
and appraised for minimum requirements of personnel and
facllitles. At the same tims, all the key men of the
three forest services, such as district superintendents and
foresters, were interviewsd.

Jood-borer and bark beetle ectivity in relation
to tiwber salvage was investigated in northern Saskatchewan
end Riding Mountain Natlonal Park, Manitoba. In the formr,
the work on fire~burned timber was to all intents and
purposes concluded. The Investigation at 21ding Wountain
was inltlated as a result of insect hazerds created by



¢xtensive areas of blow-down caused by severe storms
in the summer of 1944.

More intensive studles were started on the European
larch sawfly, e pest which is becoming more widesprsad
year by year. Four permanent ground sampling aress,
besed on methods used by ¥.L. Prebble on the Ruropean
spruce sewlly, were lsid out in Riding Mountain Park
and Riverton, Manitoba. In addition, the usual sample
plot examinations and cocoon collections were made.

The Forest Insect Survey completed a most success-
ful year, having received the largest number of collec-
tions since commencing operations from the Winnipeg
Laboratory. Alverta collections, which had previously
been shipped to Vernon, B.C., were handled by the Winnipeg
Laboratory. C(Collections from northwestern Ontario were
sent to Sault Ste. Marie instead of to Winnipeg, as in
the past. A considerable number of new species were
recorded, malnly [rom Saskatchewan. Interest in the
Forest Insect Survey in Manltoba and Alberta was grestly
stimulated by the attendance of Mr. Richmond at two Manitoba
Forest Ranger schools In October and November, 1944, and two
Alverta Ranger schools in March, 1945.

Some changes and additions to ths stafl were made
during the year. Two new technical men, Messrs. R.J. Heron
and Be. Filluk, were taken on the staff in May. Wr. Flluk,
however, volunteered his services to the R.C.A.F. in June.
Nr. Heron, who was employed during the summer, returned
to the University in the fall to continue his studles.

Mrs. R. Barker was promoted from a Leboratory Assistant
on an hourly basls to Agricultural Assistant, Grads 6.

Considering the reduced staff avallable during the
winter months and the time necessarily spent in the comple-
tion of other work, it was not possible to analyze com~
pletely the large volume of field records collected during
the summer. In spite of these difficulties, however, a
surprisingly large percentage was analyzed and practically
all the records were at least summerized.

Pinal additions end revisions were msde to the
wood~vorer menuscript, which has since been re-submitted
to Ottewa lor publication. Work is also in progress on
8 publication of the results of the jack pine budworm
pupal parasite survey from 1939 to 1844 inclusive.



Despite the continulng uncertainties aend hendi-
caps Ilmposed by current wartime conditions, it is
felt that notable progress was made during 1944. Gnvery
effort has besn made to indlests this progress in the
report respectfully submitted in the pages to follow.

HyA. RICHWOND,
Asslstant Entomologist,
in Charge Winnilpeg Laboratory.
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1944).
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IITI. BUDWORM INVESTIGATIONS

A. Btatus of budvorm In 18944

1. Jack Pine Budworm

This Jeck pine-fpeding inseot has continued to
be one of the major destructive insecis in centrel Censda
durdng 1944, while e merked decline occeurred In some
seotiong, 1t chowed lucreassd sctlvity ln otbers.

The moot widesoresd distributlon of this insect
i1s fownd in Manitobs, with infestation of epidemie
proportions ccourring on. the Sandilands Porest Reserve,
shiteshell Forast Reserve, send over most of the plne
areas of southesstern Nenltobs. It ccourrsd in other
saections of the province to & lessor degree., On the
randilands Poprest Reserve, 1t was pariliculsrly severe
betweon the Dawson Sabin and Besdquarters, extending
throughout the Reserve Lo e mors or less marked extent
and south to Sprague. The killing of Jack pine on this
Teserve hat been generally light, although the preval-
snece of dsad tope is guite high. In @4 guarter-acre
rendom piots, the percentege of tress with dead tops
runs from 12 to 609, the sverage lengih of desd tops
per plot ranging from three to seven and one-hell
reet, Injury Crom budworm on this Reserve was noted
partieularly in relatlion to nursery seedlings and young
plantetionss ¥r. C.B. G111, Yenitcbs Porest Service,
upon exenination of theso plantations, reporis serlously
retarted growth during the past ten yosrs. The Whitleshell
rorest Neserve experienced a considersbly heavier atisck
yhan in previous yesars, this belng most pronounced in
the poglon of the Manitous~Ontario boundary. Halreme
arowning of folliage occurred in the Ingoll and Paioon
Lane rogions. Flsewhers, it was of moderste lntensliy
and broen folisge wes evideni ms far south as Shoal
iake, This infestation extended north and west, beling
gulte severe in the vicinity of Seddons Corner and of
moderate Intenaity st Yolsen, es reported by Hanger Hel.
rendrick. In the Leo du Donnel and Polnte du Dols
ares, no budworm was found. %o complete raport was obe
tuined on the situation st the southesst end of Leke
winnlpeg 1n the region of Ovand Beech and Kik Islend.
Fpo previous maps sede by Jenger J. Yokindovieh, the
infestation in ihls sounbry extends from Stead, north
Loroeuph Jackfish Leke, Pelair, Victoris Beach, to lhe
north end of Flk Isiend. In the interiake countiy, a
itght infestation was encountersd on the Oypsumville
Rosd vorth of fbL. dertin's bridge. No report wes re-
ceived on budworm prevélence norih of that area. A




very pronounced decline in the jack pine budworm occurred
in the Riding Mountain National Park, where it had been
particularly severe in 1942,

In Seskatchewen, only one area of budwom infesta-
tion ls known, the Fort & ls Corne Provinecial Porest. A
general increase developed throughout this forest in 1944
and, 1n places, the infestation approsched the heavy at-
tack of 1939 and 1940. The greatest defoliation was
éxperienced in that forest area extending from 7 miles
east to 12 miles west of Twin Leke. MHere, extensive top
k1lling may result 1f the conditions of 1344 continue.
Eest of English Cabin on Twp. 50, R. 20 and 21, defolia~
tlon was gevere and produced extensive damago, ag re-
ported by Fleld Officer Phil Reed. Along the Snowden
Road and the more easterly portion of the forest, the
infostatlion was light.

In Alberta, no sign of this insect has yet been
racorded,

2. Boruce Budwarm

Budworm on spruce and balsam is of major iamport-
ance to all rangers whose aress carry timber of this type.
Although this insect 1s unknown in the ;reater part of
central Canada, due to 1ts devastating destruction in
Ontario and its progressive westward movement, it con-
gtitutes & tremendous threat to these mors western
forasts. During the year, heavy defoliastion in Ontario
roached considerably west of Hudson, Ontario. Only one
area of actlve infestation ig known in Yanltoba, the
Spruce Woods Porest Ressrve, with two other aress in
questlion, one east of Lake Winnipeg, Menitoba, and one
in the Fort a la Corne Provineisl Forest, Ssskstchewan,

In Manliobs, the Spruce Woods Forest Reserve ex-
porlenced a decided Incresse in defolistion in 1044 end
most of the spruce was bedly defoliated. Rvidence of
feeding extended into surrounding country hitherto un-
touched by this insect. Ranger T.P. #illiaus reports
it i4 miles north of Holland, which represents a decided
increass in its renge for 1944. This Iinfestetion is
unique for it 1s an lsolated "islsnd® of tiiber and
supports no balsam whatever. The progress of the budworm
on spruce in the total sbsence of balsam 1s interesting
and most unususl. It 18 doubtful whether the Spruce
Woods Forest Resorve infestatlon will ever assume the
same destructlvs proportions as would be the case 1if
balsam were present.



Among the most valuable and perhaps alarming of
all records obtained through the survey thls year are
those concerning the spruce budworm in eastern Manltobu.
Three samples taken from Sasaginnigaek Lake by Ranger
D+E. Cooper, one from the Caribou-Rice Lake road by
Ranger 0.D. Fdmonds end onse from Sprague by Ranger J.J.
wright appear to be the first indlcatlons of lts
wostward movement into Manlitobs from Ontario. These
records were procured only after careful and contlinuel
sampling end the value of this informatlon well 1llu~
strates the benefits of conscientiows and regular ate
tention to this problem. With positive evlidence of
this insect in emstern ¥anitoba, 1t would be hazardous
to predict the future of the spruce and balsam problems
which only time will reveal. The need of close observa-
tion and regular sampling in 1945 ils emphasized by the
realization of the tremendous damage experienced Iin
Ontario and the closeness of Ontariot's most westerly
outbreak at Hudson.

Another area in question is the Fort & la Corne
Provincial Forest in Saskatchewen. M¥r. E.J. ¥arshell,
reporting on the jack pine budworm, states, "This
budworm was also evident in the white spruce area.”

A8 no sumples were received from spruce, this may be
an instance of the pine budworm having drifted to spruce.

10
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B+« Blologleal Control of Cacoecla fumiferans Clem.

L. The Budworm Pupal Survey

(s} Introduction

The budworm pupal collections obtained in 1944
were ageln limlted in extent and gquantity by war-time
conditions. Most former co-operators were unable to
contribute thls year dus to reduction in personnel.
In four of the five study sreas continued this year,
colleotiona were made by the ataff of the Winnipeg
Laboratory. Thess collsctions were also limlited by
the personnel availsable during the short pupation
season of the budwornm.

{b} Aress Contributing

In 1044, the number of study sreass was reduged
to five., Collections were contipued {rom the Sandllands
Porest Reserve, S pruce Woods Forest Reserve, Hawk
lLake, Hudson and Dryden. In the Dryden ares, & scarc-
1ty of pupse resulted in the sample being small. The
Riding Mountein Nationel Park, Ignace and Fort Prances
areas, whers collections bad been msde in {ormer yeers,
revealed such a reduced budworm population that no
samples were tasken. It would have been desirsble to
obtain a sampls from the Fort a la Corne dlstrict in
Sasxatchewan, wherse a moderstely heavy and widespread
infestation has been reported, but this was inposslible
due to a persomnel shortage and the remotencss of the
HIGH »

Spruce budworm pupae were recelved {rom two
areas, The area at Hudson near Sioux Lookout, reported
as "a moderate infestatlion of limited distridution® in
1943, has beocome both more severe and more widespresd.
The Infestation In the Spruce Woods Forest Reserve, a
study asres since 1941, now shows evidence of increased
defolliation and more widespread distribution. Jack
pine budworm pupse were recelved from the other three
BrSa8a.

Tuble 1 indlicstes the source and mumber of pupsae
recelived in 1944.



TABLE 1
SUURCE & KUMBER OF PUPAE RECEIVED IN THE 1944 DUDSORM PARASITE SURVEY

LOCALITY ~ COLLECTOR SERVICE OR OOMPARY KO, OF X0, OF
_ COLLECTIONS | PUPAE _
IANITOBA
Sandilands Forest Reservs Heho aiehma?d &| Forest Insect Investigstions 4 258
Tels ¥eGuffin
3pruce Woods Forest Reserve¥ | N.A. Richmond, | FPorest Insect Investlgations 1 1248
%eCo McGuffin &
R. Barker
DRTARIO |
Erst Hawk Lake R.H. Loejeune & | Forest Insect Investigations iz 1641
J. Heron
Drydsn 043, Jackson Dryden Peper Company Llmited 3 118
Hudson® R.R. Lejoune & | Forest Insect Investigations 8 10563
Jn_ Haron _
TOTALS 28 5018

” Spruce Budworm

q!
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(¢} Orgenization

The "Directions for the Budworm Pupsl Parasite
Survey” which wes included in the 1943 Annual Report,
Pages 4] to 50, was followed during 1944. It has been
revised in a few details of procedure snd has been in-
cluded again Iin the 1944 Annual Report, Pages to .

(d) Anelysis of Data

(1) Parasites reared. The following is & list of pare-
sltes reared from budworm pupae in 1944. The specles
are llsted 1n order of ebundance:

HYMENOPTERA
# Itoplectis conquislitor (Say)
Phaeogenes hariolus Cress.
Amblymerus verditer Nort.
#% Soamous hispae (Harr.)
Aphaereta sp. near muscae Ashm. (Hyperparasite)

DIPTERA
Gymnophthalma interrupte (Cn.)
Zenillia caesar Ald.
Phryxe pecosensis (Tns.)
Nemorilla pyste Wlk.
Omatoms fumiferanae {T1l.)

A complete llst of all Dipters recorded in the
Survey follows. To avold confuslon, the recent synonymy
of certaln specles ia glven.

DIPTERA RECORDED IN THE SURVEY
1938 TO 1944 INCLUSIVE

1. Kemorilla pyste wlk.
Kemorllla magulosa Auth. nec Melg.

2, g@nillia caoanyr Ald.

Se Phryxe pecosensis (Tns.)
Zenlllia vulgaris Auth. pert

* Pormerly: Ephisltes conquisitor (%ay)
## Pormerly: Eplurus ap.




deo

Se

6,
Te

8.

Do
10.

1l.
1z2.
13.
14.

15.
18.

Gymnophthaime interrupta (Cn.)
~ Actias interrupta Cn.

Pseudosarcophaga affinis (Fall.)
Agria afffn%z (Fall.)

Madremyle saundersii (will.)

Tortriciophags tortricis (Coqe)
Anachaetopsis tortricis Coge.

Ceromasls aurdceudata Tns.
Lydella rutila Auth. nec Nelg.
Erycls rutila Auth. nec Melg.

Ceromasia 8D«

Neopborocera hemata (Ald. & Webb.)
Phorocera claripennis Auth. in part

Phorocera erecta Coqg.

Phorocers tortricis Coq.

Phorocera sp.

tmatoma fumiferanae (Tll.)
¥inthemlia fumifersnse Til.

Spathimeigena sp. (Host uncertain)

Megaselie sp. (Probably a scavenger)
A total of 16 apecies of Diptere and 20 species

of Hymenoptera has been recorded as parasites of budworm
since the inception of the pupal survey. A complete
lls§ of these parasites, showing the years of occurrence,
follows;



OCCURRENCE OF BUDWORM PARASITES

(1938 TO 1944 INCLUSIVE)

DIPTERA 1638]1039{1940[1041|1948|1943|1944
Nemorillas pyste Wlk. X A X X X X x
Zenillla caesar Ald. ? p.3 ? X X X X
Phryxe pecosenais (Tns.) , x| x x
Gymnophthelma interrupta (Cn.) | X p:3 X X X X
Pseudosarco a affinis(Pall.)] x X
Madremyia saundersii (Will.) ? X ? x| X
Tortriciophage tortricls (Cog.) =x ? ?
Phorocera tortricis Cog. X X ?
Phorocera 8p. p 3
Phorocera erecta Coge x
Cmatoma fumiferanas (T11l,) X/ X! X
Ceromasis auricsudata Tns. A . 9 D
Ceromasis 8p. ; X
Neophorocers hamata (Ald.&Webb. x x ? X
Spathimeigena sp.(Host unceri: ? % ?
Megaselin 8p.(Prob.a scavenger) X

EYMENOPTERA
Phaeogenes hariolus (Cress.) X X X % x b3 x
Itoplectis conquisitor (Say) X p.3 X b3 x| x X
Atrometus clavipes (Davis) % X X
Atrometus sp, x % X x x
Campoletls sp. 3
Labrorychus sp. .3 % x
#* gells tensllus(Zay) (Hyperpar.)| X %
Scambus hispae (Harr,) X
*ocambus 8p. X X % , ‘
Amblymerus verditer Hort. x| x| x| x| x| x| =x
*¥pgychophegus tortricis Br. x| x| X
Syntomosph esurus (Riley) % j % x| % X
Tetrastichus sp. X x x p.3 X
Dibrachys cavus{¥Wik.)(Hyperpar.)] x | X X
Dibrachys 8D. , X
Pachyneuron altiscuts How, b3 X X
Pardlampus Sp. 3
Habrocytus phycidis (Ashm.) X
Brachymeris compsilurae (Cwfd.) X X X x| X
Aphaerets sp. near muscae Ashm.
(Hyperparasite) X
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Referred to in former reports ss:

¥ Hemlteles tenellus (Say)
##  Eplurus sp. . ,
##4 Amblymerus é@%ﬁfﬁwgyﬁmrt»

{(11) Pupel paraesitism for 1944, Table 2, which follows,

shows the degree of parasitism for all areas in 1944, Only
the mortelity caused by parasites is taken into considersa-
tion and parasitism is based on the total number of pupge
received minus those dead from other causes &s 1004,
Methods used for determining the degrec of parasitism and
other mortality are the same as those described in the

1942 Arnual Report, Page 26.

In Table 2, the usual groupings of Dipters,
Chalelda and mlscellansous Hymenoptera have been used.



TABLE 2

PERCERTACE ¥ORTALITY OF PUPAE FROM THE 1944 BUDVORE SURVEY

EPHIALTES | PHAEOGEEES HISCELLAFREOUS
. AREA DIPTERA | CONQUISITOR | HARIOLUS | CHALCIDS | HYMENOPTERA TOTAL
HANITOBA
3&35111%31&-5 Fﬁ_f’ast Resarve 12,57 18.886 _ 7 35 1.07 .00 =2.886
Spruce Woods Forest Reserve® | 10,95 8.89 32306

_0.76 0,06 | 23.97

ONTARIO

East Hawk lake 2.70 13.16 7.69 G.47 0,00 24.02
Dryden®# 8.86 31.64 12,86 _5.00 _0.00 D3.18
ﬁﬁdﬁﬁn*_ 7«04 135,40 0.77 0400 0,00 23.21

# Sprucs Pudworm

#% A small cellectlon of 118 pupas.

L1
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The preceding table shows the percentage of
pupse parasitlsed by Chalclids butl not the sctual
number emerging. This Informetion appears in Table
d+ The Chalelds were sll Amblymerus verditer Wort.

TABLE 3

AMBLYMERUS VERDITER NORT. REARED
FROM 1944 BUDWORY PUPAL COLLECTIONS

RO, op AVERAGE KO.
| AREA CHALCIDS | PER PUPA
Sandilands Porest Reserve 89 Gal
Spruce Woods Forest Reserve 74 | 10,8
HRawlt lLake, Ontario. L6860 289
Pﬁ@mﬁ Ontario, 0 )
Hudson, Ontaric. 0 QO

In all [lve areas, total parssitism for 1044
showed an Ilncrease over 1543, However, parasitism
Ly Chalelds, after reaching a high point in 1948,
dropped to & new low in 1944. The marked decrease of
Egb&g}tas in 1940 was [ollowed this year LY a galn, re-
storing them to thelr lormer prevelence. Diptera gained
notebly at Sandilands Forest Reserve and, es shown by
the resulis of 1943 and 1944, are now at an umusually
high level In the Spruce Woods, Elsewhere, their
numbers remained much the same.

One Interesting aspect of the parassitism in
the Spruce Woods was the appearance of Phaeogenes in an
appreciable amount (3.36%). Since the Tirst sampling
of thls area in 1941, parasitism by Phaeogenes has been
almost negligible or entirely absent &nd fE will be intepw
esting to obaserve whether this insect will increase in
numbers next year.

Mudson, the only other spruce budworm srea sampled
this year, continued to show & low perasitism by FPhaeogenes.
In the three Jack pine aress, however, Phasogenss was
reared In approximetely the same abundanée as in 1943 end
thus maintalned & smuch higher occurrence in jack pine
areas than in spruce areas (Average for jJack plne 0.,23%;
for aspruce, 2,08%).

As ln former years, Ephisltes wes found in nearly
equal numbers in both forma o ¢ budworm.

In 1944, the sverage parasitism by Diptera in
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spruce budworm and in Jack plne budworm differed only
slightly (9.00% ss compared with 8,04%). In 1943,

the spruce budworm average was 5.14% snd the jack pine
average only 5.63%).

& falr comparlison In the case of Chalcids could
not he mads because of the small emergence in this
group but, as in former years, fewer Chalolds were
obtained from spruce budworm than from Jack pine bud-
WO

(111) ¥atural mortelity of pupae. The percentage of
pupae dead from natural causes in the 1944 pupal survey
is listed in Table 4.

TABLE 4

HATURAL MORTALITY OF PUPAE RECEIVED IH 1944

9 NATURAL ¢ NATURAL
, AREA ,‘ | DEAD AREA | DEAD
Sandilends Porest Reserve| 12,00 [Hudson| 13,68
Spruce woods For, Reserve| 26.12 |Dryden|  os.0
Hawk Lake, Ontarlo. 9,68

This year an attempt was mede to determine the
cause of death of pupse remeining in the cages sfter
smergence was completed. ZExaminstion of the pupme
vielded a count of those containing deed parasites which
were suffleclently developed to be recognized as such.

In some cases it waas lmpossible to identify these dead
parasites as Diptlera or Hymenoptera.

The following tuble shows ithe condition of the
unsmerged pupeae when examined.



COXDITIOR OF ALL UNEMERGED PUPAE

0. OF o R ASTMTAY
PUPAE | KO. OF - PARASITISED %
I8 UNEMERCED | UNEMERGED BY % CONTAINING g A %
AREA SAMPLE | PUPAE PUPAR Iymenoptera|Diptera | Total| INJURED HOTHS SHRIVELLED | DISEASED | OTHERS
Sandilands 058 115 12.00 783 435 12,17 0.87 15.65 5456 1739 €0.00
Spruce Toods| 1248 326 26.12 1.84 C.61 2.45 1.84 36420 16.56 8455 34436
B. HDaewk Lake| 1641 159 5.69 4440 2.52 6.92 S.14 4717 4440 1.89 36.78
Dryden 118 33 33.05 0.00 0.00 0.00 5.13 64.10 25.64 .00 5413
Hudson 1053 144 13.68 ——— -——— 20.83 6.25 27.08 16.67 11.80 17.36

0c



In Teble 5, "Injured” refers to thoze dead
pupre showing signs of mechanical injury; "containing
moths” refers to those pupas in which were found fully-
Tormed moths which feiled to emerge; "shrivelled" pupse
were small and desiceated; "dlseased" pupse were elther
shapeless or Jungus-covered; "othera" included ell
pupss whlch could not be classified, These were us~
ually fullesized vut hollow pupae and they gave no
indlcation of the cause of death. The percentages
shown in this tmble sre based on small samples and are
thus sublect to & large error. In addition, classifica~-
tlon of the unemerged pupae cannot be done accurately,
Beceuse of the condltion of the pupae when examined,
it 1s very likely that many wepre wrang&g typed. There-
fore; the percentages shown in this tabls sre intended
to convey only an approximation of the true conditions,

Table 6, which follows, shows the condition of
all unemerged pupas whose cause of death could be de-
- termined on examlinatlion. The number ol unemerged pupae
minia those lncluded under the classification, "others,"
thus becomes the basls for the percentages shown in
the table. 8ince 1t 1s inmposaible to determine the
cause of death of such a large number of the unemerged
pupae, Table € probably gives s truer picture of actusl
conditions than Table 5.

21



CODITION OF ALL UNSZMERGED PUPAE WHOSE CAUSE OF

TABLE 6

< PARASITIS %
i EARASLEESED g CONTAINIRG 4 g
AREA gymeibptera | Diptera | Total | INJURED MOTHS SERIVELLED | DISEASED
Sendilands 19.56 10.87 | 30.43 |  2.17 39.13 23.91 4,35
Spruce Woods 2,80 0.53 3474 2.80 55.14 25.23 12.08
. Hewik Lake| 6.03 5.96 | 10.89 4,95 74426 .03 2.97
Dryden .00 0.00 0.00 5440 87 .57 27.03 0400
Hudson —— e | 25.21 7456 32,77 20.17 14.28
AVERAGE 14.05 458 53477 20.65 8404

GO



Since 1t is known that shrivelled, dead pupse
can result from the feeding hebits of Echialtes, an
attempt was made to determine whether THOre Wes &
correlation between the percentage parssitlism by
Eghialtas and the percentage of shrivelled pupae among

16 unemerged pupae. It ig probable that the Feeding
hablte of rhaeogeénes also cause mortallty and therefore
the parasilism oy this insect and the combined parasit-
lsm by Ephialtes and Phaeogenes were investigated.

Table 7 {compiled from Tables Z and 6) lists the
x and y variants for the three relationships mentioned
above.

IABLE ¥
GORRELATION OF ICHNEUMONID PARASITISH & SHRIVELLED PUPAE

COMBINED ¢ 4
% A PARASITISH | SHRIVELLED
PARASITISH|PARASITISY BY AHMORG
BY BY | BFHIALTES & UNEMERGED
AREA EPHIALTES |PHAROGENES| PHAEOQENES| PUPAE
Sandlilands [xe«18,.86 |X1x7.35 E2=26.21 .
Spruce Woods| 8,80 De 06 e
B« Hawk Lake 13.18 7469 20.85
w&&ﬁ 31 .64 12.66 4%@ 30
Hudson 18.40 Ua 77 16,17

The following formule was used tc evaeluate the
correlation coefficlent, r, for the relationshlp between
Ephlaltes and the shrivelled pupae:

Br(xy) - Tx??

”xy = , where N = O
VNX(x8) - 1) (W3 - 12)
I‘xy = +4145
The "t" value was caloulated rrom the formule
/n
t = ' where n =« 3.
Vi p2
t = J7888

Simllarly, the values of r and t were found for the other
twe relationshipa. :



t VALUE AT

5% POLNT
i4 Bphisltes and
shrivelled pupae | .4145|.7888 5.18
¢ Phasogenes and
, & shrivelled pupae | .3214),.5879
% Ephialtes and
Phoeogeénes combined
snd ¢ snrivelled
pupae 0861 ilé%

The "t" values as shown above indicate that
the correlation coefficients sre all much below Lhe
level of significance, in this csse a "iL" value of
%.18., TEven the highest correlation, that of Ephlaltes,
is insignificant.

It is hoped to enquire further intc thiz matler
with more datacollected over several seasons, If sig-
nificant positive correlations exist, ithey would be
very useful 1in estimating the amount of pupal mortal~
ity caused by the feeding babits of Ephisites and
Phasogenes. with this knowledge, il would be poassible
To se%arafe more exactly theée natural from the artlficlal
factors contributing to the death of the unemerged pupae.

It is an Iinteresting fact that pupse “contalning
motha" formed a high percentage of the natural dead.
In 1943, & comparison of natural mortality of Hewk
Leke pupase under different treatments was made (1943
Annual Report, Page 27) which revealed that tl® mortal-
ity of pupse in the field was less than that of pupas
reared in cages. Thie 1s shown by the following data:

TREATMEET OF PUPAE % MATURAL DEAD
Fleld count at Hawk Lake 4,6
Reared in cages at Hawk Lake 10,8
Shipped to Winnipeg for rearing 1240

Very few pupme containing dead moths were [ound
in the oourse of the rleld count taken sfter emergence
had finished but, of the pupse reared at Winnipeg (1944),
fully-developsd dead moths averaged 8% of the unemerged.
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It l1s ressoneble to suppose that cage conditions, as
wall es handling, were responsible in some part for
these developmental fallures. Some changes in the
resring methods are anticipated for next year's pupsl
survey, with the object of improving ventilation ard
increasing the humidity in the cages. In this way,

it may be possible to lower the percentage of "natursl
dead" and thus incresse accuracy in the estimation of
mortality from paresites.

(iv) Other host-parasite relations of the budworm
pupal survey. A number of tables follow which deal
with other host-parasite relations., B8imilar data are
tabulated in all annuel reports since the inception
of the survey and the methods fellowed in compiling
the tebles remain the same as those outlined in the
1941 Annual Report, Page 69,




PERCEETAGE HORTALITY OF HALE PUPAE IK 1944

EPHIALTES | PHAEOCGERES _ TOTAL HATURAL TOTAL

AHREA CORQUISITOR HARICLUS |DIPTERA CHALCIDS| ¥IBCELLANEOUS| PARASITISY¥| DEAD |MORTALITY
Bapdllends Py 58 10,20 14.56 1.19 Q.00 40457 15,95 56,08
Spruce ¥oods 8.086 2.63 G.58 .68 0.00 20..72 20.88 | 41.61
Hawk laXe 248 7.88 2.95 0,68 0.00 20.94 9,12 2207
Dryden 17.74 14.52 G.45 0..00 0,00 B« 71 25.81 6452
Budaon 15.62 1.02 5.09 0,00 0.00 &l .73 13.24 54 .97

96




TABLE ©

PERCENTAGE MORTALITY OF PEEALE PUPAE IN 1544

EPETALTES | PHAEOGENESS TOTAL  |RATURAL| TOTAL

AREA CONQUISITOR| HARIOLUS | DIPTERA|CHALCIDS|MISCEL.LAREOUS| PARASITISH| DEAD | MORTALITY
Sandllands 18.18 Ga 52 .35 D74 0.0 30 .80 a8 3§&39
Scruce Foods 5,16 2.4 6.83 0,47 0.00 14,84 31002 45.94
Hawk Lake 14.74 5 .54 1.86 0.l3 0.00 22,5 10,368 32.93
Dryden 25,00 1.78 5. 36 0,00 0,00 32,14 41 .07 73.21
Hudson 10434 0,82 R 0.00 Q.00 17.8% 14422 32,11

LG




TABLE 10

PERCENTAGE MORTALITY CF ALL PUPAE IR 1944

NATURAL |

EPHIALTES | PHAEOGENES TOTAL TOTAL

AREA CONQUISITORl HARIOLUS | DIPTERA|CHALCIDS| MISCELLANEQUS| PARASITISH| DEAD | MORTALITY
Sandilands 16,60 - 6.47 | 11.06 | 0,94 0.00 | 35,07 12,00 | 47.08
Spruce Woods|  6.57 - 2.48 8,09 0.56 0,00 17.71 26.12 43,83
Hewx Luke | 11.88 6.95 2,44 43 0.00 21.69 9.80 | 31.38
Tryden 21 .19 8.47 5.83 | 0,00 0,00 _35.59 33,05 |  68.64
Hudson 13.30 - 266 6,08 | 0,00 0.00 20,04 1%.68 | 33.71

8G




Teble 11 shows the sex ratios of Cacoecia
fumiferans pupae, Phaeogenes hariolus and Ephialtes
gonquisitor in 1947, 1tUral dead pupae wWerse ex-
c¢luded {rom the computations. Table 12 showsg the
sex ratios of Ephialtes conguisitor and Phaeogenses

T ﬁﬁfa'guyae

harlolus which were reered rrom 6 and Te
ol Cacoecla fumiferans.

TABLE 11

SEX RATIOS OF CACORCIA FUMIFERANA, EPHIALTES CO UISITOR
AND PHAEOGENES HARIOLUS FOR THE 1944 PUPAL SURVEY

3EX RATIO OF S8EX RATIO op
ARES CACOECIA PEAEQGERES
P TERRAR A g ,
Sandilands _ +581 + 435
&w@@ woods +478 «161
Hawk Lake +«455 ¢590
ngyéﬁn ; 418 «200
Hudson +438 « 286
TOTAL <461 o415
TABLE 12

SEX RATIOS OF EPRIALTES CONQUISITOR AND PHAROGENES HARIOLUS
REARED FROM MALE AND FEMALE PUPAE OF CACOECIA FUMIFERANA

WALE PUPAE FENMALE PUPAE
AREA “Ephlaltes [Phaecgenes Ephlsltes |haeogenes |

sonquisitor harialua aanquinitar hariolus

__'_E_p}’uﬁﬁ woods . 34? L0862 « 576 + 267

Howk Lake L #4538 + 286 793 «841
| Dryden + 545 +222 + 788 e s 3¢
Hudson , « 380 « 187 <771 il

TOTAL , o4l 1 « 280 « 740 712

% Dryden--Only one Pheeogenss hariolus, male, was reared.
## Hudson--0Only one Phaeogenes hariolug, female, was reared.




{v) Correlation of parasite populstions with budworm

opulationa. An explanation of the large annual f{lucgtus-~
%Ian ir poepulations of budworm parmsites was sought in
& compariscn of parasite populations with budworm larval
populations. Two methods of estimating budworm popula-
tions are currently in use, oné by the use of sample
plot defoliastion indices and the other by counts of
larvee. A record of the current defollation on jack
pine in the sample plots at Hawk Lake, Ontario, has
been kept since 1937 and, in the same ares, larval
counts have been made since 1941. In the summary which
follows, sample plots 1, 6 and 11 only were considered
becauss these plots are in the seme ares as the tress
used in meking ths larval counts.

TABLE 13
LARVAL POPULATIONS AT HAWK LAKE

BUDWORM LARVAE % CURRENT DEFOLIATION

YEAR PER 100 TERMINALS I8 SAMPLE PLOTS 1,6,11
1937 , 7.60
38 450
39 24 30
40 4400
41 Xz 4.24 |l _¥y= __+63
42 7439 2.04
43 22.85 6455
44 .18 v &.01
Tx - 64 » &6 Ty - 16, 23

The coefficlent of correlation was calculated
between budworm larvae per 100 terminals and the percent-
age Enrrsnt defoliation for the years 1841 to 1944 In~
clugive,

The following formulas were used:
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HI{ny) = '}.‘ﬁ'i“?
VIREGR) - 12) (Na(y?) - 12)

t 2 ,HALMQQZ, where n = 2.

-

Ty = where ¥ gz 4

Tiy 3 <0454
" value = 4.,1008
""" yplue at the ¢ point = 4.30

These values indicste a ressonably high degree
of agreement and thus confirm the vallidity of both the
methods used. DPecause delollation indleoes have been
recorded aince 1937 and the much more accurate larval
counts only since 1941 (1942 Annusl Report, Pages 43
to 47), it was decided to use the former in correlating
annual fluctuations of host and parasites. In using
the defoliatlion indices, the ressrvstion must be made
that they are based on visusl estimetes which are
sublect to personal error, particularly when the de-
folliatlon is of moderate intensity. Visual estlmates
csn be made with considersble accurscy when defollia-
tion is elther extremely lizht or very heavy.

Table 14, which follows, summarizes all the data
used in examinling the relatlonshipa of host and para-
sites. ¥any of these relstionships were plotted
graphically, using the snnual defollatlon index as
one variant and the annual mortallty due to various
perasites as the other varlant. Table 14 shows the
individual parasites and groups of paraslites con=-
sidered. Defolimtlon was compareld wlth parasitism
gf the ssme year, of one year later and of two years

abor.



JACK PIRE DEPOLIATION AKD PARASITISY AT HAWK LAKE, ONTARIO.

% 4 MORTALITY OF BUDWORM CAUSED BY:
CURRERT ALl Ephislites & | Miscellancous)

YEAR | DEPOLIATION |Paresites | Diptera| Ephisites | Phasogencs Chalcids §§E§E§E§§s Hymenoptera

1927 T7.60 '

1938 4,50 _ ,

1935 2,30 47,23 1.85 17 .44 24,78 2.84 42,22 0.52

1940 4,00 17.12 078 13.84 L.42 0.93 15.86 0el5

1941 K 2.87 1.02 4.47 4,38 4,00 £.55 0.00

1348 2.04 24.52 0.52 16.45 Seld 234 21.59 G«07

1943 655 13,08 0,96 5434 4,98 1,79 1C.32 0,00

1544 6.01 24,02 2.70 1316 7.69 0 o47 20.85 0.00
o
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In no instance was & well-defined correlation
indicated but sevaral graphs proved interesting and
merlt Durther study. Psrssitism by Chalcids and de-
follation of the same year gave evidence of an inverse
relation. This was a&lso true of parasitism by Ephisltes
and defollation of the same yesr. However, when para~
sitlsm by Ephlsltes waes compared with the defoliation
of two yesrs eariier, a direct correlation was indlcated.
The most delinite relmtion, that of paresitisam by
Diptera to the defolistion of one year earlier, was
tested methomatlcally. The origlnel graph was a geo-
metric curve, To simplify this to a linear relation,
the logerithms of the percentage parasitism by Diptera
wore used as one veriant. The greph then became &
direct linear relstion with s regression coefficient of
«11478 {A "t" value of 7.0834 indicated that it was
highly slgnificant).

- What appears to be a definite connection between
parasltism by Diptera end defollation of one year
earlier at Hawk Lake, Ontario, 18 not evident from the
records for the Sandilends Forest Reserve (Table 15).
The percentege of current defolistion per tres for
the yoears 19037 to 1944, when compared with parasite
porcentages for the years 1939 to 1044, appears to
show ne relation.



TABLE 15

JACK PINE DEROLTATION AKD PARASITISHE

AT SANDILANDS FOREST RESERVE, MANITORA.

g _% MORTALITY OF BUDWORM CAUSED BY: _
CURRENT A11 Ephisites % | ¥iscellansous|

YEAR | DEFOLIATI G§§ Parasites| Dipters gyl;ialtss Phasgogensas | Chal cidg P};ae,ageﬁas Oymsnoptera
1937 17.98

1938 5,01

1939 2,18 50,43 JEN 17,54 26,28 6.26 ID 68 0.74
1440 54 12.69 0..00 10448 1.35 0.51 11.84 D34
1941 2.08 20,52 9.92 13,89 - 2.27 1.26 16,96 0.8
1042 18,5  BEL.E2 1.06 1137 7od4 5,42 .81 .32
1043 11.76 15.74 360 1.588 6.58 TeD9 546 GO0
1944 12.25 32,86 12.57 18,86 7«35 1407 26,21 _0.00

28
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() Summary

2,301 pupae were received from two study areas
of spruce budworm and 2,717 pupse from three study
areas of Jack pine budworm in 1944, The following
parasites were resrved from this material:

HYNMEROPTERA
Phaeogenes hariolus {((ress.)
Itopleatis conquisitor (Say)
Scambug hlspae (Harr.)
Amblymerus verdlter lort.
Aphaerets sp. near muscae Ashm.(Hyperparasite)

DIPTERA
Hemorilile pyste Wlk.
Zenillle cumaaar Ald.
Phiryxe pecosenals (Tns.)
ophthaime interrupta (Cn.)
atoma fumliferanss (7T1i1.)

Tebles have been Included in this report which
show the parasites recorded in the years 1938 to 1044
inclusive.

Pupal mortallty from parasitism and natural
causes In thoe [ive areas sempled is 14isted Lielow:

% £ WATURAL | % TOTAL

AREA PAHASITION NORTALITY MORTALITY
Sandilands 35407 , 1200 47.08
Spruce Woods 17.71 20128 435,83
Bewk Lakp oL 260 G is‘g o w B
Hudason 20,04 13.68 33,71
Egyden  3B.H9 335,08 68,04

In 8ll five areas, the totsl parasitism for 1044
showed an Incrseass over 1943, This increase was out-
standing In Sendilends, Hawk Lsake and Hudson, where much
of the gain was atiributables to §%h1a1ﬁ$a. Dipterous
parasitism Iincreuased markedly at the Sendilends Forest
Reserve. Parasitism by Chalcids wes generally low.

For the first time, Fm&agggnas was recorded in
an appreciable smount from the Spruce Woods.
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A comparison of spruce and Jeck pine areas ree
vealed that parasitism by Phgeogenes was lower in apruae
bu&warm (average for jack @%na, % 237 for spruce, £,06%7).
‘ aliog Qoaurrﬁd in approximantely egual oumbers in
&prua& and in Jack pine budworm. In 1944, the pargsit-
ism by Diptera in the two forms of budworm differed only
8lightly. As in {ormer years, fewer Chealcids were ob~-
tained from spruce budworm than from jack pilne budwornm.

An @xamin&tioﬁ of the "natural dead" pupae re-
vealed that 354 contalined fu&if«&swmﬁé moths which
falled to emerge, In 1043, counts made in the fleld on
pupse remaining efter the emérgence hsd finished showed
very few pupse in this condition. ¥ost of this mortel-
ity sppeared to be dus not to shipping, but to handliing
and cage conditions. It was Impossible to aacertaln the
cause of deatn of an additional 347 of the "natural
dead"” pupae. Among pupse whose cause of death could be
éetemﬁinad, the parasitism for all areas sveraged at
%aaat 147 and the nwabers of slurlvelled pupse averaged

;2

It is known that shrivelled pupse can result
from the foeding habits ol Egﬁé&lﬁ%ﬁ but, when a re-
lation wag sought betwecn the porcentage paresitism by
%ﬁé&g&%ﬁﬁ ené the percentage of shrivelled pupse smong

& unemerged pupee, the correletion coefficlent was
found to be not eglgniflcant.

The ususl tablaes ahowing mortality of male ami
female pupse snd hosi-parasite ssx ratic relations are
included in the report.

Hawk Lake recoxds of paresite population and
budworim larval populations (ag Iindicated by Jjeck pine
defnliantion in the sample plote) were used in correlal-
ing annuel fluctuatlions of host and perasites., No welle
d@finﬁ& relationships resulted but there wes svidsence
of several possible ones. Siallar compariscns of Sendl-
laendg datae ylelded no evidence of a relaetion between
host and perasiie populstions,



37

2+ Larvel Parasites

{a) Methods

The survey of larval parasites at Hawk Lake
in 1944 waa modified somewhat in order to obtain
what 18 believed to be s more scourste estimate of
percentage parassitism. Prom dissections of larvae
made In 1943, 1t was concluded that this offersd the
mogt relisble method of determining parasitism.
Accordingly, rendom collections of budworm larvee
from mature Jack pine and regeneration at Hawk Lake
were madse on June 16, 19, and 21, 1944. The larvee
were gathered just prior to theemergence of the parsae-
sites from the host, preserved, and dissected during
the winter.

Simultenecusly, a large series of budworm
larvae was shipped to Winnipeg lfor rearing to estab-
iisgh the species of parasites. This series, unfort-
unately, ylelded dlsappointing results. Pupal populsa-
tion counts, however, provided information on the
relative abundance of parasite cocoons, while sube-
sequent rearing of them gave the required date on
specles.

{(b) Results

The three collections of preserved larvae, upon
dissection, gave the following information on degree of
parasitism;

DISSECTION OF LARVAE FOR PARA&I?EE
(Collected at Hawk Lake, Onteric, in 1944)

@éﬁfﬁgf LARVAE | LARVAE PARASITISED | % PARASITISH
TIOR DISSECTED| Hymenoptera|Diptera| Hymenoptera |Total
Jun.16/44 42 10 0 25,8 23,8
Jun.19/44 35 9 1 25,7 28.8
Jun.21l/44 73 16 1 21.9 23,3
TOTALS 180 35 2 ﬂ B5eB 24.7
' .




As usual, 1t appears that dipterous parasit-
lesm was relatively lnsignificant while that due to
Hymenoptera was gquite heavy.

A point of interest ls that, as in pravious
work of this nature, none of the parasitised larvae
showed any evidence of manle gonad development.

In comnnection with the bvudworm pupal counts,
a#ll laprval perasite cocoons observed were regorded.
Slxby~twe cocoons were obtained in thls manner, of
which 41 were Apenteles fumlferapnae and 21 were Glypta
fumiferanas, This is a ratio of @ to 1 in favour of
Apanteles. These wers the only & species recovered
‘In'yﬂ&rfnga of theae cocoons.

(¢) Conoclusions

Larval dissection of some 150 budworm larvee
disclosed a larval parasitism of 24,7%., This was
due slmost entirely to two equally abundant Hymenoptera,
Apanteles fumlferanae and Glypts fumiferanase. Dipterous
PRras am was inslignlficant.

S. Egg Parssites

Egg parasite data are presented under "C. Pop-
uwlation Studies” this year. ¥No egg parasites were
encountered in the 49 clusters obtasined in the Hawk
Lake egg survey.

28



4. Directlons for the Budworm Pupal Farasite Survey

The following le a complete complilation of proced-
ure and techniqgues developed over a period of 6 years
in handling materlsl received for the budworm pupsl paras-
slte survey. Directions are given in chronologlcal order,
beginning with the opening of the boxes and concluding
with the cleaning and dismantling of the rearing ceges.
As an ald to those not familiar with the budworm and its
parasites, a sectlon on identificetions is appended.

STEP ORE
RECEIVING AND SORTING MATERIAL
l. The box 1s opened in a bell Jjer laid on its side and
the entire contents sre removed, {inding the enclosure
8lip.

2. M¥ake a note of date recelved on the determination
sheet, also Porest Insect Survey and box numbers.

]
-

The material is carefully examined, segregating
budworm pupae from packing material.

4. The packing material is then carefully checked and
discarded. At this time, the box may also be dis-
carded.

Ge Living asdult materisl, such as budworm moths and
parasites, l1s kllled and labelled. Budworm pupae
and the pupae or cocoons and larvae of parasites
are placed In petri dishes. Eventually, the budworm
pupaeé will be placed In csges and included with them
wll: be all the dipterous larvae. Before caging,
however, the following is done.

6., Pupae are segregated according to sex~--male and
female~~and emerged pupal cases placed in a separate
category. If possible, parasitized cases from which
dipterous larvae came end also from which Hymenoptera
smerged are segregsted and an attempt made to balance
the number of casesa against the number of parasites
found. Pupal skins with one to meny small holes the
size of a pin head have been parasitlized by chaleids,
while Jchneumons leave & more or less jagged circular
hole anteriorly on the host pupae. Pupae from which
Diptera have emerged are usually badly damsged; the
emergence hole is normally large and lrregular and
wmay occur on sny part of the pupal skin.

39



T

Le

4.

G

40

For emerged budworm materisl, balance the number
of empty pupal skins against emerged moths and
record the excess skins as directed on the deter-
mination sheet.

STEP TRO
FILLIEO IN DETERMINATION SHEET

The determination sheet is stapled on to the enclose
ureé slip. The date received has already been entered.
This date applies to the date the box is actually
recelived. _

The F.1.S8. number is given. Check sheet for Record
Ho+, Date and Pox Ho.

The first entry is in column (1) and comprises sound
pupse. These consist of sexed material, male ard
female end total.

In column (2) enter the pupal skins from which
dipterous larvae have emerged, segregated according

to sex. If thls is not possibvle, follow the proced-
ure suggested in ltem 6 below. These are recorded

oen the back of the residusl cage material sheet

(for each sex) and then discarded. 1In the case

where the number of pupal skins from whioch dipterous
larvae have emorged (column 2) exceeds the number of
dipterous parasites actuslly found, enter the number

of dipterous parasites actuslly found in or apportioned
to the male and the female collecticns, at the botiom
of the determination sheet (e.g., 15 dipterous parssites
in mele cage, 20 dlpterous parasites in female cage).
Then on the emergence sheet (for esch sex) under the
heading "Diptera,” date and enter the number of :
excess parasltized pupsl skins. MYeke a note a8 to the
source of this rigure beslide it,.

Column (3) contains parasitized pupal skins from
which Hymenoptera, both Ichneumonids and Chalcids,
have cmerged. The Ichneumonld-parasitized skins ave
recorded on the back of the resldusl cage material
sheet (for emoh sex) and then discarded. The
Chalcid~parasitized skins are retained snd will be
placed in the rearing cages according to their sex,
In the rare case where the number of pupal skins
from which Ichneumonid parasites have emsrged exceeds
the number of Ichneumonide found, the same procedurs
as outlined in ltem 4 above is to be followed.
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Column (4) shows any parssites in excess of the parasitized skina.
Include larval, pupsl and adult forms. The excess parasites are
distributed srbitrarily between male and femsle pupae, correspond-
ing to the number of pupase received; i.e., if therc are twice s
meny males as females, the parasites would be distributed two-
thirds from msles and one-third from femslss. If no excess para~
sités oceur, no entry is necessary in column (4)}. Chelcids are
not included in this column.

Total columns (1), (2), (3) eand (4) and enter in column (5).

Column (6) contains the number of emerged moths found in the box.
These are killed and, after being recorded, may be discarded.

Count and sex the budworm pupel ceses end, il there ls any excess
of skins over the emerged moths, enter the number in column (7).
These emerged skins may then also be dlscarded.

Column (8) shows the total of emerged moths by adding together
columns (6) and (7).

The grand total, column (9), shows the originsl number of pupase
in the e¢ollection before parasitism and emergence of moths com=
menced. It is obtalned by adding column (5) snd (8) and is
regarded a8 the totasl number of pupse recelved in the box.

Free adult Chalclds are not entered on the determinetion sheet

but sre killed and layered, then entered on the emergence sheetl
as a normal rscord for that date.

All other adult parasites should be segregated sccording to

the headings on the emergence sheet and entered on that sheet

a8 8 noramsl emergence for that dete. The number of Diptera and
Ichneumons entered on the emergence sheet should correspond with
the total of columns (2), (3) and (4) less larvae and cocoons

of Diptera snd pupse parasitized by Chalclds.

Miscellaneous meterial not related to the pupel survey proper
may oe noted on the bottom of the determinatlion sheet and then
transferred to the Forest Insect Survey.

Check determination sheet.

STEP THRER

FILLING IN ACCESSION SHRET

The accession sheet 1s filled in when the determination sheet
is completed.

On the accession sheet are llsted the maln sres [{rom which the
collection was taken and, where applicsble, subsidlary areas. Where
the area is a composite with several locallitles contributing, and
where all the material is reared in one box, ihe subsldlery areas
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are listed on the seme accession sheet under the
appropriate heading. Entries are made from coluuns
{(5), (B) and (9) of each determination sheet and
reprogsent the total number of pupme received in
that semple, The F.I1.8. nusber on the determination
sheet 18 mlso entered on the accession sheet. Thus,
& ready reference to the original enclosure slip for
eny one eniry on the accession sheet is possible.
One sccesslion sheet is used for ecach mein area,

Check accession sheet against determinatlon sheet
and prepare the material for the cages.

STEFP FOUR
PLACIHNG MATERIAL IH REARING CAGES

The meteriasl that was recorded on the determination
sheat except emerged skins and skins parasitized by
Ichneumonids is introduced into the pupal parasite

rearing cages.

It is advisable to load the top tray of the cage
first. At the beginning of the Survey, it will be
possible to remove the I[ront of the cage to do this.
Later, due to emerged msterisl in the cage, 1t will
raquire specisl means.

In ioadling the treys, 1t ls essentisl to see that
the pupae are propérly distribvuted and thet no clump~
ing or piling up of pupee ocours. It i3 alsc advis-
able not {0 handle ihe pupae more than 18 absolutely
necessary. Yo do this, it 1s sometimes possible to
merely flip the contents out of the dish in which
the pupse are contained, thus ovenly distributing
them over the wire trays.

Where emergence has proceeded, the front of the
cage cannot be readlly removed. At this time, it
might be poasible to introduce pupas intc the cage
by means of a long paper cone inserted through the
Jar opening in the front of the cage. By moving the
cone about, pupae mey be evenly distribvuted on the
second and bottom compartments ol the cage.

Tmmature Diptera and pupsal skins peresitized by
Chelelds are introduced into the cage.
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Any material thet escapes while the cage is beling
loaded 1s traced, 4if possible, and killied. Ident=~
ification 18 the essential feature and s note ls
made on the smergence sheet of anything thet has
escaped. Parssites llke Ephlaltes and Pheeogenes
which can be positively identiried and 86xed may be
lef't free and allve.

In rearing the materlial in the insectary, it 1s
sometimes advisable to alr out the cage or else
maintain some sultable humidity by means of c¢lesn water
sprayed into the cage, A change of air may be ac~
complished by removing the ssaler from the front of
the cage and substituting a dlsc of finely-meshed wire,
carefully fitted into the sealer ring. This may be
left on overnight, i1f necessary.

2 cages are allotted for each ares contributing.

The cages are labelled with the ares snd msle or
female deslgnation. Por purpcses of record and
standardization, the mals cage 1s referred to as "A"
and the femele cage as "B." The appropriaste materlsl
is introduced into esch cage, as outlined.

STEP FIVE
REMOVING EMERGED MATERIAL FROM THE CAQES

The emergence of material from the rearing cages

may be taken throughout the day, whenever convenlent,
and need not be restricted to any definite time. If
possgible, at least dally collections are maintained.

A sultable procedure of taking the emergence consists
of having a clean Jar at hand, also a gless jar top.
The Jar on the cage 1s carefully removed and the Jar
top quickly placed on the Jjar ard the fresh Jar ine
serted in 1ts place,

A small square of pesper, or cardboard preferably,
with the area name end male or female designation ls
placed at this time in the removed Jar. This will
eliminate any confusion that might arise and the tag
can then follow the msterial through its various
stages, ansesthetiging or killing.
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A smell wad of cotton on the end of a string of
suiteble length 1s moistened with ehter and intro-
duced into the removed Jar. Additlonal Jars mey

pe removed and cotton wada of ether Introduced. In
this manner, it 18 not necessary to walt for the
material in the Jjar to be anaesthetized.

When all movement in the jar has ceased, the con-
tents of that jar are then carefully eéxamined.
This may be faciliteted by dumping all the contents
on to a sheet of paper.

Hoths are examined a&s to sex and the numbers recorded
a8 to mele and female. Parasite materiasl 1s segregated
into specles and sex, if possible.

Unless instructed otherwise, kill all the emerged
moths and adult paresites,

After the materlal has been killed and recordsd,
the moths may bs discarded. All parasite material
is kept for leyering. In someé ceses, instructlions
may be glven to dlscard certain parasites.

¥here live material is required, the snaesthetized
insects may be returned to a fresh jar, or a parasite
shipping ocan, end allowed to revive. In this respect,
it is essentlal that proper ldentilicatlon of the
parasites be made,.

Do not immedietely re-use sealers which have Jjust
besn etherized., Set them mside for 5 minutes and use
a clesn sesler from & supply kept for that purpose.
If lack of sealers will not permit thls, swish the
stherized Jar through the air until no odor of ehter
remains before replacing.

Layer emerged and killed materisl between cellucotton,
placing s label beslide them besrling record number,
cage number, sex of budworm, and date of emerpgence.

Be sure to place the labels so that there ls no copn~
fusion as to whiolh specimens they refer to. E8tore

in cardboard bozes or other contslners which may be
provided. Chalclids ere best storsd between layers

of cellucotton in emaell cardboard plll hoxes.
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Any insects that escape while the emergence ls
beling taken are ldentifled, i1f possible. Woths
are loceted and killed. Parssites, i no doubt.
exlats ag to thelr ldentlity, are sllowed to esocape.
Por purposes of record, esceped materlal is entered
88 an ordinary emergency and need not he placed
under a sgeparate category.

The emergencs 1s entered on an Ingectary emergence
sheet In the Insectary at the time the emergence
is teken.

STEP 51X
EMERGERCE RECORDS

The daily lnsectary emergence sheet should be

used in the insectary and these dally records transe
ferred to the permanont emergence form. Records for
several areas or several records fopr one ares may
appear on the one insectary emsrgence sheest.

Under the category of emerged moths, the checked
materisl [rom the Jjers is entered. 1 any discrep-
ency has occurred, that 1s, 1f & male moth has been
recovered from a fomale cage or vice versa, an ade
Justment for this is made on the permenent smergence
sheet a8 outlined in iltem 3a Lelow. Adult parasites
are ontered under thelir proper category. If any
doubt exlsts se to identificatlion, material 1s killed
and layered and entered under miscellaneocus parasites
or Ichneumonids, ete. Adult Diptere are all killed
and layered and entered as the total number of Diptera.
S8imllerly, Chalelds. The miscellaneous parssites are
killed and layered and entered under the miscellansous
column.

Emergence sheet: The sex of the pupae, ares of COle
lection, F.1.5. numbers and all the meterial which
emerges in the cage are recorded here. This ls tise
permanent record of emergence and includes entrles of
emerged adult material from the determinastion sheet
and the dally insectary emergence sheet. The "date"
column refers to the actusl dats when smergence was
taken or, 1f the figure is taken from the determination
sheet, the emergence date is taken as thet day on which
the box was opened. O(ne smergence sheet is used for
sach cage belng reared.



2+ HNotha: The number of moths recorded on
the insectary emergence sheets is entered hers.
If any dlscrepancy in sex has occurred {(male
moihs present In female cages or vice verss),
enter the dats according to the following proced-
ure: Record the number of such moths in parentheses
in the column referring to that cage from which they
ware removed. Thls [igure then forms part of the
total number of moths under the proper category.
Por example: I 2 male moths ere recoversd from a
female cage, the figure "2" 1s recorded in paren-
theses urder the female cage column and does not
form part of the total number of moths in that
column. The "2%" appsars in the totel number of
meths under the mele column without any further
designation. Any emerged moths in the F.I.5. box
when 1t was opened are slso recorded on the emerg~
enee sheet at the time the determination sheet is
fliled in. fThe total in column (8) of the determina-
tion sheet ls the figure used for emergence in the
BOXe

b, Parasites: Eumerged adult parasites from the
survey box are entered in the eppropriate columns
on the emergence sheet at the time the detorminstion
sheet is filled in. Do not include dipterous laprvae
or cocoons. However, & & U PRITRsILes, inc ng

leids, are entered. In the case of parasitized
pupel skines from the survey box exceeding the actual
number of parasltes found, the excess skins should
be entered on the emergence sheet as outlined in
Step 2, items 4 and 5. Records from the daily
insectary eumergence gheoet are slso transcribed to
the emergence sheet. It iz important that Chalclds
and all other masterial not identified to specles
be kllled, clearly labelled and stored.

STEP SEVEN
CLEARING OUT THE CAGES

When all emergence has counsed, this Cinal step is
regquired to complete the dats lor anelysis. Tor
this purpose, the "Reosldusl Cage Material' sheet is
provided and should b€ 1 nn a8 completely as
warranted by circumstances. The sentries made should
serve a&s 8 check on all previously recorded data and
wlll round out information on the emergence sheet by
recording emerged budworm mothe and parasites which,
for various reasons, were never removed in the ord-
inary routine emergence.




The headings on this sheet are for the amost part
sglf~explanatory. Complete the entrlies fopr ares,
sex and F.I1.3. nusbers. How refler to bhe record

of diacaerded pupal skilns frowm which dipterous

end Ichneumonld parssltes have emergsd (Step £,
items 4 and 8) end Incorporate thess [lgures with
those lor parasitized pupase found in clearing the
rearing cege. Dead moths, dipterous adulta,

larvae snd unemerged dipterous cocoons and all
other adult §&?ﬂ5%§@@, after belng entered on the
regldusl cage materiesl sheet, are transcribed to
the permaenent emergence shest. It should be noted
on the latter tiat the specimens were obtalned

whern the casge was dismantled. All materlsl except
unemerged dipterous cocoons and larvae and unlidente
ifled adults may be discarded unless directed other-
wise. The number of cocoons parasitized by Chaloids
appearing on the resldual csage shset ls the fligure
uged for computing degree of parasitism by this
SErGup.

SUMMARY
Pirst step: Empty boxez and segregate materlal

Secgond step: M1l in determination sheetb.

Third step: PL11 in sccesslon sheet and transcribe
records of emerged eduliz Lo permanent
EMOrZENce SHGBL.

FPourth step: Introduce melerliel lnio rearing cages.

Fifth step: Remove end segregate moths and parasites
emerging In the cages.

8ixth step: Record emergence on dally insectary
emergence sheet. Then transfer records
to permanent omergence sheet. The letter
abould also contalin records from {(a) the
dotermination sheet snd (b)) the residual
ocage meterial sheet.

Last stop: Wien emergence hma cossed, clear out
S cages and 111 in resldusl cage weterisl
gheot.
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2o Jdentificetion of Budworm & Parasite Meterial
{a) Budworn x
(1) Sexing gug&aﬁ Hale §upa$ have Tive free abdouinal
segments visiblie venirally posterior to the wing peds;

the lasst spiracle 1s on the penultizste or sscond last
segment .

Female pupae have only four free abdominal sege
ments vielble venirally posterior to the wing pads; the last
spiracle occurs on the last segment. Pemale pupae are us-
ually larger and more robust than meles gnd often contain
green pigment in the wing pad reglon (Colouring applies
to Jack pine budworm only) .

(11) Pmrasitized pupse. Thess descriptlons refer to
emply budworm pupae [rom which parasites have emerged,

Diptera: Pupae from which Dipters have smerged
' aré usually badly damaged. The emergence
hole is noraally large snd irregular and
may ocour on any part of the pupal skin.
Determining the sex of such pupae is
of'ten not posalibls.

Ichneumons: Ichneumons sueh as Ephlaeltes snd Phasogenes
ieave o more or leass clean Jegged GLrculer
hole enteriorly in ithe empty host pupae,

Chaloids: Pupal skins with ons Lo many smell holes
about the slize of s pin head have bheon
parasitized by Chelclids,.

{b) rarasites

The detall of these descriptions does not go
beyond that necessary to separate paraslites into the
headings listed on the emergence sheet.

(1) piptera. The larval, pupal and adult forms of Diptera
may oo encountered.

Larve, Dipterous larves are comuponly known as
maggots, I1hey are almost white in colour, headless and
legless. They are often found free in pupal coliectlons,
having emerged {rom the host pupse. They have limited
powers of locomotlion, wheress the parasitic hymenopterous
larvae have none. .



49

?u§@. Dipterous pupas are Known as puparla.
The puparia are small, hard, ovel to Lerrel-shaped,
light to dearik brown In colour and frowm one~Limll to
tires-quarters of a centimster 1n length.

Adwlt. The edults are two-winged Illes resembling
in appearance the comuaon house-fly. The grest mejority
belong to ths famlly Tachinidao.

(11) Ichneumons.

Bohigltes conguisltor. The bhasic colour of
maleg &nﬁ Temnaies 18 biBck with a thin white bLransverse
line on the posterior dorsal edge of each abdominal
gegment. The tibloe and tarsl ¢f the middle and hind
legs are marked with alternate “lack and white rings.
The femele is distinguished from the mele by having &
conapicucus needle~like ovipositor one-olighth (o one-
quarter of an inch in Jengih.

Phasogenss hariolus. The males and fomales are
quite dIITerent. Ya 68 are generslly blsck but occasionally
there may be a thill Lrenaverss red lime on the dorsum of
sach abdominal segment. The "lesce" below the antennae

is white. The fore and middle lege arc light brown,

while the hind legs sre s smoky brown. The females have

a white annulus or ring around the middle of each antema.
The dorsal reglon of the first two fo all the abdoulinel
segments msgy be slmost compleisly red in colour.

Larvae: Tree larvee and pupae of the above speclies
sre rare.y encountersd, as thelr entire development takes
place within the host. It is only through scolidentel
breakags of parazitlzed budworms pupac that they will be
seen. Once removed I[rom the host, they inevitably die.
Por this reason, sven when Dreaksge does occur, the lm-
mature stages of the parasite ususlly remain in that part
of the hest skin which was not removed by the Injury.
Diptera, on the other hend, &s a rule leauvs the hosi vole
untarily. Budworsm pupee containing full-grown Ichneumon
larvee or pupac are dlstended, elongated and brittle. The
mature parasitic larvac and prepupac have s more conspic-
uoualy developed cephalic reglon then the Diptera.

111) Chalelds {(mdults). Adult Chalclds are very saall
n slize, compared willh the Dipters and lchneumons. They
are four~winged insects with the wing venatlon greatly
reduced. The front wing normelly has & single lerge
compound vein, theérse belng no closed cells. They mey Le
black, as in Tetrestichua sp., or metalllic bliuve-green,

s in AmblymeTus, end usuasily appear in swarms in the
smergence 5&?5.



Miscellaneous (adults). All other parasites

1 4o not fa A0 any of the precedling celegories
are cntered In the mlscellsnecus column on the HerEent e
8heet,
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. Populastion Studles

All possible efforts were made in 1944 to cone
tinue this project which attempts to deplct fluctuations
of the budworm within the same year and beiween years
at Hewk Lake, Ontario. This regquires at least one
satimate, and preferably two,of the larval population
and an egg survey to determine the potentiasl incresase
or decreaso Iin the budworm for the ensulng year. In
additlion, this year an sttempt waes made for the first
time to estimate pupal populations,

1. Lervel and Pupal Counts

The procedure of making larval counts was re-
vised to make possible the application of some stat~
istiocel criterion to test the reliability of the size
of the sample tsken. The sstimates are comparable in
all respects, however, with those made Iin previous yoars.
Trees to be sampled wers plcked at random in selected
sites in the Hawk Lake area. Four branches were clipped
at random from each tree, two in the upper half and two
in the lower half. Pifty infestable terminels on each
brench were then counted, beginning at the periphery and
working towards the base of the branch. ALl budworm
or budworm larvel parssites on these 5O terminals were
counted. 7This formed the basic or ultimate sample for
the larvel and pupal counts. ¥here staminate clusters
were encountered, each cone cluster (each cluster
usually terminetes in a leaf bud} waes considered sz one
terminal. The looation and presence of staminate cones
on each of the 19 trees sampled was recorded. S8ince
populetions differ greatly between staminate and non-
staninate trees, & survey of the cone-bearing trees in
the area sampled was conducted and adjustments of the
larval count made on that basis. The reasons for this
and the formule used are [ully discussed in the 1042
Annual Technisal Report, Page 44.

Pupal counts were conducted In exactly the same
manner &8 lerval counts. Records were made of the un-
emergsd pupee, emerged pupal skins, budworm larvae and
larvel parasite cocoonss In so far as the influence
REVEPEIBEES SOBES,ER-BEPHFR SESE FA8 EE RS LA 0N 5088 Hoon

was dlsregarded for the pupel count.

The following tabuletion summarizes larval popula-
tion counts made at Hawk Lake”in 1944. Each sample from
the top or bottom 1s a composite of 2 replicates of 50
terminala sach.



HAWK LAXE LARVAL COUNTS JURE, 18944.

TABLE 1

%0.0F LARVAE PER
TREE |STAMINATE | LOCATION | STAMINATE TERMINAL : TOTAL TOTAL 100
XO. CONES OF SAMPLE CONES LARVAE UDS LARVAE | TERMINALS| LARVAER | TERNINALS
1 Xone Top 0 0 100 [ 100 8 3
1 Tone rottom 0 0 100 17 100 17 17
2 Xone Top 1 2 99 37 100 39 39
2 None Bottom U ") 100 35 100 35 35
3 Eone Top 0 0 100 14 100 14 14
3 wone Bottom 0 9] 100 18 100 16 16
4 Heavy Top 25 29 75 30 100 59 59
4 Heavy pot tom 14 19 86 48 100 67 67
5 Light Top 4 10 06 46 100 56 56
5 Light Bottom 7 13 93 47 100 80 60
8 Light Top 3 7 97 73 100 80 80
6 Light Rottom 1. 2 99 62 100 64 64
7 Hone Top 0 0 100 24 100 24 24
7 Hone Bottom 0 o) 100 27 100 27 27
8 None Top ) ) 100 67 _100 67 67
8 Fone Bottom ) ¢ 100 48 100 48 48
9 Hone Top o 0 100 7 100 7 7
9 | Xone Bottom 0 0 100 1) 100 11 1
~ Xone | To 9 Q- 100 2 00 | 2 B
os | Top o 0 100 | 91 | 300 | h1
Bottom 9 0 190 - 2 . |- 100 - 21
_®Mop 0 ) 100 13 100 13
Bottom o 0 100 11 100 11
Top 0 0 100 10 100 10
Bottom 0 0 100 14 100 14
Top 0 0 100 15 100 15
ottom 1 1 59 & 100 7
Top 0 0 100 47 100 47
Bottom 0 0 100 33 100 33
Top o 0 100 18 100 18
Sottom O ) 100 pat I 100 10
Top 0 0 100 13 100 13
Rottom 0 0 100 15 100 15
Top 0 0 100 .38 100 3
Bottom Q 0 100 14 io0 14
Top 8 1 92 Y 57 100 58
Bottom 2 O ) 59 100 50
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From this toble, the larvae per 100 termipals
for thres clesses of staminate tress are calcoulsted s
as follows; : i
Honeataminate cevesse 20,10 i
Lightly staninale ses ‘%gﬁgﬁ b
Hoavily staninete ... 60,75
A Burvey of BU3 trees on threc seliected slies;
lete, the viclnlty of the campslte, Dead Horse roint,
ard Post Offiece Foint, geve the following dlstribu-
tion of staminate irees
Hoavily steminate .o 14,37
Lightly staminete see 10 f}é}
Hon-ataninabe sesvove G0LPE0
Xow, by the use of the formula previousl ’
mentloned, the average larval population at HHewk B} I
Lake for 1944 was caloulated as followsy :

Larvao pOr . (14,71x60.75) £ (10.70x42.25) £ (68.09220.19)
150" torainate T ARABAO0.10) 7 (0. 10%32.23) 7 (63.92620:09

= 30,18

This iz & consglderabls Iincreuss over the 22,806
per 100 terminals for 1943, the 7.39 for 1242 and the
4424 for 1941, Strangely emough, while ths larvel <
population in 1944 was considerably higher than 1t has
been for some time, aerial observation indleated only °
a truce of budworm in the Mawk Lake area. This suggests
that aerial resonnaissance for budworm svundance is nok
plways relisble unless supplemented Ly ground checks. -

Tt is possible that the heavy precipitatlon and-<ths lush

follags of the jack pine in the area wmight have oblitersted
the usuel evidence of budworm sctivity looked for from.

the sir. Then too, the pupsl count (3ee Table 2 diselosed
a largs docroase in the budworm population. This mortéd- :
1ty probably oceurred belors the larvae reached thelr - !
maximun feeding capacity in the 6th and 7th insters. i

Twolve trecs were ssmpled for pupal counb. Datd
obtained are summerized in Tsble 2., The counts include
gound budworm, and perasitised pupse or omerged skins.
rarval parasite cocoons snd pupse destroyed by predatoys
or unlnown causes are excluded, : .
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TRER :

Y ) 1 5
) 100 4 3
3 100 2 :
3 760 i 700 1
5 1060 3 ]] 100 1
6 | 300 |3 100 5
7 I B 106 4
3 100 7 100 8
g 100 k) 100 5

1o || 100 T 160 3
11| 100 5 100 16

Te 1360 T 300 3

[mméaﬂ 1800 39 u 1200 56

ﬁiar&§arﬁim~ the Influence of stanineie
trees, the pupal population averaged 3.98 per 100
ferminals. This is a very large decrosse [rom the
larval population of 30,10 per 100 terminels. Une
fortunately, the factors ceusing 1t are largely
unown.  Larvel parssitism slone is not respons-
ible. If such a large mortallity cocurs every yoar,
it is one which has not been recorded as this is the
firet yoar In which pupel counts were mede. It
would seem that this phese warrsnts much more ine
tenalve atudy to determine the importance of the
various factors responsible. The Iirst step, howe
ever, 1s to cheok the scouracy of the pupsl count
and incresse its preclsion.

The purposse of meking both larvel and
pupel counta In replicate from the top and bottom of
sach tree sampled was to determine how acourately
the baslc semple of 00 terminals deplots the true
tree population. It was ressoned that 1° this basic
sample was sulficlent, a significant correlation
should exlst between replicates from the same
sample area (top or bobtom) of a tree. It seens
obvlous that it 50 terminals glve a rellable eatinmbe
of the population of the sampling area, another sauple
from the same location should be significantly related



to the first. A lack of correlation would indieste
that the replicates had no relation to each other

and were therefore inadequate. The larval and pupal

pepulations recorded for each replicate from each
samplling area are llsted in Tebles 3 and 4.

TABLE &
HAWK LAKE REPLICATE LARVAL COUNTS
» P A2 poTTOM A/2
trnen Humber of Larvae Number of Larvae
N0« |Replicate 1| Replicate 2|Replicate 1| Replicate 2

i 4 2 6 .. 11
|2 23 16 16 19
S 10 ‘ 4 6 10
4 53 26 42 .25
5 20 _ 26 20 40
8 45 35 48 16
7 i1 13 18 45
8 33 53 27 2L
9 2 ) 3 8
10 0 2 7 17
13 5 _6 i 14
12 8 _ 5 7 4
13 6 4 7 7
14 10 5 i b
15 38 B Y _85
16 | g 9 8 2
17 8 7 10 5
ig 28 5 g

19 | 25 33 30 29

99



TABLE 4

HAWE LARE REPLICATE

PUPAL, COURTS

TOP_1/2 BOTTON 1/2
TREE Number of Pupae Number of Pupsas
KO, |[Replicate 1|Replicate Z[Replicate 1]Replicate 2
1 0 1 0 Y]
2 3 1 1 2
3 Q 2 1 3
4 1 3 O 1
5 0 2 ) 1
8 ¢ 1 3 0
7 0 ] 1 3
8 3 4 2 &
¢ 4 4 2 1
10 0 1 2 2
il 1 4 3 13
12 1 0 5 4

helf of the trees.
paired x and y values.

Correlation coefficlients were calculsted for
sach series of replicates from the top and bottom

Tormuls

Ei(xy) - TxTy

Replicates were considered as
Employing the correlation

VN SGE) - TE) (vz(y2) - ng)

the correlstion coefflclents and their significance

are as follows:
TABLE 5

STAGE OF CORRELATI ON 58 | 1%
BUDWORM | LOCATION|COEFFICIERT| "t" Pt. | Pt |SIONIFICANCE
Larva | Upper & 821 5,93 2,11 |2,90|  Strong
Larve |lLower « 545 2.,68] 2.11 [2,90 good

Pupsa Upper «54R8 1.568| 2,883,017 Hone

Pupa Lower & | 335  11.20|2.23)|5.17 Yone

Adopting the 50 point as the required level of

&i&nifiﬁ&nea, he correlation between replicates of lervae

from the upper half 1s strong snd, in the lower halfl ls

26



good. This would indicste that for population levels
a3 they were In 1944, the 50 terminal samples were
adequate estimates of the real larvsl populations of
the 19 treses. It is probable, however, that a lower
denslty of the budworm populetion would raguire sn
increase in the number of terminals per individusl
sample. The significence of the correlations obtained
does not meen that the 19 trees trmuly represent the
population of the entire urea, since such o tost would
require sl least two replicate groups of trees {rom
LLé sres. Here the question of staminate cones would
introduce further complications.

In nelther cese in the pupal count was the
correlstion significant. 1In all probebillity, this is
due to light pupal population whioch results in such a
senttered, spotty distribution that the 50 terminal
saemple 1s inadequate. 7This indicates the need fop
mors replicates per tree or larger counts per replicate.

2, Ega Counts

Iwo sample Lranches were removed from each
of the top and bottom of & itrees in the vicinity of
the Hawk Leke camp. On sach brench, 100 infestable
terminals and the epgy clusters on the folisge contsined
by these terminals were counted. Inlormstion was
recorded on the helght, crown olass, staminate cones
and density of foliage, Hgg clusters were incubated
for lasrval emergence and the ampty clusters retained for
8¢y counts. These were completed during the winter.

The feollowing is a compiletion of egg survey
results derived from the field precords:

Trees examined seessenserarsusih
Branches examined ssvsevecveseB4
Terminals counted SXEEY) .n@,ﬁ)ﬂ
Egg clusters obtained seeesse dd
Eggs obtalined sesnnservene e, 871
Eggs destroyed by parasites 0.0%
Sound eggs wnn-s»dqdvavtaatlaﬁoﬂ%
Infertile GRLs onu;*uoncannn;(}u{}%
Bggs per cluaster DI S I
Eges Por UPanch ceesescenseedb ol
Bgg cluaters per branth .....0.58
BEggs per 100 terminals +..eed4.8
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Eggs per 100 terminals ars considerably
less then in 1948 and 1943 when they averaged 414
and 148 per 100 terminals respectively.

Ss  Summary

Larval counts were continued as usual and
pupal counts were oconducted for the {irst time iIn
1944, The larval population aversged 30.18 per 100
terminals for 19 trees while pupae averaged 3.96 per
100 termingls for 12 trees.

These counts were made In such & way that
their rellabllity could be tested statlstically. Two
replicate counts of 50 terminals each from the top
half and bottom haelf of every tree ssmpled were found
to give a reliable estimate of the larvel populations
for individusl trees. The same slze of replicate was
insdequate for the much lighter and scattered pupal
population.

Pour replicate branches, sach containing 100
terminals, were removed [rom 21 randomly selected
trees and examined for egg clusters. From these
sampies, 49 egg clusters averaging 58.0 eggs per cluster
were recorded. This gilves an egg population of 34.2
eggs per 100 terminmls for 1944



D. Larvel Growth and Development

ls Instar Variations

This study developed as & result of discrepancles
in the freguency dlstrivution of head capsule measure=
ments made on a large series of larvee to determine the
influence of diet on growth. All instars fell into uni-
modal frequency distributions except in the case of the
5th instar males. This particular group formsd a bi-
wodal distribution which, in addition to several other
inconsistencles, indicated the possibility that not all male
budworm larvae pass through 7 stadia.

In 1944, therefore, this study was undertaken to
establish the truth of this supposition. Thirty-six
male budworm larvae believed Lo be in the 4th instar
were collected from steminate cones. Bach larva was
placed in an individual glass rearing Jar and fed on
fresh Jack pine terminals periodically replenished.
Larvae were reared to the pupal stage. At regular inter-
vals of two or three days, each Jar was examined for
moulted heaed casts, all the cests from the same larvae
being preserved in s vial of Frehling' solution. Hach
larva, therefore, supplied s series of casts from the
4th instar to the pupa.

All casts retained were measured and the sige
and number of instars for esch individusl recorded.

The valldity of the experiment hinges upon estab-
lishing beyond a reasonable shadow of a doubt that col-
lected larvae were in the desired instar, the 4th. Since, to
the author's knowledge, taxconomical or morphological dif=-
ferentiation 1s not possible, the head capsule size of the
so-called 4th instar was used es the index. 1In all instances,
4th instar head casts were easlly detected by this method
a8 gl 1 the 4th instar measurements fell into & ¢lear-cut
frequency distribution which did not overlap into the
next stadlum. The range between the largest 4th and the
smallest 5th was .13 mm. whereas the entire range within
the 4th was .09 mm. The 4th instar casts of 2 larvae
were nsver found but the 5Sth instar definitely fell in
the 5th lnstar range. In another instance, the supposedly
4th instar cast fell into the 5th instar group, measuring
+819 mm. This larva was obviously in the 5th instar when
collected. This, it i1s belleved, is falrly strong evidsnce
that 4th lnstar larvae can be identifled as such.

Table 1 lists the head cast measurements of the
58 larvae reared.



TABLE 1

EEAD CAST WIDTHS IN MM, OF MALE LARVAE
REARED FROM THE 4TH INSTAR

X 1 HEAD CAPSULET VIDTHS (1N BH.Y B, OF17a7is
L%ﬁg 5 7| (4TH TO LAST)
1 2.380° 3
2 1.251 # 4
T3 1.5 145 4
4 1.219 | 1.826 4
) 1,330 | 2,217 4
K3 LeoBL i 4
7 1,389 | % 7y
8 1.896 | 8.110 4
9 1.231 | 1,62 4
10 | 1.70 3
11 572 | 1,104 1,630 3
18 Kissing 288 1.828 3
14 644 | 1,015 1.801 3
15 615 1&3-94 % 3
16 . 682 070 1,630 3
17 508 | 1006 3 <788 3
) .622 | 1.081 106k | L.956 4
19 Larva died
20 tarve aled
TRl .644 | 1.008 1.608 3
22 <622 | 863 1,386 | 1.891 4
24 .608 | 1.408 | 1.605 4
61D | L.006 1605 Kl
26 578 .B28 1.231 | 1.703 4
27 566 | .84 Died -
28 578 | 008 1,296 | 1,566 4
20 620 | 1.008 ® ' 3
30 688 | B0 1.5%9 | 1,858 4
K3l 620 | 1,041 | Wissing 3
52 [Collasbth|  .B10 1.518 El 4
k5] . 608 890 L2748 | L.801 4
34 Hissing . 288 12597 3
35 572 .846 1,255 | 1,026 4
6 WB07 | 14080 | 1.6% 3

& Measurement of doubtful scoursay.

# Head cast s0 distorted through moulting that
it could not be measursd,
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4th and Sth Instar hesd casts were measursd by
& squared ocular micrometer, each grid deing 0.715 mm.
square. Por the lergsr lnstars, sach grid was 216
e BQUADTO.,

Bince O of the 36 larvae died, 3% remein for
analysis. In 15 of these, O moults including the 4th
ocgurred to pupation whereas, with the remaining 18,

4 moults were required. This indicates an approximstely
equal ratic of G-instar to 7-instar larvee. Inasmuch
as avallable date Indioate that all femgles have the
normal 7 instars, it appears that skipping of insters
way be a sex~linked character.

There is eovidence of a difference in ratio and
slze of growth between 8-and 7-instar larvae. In the
Sth instar, the average size of &-instar larval head
casta 1s 1.0286 mm. as oompared with .884 mm. in the
corresponding cast of the 7-instar larvae., This is the
cauge of the bimodal frequency distrivution of head
capsule widths of undifferentlated mele larvae. The
6thi instar of the 7-instar larvee has no corresponding
Instar in the G~instar series. The ultimate instar of the
G-instar group averages 1l.714 mu. in width compared with
1.983 mm. in the ultimeto instar in the 7-inatar group.
Thus, the finel size of those larvae which have € instars
i1s somewhat smaller than those which have 7. This egein
introduces a degres of bimodallty in the frequency dis=
tribution of random measurements.

The head capsule color of all except the laat
Ingtar in the 7-instar group is usually bleck while the
last is reddish-~brown. This slso generslily holde true of
the G~instar series.

The rate of growth slaso gppears to vary between the
two groups. The 4th and 5th instars occur somewhat later
(approximately 5 days in the 5th) in the 6-instar larvae,
However, since in the ensulng development the G~instar
group underygoes only 1 moult as compared with £ for the
7-instar group, the last instar of the &~instar group
attains L{ts grestest sbundance some 6 days Lefore the
other. As & result, pupation in that group alec proceeds
somewnat earlier and more rapidly.



E. Host Transfeéer Study

Work on transfers of the jack pine and the spruce
budworms atarted in 1942 and 1943 wes continued throughe
out 1044+ Additionel new transfers were also made.
Unfortunately, lack of time and personnel has seriously
curtailed the analysls of date Lut an effort has been
made to summarlze the results. These are meinly pre-
sented in tabular form., The methods and procedure
are the same as described in the 1943 Annual Report,
Fages 86~-93. The present report deals only with
rearings conducted during 1944, Where this is a con-
tinuation of transfers started in 1942 or 1943, the
reader 1s referred to the Annual Reports of those years
for further information.

1. 1944 Rearings of 1942 Transfers

lone of the origingl trensfers mede in 1942
provided progeny in 19%44.

Z2e 10544 Eearingﬁ of 1943 Tfransfers

Any larvae reared in 1944 are the @1 generation,
that 1s, the first complete generstion from egg to adult
on the new host.



TABLE 1
1944 REARINGS OF 1942 HOST TRANSFERS

1943 Cage Numbars 10,11 112,13( 14,15 | 17,18 19 16,20,21 | 22,23 124,25 | 26,2
1944 Cage Numbers Il 22 & 54 19 3 36 57 5
Origzinal scurce of budworm Sw 3w ow Ab AL i o pJ Pl
Host in 1944 Sw Sb Ab Pl Sw Sw b Ab 23
Pupee matured in 1944
Yales 5l 59 (5351 1 3 3
Females 55 83 L35 5 1 13
_ Total Q 0 106 O 132 120 4 4 16
Dates of pupstlon
ist Pups Jun .27 Jun.l4 | Jul.l JulLiljJul W14 Julls
¢ Pupation Juti« 50 Jun.ds | Jul.7 Juleil|Jul 18] Jul.7
Averzze widtih cf&§u§as {Cmia)
dl&ﬁ 1382 :Z:‘l QS:’? \!32 1283 t::‘i}.:ﬁ
. Z’gﬁlg‘- cé:ﬁ& * 735} * Z‘{}é [ 3{%7 i%ﬁ 0562
Females cepsd for ovipositlon 25 25 26 O O 8
oo gclusters per remals Se4dd 420 Le i J Q Dol
Totai e:g& par famsle 157..0 S8, i ek
Halched ggos per Temale 113.9 26 S.1
* Low fortility probably due te larval overcrowding.

&Y



It is spparent that the survivel of spruce
budworm on the whols was poor, no moths being obtalned
in cages 31, 32 end 34. It la Belleved that the poor
terminel development of s newly transplanted host seed-
ling was responslble [or the fsilure of larvae in cage
Ji. Vhers only a fow moeths survived in cages 36 and
37, unsynehronized emergence preventsd successiul
mating end oviposition.

=

Ge 19044 Rearings of 1944 Transfers

A whole new series of Jack pine and spruce

budworm transfers was completed in 1944, This 1lg the

generation. The emerging wmoths were mated for ovi-
position and the epg clusters suspended on sultable
seedlings Or branches for overwintering., The work i1s
here broken down into three sections: (1) Table 2, the
spruce budworm trensfers; (2) Table 7, the jack pine
budworm trensfers to other hosts; and (3) Table 4, a
speclal serices of Jack pine budworm rearings on Jeck
pine termlipnals amd staminate cones, the date to be used
for the host transfer study and the larvel growth and
devel opment project. Spruce budworm larvee were pro-
cured fros balsam et Hudson, Ontario, and jJack pine
budworn lervee from Hewhk Lake, Ontario. Fifty larvae
wers originally placed in each cage. Transfer of the
spruce budworm to Jack plne wes delayed until the term-
%nala were sufflclently expended to provide sultsble
00

A dstermined eflort was made to disinfest all
steminate cones in cageas 53, 54, 85 and 60, Table 4,
before introducing lervae for rearing. It is feared,
however, that absoluts disinfestation of staminate
flowers 1s impossible without the complete removal of
the consa, It is therefore gquite probable that a fow
larves were missed and the survivaei deate {or these
cages should be Judged sccordingly.




TABLE 2

1944 CPRUCE BUDWORM TRAHSFERS

1944 Cape Kumbers 39 40 41 42 43 44 45 46
1945 Caze Desimnetion s g 41 41 43 43 44 44
g host {(In 1944; Sw Sw AD AD Sb 8b 73 P3
Date of transfer May 26 | May 26 |May 26 | May 26| May 27 |Hay 26 |Jun. 2 |Jun. 2
Inatars transferred 2% 3] 253 253 23] 2&£31 283 584 3 & 4
Pupag

¥ales 14 i€ iv 10 i8 8 i3 7

Females 14 19 12 14 14 11 9 ii

Total <8 GO Z9 24 33 20 P 18
Average width {(in om.)

¥alss +419 «418 416 +410 389 -410 « 361 316

?%ﬁi&lﬁ& o330 «425 1470 + 256 o« &R o471 D2 . 58
‘upaticn dates

1st Jun.lé | Jun.lé | Jun.l? |Jun.l9] Jun.l9 | Jun.l19 |[Jun.28 |Jun.2s8

$0% , Jun.2l | Jun.2 | Jun.26 | Jun.28 | Jun.26 | Jun.27 |fun.26 | Jun.30
Femplaes caged for oviposition 25 23 23 15
Ezg clusters per female 7.52 8.43 7404 6.27
Total eggs per femals 13845 157.6 136.5 84.6
Hatched epcs per female 130.8 140.7 i23.2 i3

&

1



TADLE

&

1944 TRANSFERS oF JACK PINE BUDWORE 70 OTHER HOSTS

1944 Cage Numbers 47 48 49 50 51 52
tew Cage Rumbers 47 47 49 49 51 51
Gg host (In 1344) Sw Sw AL . Ab S8b sb
Date of transfer Hay 20 Hay 33 ¥ay &1 Jun. 1 ¥y &1 Hay 3
Instars irsnsierred 2% 3 2 & 3 2 & 3, 2 & 3 2 & 2 2% 3
Fupss :

¥ales i1 17 g ig 1l 11

Females 12 i4- 8 g8 12 11

Total 23 Jat} 17 20 23 28
width of pupse (in .}

Males «274 .314 « 01 « 308 » 387 . 328

_Femnles 203 « 331 » SIS e 331 « 339 « 355

rupatlion dates

ist Jdrul. & Jul. 3 Jul. 7 Jul. 5 Jul. 4 Jul. 4.

502 . Jul. 5 |Jul, 5 | Jul.l2 | Jui.10 | Jul. 6 | Jul. 6
Females csged for oviposition 20 13 15
Ege clusters per female 0.55 1.828 Q.53
Total egss per femsie 10.0 55.0 13.7
Hatched ezgs per fomsle 10,0 47.8 13.3
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TABLE 4

ABARIRGS OF JACK PIRE BUDWORY ON STANINATE CONES MND TERMIEATS

Oviposition cagea D & P sxcluded.

Host __W Jack Pine Staminate Cones | Jack Pine Terminels
1844 Cape Hurbers 5% 54 55 60 | 56 57 58 59
New Cage Numbers 53 53 53 53 q 56 56 56 56
Pupae
Halss =i i8 17 10 1% g 8 a8
Pemules 1 z 7 i4% 16 2 17 iz
. Total 36 49 24 24 33 18 25 20
Midth of pupse {in om.)
¥alssg .l « 324 338 . b SRS « 5351 » 518 « 5356
Fanales » o 570 L+ 56 v 3714 « ot « 305 « Z74 =¥ BT
Pupation datss
- ist _ Jale 4| Jule 4] Jul. 4| Jule 4 Jul. V] Jul. 7] Jul. 4] 3. B
| 508 Jul. 4[Jul, €| Jui. 4| Jud. 6 Jut.2d] Juleil | Jul.ll] Jui.ll
|Pemal 88 caged for ovipoesition o 25
Egg ciusters per femals SL48% _8.58
Total eggs per feumels 181.5% 144.5
Hatched egzs per fsasle . 174 .4 141l .8
<=

LY




4. Overwintering of Progeny

The seasonal work of the host transfer study is
completed when the egg oclusters resul ting from ovipo-
sition are caged on sultable seedlings or branches of
the desired hosts for incubation and hibernstion. All
material harbouring overwintering larvee is then care-
fully obaerved in the spring of the following year and
surviving larvae are resred through for another gen-
eration.

The location and specles of the 1944~45 over-
wintering host plants are indicated in Table 5. The
original and new cage numbers sre given. The new cage
numbers are poermanent and will designete the perticular
series of larvae throughout its existence. This change
of numbers 1s necessary in the first year of the transe
fer because the original transfers to a host usually
consist of 2 or more replicates which are combined into
a single serlies for oviposition. While the replicates
each recelive a number, the progeny of the replicates
are consldered as & single group for subsequent rearing.



TABLE 5
DVERWI NTERING MATERIAL PROM THE HOST TRANSFER STUDY

HO3?
YEAR (¥ 19435 ORIGIRAL KE® (B = branch )
TRARSFER 10a GENERATION | CEEERATIOR DESICHATION| DESICHATIOR | (8 = seedling) LOCATI OF
Sw - Ab 1943 g2 14,15 33 Ab(S) Renger cabin
Ab - Sw 1943 Op 19 19 Sw(B) Dead Horse Point
Pl -~ Sw 1943 8o i6, 20, 21 35 Sw{B) Dead Horse Polnt
Pj - P] 1943 og 26,27 28 P3(B) glass jar, ®innipeg.
Ab - Sw 1344 o1 39,40 39 - sw(n) Dead Horse Point
Ab - Ab 1944 g1 41,42 41 Ab(S) Ranger Cabin
Ab - 3b 1944 31 45,44 43 8 {3} Rangzer Cablin
Ab - P] 1944 Gy 45,46 454 2b(3) Ranger Cabin
o N 458 Pi{s) Ranger Cabin
Py - Sw 1944 451 47,48 47 sw(B) Dead Horse Point
Pl - Ab 15944 81 49,50 49 Ab(S) Renger Cebin
B} - 8 1344 5% 51,52 51 Sh{s) Rarger Cabin
Pl - pi 1344 51 53,4,5 & 60 53 P3(3) Rarger Cabin
Pl ~ P 1544 a1 56,7,8 & @ &6 PI(8) Hanger Cablin
* Steminate cones to staminate cones.
*¥ Perminsls to terminals.
EOTE: Overwintering sesdlings for the budwors crosses areé

e

mentioned in the next section {Section 5).
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S. . Jack Pine & Spruce Budworm Crosses

Une alm of the host transfer study is to dlscover
evidence which will establish the existence or none
existence of two distinct races, varisties or specles in
the budworm. In pursuance of this alm, spruce budworm
was crossed with Jack pine budwomm in 1944, with the
hope that the F1 and Pg progeny from these parents may
disclose the hereditary nature of host specificity,
reactions to diet and morphological and physlologloal
characteristlcs. All Jack pine budworm moths were obe
tained from 1944 host transfer cages 53, 54, 55 and 60,
while spruce budworm moths originated from 1944 host
transfer cage 33. All attempted crvsses were successful.
Some dAlfficulty was encountered in erossing spruce bude
worm males with jJack pine budworm females, since the
former emerge so much earlier.

Interesting date on oviposition response were
provided by inserting two types of host plant into each
oviposition cage with the fertilized moths.

Table € lists the results of the crosses COtl
pleted,

TABLE 6
DATA CAGE 1 | CACE 2 | CAGE 3 | CAGE 4
Type and number 8 PIdX[EP]dXISPIIX3Ew X
crossed S 8w® |2Sw9 |4Sw9 |5°p19
Oviposition material
provided Pl & Sw |Ab & Sw |Ab & Sw |PJ & Sw_
Bgg clusters 14 on 5w|23 on Sw{24 on 8w| 4 on PJ
deposited 20 on PJ| 2 on Ab)] 4 on Ab| O on §

1t appears that for oviposition purposes spruce
budworm females choocse white spruce over balsam and Jack
pine over white spruce. In the light of these results,
it would seem that the moths do not necessarily oviposit on tle
preferred food of the larvae but may be influenced by other
considerations such as, for example, ease of oviposition
on the larger Jjack pine needles. 1In cage 4, which contained
Jack pine femsles, the preferred larvel host received all
the egg clusters.
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Egg oclusters deposited by the spruce budworm
were typleoally small in size with a ralsed surface,
whersas those of theé Jack pine budworm were lyplcally
large and flat.

All egg clusters from cagoes 1, 2 and 3 wére
suspended from the branches of a caged balsam seedling
near the "Ranger Cabin" for incubation and hibernation.
Those from cage 4 were similarly treated on another
balsam seedling in the same ares.

6. Summary

Surviving progeny of previous transfers and new
transfers of the spruce and Jeck pine budworm to other
hosts were continued in 1944. With regard to all such
rearing, data on survival, rate of development, slze
and fecundity have been summarized and tabulated. Dur-
ing the year, some 1,000 larvae and pupse were Iindivid-
ually reared end recorded; 570 moths caged for oviposition,
yielded approximately 2,140 egg clusters, esch belng ex-
amined for quantity md quelity of eggs. Pirst instar
larvae hatching therefrom were placed on suitable host
treas or seedlings for hibernation.

During the yemr, spruce budworm femsles were
guccessfully crossed with Jack pine budworm males.
Reciprocal crosses were also completed with some dife
ficulty. All F1 progeny surviving in 1945 are toc he
reared, ’




P. Pormanent Sample Flots

All the permenent sample ploits containing tagged
tress at Hewk Lake, Willlard Lake and the Sarndllands
Porest Reserve were examined ln the fall of 1944. Ree
generation in these plots, the pure regenersiion plois
and untagged second growlh plots were omltted. The
four sample plots at Raven Leke, Ontario, were not
sxamined cue to lack of time,

The followlng records were obtalned from each
tree: Total defoliation, current defoliation, natural
atagging, dead tops and length of dead top from budworm
and general health of the tree, Trees dylng in 1944
with the cause of death and presence of secondary in-
sects were noted, The usual series of trees were photo-
graphed.

Tables 1, 2 and S which follow summarize the data
for Hawk Lake, Willard Lake and Sandilands Forest Reserve
respectively. Average defoliations are given in one-

2

sixtesnths. Nusmber of dead tops and length of desd tops refer
to budworm killing only. Totel dead trees includes all jack

pine trees dead in the plots regardless of whether they
died bhefore or after establishment of the plots. It does
not include other itres apeclea.

TABLE 1

HAWE LAKE SAMPLE PLOTS

TREES | AVERAGE
AVERAGE AVERAGE | DYIXG [TOTAL|KO.OF|LENGTH OF
PLOT TOTAL CURRENT IN |DEAD |DEAD |DEAD TOP
_RO.|DEFOLTATION|DEFOLIATION| 1044 |TREES| TOPS (IK PT.)
1 4,35 4445 0 0 0 -
4 4e17 3,99 0 Vi 3 1o 53
6 2,00 0,18 2 15 %) P
8 %60 0,95 2 | 656 % 167
9 4,38 0.80 i 52 4 BelB
11 1.59 0,22 1 25 1 10400




WILLARD LAKE SAMPLE PLOTS
TrxEns AVERAGE
AVERAGE AVERAGE | DYING|ToTAL |X0.0P| LENGTE OF|
PLOT|  TOTAL CURRENT | IN |DEAD |DEAD |DEAD TOP
N0, | DEFOLTIATION|DEFOLIATION| 1944 | TREES|TOPS | (IR FT.)
1 4.50 0 .50 T | 21 ) 1470
3 2,12 0,06 | 1 | =23 2 5,50
4 1.64 0l 1 23 0 P
5 1434 0.00 0 g9 ) R
6 5,81 0,02 0 | 76 1 | 12.0
7 4,18 0,04 1 | 88 2 | 8.0




IADLE &

SARDILANDS SA¥PLE PLOTS

TREED AVERACE
AVERAGE AVERAGE ﬁﬁﬁh& TOTAL| HC. 0P| LENGTH OF

PLOT TOTAL CURRENT IR DEAD | DEAD | DEAD 0P

RO, |IDEFOIIATION | DEWOLTATT TOH| 1044 | TRERS| TOPS | (I $T )
1 3490 2.3&, 3 4 8 G GG

’ = 2408 0.89 0 2 2 Gedl
3 2eR3 1.02 3 9 ) 2.11
8 2,75 1462 0 O 10 5040
8 4¢84 241l ] 9 12 2o 50
o S» 38 2..88 O & 12 447
10 3;3& 1«30 i 1 13 788
1 4P 2.18 o 2 19 e
1E 364 293 O X 3 6 40
14 2.88 2.58 O g 0 s v
15 288 O .88 Y 4 13 4,08
16 3442 O £ 38 ) 7 24 5w S
17 5«65 2490 0 2 il 4 » 56
i8 2,50 1.82 6 | 21 7 2.86
1@ 5,02 S 8L O 3 28 5 B2
20 3edd 24603 O 21 15 4447
21 4408 4 38 4] C 8 ~ 5.00
22 6 .26 3.58 ) 3 7 7«50
23 £.28 0.58 0 3 | 18 4,33
24 1,987 1.82 O 3 13 4.60




G+ DBudworm Fupal Paraslite Survey
1939-1044

The work herewltih discussed concerns the para-
sites recovered from the pupae of the spruce budworm
on Jack pine, with minor mention of that host on
spruce. The sampling of budworm pupae [or parasite
emergence extended over the period 1839~44 lnclusive
and included ss many representative reglons as was
possible throughout the budworm infestastlion. (ollec~
tions were mads annually from each area sc long &s
the Infestation lasted, some being sampled sach of the
& years, others for but 2 or & years. The budworm
infestation referred to occurred across central Canada
and samplings were made from the following reglons:
Sagkatchewan-«Ft, a2 la Corne Provincisl Forest;
Manitoba=«-Riding Mountaln, Spruce woods Forest Reserve
and the Sandilands Forest Reserve; Ontarlo--selected
areas in northwestern Ontarioc between iLake Niplgzon
and the Manltobe-Ontario boundsry. Inasmuch as the
collection of budworm pupse ls more or less simultaneous,
it was necessary to solicit the aid of such organiza-
tions as provineciel foreat services, natlonal parks
and private persons to make these collections and to
mail them to us. Dally collections of one to two
hundredpupese, or as many a8 possible in areas of light
infestation, were made throughout the pupal periocd.
The rearing was done at the Forest Insect Laboratory
in Winnipeg and at & field statlion at Hawk lLake, Ontario.

A1l budworm pupae were segregated according to
sex and reared separately. FHEmerged moths were captured
and esgain checked for sex. Parssites were ldentlfled
where possible and recordsd as to sex. All other per-
tinent data were recorded from an examinatlon of cages
after all emergence was completed.

1. Collectionsa

A total of 107,169 budworm pupase was reared in
the course of the study, representing 15 distinct bud-
worm aresas. The termination of collections in an area
was due entirely to the disappearance of the budworm,
with the exception of La Corne, Saskatchewan. This
ares was dlscontinued due to personnel shortage and
travel restrictions resulting from war-time condltlions.



TABLE 1
SUDWORY PUPAE RECEIVED PROM 1939 TO 1944

. PUPAE RECEIVED
1L.OCATIOR 1979 1940 1941 1942 1943 1944 TOTAL
SASKATCHEWAK
FPts & la Jorme 5,026 1,459 2,734 g_gggi
i tr—roarn — - e b m— e
BANITOBA
Sandilands Porest Reserve 15,655 V14 1,056 1,026 bas 258 15,065
Spruce Woods Porasi Reserve 2,470 2,803 1,528 1,248 8,050
Ridinz Mt. ¥ationsl Park 1,878 1,881 i858 4,044
OHTARIO
Hawk Lalke 14635 2,611 1,160 2,802 1,981 1,641 11,230
Vepmilion Hay A58 474 826
Hudson 1,406 1,053 2,459
Dryden 2,420 374 1,428 2,204 1,788 118 8,58
IEnace 2,981 2,471 1,486 1,411 8,349
Off Leke 1,002 1,009
Sphene lLake 508 11 519
Beaverhouse lake 728 €15 1,593 2,936
Calm Lake 2,710 1,106 1,400 268 5,487
Hawans 595 S50 ied 558 £4 1,668
Sturgecn Esrrows U774 849 * 1a.d74 2a 99
Basawood Lake G918 z,429 Yo% 5% S5y 00
Grahamn 2,219 920 Z,18
javanne 1,406 T, 924 5,330
Kakaboka 3,250 | 2,050 18 N 5,387
Gsraldton N _ _ _ 4,133 4,13
Lake la Crolx 428 1,040 i 319 1,78
¥inakl 26 7 2
TOTALS 31,027 | 22,613 | 23,171 | 14,138 | 11,652 5,018 107,61
* pupae included in Beaverhouse Lake Total. EE%



The sex-ratio of pupae recelved during this
slx-year perilod averaged .536 and ranged from a low
of .489 in 1944 to a high of .583 in 1941.

2. Parassite Emergence

The following parasites were reared from the
budworm pupse received durlng these slx years, The
pumbers following the specles indicate the number of
years in which a particular parasite was recoversd.
1t will be noted how some are constant in appearance
while others of an occasional nature have becn reé-
corded in only one of the slx years of the study.

The Diptera are included, as adults deo not
emerge until the budworm reaches the pupal stage.
They are, more correctly, larval parasites for it
%siduring the budworm larval stage that the eggs are

ald.
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PARASITES RECOVERED FROM BUDWORY PUPAE
{(with nunber of years of occurrence indlcated)

DIPTERA

Hemorillae pyste WlKe ssevsvonsevessnssncesnns
zenillia caesar 61 ‘BRAE O AN E RN LA B PERNEE R RN
Actia interruptsa Gy svsosescnosvosascassensnne
Phryx@ ?ﬁﬁﬁﬁensiﬁq"ﬁ’i}'tc:tta»»ou;oaon\‘t&t-q¢
ﬁﬁdr&my1ﬁ ﬁauﬁdaraii(Jgﬂkkng....‘...uc..‘a...
Winthemis fumiferanas B eesesovnonnsansnnnnssnn
Necphorocers hemata scosesvvsosssarcsscossanns
Psaudas&raoph&ga affinls (‘ng')auon\p'a-ncat*n-o
Ceromasia aurlcesudatsa d9% e sasennensssssosrane
COromasia BDs ewasssesdrsrsscsrsnserssnrsvassnvne
Phorocers tortricis ac;aaa'cacuuoctonnﬁacodttott
Phorocera erectsa IQQ$.C§QC!01thb{itil!‘ill&Q!!t
Phorocera BP¢ ssansvsssssnsrsssssscasrastsvarnren

ICHNEUMONIDAE

Itoplactis quuiﬁit@r (agqaz)tyutcta»;&&vﬁitntt
Pha&og@nes hariolus ?r??%;ioucntﬁn'oﬁta~ ssmee
ALrOometus SDe sessesssersssssscssssonsessrson
Labrorychus 8De¢ cssvevsssrssscctsorssssnssnas
Sgambus sp. [ R R N RN “..”...‘i.""‘.‘.""‘.*
Atrometus clavipes BN Py s ssnensnssesesssnscsan
Gelis tenellus q(oscqyilqtctvtnwonttinottnaoo:ni
Scambus hispae (’H’Nf')e.‘....n..-.”..noau.

CHALCIDOIDEA

Amblym@mﬁ verdlter Movftu»v- sessr N ey
Brachymeris eompsilum&ﬁ?‘:’?@b

Synto}nbaphymm e surus dq PRssaERRTEIRRNIESIES OGN
Tetrastichus 8D eessvssesvasesencnosvrsrtsss
Pﬁyﬁh&ph&gﬁ& Ltortricls Quessrsssvesossnnesens
Dibr‘&ﬁhyﬁ CRVUS WQ‘\-K&: FE SRR IS L EEEE RS I RE SN
?ﬂ@byﬂ@urﬁn altiscubta Vo iessrsvenesnesnvvune
Eibra@h}'a BPe eccsrvissessnctanssnssrvnnsunse
FEPrilampus 8De sessepsnvayasrssssssnrsecsvose
Habrocytus phycldis CAs *’3)
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Thirty~-ons specles of parasites were recorded
from budworm pupae in central Canada {Table 2). The
moat signlficant of these has been as follows:
DIPTERA: Hemoriila pyste, Zenlllia csesar and Actla
interrupta; HYMENOPTERA: Itoplectis conquisitor,
Phaeogenes hariclus and Amblymerus verditer. These,
without exceptlon, appeared in all study centres and
are hence of genersl distribution although their ef-
fectlveness is markedly different betwesn aress in
some Iinstances, as discussed later. A second group
of moderate Ilmportance includes Atrometus sp.,
Lebroryclus sp., Syntomosphyrum ssurus and Tetrastichus

sp. These appeared of some significance during the
first three years of the study but later dlseppeared,
Brachymeris compsilurae, whlle recorded over a fivee
year period, was never more than & trace. Some other
infrequent specles were recorded but once or twice
durlng the six-year study. The parasite Winthemia
fumiferanae overwinters as & pupa end emerges in the
spring. Due to unsuccessful overwintering, 1t was
recorded only during the last 3 years of the study,
although present throughout the six-year study.

Paraslitism has been expressed as a percentage
of the entire collection of budworm pupae. Such an

expression 1s admittedly relative, its chief significance

belng 1ts use as a comparison of one year's parasite
abundance wlth that of another year. It assumes, of
course, that every pups capable of producing sither a
parasite or adult moth did so. To what extent this

is true, is but a guess. There is always a relatively
high mortelity of host pupae. Death may be caused Ly
a number of factors: Careless handling durlng collecw
tion and shipping; sbnormal cege conditions; injury of
nost through predacious habits of certain adult para=-
sltes (Itoplectls and Pheeogenes); premature death of
pvarasitized host; death from disease; and other factors.
The overlapplng of parssitism with other "natural®
mortality factors cancels the value of the parasite,
{for the host would have died in any case. In such
instences, parasitism ls of little consequence. The
actual significance of the parasite is messured only
in the host individuals destroyed that would have supre
vived to propagate thelr kind in the akhsence of pare-
sltes. The effect of & parasite on a host expressed
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as a percentage must take into account those host
individuals that died from so-called natural causes, guch &8
predators, disease, etc. Mortality of host resulting

from avnormal conditions of rearing, collecting and
handling, etc. will cause inaccuracy in the percentags.

The extent of this being unknown results in an unknown
error in percentage calculations and hence percentages

are of & relative valus only.

Bqually importent as any figure on percentage
parasitism is the matter of the Interaction of host
density and parasite behavior. Flanders (1940) points
out that the percentage of parasitism is not a true in-
dex of effectiveness. NYore importsnt is the efflclency
of the parasite at low and high steady density of the
host. Additional to 1ts effect upon the host ia the
matter of host effect upon the parasite. The measure
of parasite efficlency a&s sei forth in the followlng
pages represents but prelimlnary ohservations lnvestl-
gated in a manner deemed most expedient under present
hendiceps to glve a general over-all picture of thLe
parasits complex in relation to the jack pine lnfesta-
tion as it obtained during the years under study.

5. Parc&ntaga rarasitism

Of the 31 speclies of paraslites recorded in the
six~year perlod, about two-thirds of the parasitlsm

was sccomplished by 2 ichneumons, Ito lectis congulsitor
and Phasogenes hariolus. Dipters Tave Bhown conslderavle
actiVvity %n certaln restricted sreas but appear much
more localized than the two above-mentioned specles.
Table 5 below sets [orth the percentage mortality for
each year averaged for all areas. Its principal valus
lies in the fect that it indicates something of the
relative significance of the more important parasltes.
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TABLE 3

BUDYORM PUPAL MORTALITY FRQ@\l@%@ TO 1944
{a1l sreas combined)

7 HOLTALLTY ‘
MORTALITY FPACTOR|1939 [1040 |1941 | 1942 [1943 |1944 |uean
Diptersa 3,08| 1.67] 4.18] 5,09] 3.58] 6.72] 4.05
I‘ gan‘uiaitarr 6.80] 5.38] 8,71] S.15] 4.48/12.91] 7.8%
?. hariolus 14,11 1.69] 4.35] 6.52] 5.20| 5.01] 6.15
Chalcids 1.83] 0.98] 3.220 8.48] 1.86] 0.39] 2.80
Kisc.Hymenoptera| 0.38| 0.36| O.25 0.08| C.18] 0.00| 0.1
, sarasitiem 25,921 10,05| 20,69 26.51117.28]
Other Mortality |45,66]|353.20| 50,.81] 24,67
Total Nortality | 43,34

The general level of parasitism throughout the bud-
worm range In ceniral Canasda 18 here lndicsted. The re-
lative importance of the Diptera and the two lchneumons,
Phaeogenes and Itoplectis, shows in sach of the 6 years
of sampling. The year 1940 was marked by a genersl de-
cline of all parasites, in which year the greater stabll-
1ty of Itoplectis and the more varliable nature of Phaeogenes
show by contrast with one another. ‘

This, of course, is not & true ploture of ths ef-
flclency of paresitss, for it ls an sverage of the entire
budworm infestation. As shown later, marked varlations
of parasltism by one species may ocour between itwo sime
llar and sdjacent areas., Total parasitism for sach area
suggests something of the varlable nature of the percente-
age kill between arsas, a3 set orth below in Table 4.



TABL

4

TOTAL ANNUAL PUPAL PARASITISH

FPOR EACH ARHA

FRONM 1839 T0 1944 INCLUSIVE

% PUPAL PARASITISM

AREA 19391 19240] 1241 1942 1942] 1944
Jack Plne
Budworm
Ft. & 1s Corne | 9.,84|16.93/86,87| wwws| comw]| oo
Sardileands ‘

Porest Reserve |21.96]10.50]21,50]|21.99]17.91(358,0
Riding Mountain| =ewe | wewe[16,24{15.43|23,84| wmew=
Hawk Lake S3e591132,40112,84|22.,23111.72121.6%
Dryden J8.87| 2.74|320.85]|45,03|24,33]35,59]
Iznace 2270 B37|21 00| 37,70 wwwe| wwew
Basawood Lake

Group 21451 4.46|10,.32 ﬁg#;ﬂ_ winmen | v
Beaverhouse

Lake Group 17.94| Be44 £5425118.16| wmwo| ww=w
Calm Lake (roup|83.,69! 6.67(24.95]| 0.92(25,00| ~w=w=
Grahem w34 [1E, B3] wewmm]| wwow]| cmew
S&vamﬁ W - - 9. 3@ 21 - .3 - - . o A
Kakabeka o | 140 48| 3L 04 |44 45| ~wwew| mewe
8pruce Dudworm
Spruce Voods

Forest Reserve| —wwe| =-ww=|12,39[18.16]14.39[17.71
Gﬂ?alétﬁn - - - . - - - 11:1*@8 o o vy |
Hudson come| mmmn| mome| we—e 11,52 20‘04

Years of maximum parssltism underlined in each
Are8.



TABLE 5
AVERACE ¥ORTALITY ACUORD

ING TO PARASITES AND STUDY AREAS

(1939 TO 1944 IKCLUSIVE)

AVERAGE % PARASITISH

]& YEARS REPRESENTED Pr

I. 2. Misc.
z9lta0| 141 r42| 143 [144||Diptera |conquisitor| hariclus|Chalclds|Hymenoptere| Total
SASEAZChEﬁAL
Fl. orne x| x x| £ £ 1L 8.74 3.27 2.77 1.28 1.82 17.
5 Q
Sandilanés For.-Res. X X X X % xﬂ 3.78 977 564 G006 Ue20 22*44
#Spruce Woods 1Al x| x| x| x 7.Q7 6.19 0.66 1.74 0.00 15,60
Riding Mtn. 1Al x] x| x 1 /4] 9.69 3.81 2.12 1443 Q.57 17.63
ONTARIO
Hawk Lake x| x| x| x| x| x 1.10 10.21 6.82 1.84 010 20.07
Dryden xlx | x| x| x % T2 11.3% 11.63 3.77 U.16 30 . 85
Ignace x| x| x| x| £ # Oud4d 6,20 7 o 95 7.80 .06 22 .44}
Basswood (includes ' ' é
Burke Lske) =l x| x| x| A1 £ .01 4,57 6,81 65.08 0.08 2 .5
RBeaverhouse(in~
cludes lLa Croix
1.« & Sturgeon ‘
Narrows) z| x| x| x| A1 ¥ 2.67 .81 7.69 2.92 .09 17.19
Calm L.{Iincludes ' '
Xeweneo & =va Lol x| x| x| x| x| ¥ 2.76 5.29 720 2,70 0.13 18.05
Graham x| x| A A1 £ (.80 0.58 1.66 A2 0.00 12.8
SAvVanns { x| x| Al A1 F 0.78 11.56 1.62 1.42 0,00 15.41
Eakabska x| =z] £ £ £ Z.18 15.72 1.50 2.5 0.04 22 .94
sGeraldton x| £l 4.45 4.21 1.37 0.24 0,00 10.29
#Eudson A1l £ x| x}| 8.10 8.96 1.61 0.07 0.03 15.7%-

# Spruce budworm
# Collections discontinusd

# Insufficlent pupss [or collections
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Parasitism has reached proportions of consider~
able lmportance in some sress and, had it continued
to increase in subsequent years, would have produced
& marked degree of control. On no occaslon, however,
‘has the total pupal parasitism ever reached as hilgh
as 50%. Furthermore, it has never shown the ability to
maintain ltself at a flgure of importance. The varia-
tion of perasitism is 1llustrated by the Basswood col-
lections, where total parasitism stood at 4.46% in 1940,
the lowest ever recorded in any ares, and clisbed to
49.16% in 1942, the highest ever recorded. The marked
drop in 1940 in all areas, except La Corne, is striking.
Some causes of these variations are discussed in the

followlng pages with an attempt to analyze some of the
reasons for such variations.

(&) Phasogenes and Itoplectis

One of the more lmportant contributory factors
in this wide fluctuation of parasitism appears to be
the behavior of the ichneumonid,Fhaeogenes hariolus, as
is suggested in Tables 3 and 3. 1In E%af Tt and 1toplectis

are of such significance in the parasite complex, they
are consldered first,

TABLE 6

PERCENTACE PARASITISM BY YEARS & AREAS
Pheeogenes harlolus

AREA 1039 | 1840 1941 1942 1943 | 1044 | MEAN
L.a Corne Forest| 2.04 | 4.46] 1.80 ‘ 2 77
Sandllands P.Re111.46 | 1.12] 2.46] 6.39| 5,97 | 6.47 | 5.64
Riding HLeNaPa 2.08] 1.11 S84 212
Hawk Lake 2024 | Loll] 4.0B] 4.66| 3.94 8.95 | 6.828
Dryden 16,82 | 0.17]12,39/21.03]10.91 | 8,47 |11.63|
Ignace 12,48 | 1.54112.25] 5.53 7.%'
[BassWOOd & BUrke Lo 14e4L | Oeb0 | £+08| 1017 By
Calm l.ake 1398 1 117 44141 3.44 7420
Reaverhouse L, |11.88] 2,79] 8.79| 7.30 T8
Spruce Woods* 0.12| 0,04| 0.00 2.48] 0,66
Hud sont .56 | 0,60 1.81

* Spruce Dudworm



TABLE 7

PERCENTAGE PARASITISM BY YEARS & AREAS
Itoplectls conculsitor

AREA 1939 1940 1941 1942 | 1943 1944| mean]
La Corme Porest | L.18] l.44| 7.23 3487
Sandilends F.R. | 5.78] 8.68[10.32] .76 | 1.70|16.60] 0.77
Riding Mt.N.P. 5,80 3,48 [ 2.16 3,81
|Hawk Lake 14,25(10.84] 4.14(14.92 | 5.25[11.88]10.21
Dryden 12,56| 4.70{10.78/11.80 | 7.21]21.19/11.3%
lgnace TeTL] B.83] 3,77 7.09 6.20
[Calm Lake 2.51] 2.27| 8.01| 5.72 5 .27
Basswood & BurkelL} 1.968] 1.66| 2.81111.86 4,57
Beaverhouse L. | 4.18] 28.40| 5.39] 3.28 3,81
Spruce Woodai 4.57/11.99 | 1.63| 6.57] 6.19
Hud sonst : 4.,62]13,30] 5.10

# Sprucs Budworm

Foremost 1s the indication that Phaeogenes is
subject to more violent oscillations in population numbers
than 1s Jtoplectlis. This is shown by a comparison of the
1939 and 1940 levels of the 2 species. A comparison of
such aress as Hawk Lake and Sandilends over the six-year
period will further indlcate the difference in effective-
ness of these two parasites in favour of Itoplectis.

It 1s true that Phaeogenes resches considerable propor-
tions at times a8 an% Take, 1939 (20%); and Dryden,
1843 (219), but it 1s subject to extreme lows, as sug-
gested 1in the 1940 records from all ereas. JItoplectis,
on the other hand, shows much greater stabllTty although
its total average amusl percentage at times may be ex~
ceeded by that of Phasogenes, as in Ignace, Calm Lake,
Beaverhouse Lake and Passwood Lake. It 1s interesting
that these areas are all closely comparable and in the
same general section of Jjack pine country in northern
ntario.

The above refers to the jJjack pine budworm on plne.
Two areas of spruce budworm on spruce occur in the general
ares of the pine Infestation and the progress of Phasogenes
and Itoplectis under such conditions is of specisl interest.
The aress of budworm on apruce referred to are found at
the Spruce Woouds in Hanitoba and at Hudson, Ontario.
Reference to Tables 6 and 7 will show neither parasite




of speclel importance except Itoplectls at Hudson in
1944. Phasogenes, it wlll be seen, 18 elmost non-existent
at the Spruce woods snd little better at Hudson. The
reason for this might be due to several pecullsrities
of rheaeogenes, In the first place, 1t appears that
Phasogenes hariolus 18 a pasrasite with a relatively
1imited selection of hosts. Records of hosts incliude,
in addition to Cacoecia, & few Lepidoptera, the prin-
cipal being Scilaphiis duplex. Opposed to this, 1s the
fact that the forest insect survey records 47 other
known hosts of Jtoplectls conguisitor.

In the second place, there appears to be less
flexivility iIn the seasonal activities of Phasogenses
than of the host Cacoecia, which militetes agalinst the
propegation of pPheeogeneés lIn areas of unusually early
budworm develcpment. A third cause might be found in
the sex ratio of Phasogenss. The latter two factors
are discussed separately later.

{b) Diptera

Diptera are primarily larval parssites but, as
the adult parasite does not appear until the host
reaches the pupsl stage, they are considered here as
pupal parasites. As an order, it sppears of some lm-
portance ss an enemy of the budworm although, generally,
of less vslue than the Ichnsumonlds.

By reference agein to Table 5, a very wide rangse
is apparent between sreas when the total dipterous para-
sitiesm 1s averaged over the yoears of collection. Its
relative importance at Fort la Corne and the Riding
Hountaeinse, Spruce Woods and Hudson, Untario, will be
readily seen. As mentioned previously, these are the
areas where & low flgure was recorded for Ichneumonids,

A peneral summary of the dipterous parasltism by
area and year ls set forth in Table 8.



TABLE 8

PERCENTAGE PARASITISN BY DIPTERA
ACCORDING TO REGIONS SAMPLED

AREA 1939|1940] 1941|1942 1943] 1944
Fort La Corne , 5.3 6,72 14.81
Sandilands _ 1.70] 0.,00] 7.48/0.91] 1.53|11.06
Hawk Lake , 1.34] 0.8L] 0.95] 0.47] C.81] 2.44
[Dryden 6,03 3.48] 1.82/ 1.29] 2.75| 5.93
Iagnece 0.67/0.12] 0.74] Q.21
333”0@& & Turke L. 4,04]1.84 4,87 5.08
[Calm Lake 4.28| 2.47] 3.55| 1.83
Beaverhouse L.Group [1.27]2.76] 2.51] 4.15
Ridinﬁ ¥t. Hat. Park 6,82 7.12115.13
Spruce Wooda Z.68] 3.80]12.68] 8.09
Hudson# 4.,12] 6.08

* gpruce Budworm

The marked fluctuation of dipterous sbundance is
rather striking and would suggest that the value of
Diptera as general budworm parasites might be of guestion.
They seem guite consistent in the La Corns and Riding
¥ountain sreas of jJack pine infestation and in both of
the spruce budworm aress at Spruce Woods and Hudson.

By contrast, however, their fluctuation In the Sandllands
is extremely notlceable. Thls 1l further shown Ly the
comparison of several collection areas sll within the
same forest type irn northwestern Ontario; Hswk Lsake,
Dryden, Ignace, Basswood, Beaverhcuse end Calm Lske.
From the standpolnt of locality topography, forest type,
soil, etc., thess areas are closely relasted. In so far
as the Jack pine budworm is concerned, they constitute
one forest and one infestation. Further evidence of
uniformity of these areas is indlcated by the fact that
in all except Hawk Lake, the mean percentage parasitism
by Phaeogensa excseeded that ol Itoplectis, a thing not
found in eany other ares. Desplts this apparent similar-
ity of these areas, there 1s no uniformity in the ap~
pearance of Diptersa.

87
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Hawk Lake and Ignace have been consistently
low, the other areas, Dryden, Basswood, Calm Lake
and Beaverhouse, being genersally more abundart but
never at a flgure of any particular significance,

{¢) Chalcididas

The general picture of the activities of the
Chialcids 1s set forth in the table Lelow.

TABLE 9
PERCENTAGE PARASITISM OF BUDWORM PUPAE BY CHALCIDS

gggaﬁgzﬂg TO ags;ogs §§§%&§2

AREA 1939 | 1940 | 1941] 1942 1 1943 1944
Fort Le Corne 0.89 | 1.16 ] 1.69
Sandilands F.R. 2,68 | 0.42 | 0.95] 4,65 | 8.,70] 0.04
Riding Mt. Nat. Park 1.22] 1.46 | 1.62
Hawk Lake 2,33 10,73 3.71] 2.18 |1.72] 0.4
Dryden 2.93 |1.22 | 5,25/10,87 | 2,35 0.00|
lanacs le74 | 0,38 | 4.24(24.88
RBasawood & Burke L. 0,87 | 029 1] 1158 22.04
pBeaverhouse Lake 0s56 | 00dd | 6.46] 4.228
Calm Lake 2.53 | 0,76 ] 0.00] 0.38
Spruce Woodss 4.01] 2.85 ]0.13] 0,58
{Hud son# Usld | 0,00

*
Spruce budworm on spruce

Parasltism by Chalclds has been extremely sporadic
and thelr effectiveness generally low. Violent fluctua-
tions seem {yplcal, howsver, as lllustreted by the Ignace
reaords. In that area in 1940, of 2,471 pupae reared only
0+36% were parasitized by Chalclids. Two years later in
1942, in 1,411 pupae some 24% were parasitized by Chalcids.
There appears to be no conclusions to draw from these data,
thelr value belng more & record of Chaleid activities
durding those years. There has been a marked decline in
the Chalclds since 1942 in all arsas. Of 5 areas sampled
in 1944, none produced as much as 17 parasitiam.
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4. Pargsitism & Sex Ratlos

- Throughout all of this work, all vudworm pupae
reared were segregated according to sex, and meles anpd
females were reared separately for each region. Adults
of Phaeogenes and Itoplectis slso were dlvided sas to sex.,
A falrly extensive record or sex ratios of host and
these 2 parasites has thus been recorded.

In consldering the sex of host and parasite, an
attempt was made %o ascertain not only the sex ratio
of these two but also any evident factors that might
influence the well-being of elther host op parasite.

The effect of hosts upon theirpr parasites has bheen
Indlicated by numerous workera, all of which was reviewed
by Clausen (1937) and Salt (1941}, It has been shown
that host Influence may be revealed in silze of emergent
parasite, morphologiecal characters, physiclogical be-
havior, sex, and in other respects. The matter of host
influence on sex of parasites 18 not new. In several
species of parasltic Hymenoptera, a greatsr number of
female paraistes emerge from large hosts and male para-
sites from smell hosts. Of this there ssems no doubt,
but the cause remsins uncertain. In that no proof has
veen advanced for the cause, Zalt (1941) concludes,

"We can therefore conclude that no real effect of the
host on the sex of its insect parasite has yet been
eatablisghed, "

The matter of sex of host and sex of the emergsnt
parasites, Itoplectis and Phaso enes, was recorded throughe
out the 6 years ol the stuldy. ne sex ratlio was expressed
in the conventionsl manner:

Sex retlo z Number of femsles
Humber of individusls

(A ratio of .5 therefore represeénting one~half males
and one-~half femalea).

On the basls of sex segregation of host pupae snd
sex ratlo determinations of emergent parasites, the fol-
lowing table has bveen prepared;
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TABLE 9a

ANNUAL SEX RATIO OF PARASITES REARED
PROY %&&E & FEMALE BUDVORY PUPAE
(11 Areas Combined)

MALE PUPAE FEMALE PUPAE
YEAR Sex Ratlo |[Sex Ratio Sex Ratio Sex Ratlo
Ef.99?%%??%???H?'?§?§????.?*??ﬁ;??@%???,ﬁzﬁﬁﬁzﬁﬁﬁﬂ.
1939 . 386 L2386 | L6734 . 709
1940 « 46 295 « 577 2633
1o4l « 503 . 556 « 735 « 766
1942 596 « 320 7L 692
1043 « 334 « 377 584 «'789
1644 «4ll « 250 « 740 + 718
MEAN § « 439 L2086 598 <717

It appears thet the larger host, femals budworm
pupae, has produced a higher proportion of female para-
sites in the case of both Phaeogenes and Itoplectis in
each year of sempling. The sma?lar male pupae ve
produced & greater proporitlon of male parasites. It 1s
further svident that the influence of host upon the sex
of the smergent parasite is more pronounced in the instance
of Phasogzenes,

The significence of such phencmenon would be slight
if egual numbers of males and femmles of the budworm were
parasitized., On the other hand, if one sex experisnces a
heavisr degres of parasitism than another, this Influence
of the host upon the parasiie might be instrumental in
producing an unbalanced sex ratioc of the parasite,

Table 10 has been prepared to show the percentage of
males and females of budworm killed by the variocus groups
of parasites.



TPERFTIOTEILET A SLYY 3T AR Ty 3 T PRI OYFRES TITE 3
PERCENTAGE YORTALITY CALE BUDUORY PUPAR
AT T s

PALRASITES

PARASTT i . 5 gaellansous Total

ptera P. hariolus Chaleid ymenopters Parasitism
ost d ﬁcsﬁ‘ € Host o Host ? Host & Host ¢ Iost d Host § Host

567 14.0¢C 10.86 3.8 22.87 Jedd Z.31 UeS4 038 54420 4526

2.00 68 Jeb" Deioh 1.82 1446 15 (.77 U oadd 14.53 104,48

£.08 12,30 12.87 8.77 4eDY 7.01 Zal 050 U e 20 3E.TE 2780

Sali 1282 Gal7 U2 7.98 15.64 J«086 U e 2 03 Gy el 20 Tk

Caidd 4o 87 C.28 7«40 456 Zall 1.41 Ue2Z 0.16 £1.73 18.50

Tl 1%a78 13.83 B.74 5.48 0.61 a4 2.0C C.00 54 o 25 20.01

Da42 11.10 ila22 1l.44 7.52 Sel Tel8 s 25 3579 27 .64

16



There 1ps lalrly clear evidence Irom these data
that Phaeogenss and Cheleids do cause a somewhst greater
parasitian amory male budworm pupss than among the fe-
male pupas. Dy cbserving the mean In Table 1&, the sex
ratic of pa&&sitiusd budworm 18 falrly even in all
instances, except in the case of Phaeogenes and Chalclds.
1t 48 the preference for mele RoOsLs o Lhese two para-
gites that caunses thie unbslanced ratio sz seen in the
mean total parasitlism. This total mean aversged over
the six-year perlod shows that the mart&li&§ of males

oxceaded that of females by some OF when bLased on the
total host population. Consldered on the basis of para-
sitlzed uuﬁga?m, 807 of those destroyed were males. This
ig an over-all average for a slx-year periocd. In cerialn
years, this ﬁi“f&yanaﬁ WHE mMOre yrﬁnaunw&d, && in 1942,
In that vear, parasitlasm favoured the males by some 157,

The relatlonships dlscussed appear to be clear-
cut and consistent. ¥everiheless, to apprasise thelr
magnitude and rellabilility, the dats were analyzed stat~
iztically according to the split-plot technigque of ana-
Lysis of varience dsscribed by €.1. Goulden (1939).
Purther, the use of the standerd errcr of ithe mean dif-
ference between parssites permits not only the measurement
of the gross effect of all parasites butbt also the difference
due to Individual paraslles.

The analysis of varlance [ollows, wlih the varlance
of parasites and years removed by the spllt-plot technique,
since 1t 1s irrelevant. The 1llght parasitism by the
migcellaneous Hymenoptera was also excepted from the
calaulatiana. The usually accepted level of significance
at the 57 poinl has Leen adopted here.

ANALYSIS OF VARIANCY SHOWING BFFECT OF PARASITISM ON
HOOT S1X ABD IT7S IWTERACTION WITH PARARITES AND YHARS

Sums of | ¥ | 54 | 1%
Squares| DF |[Variance|l Value |[Point|Polint
Bex 20.55 1 26,55 |11.80] 4.54] B.68
Sex X parasites 29,75 B FeBl | 4440 3.20] D.482
Sex X years 22.18 ) B 4.44 | 1.97| 2.90] 4.56
IZ:K"I’QI‘ 2E. 08 15 2025
triple interaction)
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The higher gross mortslity of male pupse in
Teble 10 (Item "Sex" in the varisnce snalvsis) la
seen to Lo highly slignificent stetistically, that is,
the magnitude of the observed varlation ls fer greater
(the I value exceeding the 17 point) than can be ac~
counted for by random sampling alene. It ls clear,
nowever, that not all parssites contribute equally to
the higher male mortality, as borne out by the signifi-
cant Interactlon veiween sex and parssites. The mean
difflerence between parasites shows that the pgreater
destruction of mamle pupme by Phasogenss and the Chalcids
1s significant whils the equal déstruction of each host sex
by Itoplectis and Diptera is not.

The fact that in every year except 1940 para-
sltism 1s Iigher on male pupae iz further evidence
that these differences are real and the probability is
that they will obiaein from ysar to year. This, in ef-
fect, is the same thing as saying that the intersction
Letween years and parssites as shown in the esnalysis of
variance table is not simmilicent.

Thess Tlgures, it should be repeated, represent
the asx ratlo of parasitized hosts and do not indicate
in any way how this may have sltered the genersl sex
ratio of the field population.

It would seem thaet such a factor might be of
minor consgequence in affecting the budworm well=-being
for, with oviposition, & balanced sex ratic is restored
in the new generation. 7This selection of male hosts might
be of greater significance in relstion to the parasite
itselfl for, while it may destroy a percentage more males
then females among the host, it i1s at the same time changing
its own sex ratio in favour of male paresites. It is
of interest to note that these two parasites, Phasopgencs
and the Chalolds, appear to be the most unstells OF E&I
parasltes. Whether this matter of sex ratlo as upset
by thelr apparent preference for msle hosts has an im-
pertant bearing on the progress of the parasites 15 an
uninown thing. It might well be a factor of some sig-
nificance, however.,

It has been sugpested that the greater destruc-
tlon of male pupae by rhacogenes and the Chalclds must
raise the sex ratlo of th8 surviving host moths by ine
creasing the proportlon of females. This is clearly
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demonstrated in the following comparison of the host
ratlos before and after parasite emergence. Pupse
which falled to emerge are excluded since thelr ratio
is stationary.

, BUDWORM SEX RATIOS
Before Lfter
; Parasite Emergence Jerasite Emergenc
1939 « 326 _ +578
1940 +495 N +486
1841 « 576 ‘ 553
1942 « 535 ‘ « 545
1943 + 536 « 545
1844 « 536 _ «480
MEAY . «5&5 + 540

The greamtest lncrease in the sex ratio of the
host 1s evident in 1939, the year of maximum Phaseogenes
abundance and hoeaviest wortality of male pupa®. ‘T%E
following year, one of minimal Phaeogsnes occurrence,
witnessed & higher survivel of ma&le pupaé and resulted
in a decresse In the sex ratio alfter parasite emergence.
In succeeding years, Phasogenes was agaln more abundant,
with the host in ell Tases showing a higher proportionate
survival of females and therefore increases 1n sex ratios
after paresite emergence. This evidence shows rather
conclusively that parasitic habits domise the sex ratio
of the surviving host. The mean increase, howsver, of
from 585 to .540 over the six-yesr period in gonersal
does not seem to be sulflelently large to alter the
activities of the host serlously, except possibly in
yeaga gg %ﬁavy parasitism by the species responsible,
as in 1939,

Assuming that Itoplectls and Phasogenes respond
to the same stimuli, The Auenss o 6 parasitic
habits of Pheeocgenes on 1ts own sex retio 18 indlicated
in the followlng comparison of the two,.




8ex Ratlo of 3ex Ratlo of

Ttoplectls Phasogenes
19039 « 510 457
1940 " D30 XeE
1941 «639 « 537
1948 614 ; « 640
1943  J569 « 554
1944 «BTT ' +415
MEAK <574 504

It appears that the sex ratlio of Phaeogenes 1is
consistently lower than that of Itoplectis, the only
exception belng 1942, That thls should be so is a
natural consequence of thelr hablits. BSince therse is
a tendency flor the sex of the emerging parasites to
be the same as that of the host, and since Pheeogenss
shows a preference for msle pupae, the proportion of
emerging males to females should be higher in Phseogenes
than in Itoplectis. In spite of this, however, PLASOZENGS
i3 8till able to meintaln a mesn sex ratlio of .504, a
proportion of 1 male to 1 female.

5. Effect of Host Upon Parasite

¥ore important perhaps than the effect of the para-
site upon the host 1s the possible effect of host upon
parasite, It would seem from what has gone before that
this may be s point of some importance In an endsavor
to understand something of the behavior of the more
important budworm parasites., It was noted in Tables
7 and 8 how much greater has been the varliation of the
percentage parasitism as producsed by Phaeogenes than
by Itoplectis in the same years., It Will &lso be noted
how 1ow has Deen the parasitism by Phaeogenes in budworm
material from the budworm on spruce as compared with bud-
worm on pine. These differences may be the result of
the effect of host upon parasite, as set forth bslow,.
In considering this metter, three areas are compared.
The Spruce ¥Woods represents the searliest sessonal asctliv-
1ty of &ll budworm aress under study and 1s an inflesta-
tion in spruce. Ths Sandilands, ¥Wanitoba, ls the next
in sessonal development, the earllest of all Jack pine
infestations. Hawk Lake, the third area, i1s a pine ine-
festation, somewhat later than that in the Sandilands.
Data presented represent a six~year average for Sandl-
lands and Hawk lLeke and a four-year average [or Spruce
Woods. :




Firat, it should be repeated that Phasogenes
has never become of any importance as a pﬁ?ﬁ%%%ﬁ*ﬁ?
the spruce budworm in the sreas sampled and Itoplectis
has been much less successful than 1t has in Jack
pine arees. This, 1t seems, may be due primarily

to the habits of the budworm rather then being s mate
ter of lack of appeal of the host to the parasite.

Due to thils low flgure for Phasogenes in the Spruoce
Wooda, data are of a meagre nature. In spite of such
handicaps and certain regervations on conclusions de-
rived therefrom, implications are of sufficlent inter-
est and lmportance to merit careful consideration.

Consldering first the mean date of first bud-
worm moth emergence in these three areas, we have:

Spruce Woods «.ess June 27
Sandilands eee...s July 11.8
Hawk 1LaKS sovevrens Jﬁly 13.5

It will be obsgerved that the mean difference between the
early Spruce ¥Woods and the late Hawk Lake area 1s 17 days.
In order that either Itoplectis or Phaeogenes survive
and propagate, 1t 1s necessary for them (o adjust their
seasonal activitles considerably in order to synchronize
with the host. 7Thls 1s perticularly important since it
was found that thess two Ichneumons are capable of plerce
ing the outer skin of the budworm pupa only during the
first 24 hours of pupsl 1life. After that time, the
pupal skin is too hard and the budworm is relatively free
from attack.

1f the parasite is so handicapped, its ovipositing
activities must be closely synchroniged with the early
pupation of the host., The degree to which & parasite is
capable of synchronizing its oviposition havits with bud-
worm pupation should be indicated by the periocd of time
separatlng the first moth and first parasite emergence.
The figures that follow set forth the mesn number of days
separating first moth and {irst adult parasite emergence.

Itoplectis Phasogenes
Spruce Woods 7 days 17 days
Sandilsnds 8 days 12 days

Hawk Laks 8 days 12 days
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It will be noted that the periocd between the
first hoat and first purasite is 7 and 8 days in the
case of Itopleotis., This means that 1n the Spruce
Woods Itoplectls must oviposit perhaps 17 days earlier
than ot HeWk Lake and would sugdeslt some degrese of
flexibllity in its seasonal habits. FPhasogenes, on
the other hand, has averaged 17 days aiter Lhe first
oudworm moth in the 3pruce Woods, &s compared with
12 days in the Sandilands and at Hawk Lake. It would
seem Yo Indlcate a lack of the abillty to slter iis
seasonal hablits to synchronize with the early Spruge
Woods host. In that the soft condition of the hoat
necessary for parasite oviposition 1s so limlited in
duration, it would appear that Phaeogenes is able to
parasitize only the very late-developing budworm.
This may be of considergble importance in determining
what parasites can be expected to succeed in various
budworm regions and may account for the marked BCEY'Cw
ity of Phasogenes in the two areas of spruce budworm
examined, Derinite deductions, howsver, requlre more
data which were difficult to obtaln due to the scarcity
of Phasogenes in those areas.




IV. EUROPEAN LARCH SAWFLY




‘IV. EUROPEAK LARCH SAWFLY

The BEuropsan larch sawfily showed a marked in-
crease during 1944, especlally In Manitova. There was
evidence of 1t in Sasketchewan for the first time (Por
details of distrivution ses [orest Insect 3urvey Report,
1044). During a pasrt of 1544, speclal efforts were made
to sstablish permanent sampling sreas for cocoon collec-
tions, having in aind a method for yearly comparisons
of sawfly cocoon populstlions and parasite prevalence.
The work was done by Messrs. MeGufflin, Heron and Rabkin
as follows:

Riding Mountalin Katlonal Park: Mile 7 Horgate
Road, September 3rd and 4th; M¥ile 17 Audy lake Road,
September 5th; Goll Course plot, September 6th.

Riverton Manitoba: 3sptember 12th to l4th ine
cluslive.

L. Procedurs

Two types of ssmpling were undertsken, The first
wes 8 statistical sample, following roughly the third
method described by Prebbile. This wes restricted to
three accessible snd important aress; namely, Mile 7
Horgate Road, Mlle 13 Lake Audy Romd at Riding Mountaln
and the Hlverion ares.

Tie second type wes & gross random collsction
in which guantity of mmteriel was the maln object.

The following procsedure was supplied to the men:

(1) Pirst become familisr with the stand, size
of tress, degree of defeollatilon, nature of ground cover,
etc. Select then the sampling spots which should be
underneatlh dominant and co-dominant trees of good crown
development where the infestation appears toc have been
neavy and capable of producing a good quantity of pupae
and also capavle of harbouring a good infestation next
year. Where poasible, favourable ground cover [or sampling
should be considered,

(2) The sultable ground cover under each selected
tree should first be apportioned into 4 areas, HN., H., B.,
and W. Into the centre of each area, & square wooden
stake is driven, each stake belng designated as A, B, C,
0, and the sides of each numbered 1 to 4. The stake
should be tossed and caught before driving so that the
samples are selected at random. Time permitting, 128
such trees should be marked in each of the three arseas.
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(3) Sampling 1s done over four 1 square foot aress
under each i{ree. A square frame of this size 1s set
down to merk the area for ssmpling. Samples sre taken
iagonal to the 1-2 corner of each stake, zilving one
gample in each of the four areas under sach tree
(See dimgram, P. 107 Prebble's work). The sample
should be secured by cutting the moss with s long
knife around the border of the foot-square freme.

(4) The sample selected, the wmoss should be removed,
& handfull et a time, placed on a ground sheet and
the contents of the semple examined, counted and re-
corded as to tree nurber, stake number and guadrate
number.,

(5) Cocoons should be carefully packed in screen
frames for shipping when completed.

The cocoons were brought to the laboratory,
atored in wet moss and incubated. From each serles
iIncubated, a ssmple was set aside for dissectlons as
described below in section C.

B. HResulis

L. Riding Mountain National Park

() Location of Plots

The following sets forth areas where sampling
was done 1n the Hlding Mountain Nationsl Park.

Thirty-six trees were sampled according to
methoda of cocoon ssmpling asdvocated by Prebble for
the BRuropean larch sawfly. Areas wers selected for
study. Locations of plots were as follows:

Golfl courses

Start 13th post of fence at slde of poad--3.
slde road (near slulce-way), then

K 8% W 8lL' to tree 715

E 8% 8 107! to tree 318

H 2l® E Bl to tree 717

E 16° 38 47' to tree 218
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Au@y Lake Road

Tree 1419 of sample plot, compasas 5t due W of tree:
(1) w 78° 5 1283 to tree 1 = 307

{(8) W 58% E 1381 to tree 308
(3) ® 41° & 34" to tree 209

411 ths rest are nearby, 8 treses in sll.

Korgate Road

Marker is Curve 3ign on X side of XNorgate Road
(¥ile 7), then 15 paces W along road edge (K zide of Road).

(1) K 41° W BE2Y to tree 1 = 201

{2) § 15° g 24' to tres 02
(3) & 24° 8 14' to tres 203

Ali the rost of the tr2es in same general ares, 12 in
all.

{5} Photographs
The following photozraphs were taken:

Audy Lake Road

Camera points N 33 E gnd pleture teken from near
tree Ho. 1461 (sbout 10" HE of tree).

Mile 7 Norgate Road

Camera about 0' W of curve sign at Mile 7 Norgate
Road. Camera on south slde of road facing N 35° @,

golf Course

Camers {aces & B W,

Camera position 150 feet W of tree 53, A small
mound of rocks indleates cemers locatlion,

Townsite
Photo includes trees 84, 85 and 86. Camers placed

about 35 feet ¥ of ditch on sidewsll., Camers faces almosi
dus enst.



{¢) Collection Detail

The following tabulations give the data relat-
ing to the sampling of the Riding ¥ountelin areas. For
explanations of headings, ses Riverton below,

102
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SUMMARY LARCH SAWRLY STATISTICAL STUDY, 1944.
RIDING MOUNTALE FATIOHAL PARK, MANITODA.
RORGATE ROAD
STALE A

ESEE NO. |HEIGHY |D.D.He |CEOWH DEF. . DEPTY
Rec. Act.| (Ft.) | {(zn.i|crass](i/167s)| omp. croUED covER| (In.) |cover WOLAT, |30UND | BOUSED|NISC
1 - FHL 35 e D ik Oragg, Labe.tes, i0 2 2

noss
g2 - 302 3 7 af ] 14 Hoss 12 1 1
3~ 303 23 Ze8 on 15 Srost, Luab.ioa, 50 15 11

M8
4 w 1472 &1 Ded ) i5 Trass, moss 3 4 3

J 3

S o~ 1485 54 Dell Iy, 15 Trass _ _ 7 5 i Qo
¢ = 1496 a7 Se8 oo 18 GreSs, OS85 5 3 1
Fo= 1468 35 Ged oo 15 OGrasg, Lav.bos, & 4 i

TOS8
G - 51 35 Sed D 15 Grass, Lab.toe, i O g

MO8 3
G - s04| 28 4a4 oo 15 NosE ' ig 1 )
N3O - 305 0 Ded 3. 13 Leh.tea, grass, i o G

S08E
1 - 45 27 G 3y 15 Yoss ] 10 1 G
L2 - 306 £9 Tk oD 5 G o 3

TOTALS 134 41 22

01



SUNMARY LARCH SAWFLY STATISTICAL STUDY, 1944. -
RIDING MOUNTAIEN NATIONAL PARK, MANITOBA.
HORCATE ROAD CONT'D

STAKE B T STAKE C STAKE D

TREE KO, [[DEPTH DEPTH ' DEPTH

Rec, Act,|(In,) |COVER|¥OIST,|SOUND [1OUSED [MISC.| (In,) |COVER|10IST.|SOUND xeusax%gme.(zn.) COVER| ¥OIST.| SOUND| MOUSED| MISC.
1 - 301 3 4 0 5 7 F 2 ‘ 2 5 0
2 - 302 1 3 1 & 5 1 44 10 1
3 - 303 4 1 0 4 1 0 8 4 0
4 - 1472 7 4 0 2 2 0 5 6 0
5 - 1485 3 8 0 5 .5 0 4 1 0
6 - 1496 6 2 0 7 2 1 6 3 1
7 - 1499 4 o} 0 5 3 1 6 0 2
8 - 51 0 6 0 g 32 | 0 5 2 0
g -~ 304 12 24 2 9 11 O 7 8 1

10 - 305 16 6 2 10 2 1 4 7 0

11 - 49 7 5 1 6 10 0 5 2 3

12 - 306| 13 6 0 1 3 1 17 9 3
TOTALS 76 70 6 | 69 54 7 ﬂ, 113 57 | 11

&

Vo1




SUMMARY LARCH SAWFLY STATISTICAL STUDY, 1944.
RIDIKG MOUNTAIN NATIONAL PARK, YANITOBA.
GOLF COURSE

STEEL A

TREE EC. |HEIGHT| D.D.H.| CHOWVN | DEP. DEPTH
ReCe ACL.] (Pte}] (In.) | CLASS [(1/16%s)] GEN. GROUND COVERl {In.) COVER | MOTST.| SOUKND | HOUSED! HISC.
1 - Z15 56 T D 6 Grauss, shrubsg, 5 ¥oss, ory 10 22 2 dead
SORG MOS8 Zrasgs &
roots
2 = 316 3 8.1 D 10 neven, 4ry, 10-12 Grass | Dry i1 635 | meme—
srass, Lab.tes, roobs,
aihrubs, mosas ary
moss
hamus
= o- 317 43 8.7 D i2 fGrass, spruce 10-12 Moss, pry 14 58 -
spadling, Lab. tres &
tea, moas grass
_ rocis
4 - Z18 3G G5 cn 12 Unevern, Irass, 10 Litter |Moist i8 46 1 par.
Lesstes, dufl & % moss
litter, some roots &
moss humus
TOTALS 53 189 3

€01




SUMBARY L.ARCH SAWFLY STATISTICAL STUDY, 1044.

RIDING MOUNTAIR EATIONAL PARK, HA

HITOBA.

COLP COURSE COHTD

STAKE B STAKE C STARE D
TREE EO,. || DEPTH DEPTH DEPTH
Recs Actd {In.)|COVER [LOIST. |SOUND|MOUSED|MISC. [[(In.) |COVER |POIST. |SOURD|HOUSED|¥TSC. || (In.)|Ccoven [Mo1sT.| SOUKD |MOUSED| %18C.
1 - 35 4 |8o0ilxry S5 8 - 4 |Tres &|Dry 21 1 - 5 |[Thin |[Damp 7 €& |1 desd
grass grass mos s, 2 Dpar.
roots, roots humas
s
2 -~ 316 E=8 |[Debriguet i7 40 2 dead | 8~10|0Crass,|lMoist 23 54 1 desd|| 8-10| /3 Dry 30 g £ DAIP.
humus, ittern, i par. tres
£rass, HOBE, root,
roots numus moss,
roots numus
3 - 37 8 |4tree Dry 16 19 2 par.| 4 |Ztree|Dry 32 < T [ 8 |Tree& |Dry 10 42% |2 par.
root, root, grass
mossk moss, rcots))
humus humus moss,
humug
4 -« 318 5«6 |Roots, Moist 31 54 4 dead| 7-8 |Littser|Moist 16 30 1 desd 8 Rotted [Molst 30 18 £ dead
humus rotted 4 par. M™OSS,
moss, roots,
roots Irumus
TOTALS (53¢ 121 a8 92 74 7 77 75 9

o,

ko . 5
Light brown, this

yearts.

901




SUMKARY LARCH SAWFLY STATISTICAL STUDY, 1944.
RIDING MOUNTAIK EATIOHAL PARK, MANITOBA.

AUDY LAEE ROAD

STAKE A

TREE EO. [HEIGHT|D.R.H.| CROWN| DEF. DEPTH _
Rec. Act.]| (Pt.)|(In.) |CLASS|{1/16's) |GEN. GROUND COVER| (In.)|COVER MOIST. SOUKD|MOUSHED |BISC.|
1 - 307 27 | 5.7 | ¢D 1 Tall grass 2.0 |¥oss ) 1 0

2 - 308 34 6.0 D Y Tall grass S.0 | Grass wet & 4] Q

3 - 309 34 E.3 T Y grass 2.0 | Grass 2 o Y]

4 - 310 31 5.4 Ch 0 Grass 2.0 | Grass 2 1 0

5 - 511 36 6.1 D O ¥08s, Zrass 2.0 | orass 0 2 IG5

6 - 2182 34 5.9 D 0 Gress, shrubs 3.0 | Greas O 1 0

7 - 213 35 6.7 D 0O Grass, moss 3.0 |Roots wet 1 1 g

g - 314 29 6.4 CD 0 Grass, shrubs 3«5 | Grass Het 2 4] ]
TOPALS 10 8 O

LOT



SUMMARY LARCH SAWFLY STATISTICAL STUDY, 1944.
RIDIKGC MOUNTAIN NATIOHAL PARK, KAHNITOBA,

AUDY LAKE ROAD COET'D

STAKE B STAKE C___ STAKE D
TREE X0. ([DEPTH : DEPTH DEPTH
Rece Act.|l{In.}|COVER |HOIST.|SOUND|MOUSED([MISC.|| (In.) [COVER |[¥OIST.|SOUND|NOUSED %iSG.#{In.} COVER [ ¥OI37.|50UND| ¥OUSED|¥ISC.
1 - 307 S¢S | Grass 2 1 2 SeD |Grass 3 15 2 2.0 | Grass Q P Q
2 - 308 2.5 | Grass 1 1 4] 3.0 |Grass |Wet 2 1 0 4.0 | Roots, 4 4 4]
mos s
3 - 309 2«0 | Grass ] 0 0O 3«0 |Crass |Wet 1 Q 0 3.0 | Grass, 1 0O 0
moss
4 - 310 6.5 | Grass, .5 2 8] 2.0 |Grass 1 o C 2.5 [Orasy 2 2 O
MmOSS ©noas
5 -« 311 3«0 | Grass 0 4] 0 2.0 |Grass, |Dry 1 0 0 2.0 | Grass | Wet 1 1 g
. moss
6 - 312 2.0 | Hoss ] 0 0 4.0 |Grass 1 1 0 3.0 | Grass 2 0 O
T - Z13 3.0 | ¥0ss Wet O ) Q 3.0 | HMoss ¥olat O QO O 2.0 | Roots |Wel g Q Y
8 ~ 314 2.0 | Grass S G o 4.5 |Grass ] QO O ceJ | Grass G Q Q
TOTALS h~ 8 4 2 G i7 2 10 g 4]

801
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In addition to the sbove collections made fopr
statiastical analyvsis, a genersl collectlion was made
from Hyska's district, Rlding Mountain Kational Pari,
amounting to 1,200 sound cocoons .,

2. Riverton Ares

(a) Location of Plots

The following data give the location of the
Riverton tress sampled: Travel along road running
north from the town of Riverton (following up the lake)
for a distance of between one and two miles. Look for
& survey line cut through the woods, the line running
¢ast and west. This line can be further identified
in that & large drainage ditch extends down it which
eémptles into a large diteh elong the side of the road.
A large post will bhe sesn at thls point on the left
8lde of the road and this post is the starting point
for direction to sample areas.

Kote: Compass readings recorded below were
made without any offset rop declination,

STARTING POIRT DIRECTION |DISTANCE| FINISHIEG POINT|TAG RO,
Post wWir s 1791 Steke at side

; of clearing
Stake ; a8t Tree 1 319
Stake B Tree 1[N 54° w 271 Tree 2 320
Steke B Tree 2|w 21° 3 301 Tree 3 381
Stake A Tree 3|n 58° B 861! Tree 4 322
Stake C Tree 4(¥ g° w et Tree 5 SR 3
Stake D Tree S5/N 39 W | 57! | Tree 6 324
Stake A Tree 6|N BO® w 241 Tree 7 325
Stake B Tree 7|w 12¢ & T4 Tree 8 326
Stake B Tree 8|w 20° g 108 | rree 9 327
Stake C Tree 9|lw 64 3 =281 @ { 3,
Stake B Tree l0|x 425 S 43' g§a§‘%§ 52%
Stske C Treell|k 2° & g1t Trag 12 330
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{b) Procedurs of Sampling

Eleven trees in all were sampled, each belng
described as to height, D.B.H., current defollation by
larch sawlly, dominance and condition. Pour stakes were
driven iIn the ground underneath the tree below the tree's
canopy as far as was possivle, half-way batween the tres
trunk and the periphery of the treet's foliage. In some
cases, this was not possible due to roots, intrusions
or irregular ground cover. One stake wes placed at each
of the 4 cardinal points on the compess end lettered A
te D. The lour sides of esch stake were lettered 1 to
4, the stekes belng driven into the grourd in & random
manner in sc far ss the numbered side of the stake was
concerned. Then, opposite each 1~2 corner of sach
stake, the larch sawfly cocoons were removed and counted
from en area of moss 1 foot square. Cocoons were seg-
regated according to the following clsssiflications:
Sound; Destroyed by mlce (Moused); Miscellaneous (Misc.),
The latter category was divided into "dead" and "para-
sitized." Only sound cocoons were retained and layered
in moss. All cocoons from this area were tabulated and
each tree was described with regard to ground cover,

For each stake under the tree, the sverage depth of the
sample down to earth was listed. The constituents of
the ground cover from the top down to the soll were slso
recordsd.,

Thase data are given in the following tebulation
for the Riverton ares.



SUMMARY IARCH SAWFLY STATISTICAL STUDY, 1944.

RIVERTON, HMANITOBA.

STAVE 4
TREE NO. |HEIGHT|D.B.H.] DEF. |CROWHN DEPH
Rec, Act.| (Ft.) |(In.) |(1/16's}| CL.ASS|GEN. GROUND COVER|(in.)}|COVER ¥OIST.| SOUND| MOUSED| HISC,
1 - 39| 7 B3 13 Ch |Lab.tea, grass, 2.5 | Grass Moist 2 1 2
willow
2 - 320 32 5.8 g D | Grass 168.0 | Moss Yot 12 57 3
3 - 3221 | 28 5.8 14 CD | Duff, moss 3.0 | Graas wet 2 12 4
4 -~ 322 | 26 3.3 15 CD | Grass, Lab.tea 4.0 |Moss ¥oist | 18 40 0
5 - 322 | 29 6.3 14 D | ¥oss, Lsb.tea 2.0 |¥oas roist | 11 49 8
6~ 324 | 23 4.2 4 Ch | Duff, Lab.tea 4,0 | grass wet 22 19 g
7 - 325 | 24 4,3 4 CD | Graas 3.0 | arasa et 13 18 8
8 - 326 | 29 4.9 14 Cp | Hoss, Lab.tem 16.0 |Hoss ¥oist | 16 73 0
G - 32| 29 449 14 D | ¥oss, pgrass 5.0 | Hoss ¥oist 8 40 8
10 - 328 | 33 7.0 5 D | Grass, Lab.tea 3.0 | Roots Holat 4 15 o
il - 329 28 4.8 10 CD | Duff, grass, lLsb.| 2.0 |¥oas | et iB 51 o
_ _ tea, noss
12 - 330 | 31 6.7 15 D |Hoss, Lab.tea 8.0 |Moss ¥oist | =1 45 | B
TOTALS 155 422 76

TH
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SUMMARY OF SAWPLING

COCOONS PER SQUARE ®»0OT
| | NO. “FINO. OF SG. |qnuwnimousen| bpeap om
LOCATION TREES | PT, SAWPLES PARAST TI 7ED

Golf{ Course 4 16 19 30 1.7
iorgate Road 18 48 8.1 4.6 1.0
Audy L.+ Road 8 32 1.1 1.1 Ul
Riverton 12 48 14.4| 31.4 5.8

C+ Rearings & Dissections

le Incubation

(a) Genersl Collection (Hyska's District)

The 1,200 cocoong from this area were divided into
2 series, A and B.

(1) A collection. This was composed of 718 cocoons. Of
these, 6UU were reared snd 118 retained for dissections.

The collectlon wss stored in wet moss in the in-
sectary until Jenuary 12th, when it was placed in the
cold storage chanber, the tempersture of which was ranging
from 20° to 30°F. The collection, still in the moss, was
soaked in ice water on January 16th placed outside for 6 hours.
Between January 16th and 19th, it wss kept on the basement
floor, still in the wet moss. On January 19th, Jjelly jars
containling 50 cocoons each packed in wet cotton were placed
in the incubator. The following temperatures and humid-
itles were retalned in the incubator.

TE¥MPERATURE RANCE HUMIDITY
DATE (DEGREES ) (PERCENT)
Jan.l9 66 «69.5 80
Jan .20 B0 5=69 82
Jan .21 68 «70 82
Jan,., 22«28 59 .5~68 78
Jan.29-Fab.l 53 =64 78
Feb.2 62 75
Fabhe 3«5 60 .5-64 77
Feb.b-12 58 62 73
Fen.18~19 54 =86 76
Feb,.19-26 68 =74 77
Peb.26-Nar.5 70 «786 80
S & 69 =74 75
Mar.l2-19 63 =72 63-82




114

{i1) B collection. Composed of 482 cocoons, of which
o82 were reared and 100 retained,.

These, like Collection A, were brought in from
the lnsectary where they had been stored and were placed
in the cold storage chamber (20°-30°) on January 12th.

On Jenuary 22nd, they were placed in ilce water
and set In a snow bank outside, The weamther was very
mild, with the snow melting, and the collection wss
handled as follows:

January 22nd, in ice water in snow bank;

January <drd,wsather warm, thawing;

January 24th-27th, becoming somewhat

' colder (January 27th, 8°F.);

January 30th, returned to cold storage chamber
(velow freezing temperature), removed
from weter snd retained in wet moss;

February 2nd, cocoons removed from moss packing,
counted, placed in wet cotton in jelly
Jars end put in incubator (temperature

Incubator temperatures and humidity were the same
as recorded above for Collection A.

{(b) Norgate Road Collection

, This collection consisted of 500 cocoons, 400 of
which were reared and 100 retained for dissectlons.
These were given no specisl trestment end when brought
in from the insectary they were in a 8lightly dry condi-
tion and somewhat mouldy. They were placed in the in-
cubstor on February 2nd.

(c) Riverton Collection

These numbered 830 cocoons collected September,
1944, and stored In wet moss in the insectary on January
l2th, They were then placed in the cold storage cablnet
(20°=30°P.}. 750 cocoons were reared and 100 retained
for dissections. They were removed on January 23rd,
placed in ice water outside for 6 hours, then brought in
to the coal room snd stored on the floor until January 23rd.
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They were then counted, placed in Jelly jars as preve
lously explained, and put In the incubsior on January
23rd at & temperaturc of 61°-68°,

24 Bmersence

Whlle emergence has not terminated st the time
of writing, the following records have been obtalned:

(a) Riding ¥ountain Natlional Park

(1) Hyska's Diatrict (A collsction - 600 cocoons) .
Emergence occurred as rfollows: :

DATE SAWFLY ADULTS PARASITE ADULTS

Feb.24 2 1 Hymenoptersa
26 4
28 2
Mar, 1 g
2 3
3 6(1d)
5
8 i8
7 10 1 Hymenopters
8 9
9 5
10 5 1 Hymenoptera
iz 6
13 7
14 &
16 6
7 6 1 Hymenoptera
19 17
20 13
21 4
22 9

A sumusary at March 22nd shows an emérgence of 167 sawfly adults
and 4 §ymﬁn0ptera, probably lMesoleius, & parasitism of less
than 1%.

Dissections. 102 cocoons of thls same lot were
dissected January @2nd and on Pebruary 1ith and 13th, these
having veen kept in the incubator until such time as dige
sected. The following results ware obtained:

Number of cocoons dissected evenes 102
Fumber of dead COCOONS sesevevesss 7
KNumber of cocoons with parasites . 6(All Hymenoptera)
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Dlssectlons showed € of the 102 to contain parasitic
hymgnggterauﬁ larvae, probebly Mesoleius, or a parasitism
Of BePhe

(11) Hyska's District (B collection ~ 382 cocoons).
Bumergence occurred as follows:

DATE SAWPLY ADULTS PARASITE ADULTS

Feb.28
Mor. 2
5

13

14

15

16

17

19

20

21

a2

(1)

oot
GOOHFI G -

1 Hymenopters

Total emergence: 46
Nos of Parasites: i

Dissections. ©5 cocoons were dlssected on February
13th., The following results were obtained:

Humber of cocoons dlssectod seeees U5
Humber of dead COCOONSE seesvrssnser 18
Humber of cocoons with parssites . 6(All Hymenoptera)

Dissection showed 6 of the 95 to contain parasitic hyméne

gpggraus larvae, probably M¥esoleius, or & paresitism of
s w

ate Road Collection, Mile 7. A total of 400
cogoons were placed in the lncubator on February 2nd.
The following emergence was recorded:

DATE SAWFLY ADULTS PARASITE ADUITS

Febel4d 5 Diptera
24 £ Diptera
26 2(1d) 2 Diptera
7 1 Diptera
28 3 £ Diptera
Mare 2 1
3 1
5 1
7 5

CONT'D
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CORTID -
DATE SAWFLY ADULTS PARASITE ADULTS

Mar. B
2
10
12
13
14
15
16
17
19
20
21

Total Ho. of Sawfly Adults: 56
Total No. of Paramsites: 12 Diptera, 1 Hymenoptera,

(1)
1 Hymenoptera

ot
i i 03 G G O IO R

Dissectiona. 100 cocoons were dlssected on ¥arch
6th, with the foilowing results:

SQﬁfly adults in COCOONE sverseerss
Dead COCOONE seesesvssrnassrsnnosns
Sawfly larvee 1n COCOONS wrsvsssves
gﬁWfl? pupae In COCoONS sevsesvsvns
DIPLOr8 covnsssvrenssncvonsvcennnins
%ﬁmﬂ@?tﬁr& seerraursevinnnsnnnrrne U

Tf}m LR R R R B NEEEREREEREERER W R IR 109

Chkfﬁigggha

{b) Riverton Collections

In thls collection, 750 cocoons were incubsted Jan.12th
and 100 were retained for disssotions. Rearing results
follows



DATE SAWPLY ADULTS PARACITE ADULTS
Feb.l10 1 Diptera
12 1 Diptera
14 4 Diptersa
L5 1 Diptera
16 i Diptera
17 1 Diptera
19 2 1 Dipters
20 1 Diptera
27 L
28 A 1 Hymenopters
¥ars 1 3 , ‘
3 2
L) 5] 2 Hymenoptera
4] 3 2 Hymenoptera
7 &
8 g
g e
10 2 1 HEymenoptersa
i2 4
13 4
15 4
1€ 4
i &
19 8
20 4 1 Hymenopters
21 3
22 1

Total ¥o. of Sawlly Adults: 75
Total Fo. of Paraaitas* 11l Dipters, 7 Hymenoptera.
Total Ho. of Parasites Recovered: 18
Percentage Parssitliem March 28nd: 2.4

Piggectlons

Sawlly sadults in COCOONE ssvrsvran
Dead COCOONS wowvsssnssesssersass
Sawfly larveae in COCOONSE sevsvers
Sawlly pupse In COCOONE sesscessnse
Diptera I T T TR TR
HymenophorR sessssvossscsenorvans

looot8a

TOLBL sssvssssvrssnnsssvansannsons 1@@

Aesulte st the time of writing (Merch 28nd) do

Su 3&3’3%15%

118
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not indlcate anything particularly oubstanding in so
far as parasitiesm is concerned. These figures are set
forth below:

K0, oF T PARASITISN

COCOONS DAPTERA 1 HYMEN

AREA || Neared|Dissected|Beared [Dissected |Reare
800

f ﬁ*;wf_

guéﬁaﬁ

ReMeNoPo

Hyska's "a" 102 0 874 (4) | 5.94(8)

0
ReMaNPo ‘
Hyska's "B"| 382 g5 0 o _|.2620)) 6.34(6)
Mile 7
Norgate Rd. 400 100 Wagmﬁ 4.04(4) |.258(1) 0
Riverton 750 | 100 (148011 o los(nl 2,04(2)

, These flgures, it must be remombered, are not final
for they only go to March 2¢nd. There are, however, a couple
of Interestlng pointa. Nesoleius was nsver libverated in the
Riverton ares end its présence trere i1s of some significance.
Purthermore, Bessn selecta was libersited at Riverton snd on
the Horgate Hoad LUt never at Hyske's place., While determ-
inations of these parasites have not been received at the
time of writing, it appears that Bessa ls belng recovered
in notlceable quantity in the areas where liberations were
made but none at Hyske's area, where no liberations were
made.




V. THE DETERIORATION OF FIRE-BURNED
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THE DETERIORATION OF
FIRE~BURNED WHITE SPRUCE
BY WOOD~-BORING INSECTS

IN NORTHERN SASKATCHEWAN
By HesA. Richmond & R.R. Lejeune
Poreat Insect Investigations,
winnipeg, Menlitoba.
Durdng the early summer of 1942, disastrous
fires swapt over extensive stands of white spruce,

Picea glauca (Moench) Voss, in northern Saskatchewan

snd Manitoba, leaving thousands of burned, scorched
and dying trees. The estimated damage in Saskatchewan
amounted to over 60 million feet of saw timber and
almost 200 thousand cords of pulpwood. Losses in
Manitoba were less. Due to war-time demands, util-
ization of a good percentage was possible, provided
it could be cut while still in a ussble conditlon,
As wood-boring insects wers the principal cause of
early deterioration, they assumed primary lmportance
in relation to sny salvage programae. This paper

is confined largely to an snalysis of the injury
produced by round-headed borers, chiefly the
whitenspatta& sawyer, Monochamus scutellatus Say.

Contribution XNo. s Division of Entomology,
Science Seprvice, Depsriment of Agriculture, Otiawa.



In certain types of burn another round~headed
borer, Tetroplum sp., was assoclated in abund-
ence with Honochamus. Although Tstropium is a
round=headed borer, Craighesd (1928) records 1t
as mining entlirely under the bark, pupating in

& small cell in the outer sapwood or bark. It
was the writers' experience that Tetropium larvae
enter the wood much as Monochamus do, but are
shallow borers. The average depth of penetration
for 76 tunnels was 3/4 inch, with a maximum of 2
inches. The tunnels parellel the logts surface
and may extend as rmmoch as 3 inches in length, each
terminating in a small pupal cell (Pig. 9)« PFProm
such cells newly transformed adults wers collscted
and subsequently identified as T. cinnamopterum
Kirby. At least one other specles of Tetropium,
not identified, was also present in the larval
stage. Belng s shallow borer, Tetroplum ls of
much less lmportence than Monochemus but, due to
simllarity of externsl engravings and mode of

entering the wood, some confusion might erise,
partioularly in the early stages when entrance
holes are small. Illustrations Nos. 10 and 11
indlcate the most obvious differences betwsen the
two. 1@ this paper, the two species are dealt with



for the most part together. Bark«beetles and
flat~headed bamré, while present in varying
degrees of intensity, were of minor importance
in the lmmediste prodblem and therefore are elime-
inated from the main discussion.

The life history of M. scutellatus has
been recorded in detall in various publications
{Craighead, 1023; Oreham, 1939; and others).

The eggs are deposited singly in narrow alits ocut
in the bark by the female adult. Upon hatohing,
the larvea Lores to the camblum, where it feeds
for a tlme between the wood and the bark, causing
the ah#rmtwutm engraving on the outer surface
of the wood. Zventually, the larve penetrates

the sapwood and hoartwood, inoreasing the dismeter
of its tunnel as 1t grows in size. The completed
tunnel 1s gensrally U~shaped with a pupal cell
ezcavated at the fur end of the tunnsl near the
surface of the log (Figs 8)« The newly trans~
formed adult beetle escapes by chewing a round
hole from the pupal cell to the outside (Pig. 10).
The psriod of development varies from one to three
seasons, sccording to temperabture and moisture
conditions.

123



124

while the litersture on wood-borers, sa-
pecially Monochamus, 18 voluminous, this study in
noythern Saskatchewan has disclosed some apparently
new information in relation to borers and {ire-
burned timber. Other published works, however,
are of direct application. Parmelee (1941) cone
cluded that, in Richlgan, fire-killed timber was
of no greater attraction to borers than tiuber
killed by other agenclies, that H. scutellatus caused
the preatest damage, and that borers do not, as
a rule, re~infest trees from which they emerge.
Morley (1939) found that logs are attacked readily
throughout the season and that logs eut after
August may be infested the following spring.
Tothill (1924) reported that the heaviest attack
ceourred on logs out in May, June and July sand
that later-cut trees are less subject to infesta~
tion. Traglrdh (1040), studying storm-felled timber
in Sweden, found that felled trees with dry tops
wore heavily infested by Monochamus sutor L., whlle
green-crowned trees were only 5.8% infested. iis
report is of specisl interesi as it besrs directly

on certsin sectioms of this works.



The study was conducted in part in 1942
and 19643, and was concluded in 1944. While pur-
sued in as intensive a mamner as possible, it
was restricted of necessity to the immediate probe
lem of salvege, due to the handlcaps inherent in
present day war-time conditions. It must be
realized that the following date sre intended only
to set forth conditions of the fire-burned timber
a3 they obtained at the time of the study. A dif-
ferent date of burning or altered weather conditions
might have changed considerably the borers! behavior.

Two representative and importent areas were
selected for study, Clemencesu and Carrot River,
sach representing a different type of burn. The
Clemengeau reglon, in the vieinity of Hudson Bay
Junction, had experienced extreme heat from what
was predominantly a crown fire and the majority
of the trees were burned and blackensd from ground
level to their tops, with only blackened stubs of
branches remaining. They were generally of a small
size, averaging under 12 inches D«B.H. The Carrot
River country, on the other hand, had undergone
8ll degrees of burn, from a light root burn to &
severe orown fire which left only blackened,
branchless trunks. In general, the tisber in this



area was much larger than at Clemencesu, running
from 1 to 3 feet D.B.H., Clemonceau and Carrot
River were examined twioce in 1942; between July 23rd
and August lst and, sgain, September 18th to October
lst. In 1943, & third examination was made in the
Carrot River srea, August 12th to 20th, and in the
mill at The Pas, Manltoba, August 25rd and 24th.

A Final examination wes made st Carrot River August
15 to 18, 1044,

The study was conducted at the aslte of
the fire and was restricted to tiuber represent~
ative of standing fire~damaged trees. Duo to
logging and road-building sctivities, a supply of
racently felled trous was avallable for examing-
tion during each of the years of study, although
some were felled by the writers as checks on those
examined. All work done at Carrot River was cone-
fined to an area of a few sguare milea lo avold
regional variations as much as possible. Represent-
ative trees wers selected, messured and exemined
at the lower middle and upper thirds. The sempled
portion was peeled. Recorded data included area
of mample, its helight above ground level, diameter
of log at sampled ares, the numbera of borer larvae
in the cambium, entry holes into the wood according
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to species of bvorer end emergence holes, il any.
Ponetrations were measured after tunnels were ex-
posed by chopping. At the same time records were
obtained on the slize, specles, location, and stage
of development of the borers, amd as to whether

they were living or dead. Specimens wers pre~
served for study. PMurther investigations were cone
ducted at a mill where these logs wers being ocut,
which procedure is reviewed under the secilon, "Mill
Studies.”

I. FPERIOD OF WOOD-BORER ATTACK
The questions of prime lmportance from the

standpolnt of salvage concern the perliod during
which these logs ere subject to attack, the time

during which the quallity of the wood will progressively

deteriorate from continued borings, and the extent
of borings in such fire-damaged trees.

An indlcation of the period of attack is
found in an examination of the following 3 areas:
(1) 1941 burn, Carrot River, burned late June
to July 15, 1941, examined July 25 and 26,

1941, and again July 85, 1048,

() %%_1' 1, 1942, Carrot

&%

(3) 1942 burn, Carrot River, burned June, 1942,
exemined July 235 to 27 insclusive, and again
September 24 to 28 inclusive, 1942.
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The first area, burned in 1941, was a very
close duplicate of the 1942 Carrot River burn in
relation to looation, residual timber remalning
after the [fire, and nature of the fire. Both had
oxperienced ground fires accompanied by some scorohe
ing of iree trunks but, for the most part, the trees
were standing and the branches were green. The
firet examination was made by the senior author
the same month a&s the fire--July 25 and 26, 1941,

At this tlme, the cambiwm of the unburned bark was
white and normal-looking, but was in the process of
infestation by flat-~headed bDorers. In no instance
was & round-headed larva observed. One year later,
July 25, 1942, en examination of the ssme trees
(now wind~-fallen) reveasled a heavy attack by round
heads. Of 30 tunnels measured, 5 went in to e depth
of 4 inches each and 7 to & depth of 4 1/2 inches
sach, the average for the 39 being 2.65 inches.
Larvae were present end still in the course of
tunnelling. Of special interest i1s the periocd of
time during which this deterioration occurred.
Further evidencs glven below indlcates that the
initial attack probably oceurred during August,
1941, resulting in this condition one year later.



The second erea on which logs were cut in
March, 1942, end left on the ground in the woods,
was examined July 26th of the seme year. A total
of 39 square feet of bvark was removed. Round-headed
borers were entering the wood in 627 of the samples
examined, The average population was 1.8 per square
root; the average depth of penetration, 1 1/10
inches; the minimm, 1/16 inch; and the maximum,
2 1/8 inches, These logs wore infested between
apring and July 26th.

The following comparisons may be made lIn
these two aresas, both examined July 25 and 26,

1942
1942
1041 Burned March-cut
[ Meximum Penstration | 4 1/2 inches | 2 1/2 4inches
C¥inimam Penetration | 1 inch 1/16 inch
Average Penetration | 2 5/8 inches | 1 1/16 inches|

The difference in wood~borer pensetration is
gquite noticeadble. It seems evident that the July,
1941, burned timber was infested by round heads
during that summer subsequent to the writers! visit
and hence that timber infested in late summer will
contimie to deteriorate during the following summer.
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This point is further shown in an examination of
the third area.

The third ares wag the iarge 1242 burn at
Carrot River with which the study is primarily con-
cerned.

Thus far, it would seem evident that the
egg-laying activities of wood-borers may be ex-
pected throughout most of the summer in northern
Saskatchewan. As will be shown in more detail
later, such borings are not necessarily completed
in the year of initisl attack nor are 2ll of the
logs infested to thelr maximum during the rirst
scason. The time end duration of this attack are
dependent upon the periocd during which these logs
become and remsin favorabls for borer infestation,
8 polnt conalderably more involved than would ap=-
pear on the surface.

A. Classification of Burn Types

It was soon spparent that there was cone
aiderable variation in the date of initisl attack of
these recently burned logs. After some study, five
diastinet classes of burn were segregated, each with
1ts own peoulisrities in relation to Lorepr behavior,
Such characteristics seemed quite uniform voth in
Carrot River and in Clemencesu and the burn types
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are set forth below. It should be understood
that these descriptions apply to conditions pre-
valling immedlately after the fire. Oenersally, &
troe ocan bhe aata&ogued a8 to type, but many inter~
grades will be encountered. While the condition
will change with drying, the type of burn to which
the tree was subjected is thus recorded on it so
long as bark remains.

Burn Type 1 (Figs. 1 and B). MNost severe of all

burn types; bark burmed thin with no scgasles or
flakes remalning, brittle, fells te bend without
breasking, entire patches of bark missing due to
sither having been burned away or subsequently
peeled off; cambium cocked; wood dry and brown.
This type 1s usually encountered at the lower
portion of the tree, where it has been subjected
to the greatest heat. In crown f{ires, it may
occur over the greater portion of the tres.
Burn Type 2 (Fig. 2). A less asevere burn than
Type 1; bark badly cherred and mey have small
areas burned through to the wood, thin but plisble

when flirst burned and ¢an be peeled in a single
sheet; camblum cooked in patches giving a mottled
appearance from tan to brown, too dry to be sticky;
all bark scales burned off on thick-barked trees;

807 burned on thin-barked trees.



POREST IRSHECT LABORATORY - WINKIPEQ - COET!D
Date

Collector Looallty , Hecelved Dox Ho. Host Tree Conients

#«B.Rabkin #arrow Leke, Ont. suly 24 73660 Jack pine U0 male and 125 femmls pupae of
the Jack pine budworw, facoecia
fumiferang Clem.

P.B.Rabkin #Harrow Lake, Ont. July 85 736588 Jack pine 120 meleé and 168 femuls pupae of

| the Jack pine budworm, Cacoecla

Fumiferana Clem. '

HehRlchmond #8andilends Porest July 16 73767 Jack pine 78 male and 3¢ female pupae of

& P.H.Rabkin Reserve, Yan. the Jack plne budworm, Cacoecla
funiferans Clem.

H.A.Hichmond #3andilanda Porest July 16 73768 Jeck pine 76 male and 129 female pupae of

& F.D.Hablkdn Reserve, Han. the Jack 2ine budworm, Cacoecls
Tumiferana Clema

H+ABichmond +#2sndlilands ¥orest July 16 73769 Jack pine 129 mele and 205 female pupss of

& F.B.Rabkin Heserve, Man. the Jsek pine budworm, Cmcoecis
fumiferana Clem. '

HeA-Richoond #Sandilands Porest July 16 ¥ITT0 Jack pine 1BU mmle and 2283 female pupae of

w F.D.Rabkln

Regerve, Man.

* Recelved in the Budworm Pupal Parasite Survey.

the Jack pine budworm, Cacoecls
fumifersns Clenm. '

col




TABLE 2

PERCENTAGE SAMPLES ATTACKED AND POPULATION PER
SQUARE FOOT SEGREGATED BY BURN TYPE®

CLEMENCEAU & CARROT RIVER, SEPTEMBER, 1942,
CLEMENC EAU __CARROT RIVER

BURN |7 Samples| Population (% Samples [Fopulation
TYPE Infested | Por Sq.FootlInfested |Per Sq.Focy

1l Kil Nil Nil Nil

2 30.8 1.12 20.0 1.00

3 87.5 3401 63.6 1.80

4 94.1 3.48 82.6 3.086

5 76,5 3,08 78.6 5.15

* populations per square
foot based on infested
gsamples only. Bark ares
examined: Clemenceau 132.6
8q. ft., Carrot River 336.4
8Q ft,
It will be seen from the data obtained that
Type 1 was lmmune from attack, Type 2 was subject
to considerable infestation, while Types 3, 4 and
5 were the maln areas of borer abundance.
Analyses of variance and linear trends were

applied to Table 2 to determine if relations are

such as to render thelr occurrence in random samples

improbable. The analysis of variancs shows that the

difference in infestation of burn types is signi-
ficant both in the percentage samples infested and
the population per square foot, the degree of sig-

nificence varying according to the amount by which
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the "F" values of the treatments in Table 3 exceed
the "F" values at the 5% point., It is seen that
the difference in percentage samples infested ac~
cording to burn type is more significsnt than the
populatlon per square foot. It will be noted, how-
ever, thet the dlifferences between areas are not
significant, indioating that the borera' reaction
to burn type is the same at Clemenceau and at Carrot
River.

TABLE 3

SUMMARY OF ANALYSIS OF VARIANCE APPLIED
TO PERCENTAGE SAMPLES ATTACKED AND
~ DENSITY OF POPULATIOR

ll F VALUES ¥ VALUES
| OF TREATMENTS AT REQUIRE]
STATISTICAL TREATMENT |7 Semn es] Population|_ LEVELS
Infested | Per Sq.Pt,. | 5% 19

Retween burn types 52.13 7.43 6.39| 15,98
Retwesen aress 3428 Q1 Te7h| 21,20

The trends of the borer sttack on burn types are
linear, as indieasted by statlstical tests; that 1s, the
percentage samples Infested and the population per square
foot become progressively higher in the more lightly
burned types. Pisher's summation method of fitting
polynomials (C.H. Goulden, 1939.) shows that a straight
line in both instances glves the bLest and a significant
fit to the data for the two areas combined. The sig-
nificance of the regression function 18 indicated in
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Table 4, where the degree of signiflicance 18 agein
measured by the amount by which the "F" value of
the regression function exceeds the "P" value at
the 5% level.
TABLE 4

SIGNIFICANCE OF REGRESSION FUNCTLON
APPLIED TO DATA IN TABLE @

. F VALUES P VALUES AT
STATISTICAL .
, OF RECRESSION|REQUIRED LEVEL
TREATHENT PUNOTTON |y T
¢ semples infested 11,87 10.13 | 34.12
Population per
8q. £t. 489,68 10413 34.12

Population per square foot is most signific-
ant, which means that there 1s a much closer it
betwesn obaserved snd thaéretiaal regression values
than L8 the case in percentage samples infested.
Percentuge samples infested, whlle showing s highly
significant difference betweon burn types (Table 3},
does not follow such a well-defined linear trend
a8 the population per square [ocot.

Conditions afforded borers by the various
types of burn are not statlionary for, as drylng
progresses, a Type 5 bark will eventuslly approach
Type 4 in moisture content, with & corresponding

change in ell burn types. Burn types, therefore,



are perhaps more valuable in considsering the chron-
ologlcel order in which Infestation may bve expected
to occur. This, in turn, governs to a large extent
the depth of Lorer penetration at any glven date
during larval asctivity. As will be shown later,
the penetration of borers ls correlated with the
sequence of attack, which is largely governed by
the type of burn.

The penetration of wood-borers at any glven
time will depend largely upon how soon the borers
started to work. Table 2 suggests the varlation
in attractiveness between burn types but it does
not indicate the sequence in which these varlous
types became infested. As mentioned above, drying
cbanges the burned log's appesl to the wood-borer.
Date from the Clemencesau ares in July and again in
late September of the year of the {ire, 1948, Iin~-
dicate something of the progress of attack during
this first summer and the seguence in which the

infestation occurred,
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TABLE §

SEQUENCE OF ATTACK ON 1.0GS
CLEMENCEAU, 1942,

oo rors [FERCETOR L0 ] T R S,
1 ¥il ¥il 0.0
2 21 .2 0.8 + 9.8
3 82 .8 B7.5 + 4.7
4 50.0 04.1 +44.1
5 Nii 76.5 $76.5

Logs examined:; 188.

The early attractiveness of the Type I logs
and the slight appesl of Type 2 sre here indicated.
In neither type was there any merked lncreass between
July and sutumn. The main attack on these two types
therefore occurred within ¢ to 6 weeks after the fire.
Type 4, on the other hand, showed a moderate infesta-
tion by late July, and Type & none. Both exhibited a most
pronounced increase as the season progressed. The in-
crease in attack in the more 1lightly burned types is
pest expresséd by the column showing the difference
between the percentage of logs atiacked In July and
September. Statistically, these differences Tollow
g linear trend. The "F® value of 13.95 [lor the re-
gression functlon exceeds the "F" value of 10.13 at the
54 level, indlcating a significant fit of the regression

iins to the observed deta.



These changes Iin the degree of infestetion
appear to be the result of drying of the logs ss
the season progresses. fTypes 2 and 3 lose theirp
sppeal and approach the immune condition of Type 1.
It 18 felt that Type 2 experilences s very short periocd
of attractiveness to borers, for the percentage of
logs sttacked was smell (Table 5), ss were the per-
centage of bark samples infested and the population
per square foot (Table 2). On the other hand, Type 4
may actually improve in its appesl as 1t approaches
the Type 3 level. Type 5, however, appears unat-
tractive at the cutset, becoming more favorable
within a coupls of months. It was found that this
type varies greatly, some becoming infested within
6 weeks and others experiencing thelr first attack
1 year after the fire.

The correlation of burn types with the chrone
ological sequence of borer infestation and the ate
tractiveness of the logs ig further revesled il we
follow the course of development of the borers in
the various types of burned timber. One of the best
indicators of such activitles is found in an analyslis

of borer penstrations.
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I1. FPENETRATION OF WOOD~-BORING LARVAE
A, Pleld Studies

In conslderatlon of this sequencs of sttack,
2 direct correlation should be evident between burn
type and average depth of penetration of borers at
any glven dste during the period of their boring
activities. The earliest-favorable logs normally
should carry the deepest tunnels until such time
as borings In all bum types sre completed. When
that stage 1s reached, there will be a natural
evening out of penetration depths. Thls is stating
the problem in its simplest form, but there are two
viewpoints from which it should be examined. The
firet ls an over-all pleture of actusl conditions,
including all species of round-headed borers that
produce holes and, as well, mortallity and other
{factors that influence penetrations. The second

is to examine the destructive NMonochamus species

slone. B8ince the over-all conditions are of greater
concern from & salvage standpoint, they are conasldered
first. To thia end,_thraa sets of data are avallabdble:
Clemencesu, September, 1042; Carrot River, September,

1942; and Carrot River, August, 1943,
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TABLE 6

AVERAGE BORER PENETRATION IN INCHES
CLEMENCEAU & CARROT RIVER
(ALL SPECIES ROUND-HEADED BORERS)

BURN TYPE CLEMENCEAU CARROT RIVER
Sept., 1948. || Sept,., 1042. | Auge., 1943,
1 Hil HAL il
2 =ew® et 2.9
S 2.0 2.6 2.8
4 1.9 1.7 1.9
° 1.2 1.0 1.1
KO.MEASURED 189 389 253

#* Insufficient data

The deeper average penetrations in the more
heavily burned trees (Types 2 and 3) suggest sgaln
the grester attractiveness of, and hence the earlier
attack on, this class of burned timber. It 18 evid-
ent, however, that the increasss in average penetra~
tion at Carrot River in 1943, as compared with 1942,
is not so great as mlight be expected. The true
picture of damage to lumber in 1943 ls masked by
the presence of & shallow-boring species of Tetropium

that attacked these logs in conjunction with Nonochamus

and, as well, by s progressively higher larval mortal-
ity in the more lightly burned types, as dlscussed

later. By eliminating from our data all measurements
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less than 1 1/2 inches deep, we discard these
sbove~mentioned disturbing factors and have a
truer plcture of the destruction cegused by the

deep~boring Monochamus larva. On this basis,

the penetrations on these sawe troes are shown
in Table 7.
TABLE 7

AVERAGE BORER PENETRATION IN INCHES
BY MONOCHAMUS LARVAE

BURN | CLEMENCEAU CARROT RIVER |
TYPE|gept.,1042, | Sept.,1 042, | Aug.,1943, Aug.,1944,
1 Nil N1l w1 -—-
2 e 3.08 2,08 -
b 2;65 3&&2 3!33 -——
4 2.47 2.46 3,01 ———
8 2.02 2.14 2.72 3.66

The pelatlonship between burn types and av-
erage penetrations remsins as before for 1942, with
the earliest-attmcked experiencing the greatest
depth. 1t will be noted, however, that by the ellm~
instion of the shsllower penetrations, the average
depths show & considerably greater inorease in 1943,
except in Type 2. By hugust, 1944, the average
penetration in Type 5 reached its maximum and was
then comparable with 1943 penetrations in Types O

and 4.



The average depth of penetration ¢of come

plated MHonochamus tunnels {those with pupal cells

conatructed) was 3.7 inches, reogerdless ol burn
type. Tho meximun depth encountered was 7 1/8
inches; the minimum, 1 3/4 inches. Types 2, 3 and
4 are shown above to be reaching thls average in
August, 1943. 8Since considerable variation ocours
between the maximum and minimum depth of completed

Honochamue tunnels, & clearer indication of borer

danmuge to sawlogs should be revealsd 1f considered
from the standpoint of the actual percentage of
Honochamus tunnels occurring et given depths. Thise
is shown in Table 8, with shallow borings of less

then 1 1/2 inches eliminated. Type 2 has been
omitted aleo, dus to the fact that it wam not poss-
ible to obtain sufficient semples in the time avalile
sble for this work.



TABLE 8

PERCENTAGE MONOCHAMUS TUNHELS OCCURRING
AT VARIOUS DEPTHS I"OR BACH BURK TYPE,
CARROT RIVER, 1942 & 16403,

_BURN 3
1942 | 1943

BURN 5
1943] 1944

PRRETRATIOL

1~28 inches (100,00 (100.0 10040 (100,

2~3 inches | 71.0 | 93.8 68,7| 97.3
3-4 inches | 25.8 | 44.1| 16.7| 28.6| 00.0| 16,7} 55.2
4~5 inches D7 | 17.0) 8.3 8.1 00.0 | 8.9
5~6 inches e8| 3.4 0001 2.3 13.2
€-7 lnches 1.6 | C0.0 00,0 7.9
7 + inches | 00.0 00.0

There is apparently a uniform decrease in pene~
trations in 1942 as we pass from Type 3 to Types 4 and
5, as underiined in the above table, whilch {urther
testifies to the sequence in which burn types become
infested, By 1943, this trend 1s less apperent for,
by this time, there had developed & degree of uniform-
ity in the depths of penetrations (except ln Type 5)
as many tunnels neared completion. By 1944, borlng
in all types was finished, with Type 5 experlencing
somewhat deeper average penstratlons.

These data indicate something of the lmportance
attached to burn types in selvaging fire~burned timber.
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Considering the 1943 damsge (14 months after the
firve), there satlll existed s merked variation in
damage sustalned in the different burn types. For
oxample, the percentage of holes reaching a aay%h
of B« inches In 1043 for Pype 3 was 93.2; for
Type 4, 77.5; and {or Type 5, 68.7. These figures,
it should be noted, are derived from fleld measure-
ments procured by.chapging into logs. The condition
of luwber cut from these logs at this time was in-
vestigated at the mill where sawing was in progress
and is discussed under the section, "Mill Studles.”
Thus far, it seems evident thet borer pene-
trations will be governed primarily by the type of
burn. Although the earliest-susceptible trees may
have a lighter population dus to thelr asitractive-
ness belng short~lived, they will probably have
the deepest penetrstion due t¢ earlier attaek;
This 1s clearly 1lllustrated in Table 8, when Type 3
in compared with Type 5. A4s mentioned, the eventual
depth of completed tunnels will be the sume in all
burn types. This varlation in depth of holes dur-
ing the first 12 to 18 months after the fire is of
special impartanda when appralsing sarly aalvﬁga
possibilities.
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Table 2 indicated the much greater popule-
tion that eventually attacked the more lightly
burned timber, especiaelly Type 5. From external
appearances, the future of theose logs looked bad
indeed. Subseguent examinations in 1047 and 1944
proved demege much less than anticipsted due to
two factora. FPFirst, there was a high mortslity
of boring larvae In Type 5 logs, as discussed below,
Second, and of specisl importance when appralsing
possible borer damage, much of the Type & infesta-
tion was by the shallow-boring Tetropium, whose
borings in the early stage might ncot be readily
distinguishable from the small entrances of the

destructive Monochamus larvee. The percentage of

Tetropium and Monochamus tunnels in the I burn types,

a8 recoried In 1944, followa:

TABLE ©
Type 3 Type 4 Type &
Honocharms 84 .39 25.09 3.8%
Tetropium 15.7% 75,04 06.49

& furthsr point of significance 1s that evid=~
ently burn type governs not only the time of attack,

vut, perhaps oqually ilmportent, also the specles of



borers attacking. An appralisal of eventusl borer
demage, therefore, bhased on externsl holes, may be
decldedly misleading when these holes are now and
of smell size. Once s hole has reached & falrly
large dlsmeoter, one may be nore assured that the
borer 1z in to a conslderable depth and, in all
probability, will survive ito complete its tumnel-
ling. The smaller number of Monochamus ln Type 5

logs as campared with the quantity recoprded in the
hesvier burn types ssems to follow the conclusions
of TrHghrdh (1940). He exemined 161 trunks of wind-
fallen trees and reported that only 5.8% of those

with green crowns were infested with Monochamus sutor

L+s but that all of thoss with wholly dry crowns were
infesated.
B. Mi1ll Btudies

This portion of the study concerns conditions
existing in the second summer, 14 months af'ter the
fire. 'The mill studies were conducted in August,
1943, a3 s check on fleld examinatlons to detemaline
the actual conditions of boards us they came {rom
the head sew and the final condition afler edging.
The speed of the mlll operation made individuael log
meassurements impossible, but those analyszed were
generslly uniform in size, epproximsting 24 inches

in diameter.
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The method conazlsted of standing below the
hoad saw, pulling aslde sll bosrds cut from one
face of & log of a specific burn typs, measuring
the board, and counting the borer holes. By the
use of a stralizght edge, a line was drawn down either
side of the board which would approximete the path
of the sdger and the boards were then analyzed for
borer damage before and after edging. This method
proved gulte interesting for it showed to what ex-
tent the ahallower holes were ellialnated as sawing
and edging proceeded and, as well, afforded & come
perlson betwesn date taken in the fleld and actual
condlitions In the mill., It may be axpected to glve
s somewhat more accurate pleture of conditlions for

the final damage of borers on sawn tisber may be
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affected by certaln peauliaritiéﬁ of the borer thalt scarcely

can be recorded from fleld exauminatlions. For example,
wood~borers project thelr tunnels from the surface
toward the centre of the log and return toward the
surface in a typicel U~shape (Pig. 8). Thus, one
tunnel, when completed, mey penetrate a board twice.
Purthermore, a percentage of tunnels will parallel

the sswkerf and hence may e sliminsted by the saw or
may enter the edge ol the bosrd and thus not be seen as
8 hole on the board'!s surface. Other tunnels that lor

one reason or another 4o not go directly toward the
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centre of the log but remain on the outer sapwood
area may be ellminated largely in edging.

It was felt that the best means of present-
ing thie information would be to base it on the
average number of holes occurring in a 16-foot
board, 12 inches wide. Accordingly, the teble
below was prepared on this basgis.

TABLE 10

AVERAGE NUMBER OF BORER HOLES

PER BOARD OF DIMENSIONS 1"x12"x16'
BEFORE AND APTER EDGING

(ONE YEAR AND TWO MONTHS AFTER FIRRE)

SLAB |BURN 3 | PURN 4 |BURK &
1 Before edging 38,13 48.54 2081
|_After edging # % #*

“Before adging

L ) Bl e
5 [TAfter edging 8,51

e oo il ekt AR ARSI g s A R AT

Before edging 8.24 .
After edgirx 5400 0.81 Q37

* outside slab, no edging.
Quantlty examined: 102 boards,
1,283 sq.ft.

It will be noted first how much greater has
been the damage in Type 3 loge at the lower level
after edgling than in eny of the others (Holes in
S1ab 4: Type S«==5.0; Type 4===0.61; Type Be==0,37).
It will also be noted that Types 4 and © carry a
relatively heavy population in the [irat two slabs,
but that the damapge to boards teken from dseper cuts
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1s less than in Type 3, especlally after edging.
This, 1t seems, follows previous statements that
the Type 5 trees carried the heaviest population
per square foot of bark but that the damage to
these trees was less than anticipated. This was
due to three reasons: (1) larval mortality in
shallow tunnels; (2) the predominance of the shallow-
boring specles, Tetroplum, in Type 5 logs; (3) the
fact that many holes were of the current yeart's
attack (1943) and were suffioclently shailow to be
removed by edging.

To summarize, mlll data indicate that the
number of borer holes in an sdged board 16 fest
dong, 1 foot wide, end 1 inch thick, 14 months after
the burn, will average as follows (the outer slab

noet included)

TABLE 11
BURN 3 BURN 4 BURN 5
18t board 11,84 30,37 24,58
2nd board 8.51 7.12 7.16
3rd board 5.0 0.61 0,37

These net figures represent a marked decrease
in holes after e&gim@ has taken place. The percent~
age of holes removed by edging is tabulated below
(excluding ocuter slab):



ZABLE 12
PERCENTAGE HOLES REMOVED BY EDCINGH

BURK 3 BURN 4 BURN 5
ist board 4847 44.82 39.1
2nd board 5842 64.4 B2.3
3rd board 50 oh 85.7 94,7

* Percentage based on the sverage number of

holes ocourring in a 1" bogrd, 1'x16t', at the
given depth within the log. The outer slab
not included.

These figures, when compared with populations
per square foot recorded in the woods, as given in
Table &, indlicate a samevhat lighter degres of dsmage.
It i8 not felt that the 2 sets of data lend themselves
to acoursate comparlisons, however, [or the polnt of
origin of the mill logs 18 not known and they had
undergone conslderable weter travel before resching
the miil. Comparisons ere interesting, however, for
the mill results also indlcate the greater damage in
the Type & log and the better guality of Types 4 and

5

It was apparent that checking of logs, partic-

ularly among the more severely burned types, had become

a large lactor in loss snd might be more influential
in limiting the time avallable for salvage than the

wood=bhorers.
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By August, 1944, the greater part of thls
dsmaged timber had been milled. Most of it was manu~
factured by one company in particular who hed ex-
psrienced severe burning on their limits in 1042,
Thelr mlll everages & cub of 17,000 feet per hour.

To the end of 1943, they had cut 80F fire-killed

and 207 green timber. During 1944, they cut 50%
purned and 50% green timber. After two years of
cutting, they are able to report with conaliderable
accuracy the outcome of such sslvage work. DY and
large, the loss was far less than anticipeted and
fears of handiing fire-killed timber proved to be
111-founded. Rorer damage was reflected chiefly

in the generally lowered grade of the mill's output.
Normal grades in green timber average 60f% No. 3 or
better. The fire-killed wood averaged 50% Ho. 3

or belter. .A@diticnai to wood~borer damege, checking is
an izportant contributory factor in loss resul ting lrom
fire. The loss from cheoking was shown chlefly in

the reduction in the mill's over-run. Under ldeal
conditions, the normal over-run averages 38%. During
194%=44, 1t averaged 30%, due chiefly to checking of
logs. Despite the fact that borer demage was completed
by the end of the 1844 season, the mill continued to
log this killed timber during the winter of 1044-45.
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I1I. DIAMETERS & HETGHTS IN RELATION
TO BORER ATTACK

The possible exlstence of some correla-
tion of dlaemeters and helights with wood-borer
infestation was investigated wlth the intention
of recommending some {form of selective salvage
Af such exlsted. Careful analysls, however,
feiled to reveal any marked degree of correla-
tlon in elther cuse.

IV. DURATION OF DETERI ORATION THROUGH
%OOD-BORER ACTIVITIES

A conslderstion of the tlme during which
logs may be expectad to dsterlorste through wood=
borer sctivities ls of prime lmportence from the
standpoint of salvagling fire-burned timber. In
this regard, there would sppear to be 3 maln conw
siderations: (1) time during which logs are sube-
Jected to attack by sdult beetles; () mortality
of larvae within the logs; and {(3) the period of
emergence of young adult beeties, which naturally
marks the termination of wood=boring sctivities,

A+ Duration of Attack

It hes beson mentioned thet infestation mﬁy
be expected throughout most of the year (Page(30),
butl that not all burn types are atiractive slmults-

neously (Page 133) . Furthermore, the duration of
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attractiveness veries. Type 2 wae the earliest
susceptible to attack, but lts appeal to borers
was relatively short~lived and 1% reaghed a degree
of immunity through drylng within the [irst season.
Similarly, drying slowly changes the character of
the other burn types. In trees of a lightly burned
type, such as Type 5, there appears to be an lncrease
in attractivenese tc borers as the trees dle. Some
consideration must be glven, therefore, to the period
of susceptibllity to infestation or, in other words,
the duration of attack.

on the basis of the percentage of trecs
attacked and the populations per squars lfoot, it
was concluded that the meln stteck was completed
in the same sesson in which the burn took place.
There was additionsl infestation in the second
vyear, however, most noticeable in the Type 5 trees,
as indicated by the increase in borers found In
the outer inch of logs in 1943 as compared with
similar populations in 1942, summarized below:

TABLE 13

INCREASE IN DBORERS IN OUTER INCH OF 1.0GS
IN AUGUST, 1943, AS COMPARED WITH SEFTENDER, 1942,

DEPTH BURN 3 BURN 4 BURN 5
# inch 7.0% 5.4% 51.9%
1 inch 4.3% 1.7% 16445

Ho. of tunnels measured: 627.
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The marked incresse In Type § L8 outstande
ing and much as would be sxpected. Deyond 1 inch,
there was no Incresse evident end it thereiore ap-
pears that the incresss indicated origineted in the
second sumer.

Further evidence in support of ithis comes
from a consideration of larval mortality, dlscussed
below. The 1943 examinations showed that the death
rate decreased with added dspth of penetrebtion, ex-
cept in the outer 1/2 lnch of the log. In sc far
&s this mortellty sesms attributeble to winter
Killing, 1t would sppear that the higher populastion
in the outer 1/2 inch of wood was due to the fact
that many of thesse larves wers Lhe resull of 1343
oviposition and hence never sxperlenced the 1948
winter Lemperetures. Tuls 58 further discussed in
the following sectlon.

B« Larval Mortallty

It was not possible to arrive at a definlite
flgure that could be taken as an over-all average
of the mortallty experienced by larvae at any given
date during thelr development. This was attempted,
but the time evailable was lnsuf'flecient for sdeguate
sampling. Mortallity figures werc obtalned 12 months

and 24 months after the burn. wWhile not glven as a
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final average Tfor the ares, they indicate samething
of the degree of mortality as related to bumm typea
and penetration depths.

As already mentioned, the unusuelly wet summer
end cold winter may have been responsible for much
of the mortality. These extremes are indicated in
the following meteorological data recorded at Prince
Alvert, Saskatchewan:

TABLE 14

PRECIPITATION (1942)

{In Inches)

TOTAL NORMAL
June 719 277
July 3.54 2.87
Aug. 2.18 2424
Sept. 0.88 1.55
TABLE 18
TEMPERATURES (1943)
(Fahrenheit)
MINIMUM BEAN KORMAL MEAR
Jan. -508 ~11.2 - 4.1
Febe -35.8 + 0.8 + 1.4
Har. -3849 + 6.8 +14.0




Briefly, 1t was found that the heavlest percent-

age kill occurred in the tunnels of shallow peng=

tration and that the over-sll mortelity of Monochuamus

in Types 3 and 4 averaged roughly 50%. ‘The total
mortality in Type 5 will probably be somewhat less,
but the finel flgure will not be known until after
the 1945 emergence, 1In Type 5 logs, it appeared
that by August, 1944, some 69¢ of the Monochamus

tunnels had reached the point where the terminel
pupal cell had been constructed and contained living
larvae. The remainder of the borers were dead.
Although a higher survival of Monochamus is indicated

in logs of this class, only 4% of the tunnels were

made Ly this species, the remsinder resulting from
gsuch shallow borers as Tetropium and the flat-headed
borers.

As mentioned, evidence indicates that larvae
in deep locations seem to survive to & grester ex-
tent than those in shallow locations. Since the
more severely burned logs are sttacked first and
the average depth of penetration in them is greater
at a glven date then in the less severely burned,
1t would seem that there should be some correlation
between burn type and larval mortality. Actually,
fleld data show this to a very marked degree, but
there 1s & danger of overemphaslizing its significance
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if one is unfamiliar with the real situation.

At the end of the [irst winter, observa-
tions showed the percentage of dead larvae for
the various burn types as follows: o, Rew-=l11%;
HOy Bmww24f} NOu 4mwe3l®; No. Be=w524. If these

percentages referred to Monochamus alcne, they

would De extremely important. This difference in
percentage mortality is dus chlefly to the fact
that the lighter burn types, particulerly Type 5,
abaorbed the greatest sbundance of Tetroplum and
Buprestlids which, being shallow borers, are of
minor significance dead or alive. There was,

nevertheless, mortality among the Y¥onochemus

larvae which did show indications of varyling
inversely with the depth of location.

The mortality of all larvae by depth of
penetration averaged for all burn types is given

below:
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TABLE 16

PERCENTAGE MORTALITY OF LARVAE
BY DEPTH OF PENKTRATION, AUGUST, 1 943,
(ALL BURN TYPES)

PENETRATI ON % MORTALITY
(INCHES) LARVAE
0 - % 58.4
-1 90.0
1 - 13 84.2
13 - 2 66 .7
2 - 3 27.6
34 14.3

A marked decline in the percentage mortale-
ity 1s evident as the penetration depth incresses,
with the exceptlon of the 0 - # inch class. This,
&8 mentioned, would indicate further infestation
in the current year.

There 1s 1little doubt thaet Monochamus in

shallow locations would experlence mortality com-
parable wlth that of Tetropium. This is indicated
by a consideration of borers found below the 1} inch

level, where the population was exclusively Monochamus.

A definite relationship between depth of location
and mortallity 1s evident, as seen in Table 186.
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There appears to be some degres of correla~
tion between burn type and mortslity. This rels~
tionship, however, hinges on such factors as species
of bvorers attacking, date of attack, etc., rather
then the actusl condition of the wood.

Perhaps a more scourate picture of mortal-
ity will be flound fram a oomsideration of adulit
emergence. From 1t, we can obtain en approxima-
ticn of the survivel of larvae that had entered the
wood. Two sets of [igures are avallable, one taken
in August, 1943, the other in August, 1944, both
from the same area at Carrot Rlver. The 1044 data
are based-en an examination of 650 square [eet of
log surfece and on countz of entrance holes into
the wood and exit holes of adult beetles.

TABLE 17

PERCENTAGE EMERCQENCE ADULT
MONOCHANUS BEETLES

BURN - PRACERTAQL EMERGENCE
TYPE August, 1943, August, 1944,
2 9.0 Tnsufficlent data
3 6.5 51 .6
4 2.8 43,4
& Wil 114
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It appears that during 1843 only & small
emergonce occurred in any burn type. The greater
part of the emergence took place during 1044, ex-
cept In the Type 5 logs, where the major emergence
ila expected in 1545, Thease sappear to be final
figures for logs of Types 3 and 4, as shown by the
faet that, during the 1944 work, not one living

unemarged Monochamus larve or pupra was found in =&

Type 3 log, and only one specimen was found in a
Type 4 lcg. In contrast with this, 657 of the
tunnels in Type 5 logs contained living, fully
grown larvae or pupae.

It seems safe to say that these bLorers had
completed most of their deamage by the end of 1944
and that all, except for those in Type 5 logs, had
emergad as sdults hy thet time,

While approximately 507 of the Monochamus

originally attacking dled, it should be remembered
that, in many instences, damage had slready been in-

filcted before death. The 507 figure 1s based on

¥onochemus mines which had entered the wood. It
excludes all mortallity oecurring in the early part
of the life oycle prior to the entry of the larvae

- into the wood. The true mortslity would undoubtedly



be higher than the figure given.

i

2.

Ve SUMMARY
The principsl wood-borer concerned with the
deterioration of Lire~burned white spruce in
northern Saskatchewan was the round-headed borer,

Monochapus scubellatus Say, commonly czlled the

white-spotted sawyer. Shallow~boring, round-
headed borers of Tetropium specles weré assoo-
lated with it.

Five distinct types of fire-burmed trees were
segregated, each type belng affected differently
by wood~borers, Type 1, the most severely burned
on which bark remained, was permanently lmmune;
Type 2, the next in order of degree of burn, was
the earliest attacked; Type 3, although scorched
and blackened, showed the greatest degree of
borer damage; Type 4, subjected only to reflected
heant end not burped, and Type 5, the root burn
class, werec the last to become Infested and showed

the shallowest sverage penetration depth at any

slven date durding larval asctivities. Hventusl dry-

ing causes types to chenge~~Types 2 and 3 to become

1bl

unaettractive, but Types 4 and 5 to become more LEVOr=

able. The perdod of astiramctlveness is very short

for Type 2 and considered to be not mors than &
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weela for Type 3.

A direct correlation was found between burn
types and the chronologicel sequence of attack,
the relative depth of penetration at & pgiven
date during boring asctivities, and the larval
mortality.

M. scutellatus infested all bum types except

Type 1. It was more sbundant in the more seversly
burned trees (Types 2 and 3) and less abundang

in the 1lightly burned group (Type 5).

PBurn types are correlsted not only with the

reriod of attack but also with the borer

complex. In Type 5, only 4% of the borers

attacking were Monocheamus, the remalnder belng

predominantly Tetropium and shallow-boring
Buprestids sssoclated with them.
Logs beceme Infested by M. scutellatus through-

out the season, from spring through August.

Trees burned in carly summer (late June) ap-
peared to experlence the main infestetlion the
sane scason as burned. Additional Lxfeatatlon
developed in the second summer, particularly in
the lightly burned groups (Types 4 and 5). In
the second sumsmer, the borer infestetion of Type
& trees increased A%, compared with a 47 incresse

in Type 4.
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Populations of borers (all species) per square
foot of log surface were greatest in the lesst
burned (Type 5) and lightest in the more heavily
burned (Type 3) trees. There was a greater pro-

portion of Monochsmus, however, in Types 2 and 3.

The rate of penetration of the larvae and the
final depth of Monochamus borings were practicselly

the asame in all burn types, the difference in
penetration at e given time belng due only to the
fact that the borers in the more seversly burned
logs started sooner than those in the others,

The maxlimum speed of penetration by Monochamus

larvae between spring and late July, in logs

cut in March, was 2 1/2 inches (averasge 1 1/16
inches). For a 1l2-month period, July to July,
the maximum penetration was 4 1/2 inches (aversge
2 5/8 inches). The average depth of completed
tunnels (thoes with pupal cell constructed) was
3 3/4 inches, regardless of burn type; the maxi-
mum depth recorded was 7 1/2 inches; the minimum
depth, 1 3/4 inches.

The earl lest-attacked trees (Type 2) experilenced
the first deterlioration, but few borers completed
thelr tumnelling in the first summer. At the end
of August, 1843 (14 months after the {ire), there

was still 8 marked difference in the average depth
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of penetration between burn types. By August,
1944, bvorings in all burn types could be con~
sidered completed for all practlcal purposas.
Larval mortality seemed related to the depth
of penetration at winter time. The over-all

death rate of Monochamus in burn types 3 and 4

averaged approximately 50%. In Type 5, the

desth rete of Monocchapus seemed somewhat lower

but will not be actuaslly known before 1945,
as many tunnels still contained living larvae
in August, 1944.

Emergence of young Monochamus sdults et the

end of the second summer, 14 months after the
fire, was recorded as follows: Type D 9L 5
Type B-=w6.5%; Type 4~-=2.5%; Type L---0f.
Emergence by August, 1944, was: Typse 3-==5l.6%;
Pype 4--w43.4%; Type S---11.4%. The activity

in Types 3 and ¢ was then completed, the above
being the total emergence. Living larvae end
pupae were still active in 69% of the tunnels in
Type 5 logs examinsed at that time.

Mi1l studles corroborated field conclusions.

The pgreatest over-all damsge was sustained by
Type 3 logs, while the grestest number of holes
in the outer board occurred in Type 5 logs. Thils
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was due to the greater proportion of Monochamus

in Type 3 loga end the larger population of
shallow borers in Type 5 logs. In thls lstter
type, however, the edging of subsequent boards
removed the majority of holes.

Diameters end heights showed insuffliclent re-
lation to borer infestation to warrant con-
sideration from the standpoint of salvage.

The cheoking of logs, pasrticularly those that
eventually lose their bark (Types 1, 2 and ),
during the second sumuwer, was as grest a
contributing factor to deterioration as were
the wood-borers.

Results of twc seasons' salvage operations
conducted by one mill ilmmedlately after the
fire showed that loss from wood-borers was
reflected chlefly in lowered average gradse,
the output of No. 3 or better belng down 10%.
Checking was responsible for a drop of 8% in

the normal OVerIun.
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VI. RECOMMENDATIONS

These recommendations are besed on the
vehavior of wood-horing insscts in white spruce
88 encountered in northern Sasketchewan. Dif
ferent conditions would assuredly causs variations
in actlivity snd specles but the fundamentals
would probably be unaltered.

The salveging of fire~killed timber should
be started at the earliest opportunlty after the
fire. It is erroneous, however, to aszume that all
is lost if salvage work is not completed in ths
first winter following the fire. To salvage In the
second winter i1s to utillze the tlumber before the
maximun damage has resulted, especlially in the
cagse of trees carrying unburned bark (root~burned,
Type 8). Tress burned in esrly summeéer will ex~
perience the maln Iinfestation that season. Addi-
tiorigl infestation will probably develop in the
second summer, sspecislly in the Type 5 c¢lass.
Those more severely burned (Types 2 and 3J) are the
sarliest Infested and, lor that resson, carry the
doepest averags borsr penetration at any given date
durdng larval sctlvities. Trees so severely burned

that the bark wrinkles and peels off wilthin about
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6 weeks (Type 1) are too dried by the fire to be

attractive and are permanently lmmune to Honochsuus.

They are the first, however, to undergo severs
checking. Where selsctive logging can be practlsed,
it is advisable to cut Cfirst those trees with
blackened bark (Types 2 and 3). The root-burned
trees with their uninjured green follaege are the
same as green trees, for all practicael purposes,
during the first winter. They therefore offer the
best quallty lumber and slso the longest salvage
period., Their maln borer damage should not be
noticeable in lumber until the second season aflter
the fire. Drying is sccompanied by the fallling of
bark and the checking of wood. Deyond the second
summer, checking may become & greater lactor in
deterioration than the wood-borers.

Eatimates made immedlately alter a {ire
of the probable future loss from wood-borers mst
take into account the variety of species Infesling
the logs. Becsuse of the difference in the depth
of borings of various specles, any appraisal at
that time based only on holes visible on the surface
of the wood might be very erronsous and unduly alama-
ing. At a later date, tunnels of the destructive
Monochamus are readily recognized and the posslbil-

i1ty of inaccuprete appreisal 1s lessened.
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The salvaging of flre~killed timber has
proved practical and profitable under prevailing
conditions. The guality of lumber ocut far exceeded

expectations.
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VI, REPORT ON INSECT INVESTI GATIONS

OF 1944 BLOW-DOWN IN RIDING MOUNTAIN NATIONAL PARK
AUGUST 21-SEPTEMBER 1, 1044,

&+ Introduction

During the above noted period, 2 men engaged in a
general examination of ten areas of extensive wind-thrown
timber In the Nationesl Park. These examinations consisted
of sampling uniform areas at the bottom, middle and top
of each tree examined; the prevalence and abundance of
insects were recorded and specimens returned to the labe-
oratory for closer identification. FPive different classes
of trees were conaidered: (1) trees down with roots in
part still in the ground; (2) snapped off at base; (3] stand-
ing stubs 15 feet or more in height; (4) leaning trees sup-
ported by adjacent trees; (5) standing trees damaged by
others falling.

The following areas were examined:

1. Rolling River Road, Miles 2 2; Sels 3443 4.6,
2. HNorgate Road, 2.5 mlles esast of Whirlpool Lake Road.
5. Norgate Road, 2.8 miles east of Whirlpool Lake Road.
4+ Whirlpool Lske Road, 1.2 miles from Korgate Road.
S« Whirlpool Lake Road, .5 mile from Korgate Road.
6. Norgate Road, 5.6 miles north of corner.
7. Lake Katherine Road, between ¥orgate Road and Lake.
8. Townsite.
9. North Shore Road.

10. Dauphin Road.

B. Summary of Results

An active infestation of wood borers and bark beetles
ie now under way in fallen trees in the 10 blow-down areas
examined durlng the last 10 days of August. This applies
to both spruce and Jack pine. While the degree of attack
is relatively light in many instences, further infestation
is lnevitable in 1945 and there is every possibillity of en
immense lncremse in the populations of bark bectles snd wood
borers. Round-headed and flat-headed wood borers are both
active. The former represent the greatest hazard to saw
logs, for their tunnelling will eventually extend between 4
and 7 inches into the sound wood and activity of these boring
larvae will continue 2 to 3 years. The flat heads, on the
other hand, are of minor importance in so far &s merchantable
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tlmber is concernsd for the depth of their borings is us-
ually resiricted to from one~guarter to three-guarters inch.
Both specles, however, once sufficiently sbundant, will at-
tack weakened green tlmber and assist materially in its
death. They must therefore be considered not only from the
standpoint of saw logs, but as well, a hazard to standing
green timber. It was found that the heaviest degree of
wood borer attack occurred in the fallen spruce, with 654
of the trees showing infestation. Of the borers recordsd,
204 were round heads and 807 flat heads. It should be em-
phaslzed further that flat heads ususlly precede the round
heads in their attack upon spruce. Past experience in this
country leads the writer to predict a much greater sbundance
of round-headed borer attack in 1545. This point is further
established In an examination of year-old cordwood on the
Rolling River HRoad. Though cut at least & year ago, it

was still undergoing initial sttack of round-headed borers
in August, 1944, while in the same sticks, larvae of an
sarlier attack had penetrated to a depth of 3% inches. Jack
pine showed & somewhat lighter degree of wood borer attack.
In this speclies of tree, approximetely 23% of them were in-
fested, of which half were round heads and half flat heads.

Bark beetles, while active in both spruce and pine,
showed a preference for pine at this time, one~third of the pine
being heavily infested as compared to one~-fifth of the spruce.
This does not mean that the balance was completely free of
attack. The flgure is derived from uniform sampling at the
base, mlddle and top of the tree and is of a relative nature.
The majority of bark beetles recorded were of the genus Ips.
Fortunately, the destructive Dendroctonus beetle was not
obaserved. (This species is thé one responsible for the
devastation in the Banff and Kootenay National Parks). Ips,
however, are quite capable of entering standing green timber
when in sufficlent abundence. Thelr killing of timber is
usually of a localized nature but even so they may destroy
many acrea of green growth adjacent to the area in which
thelr population sprang. That a much greater population of
these beetles wlll develop next year is positive., Immediately
the present supply of wind-blown timber becomes too dry for
their liking, they will attack in all probability those trees
that are at present partly damaged. Thesse partly damaged
trees conslst of those whose roots are torn but the tree is
leaning sgainst neighboring upright trees, and those which
have been damaged from adjacent falling trees. These two
classes of tree are completsly free of Iinsect attack thus far.



173

Broadly speaking, one may conclude that practicslly
all of this fallen timber will be infested by various
specles of bark beetles to capacity during the next summer,
and that the resulting lnereasein bark beetle population
l1s golng to kill off the residual wind-damaged trees and
a cortain amount of unlnjured timber adjacent to these
wind-thrown areas. To what extent such killing msy progress
ls problematical, but there is every possibllity that it
may be of considerable magnitude. That the merchantable
value of saw logs will drop as the 1945 season progresses
18 positive due to the progressive tumnelling of round-
headed borers already in the logs. That an increased sbund-
ance of these borers will develop [rom new attack at that
time is equally certaln. FProm the standpoint of merchant-
able value, the salvaging of saw logs between now and the
spring of 1945 is all~important. There should be no loss
in velue if these are salvaged during the winter of 1944-45.

Without wishing to arouse undue alarm, 1t is strongly
recommended that immediate action be taken to remove this
hazard from the National Park at Riding Mountain. Partial
removal will accomplish little. An active infestation in
green tlmber will far exceed the cost of present prevent-
ative measures and increase greatly timber destruction.
Since lts removal 1s a necessary step in forest management,
particularly in these surroundings, it need not necessarily
be appraised entirely from the insect standpoint.

It 1s the writer's opinion that the cheapest and
best treatment of this problem is the immediate removal
of all areas of wind-thrown timber.

If this laboratory can be of further assistance
or if more detailed information is desired, we would be
most willing to assist in any way possible.

All of which is respectfully submitted,

Forest Insect Laboratory, H+A., RICHMOND,
Winnipeg, Maniltoba, Entomologist in Charge.
Septesber 23, 1044.
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SUMMARY REPORT
FOREST INSECT SURVEY
IH CLNTRAL CAKADA
1944

By
HvAe Richmond & W.C. MeOuffin

1. IHTRODUCTION

The following pages summarize the results of
the Forest Insect Survey for Alverts, Saskatchewan
and Hanitoba for the year 1944. The grouping of the
forested aress of these three provinces into a single
unit was deemed loglcal mnd sconomicsl, for the inssct
problems of one are more or less common to the others.
For the seme reason, northwestern Ontario was excluded
from the territory of this laboratory this year and
was Incorporated with the rest of the Ontario forests.

In the development and protection of our forests,
it is sssential that ws consider all destructive forces,
the two greatest belng fire and insects. When consider~
ing insects, it is not sufficient that our attention
be limlted to thouse causing noticeable damage to ime
portant forest trees. Insects, like sll other forms
of 11fe within the forest, exist in constant competii-
tion with one another and with all the other forces of
nature, such as climate and weather. All these elements
form a community we regard as the forest. When in ad-
Justment, thess forces constlitute the balasnce of nature.
When, through one cause or another an upset occurs, one
specles usually prevalls, to the disadvantage of all
others concerned and, in the cass of an insect species,
such upset usuelly manifests itself in the form of a
serious insect outbresk or infestation, The purpose
of the Forest Insect Burvey is to supply information
about this forest community, which knowledge can be
used in the development and protection of our forest
stends.

While many of thess obJectives can be attalned
only after years of constant and systematic sampling,
there are nevertheless many objectives of thls survey
of immedlate value, as set forth below:
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(1) To locete gnd map the extent of dangerous
forest insects; (2) to determine important information
with respect to parssites, reproductive rates and
general trend of known infestations; (3) to provide
hasic information in relation te control by the use
of parmsites, chemicals or other means; (4) to sssist
in preparations for salvage cuttings, modification
of management of silvicultural plans, as indicated;

(5) to catalogue all forest insects in the arsas con-
cerned as dangerous, potentislly dangerous, Larmless,
or beneficial; (6) to increese the first-hand knowledge
with respect to insects of those whose lives are spent
in the forest; (7) to snticipate or predict future
insect problems thet may arlse elther as a resull of
forest conditions or from the spread of known outbreaks
el sewhere.

1I. METHODS

A. Distribution of Boxes

Each spring & new supply of boxes 1s gent to
the cooperators. That these boxes may reach the men
by the middle of May, certain preliminary steps must
be carried out well in advence. These steps are, in
order:

1. The sending of letters to the key men, 1e8.,
provinciel end district foresters, etc., to determine
changes in personnel.

2. Revision of the mailing list upon recelpt
of replies to letters of Step 1.

3« Sending out of boxes.
step 1. Sending out the letters.

In order thet all the new addresses of cooperai-
ors might ve known, letters like the following were

sent out. These included pertinent notes on the lnsect
pests likely to be encountered in the coming season.
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SAMPLE LETTER

Dear 8ir:

I am agsein approaching you in relation to a
continuation of the Porest Insect Survey in your dlstrict
during 1944. As was done last year, boxes for each
field officer have Leen put up separately and mailed to
you. This, I belleve, facllitates the matter of thelr
distribution. Instruction sheets are enclosed with
gach envelope. Hoxes have been prepared for the follow-
ing field officers in the Hudson Bay Junction District
and I would be grateful to know of any errors or omlssions
in this lists

Somme Hudson Bay Junction
Crocked River Endesvour

Flin Plon Pelly

Prairie River Carrot River

while I know wyou are well acquainted wilth this
work, I would particularly stress the importange of
watchfulness for the Europesn Larch Sawlly on young
tamarack stands and the Spruce Budworm on spruce, belsan
gnd Jack pine., These two insects represent as great
g hazard to these forests as has ever ogccurred and both
insects are causing increasing alarm in other parts of
central Canada.

Yours very truly,

H.A. RICHMOND,
Entomologlst in Charge.

Letters were sent Lo the following:

Saskatchewan:
A.C. Macaskill, District Superintendent, Weadow Lake.
C.R. Christie, District Superintendent, Hudson Bay
Junctione
E.H+ Roberts, Director of PForests, Reglna.
E.Cs Coursier, District Supserintendent, Prince Albert.

Manitoba:
J«G+ Bowers, Provincial Forester, wWinnlpeg.
A. Bainbridge, District Forester, Dauphin.
R. Harvey, District Porester, The Pas.
M. Pocock, District Ferester, Winnlpeg.
WeH, Wardrop, District Forester, Winnipeg.
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Alberta:
T.F. Blefgen, Director of Forestry, Edmonton.
J«R.H, Hall, Forest Superintendent, Hocky MYountain
House .
D. Buck, Forest Superintendent, REdson.
J.:E. Bell, Timber Inspsctor, Calgary.
P.G. BEdgar, Forest Superintendent, Calgsry.
¥%. Shankland, Porest Ranger,Bragg Creek.
Irvine Frew, Forest Ranger, Lundbreck.
J«H. Boulton, Forest Ranger, (Coleman.
E.L. %hidden, Forsst Ranger, Rocky Mountain House,
P. Campbell, Forest Ranger, Nordegg.
J. Glen, Porest Ranger, Huirance.
Wel. Wood, Forest Ranger, Coalapur.
H.W. Parnall, Porest Ranger, Foothills.
J«. Jenssen, Chiel PForest Ranger, Slave Lake.
V.W. ¥itechell, Chief Forest Ranger, Peaceé River.
T4R. Hammer, Chlef Forest Ranger, Grsnde Pralrie.
E. Hogue, Porest Ranger, Conklin.
H.E. Hoble, Timber Inspector, REdson.
T.F. Somers, Tiuzber Inspector, Alder Plats.
B. Speers, Forest Ranger, Spirlt River.
J.J. Hagn, ¥Forest Ranger, Orande Pralrie.
R. Glecquel, Forsst Ranger, Fort Vermllion.

Step 2. Revision of mailing list.
MATLING LIST, 1944,

HANITOBA :
Northern District

The Pas
¥oprway House
Plin Flon
Crogs Lake
Gods Lake
Island Lske
Wabowden
™hicket Portage
Grand Raplds
Herb Lake
S8herridon
Cranberry Portage

Total Boxes Sent; 68
Total Boxes Reburned: 18



179

Western District
Dauphin
Durbsn
Hinitonss
Despdale
Swan River
Buek River
Garland
Grandview
Bield
Mafeking
Winnipegosis
Barrows

Total Boxes Sent: 63
Total Doxes Returned: 18

Eastern District
Wionipeg
Hoosehiorn
Lac du Bonnet
Hodgson
¥hitemouth
Pine Falls
Riverton
Berens River
Central ¥anitoba Mines
Blssett
Pointe du Bois

Total Pozxes Sent: 79
Total Boxes Rebtuwrmed: 81

Scuthern District
Winnlpeg
Douglas
Richer
wWoodridge
East Braintree
Bolssevain
Marchand
Sprague
Carbverry
Rennie
Fest Hawk lLske

Total Boxes Sent: 75
Total Boxes Returned: 17



SASKATCHEWAN :

Regina District

Yonker

Lae du Brochet
Kamsack

Maple Cresk
Carlyle
Sonningdale
Warmley
Shaunavon
Springside
Reglna Besch
Swift Current
Goldlields
Movae Jaw
Korth Battleford
Yorkton

Bilggar

Total Boxes Sent: 72

Total Boxzes Returned: 10
Prince Albert District

3trong Fine
l.eoville
Frince Albert
Finistino
Lac la Ronge
Tweedsoulr
Love

Big River
Mildred
Hipswin
GCarrct River
Hacdowall
Paddockwood

Total Boxes Sent: 84

Total Doxes Returned: 344

18U
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¥eadow Lake District
¥eoadow Lake
Glaslyn
gGreen Lake
Begcon Hill
Loon Lake
Besuval
FPlerceland
Dorintosh
Paradise Hill
Gold Lake
Ile 2 la Crosse
Total Boxes Sent: 67
Total Boxes Returned: 10

Hudson Bay Junection District
Somme
Crooked River
Plin Plon
Prairie River
Hudson Bay Junction
Endeavour
Pelly _
Carrot River

Total Boxes Sent: 49
Total Boxes Returned: 23

ALBERTA

BEdmonton

Total Boxes Senty 6
Total Boxes Heturned:

A

Crowsnest~Bow River PForest
Cal gary
Bragg Creek
Lundbreck
Coleman

Total Boxes Sent: 32
Tobal DBoxes Returned: O



Clearwater Forest

Rocky HMountain House
¥ordegg

Total PBoxes Senb: 32
Total BRoxes Returned: 20

Brazeau~Athabases Forest

Bdson
Entrance
Coalapur
Foothllls

Total Boxes Jenbt:; 38
Total PBoxes Returned; 10

Northern Alberta Fire Ranging District

RIDING

Slave Lake
Peace River
Grande Pralirie
Conklin

HEison

Alder PFlats
Spirit River
Port Vermilion

Total Boxes Sent: 68
Total Poxes Returned: 13

MOURTAIN NATIONAL PARK, MANITOBA.

Crawford Park
Wasagaming
Datseed
Rossburn

Potal Roxes Sent: 42
Total Poxes Returned: §

ALBERT NATIONAL PARK, SASKATCHEWAN.

PRINCE

Waskesliu
Cockaon
Big River

Totel Boxes Senb: 48
Potal Poxes Returned: ©
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PRIVATE COOPERATORS

R.D. Bird, Brandon, M¥anitoba.

F.W. Anderson, Department of Agriculture,
Extension Service, Teulon, Manltoba.

W.A. Cummings, Plant Protection Servics,
Winnipeg.

R.L. Stevenson, Indien Residential School,
Norway House, Hanliioba.

R.J« Rigg, Manitoba Paper Company, Pine Falls,
¥anitoba,.

J+F. Muirhead, Agricultural Representatlive,
Holland, Manitoba.

R.W. Davis, Churchill River Power Co. Limited,
Island F&llgj S&Eku via Flin Fl@ﬂ‘
Manitoba,

Total PBoxes Sent: 50
Total Boxes Returned: 11l

Step 3. Sending out of boxes,

on or about Hay 5, 867 bozes were sent to the
cooperators. (3ome of these boxes were sent throughout
the summer, a&s requested by the men). Of this number,
261 ceme back to us.

B. Pleld

Due to the number of gqueries received from forest
service personnel during the year, the followlng points
may be of genersl interest to all concerned:

1. %hen: Sampling should be done during the
four monthsa, June to September inclusive.

2¢ How Many: At least one semple per month
from sach important kind of tree, the more the betier,
and additional ssmples [rom areas of active Infesta~
tions are of special valus.

%. How to Sample: By beating the limbs with a
long pole or the tFﬁ%% with an axe so that all insects
fall on s canvas spresd below the tres, They are then

placed in a box, with e sample of follage from the tree
for rfood, and malled.

By hend-picking larvas from infested twigs or
simply cutting the entire infested twig, and dropping
it in the box.

By cutting cones, peeling sections of bark,
splitting logs, eétc. for boring insects not procurable
by beating. .
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4« Malling: Boxes should be sealed carefully
according to Instructions enclosed with boxes, ocare
being taken to see that enclosure slips have been filled
out and foliage enclosed for feeding inssects., They should
be kept cool in the interval after collecting and malled
a8 soon a8 posasible. In the event of unavoldable delays
{(during which insects mey have died), mail snyway, but
care should be exercised to avold delays when possible.

Use a separate box for easch different specles
of tree and do not include ants or spiders.

5. Maps & Reports: Any informatlion on infesta-
tion conditIons 18 valuable. This may be written on the
enclosure slip, as a separste note, or indlecated on a
sketeh map of a given district,

C. Laboratory

Upon receipt, the box ls opened, the contents
recorded and living maeterisl confined in separate Jars for
rearing. As the insect develops to an sdult, daily re-
cords are kept. Some adults do not normselly eppear until
the following spring; in such cases, an artificlal "winter”
and "spring" are produced through the use of cold storage
and incubstor equipment ao that all adults have appeared
by February. As freguently happens, parasites sppear
instead of expected moths, in which case the velue of
the sample is greatly increased.

An acknowledgment containing as much Information
as possible is mailed to the sender as soon as the sample
ie received. Qccasionally, ldentifications beyond famlly
are not possible untll the adults appear. Such instances
are edmittedly diseppointing to the e¢ollector, but une
evoldable. Monthly stetements of collectors and collec-
tions are sent to all District Foresters and the Provinclal
Forester.

Boxes containing instruction sheets are mailed to
cooperators each spring. Additicnal bLoxes as well as
two pemphlets, "Short Course of Instruction on Forsest
Ingects" and "Canadlan Porest Insects,"” are avallable
for distributlion free of charge.
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Correspondence and enquiries should be addressed
to: Forest Inseot Laboratory, Dominion Department of
Agriculture, ¢/o University of Manitoba, Winnipeg.

IIX. RESULTS FOR 1944

During 1944, a total of 513 boxes was received
at the Winnipeg laboratory. Northwestern Ontaric was
dropped from this territory this year but, nevertheless,
the returns were the largest thus far recorded. The
fact thet returns increased testifles to the increasing
interest and better understanding on the part of all
cooperators. Thess returns were made up by provinces
a3 follows: Manitoba 267, Sasketchewan 145 and Alberta
74 (Ontario 27). Totals for the past four years are:
1941~ 389; 1948ww=379; 1943~wa300; 1044wm=513,

Two major pests stand out as the greatest insect
problems in central Canada at present, the Jack pine
budworm and the European larch sawfly. 1In both instances,
Manltoba has suffered the greatest damage, with active
infestations of both these insects occurring in Saskstchewan.
A third pest, the spruce budworm, is of specisal concern,
due to the tremendous depredations of this pest in Ontario,
its apparent westward movement and its first appearance
in eastern Manltoba. These insects are dlscussed in
detall under their respective headings that follow.

1V, STATUS OF MATOR POREST & SHADE TREE
INSECT PESTS DURING 1944

A. Specles Causing Serious Injury
at the Present Time

1. Jack Pine Budworm

Thia Jack pine-feeding insect has continued to
be oneé of the major destructive insects in central Canada
during 1944. Wwhile a marked decline occurred in some
sections, it showed incressed activity in others.

The most widespread distribution of this insect
1s found in ¥anitoba, with infestation of epldemic
proportions occurring on the Sandilands Forest Ressrve,
Whiteshell Forest Reserve, and over most of the pine
areas of southeastern Wanitoba. It occurred in other
sectlions of the province to a lesser degree. On the
Sandilands Forest Reserve, 1t was particularly severe
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between the Dawson Cabin and Headquarters, extending
throughout the Reserve to a more or less marked extent
and south to Sprague. The kllling of Jack pine on this
Reserve has been generally light, although the preval-
ence of dead tops is qulite high. In 24 quarter-acre
random plots, the percentage of treess with dead tops
runs from 12 to 60%, the average length of dead tops
per plet ranging from thres to seven srd one-half

feet. Injury from budworm on this Reserve was noted
particularly in relation to nursery seedlings and young
plantatlons. Mr. C.B. Gill, Manlitoba Forest Servics,
upon exemination of these plantaticna, reports seriously
retarded growth during the past ten years, The Whiteshell
Porest Reserve experienced a considerably heavier attack
than in previous yeers, this being most pronounced in
the region of the Manitoba-Ontario boundary. Extreme
browning of follage occurred in the Ingolf snd Falcon
Lake regions. Elsewhere, it was of moderate intensity
and brown follage was evident as far south as Shoal
Lake. This infestation extended north and west, being
quite severs in the vicinity of Seddons Corner and of
moderate intensity at Molson, as reported by Ranger
H.L. Kendrick. In the Lac du Donnet and Pointe du Bols
area, no budworm was found. Xo complete report was ob-
tained on the situstion at the southesst end of Lake
Winnipeg in the region of CGrand Beach and Elk Island.
From previous maps made by Ranger J. Kokindovich, the
infestatlon In this country extends from Stead, north
through Jackfish Lake, Belair, Victoria Beach, to the
north end of Elk Island. In the interlake country, a
light infestation was encountered on the Gypsumville
Road north of St. Maritints bridge. No report was re-
ceived on budworm prevalence north of that area. A
very pronounced decline in the Jack pine budworm occurred
in the Riding Mountain National Park, where 1t had been
partiocularly severe in 1942,

In Sasketchewan, only one area of budworm infesta=-
tion is known, the Fort a la Corne Provincial Forest., A
izeneral increase developed throughout this forest in 1044
and, in places, the infestation approached the heavy at~
tack of 1939 and 1940, The greastest defolistion was
sxperienced in that forest area extending from 7 miles
east to 12 miles west of Twin lake. Here, extensive top
¥1lling may result 1f the conditions of 1944 continue.
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iatlion was severe and produced extonsive damsge, 89
reported by Fleld Officer Phll Rsed. Along the Snowden
Road and the more eesterly portion of the forest, the
infestation was light.

In Alberta, no sign of this insect has yet been
recorded.

Samples recelved: MAKITOBA: P.W. Fltzmeurlce &,
JeJe Wright 1, J.H. Inkater 6, H.L. Kendrick.S3,
J. Kokindovich 1, E.K. Vansickel 1, Miscellaneous ¥,
Total Z23.
SASKATCHEWAN: G.Ps Reed 1, Miscellaneous 1, Total 2.
ALBERTA: O. OKTARIO: 87. Total of samples recelived
in 1944, 52,

2. Spruce Budworm

Budworm on spruce and balsam 18 of major import-
ance to all rangers whose areas carry btimber of this type.
Although this insect is unknown in the grester part of
central Caneda, due to 1ts devastating destruction in
Ontario and its progressive westward movemenit it con-
stitutes a tremendous threst to these more western
forests. Durlng the year, heavy defoliation in Ontario
reached conalderably west of Hudson, Ontario. Only one
gres of active Iinfestation 1s known in Manitoba, the
8pruce Woods Forest Reserve, with two other arees in
question, one emst of Lake Winnlpeg, Manitobs, and
one in the Fort & la Corne Provinciml Forest, Saskstchewan.

In ¥anlitobs, the Spruce Woods Forest Reserve ex-
perlenced a declded increass in defoliation in 1944 and
most of the spruce was badly defolisted, Evidence of
feeding extended into surrounding country hitherto un-
touched by this insect. HRanger T.P. Willlama reports
it 14 miles north of Hollend, which represents a decided
increase in its renge for 1944. 7Thias infestation ls
unique for it is en isolated "island" of timber and
supports no balsam whatever. The progress of the budworm
on spruce in the total absence of bsleam 1s Interesting
end most unusual., It 1s doubtful whether the S3pruce
Woods Porest Reserve infestation wlll ever assume the
same destructive proportions as would be the case if
balsam were present.

Among the most valuasble end perhaps slarming of
all records obtained through the survey thls year are
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those concerning the spruce budworm in easterm Manitoba.
Three samples taken [rom Sssaginnigek Lake by Ranger
D.E. Qooper, one from the Caribou~Rice Lake road by
Ranger G.D. Edmonds and one from Sprague by Ranger J.J.
Wright appear to be the first indications of iis
westward movement into ¥enltobe from Ontario. These
records were procured only after careful and contloual
sampling and the value of this informetion well illu~
strates the benelits of consclentious and regular at-
tentlon to this problem. With positive svidence of
this insect in eastern Manitobs, 1t would be hazardous
to predict the luture of the zpruce and balsam problems
which only time will reveal. The need of close duserva-
tion and regular sampling in 1945 is emphasized by the
realization of the tremendous damsge experiencsed in
Ontarlo snd the closeness of Ontario's most westerly
outbresk at Hudson.

One other sample of budworm from spruce came from
Hre J.H. Inkster, Ssndilarnds Forest Reserve, but this
was quite definitely blown to apruce from jack pinse.

Another srea in question ls the Fort a la Corne
Provincial Forest in Saskatchewan. Mr. E.J. Mershall,
reporting on the Jeck pine budworm, states, "This
vudworm was also evident Iin the white spruce area."”

As no semples were received from spruce, this may be
en instance of the pine budworm having drifted to spruce.

Samples recelved: MANITOBA: T.P. Willlams 2,
Jeds Wright 1, D.E. Cooper 3, G.D. HEdmonds 1, J.H.
Inkster 1, Miscellaneous €, Totel 14. ONTARIO: 9.
Total of samples received 1n 1944, 23.

Se  Bark Bestles and Wood Dorers

These two types of beetles are guite closely
assoclated and, since they are influenced by similar
conditions of the forest, they are discussed together.
As a rmle, both are of s secondary nature; that is, they
attack weakened or dying trees. On occasion, however,
some or all of them may kill living trees.

In western Canada, several aresas commend special
attentlon from the standpoint of exlsting infestations
or potentlial danger from the cresation of suitable condi-
tions. Such areas under consideration are the Pasquia
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Provincisl Forest in northern Saskatchewan, Riding
Kountaln National Park in Manitoba and the eastern
slope of the Rocky Mountains in central and southern
_Mbﬁftaa

In the Pasqula Provinclal Forest, some 130,000,000
feet of white spruce were destroyed or killed by dis=-
astrous fires in 1942. Since that time, investigations
on the rate, type and extent of damage by wood borers
have been pursued. Examinstions in August, 1944, showed
that practically all of the tunnelling of these boring
larvee was completed, so further injury to logs 1s not
anticipated. A considerable emergence of adult beetles
is expected in 1945. A complete report on wood borers
in fire~killed timber 1s in prepsration and should be
available to those interesited upon request.

The pine bark beetle (Ips pini Say) was observed
by Pleld Officer 0.G. Eorncaéf%g ?n Infestation propor-
tions killing living spruce in adjoining cut-over areas
around and within the 1942 bwrn in the Pasquia Provinciael
Forest. A partlcularly sctive outbreak was reported
within and adjacent to the site of logging operations
of the Court Brothers' mill., An examination of this
ares by members of the sntomologlcal staff revesled
that white spruce of all age~classes was being attacked
and killed indiscriminately. ¥r., Horncastle further
reports that under-size trees left by The Pas Lumber
Company operations in Twp. 50, R. 8, north o The ras
road, were heavily infested. It is probable that a
combination of dead timber from the 1942 burn and green
slash resulting from unusually heavy salvege operations
permitted the bark beetle to develop into & primary
destroyer.

In Riding WMountain National Park, Wenltoba, a
sorious insect hazard developed from extensive areass of
wind-thrown spruce and pine in 1944. Studies conducted
in the ares during September, 1044, indicated that, in
most instances, these fallen trees were infested with
bark beetles and wood borers and, if left during 1945,
will serve as breeding grounds for further populations.
Such condltions exlsting through 1945 may cause serious
damege to standing green timber when increamsed insect
populations emerge from the fallen trees. Winter logging
in these wind-thrown reglons is snticipated.
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Bark beetle (Dendroctonus) infestations on the esst
slope in Alberts must be regarded as a potentlal hazard
of great importance. The ravages of this insect along
with the tremendous dJdestruction that has resulted in
the EKoolenay National Park, and the sppearance of this
insect throughout the Banff region, bear testimony to
its importance as a hezard to adjacent forests. Thus
Tfar, there has bsen no record of its sppearance on the
sast slope but all personnel engaged in those regions
should acquaint themselves with this insect, the appear-
ance of infaested trees and methods of sampling. Detalled
information ls avelleble to all who request 1%t from the
Winnipeg Leboratory.

Samples of bark beetles recelved:; HANITOBA:
D+E. Cooper 1, J.C. Goodison 1, Miscellaneous 1,
Total 3. SASEATCHEWAK: A.0. Aschim 1, 0.3. MeNell 2,
Total 3. Total of samples recelved in 1944, 6,

Samples of wood borers received: MANITORA:
R. Davies 1, G.De Bdmonds 1, J.A. Lundie 1, ¥lscellaneous 2,
Total 5. SASKATCHEWAN: 0.B. McWeil 1, F.W. Redhead 1,
Miscellaneous 2, Total 4., ALBERTA: B.L. Whidden 2,
?gtal £« OHTARIO: 5. Total of samples received in 1944,

4 ¢ Piﬂﬂ Tortolge Scale

Toumeyells sp.

The pine tortoise scale was most sctive in iLhe
Sandllends Forest Reserve, with other observations and
collections indlcating a general distribution through-
out other parts of the province.

The infestatlon in the Sendilands Porest Reserve
ls agaln developing intc a serious threat to young pine
in naturel reproduction end in plantations. It is
particularly severe north and west of 01d HeFul.T.5,
Camp I, heavily infested trees being observed in Secs.
3s 9 and 10; Twp. 5; Rs 10. Along the Piney Highway
between Camp I and Reserve Headquarters, it is general ,
while in Sec. R3, Twp. 5, R. 9, it is present in moderste
intensity., Undoubtedly, scale could also be found in
varying degrees of intensity throughout much of the
Reserve.
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Scale samples were received {rom Ranger
¥okindovich, who noted odd patches of infested young
growth north of Stead, and Ranger C.H. Patterson,
Grandview, Sec, 12, Twp. 27, R. 24W. 3cale observed
on jJack pine on the highway south of Lac du Bonnet
in 1947 was again in evidenee in 19044.

It is preobable that more extenslve sampling
would reveal scale in other parts of the province since,
apparently, 1% is becoming more wldely distributed.
Young pine stands and plantations should be watched
closely as they will suffer the grestest injury.

Samples recelved: MANITOBA: J. Kokindovieh 1,
C.Hs Pattorson 1, Miscellansous 2, Total 4. Total of
semplos recelved in 1944, 4.

5. Hurcpean Larch Sswfly

With its great record of past destruction of
tamarack, this insect 1s one of major concern. It
has been on a very dJdefinite increase for the past
four or five ysars and has increased greatly in lts
PENKS.,.

Hanitoba at present ls sulfering the greatest
damage of the three prairle provinces, with the larch
sawlly generally distributed from the northern end of
Lake ¥Winnipeg, south.

The oldest active infestation occurs in the
Riding ¥ountain National Park, within which three
important areas occcur, one near Lake Audy, one on the
Xorgete Road and one at the west end in the Rossburn
district. The remainder of the park 1s only lightly
Infested. All in all, current damage in the park was
less than in 1943, Due to the severity of last yearts
attack, howsver, follage production in some aress was
much below normal and the health of {ress was not
particularly good. He notlceable mortality has occurred
ag yeta

North of Ridling MNountain National Park, severe
defoliation at Plne River was reported by park warden
John Hyske end, at Drifting River and gsections of the
Duck Mountain, sawfly sabundance was reported by Renger
C«H. Patterson. 4 full summary on Duck Mountain ocon-
ditlons ls not possible but an actlve infestation is
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known to occur on the west slde in the Walkerburn
region. Small collections were recelved rom Dropmore
and near Dauphin. Infomation from north of Riding
Hountein represents new records and indlceates the
importance of close cbservation in 1845,

in the Sprucs Woods Porest Reserve, sawlly
sctivity continues in the Delta and Hplnetie swanmps
but complete reports on current conditions are not
available.

in the Lake Winnipeg country, the larch sawlly
has besn particulerly severs during 1944. From re-
ports supplied by Rangers D. Cooper and W.D. Wardrop,
and an smerisl sketch mep by Ranger IZ. Harmer, the
following general pilcture is revealed: Infested arecas
are scattered throughout the interlake country from
the Fairford River south of Gypsumville to Hodgson and
Riverton. Heavy defolliation borders the west side
of Lake Winnipeg from Sturgeon Bay, commencing near
the Dsuphin River southwest to Remssy Polnt on Washow
Bay. Along the esst shore, marked defoliatlon occurred
from Traverse Bay at the southern end, north to Béerens
River, with the exception of that ares between the
Bloodvein snd Plgeon Rivers. Between the lake and the
Ontaric boundary, further infestations occur as follows:
Twpa. 35, 36 and 37, R. 9E; vicinity of Little CGrand
Rapids; from Lake Wimnipeg to Sasaginnigak Lske along
the courase of the Hooivein River; from Alkens Lake to
wWallace Leke and sast to Ontario; an area Irom Beresford
Lake north to Siderock and south to Gem Lake; Twp. 23,
R+ 13E on the Manigotagan River; slong the OtHanley
River through R. 10 and 1l. Ranger Cooper reports
that at the Hole River Indian Reserve and at MHanigotagan
Settlement, defoliation runs 754 in the former and 509
in the iatter., At the north end of Lake Winnlpeg, one
sample was received from NOrway House. Aerliel reconnals-
sance throughout that country from The Pas did not
reveal any infestation noticeable from the alr.

In the southern portion of Manliocba, light feeding
of this insect waa recorded on the Dawson Road near the
forest reserve boundary.

In Saskatchewan, only one arsa 1s known where
larch sawlly is mctlve. This, as reported Ly H.P. EBisler,



pepartment of Katural Resources, extends through the
territory of Madge Leke, with 757 defoliation. From
Pelly to Sturgls and north to Ushta, the infestation
was heavy. Mo further trace of it occurred untll
Hudson Bay Junctlon, where egg lesions wers noted on
larcn twigs, This 1s & new record for Saskatchewan,
the onmly previously known sawfly area beling at Comnell
Creek in the Carrot River velley. A special survey
undertaken by the Department of Natural Resources ln
1547 produced all negative reports.

The larch sawfly unquestionably is increasing
in centrel Canada and apparently moving westward.
gpecial attention should be dlrected toward all young
tamarack stands In 1045,

Samples received: MANITOBA: D.B. Binkley 4,
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D.E. Cooper 2, G.D. Bdmonds 2, J. Hyske 3, H.L. Kendrick 3,

J. Kekindovieh 1, C.0. Patterson 1, R.L. Stevenson 1,

W.Ds Wardrop 1, H. Karell 2, ¥W. Knleps 2, Miscellanesous 7,

Tatal 29, SASEATCHEWAE: HeP. Blolar l; Total 1.
ONTARIO: 4. Total of samples recelved in 1044, 34.

6. Forest Tent Caterpillier

several arcas of infestation hitherto unknown
wers recorded this year due in part to the marked in-
crease in samples collected and in part to an increase
in this insect's abundance.

0f the Pralrie Provinces, Manitoba experilenced

he heaviest degres of defoliation and, according to
information obtained, the mailn course of infestation
extended through Duek and Riding Yountain end Lake
Manitoba country. The insect was rampent on the west
side of Lake Dauphin from Lasurler to Pork River and
west to the Swan River Highway. In this areas of severe
defoliatlion, the heaviest spot was Twp. 26, R. 10%,
according to District Forestsr A. Bainbridge. Deyond
the confines of this area, it continued but ln fewer
numbers, the infestation roaching north to Camperville
and woat to Hoblin and the Saskatchewan border. West
of niding Mountaln, 1t was not prevalent from Roblin
to Russell, bubt was of medium Inbtensliy from Russell to
winnedosa, The second epidemic region cccurred east
of Lakes Manitoba and south of Jypsumville. All trecs



were totelly stripped again in the Ashern~Gypsuaville
area, as occurred in 19435, and reported by Ranger
Hel+ Praser. This complete defoliastion of poplar was
extended during 1944 southward to Csmper arnd castward
soveral miles beyond the Gypswaville Highwey. During
the helght of larval sctivitles, residents reported
livestock refusing to grasze due to caterpillsrs on
the grass, gardens destroyed and caterplllars crawling
over and through the houses,

In Sasksatchewan, FPleld 0fficer Sanders reported
an outbresk at Endsavour in Twps. 37 and 38, R. 5, &
and 7, WaM.

In Albvertas, an unusual record comes from Renger
Glogquel at Fort Vermlllon, where en infestatlon occurred
over Twps. 108 and 109, R. 10, 11, 12, 13 and 14. This
is believed to be the [lirst record of thls insect in
outbresk proportions north of 57.

\ A closely alllsed spscies, the western tent cater-
plllar occcurred at Yorkton, Saskatchewsn, on willow,
and in the Spruce Woods Forest Reserve, Manltobs, on
chokeé cherry.

Samples recelved: MAWITOBA: A, Bainbridge 1,
Hol» Fraser 1, Miscellaneous 4, Totsl 6. SASKEATCHEWAN:
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Wshe Brownlee 1, Totel 1. ALBERTA: R. Giequel 1, Total 1.

Total of smamples recelved in 19844, 8.

Bs Specles not Causling Serious Injury at the Present
Time but known to be Capsble of Doing So

1. Black~headed Budworm

Decldedly interesting and valuable informstlion
on this insect has besn supplied by forest rangers this
year. A very marked increase 1in samples occurred in
Manltoba, 17 being received. The prestest nuber came
from Sasaginnigak lLake, east of Lake Winnipeg, where
larves were very abundant on balsam but not suffielently
80 to produce noticeable defolimtion. Saseginnigak Lake
mugt certainly be watched carefully in 1945 for possible

increased damage. This insect appesrs generally scattered
throughout this territory, cther samples coming from Rerens

filver, Little Orand Replds, Blssett, Bercalford Lake and
lac du Bonnet. A second Interesting district where this
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Insect must be regarded gz g hazard ig in the Schist
Lake, Manitobm, and Amisk Lake, Saskatchewan, area.

At the former spot, Ranger G.W. Jones reports entire
branches stripped of foliage by this insect. At Amisk
Lake, Fleld O0fflcer 0.B. ¥WcNeil found the Pirst record
for that province., No samples were recelived from (Cross
Lake, Manltoba, where it was recorded in 1941, but this
ares too no doubt supports a populstion,

Samples received: MHANITOBA: W. Barnes 1, D.E.
Cooper 10, R. Davis 1, G.D. Eduonds 3, ¢.¥. Jones 1,
Totel 16. SASKATCHEWAN: 0.B. MeNeil 1, Total 1.
CHTARIO: 4. Total of Samples received in 1944, 21.

2.  Yellow-headed Spruce Sawfly

This insect was widely distributed, cccurring
for the most part on open-growing or ornamental spruce.
While deatructive to trees infested, it is of minop
lmportance &s a forest destroyer.

Two samples snd one report were received from
western Alberta, the samples from Coalspur and Hilton,
and the report from Sexsmith.

Sixteen sanmples came in from Saskatchewsn: ILoon
iLeie, Blg River, Holbeln, Cookson, Yonker, Emma Lake,
indeavour, Ft. & la Corne, Macdowsll, and Island Palls.
At Oressy Lske, near Lowve, a light infestation oocurred
on five-year-old transplants. A hedge at Imcdowall was
heavily infested. A more genersl infestation was found
near Holbeln, where all individusl small spruce trees
between Canwood and the 3rd Meridian were damaged
(Field Officer H.E. Tanner). At Cookson, there was
very licht defollation. WMr. R.%W. Davis reported an
Infestation on an island at Island Falls, Saskatchewan.
Further sampling should be undertaken in this sares to
determine whether this insect is responsible for the
kllling of spruce trees throughout the district between
Flin Flon end Whitesand as reported by ¥r. Davis.

Thirteen samples were received from Manitoba, all
of them representing light infestations: Schist Lake,
Borway House, Berena River, Duck Mountaeln, saaaginﬁig&k
Leke, Bissett, Beresford Lake, Pine Palls, Stead, Remnie,
and Sprague.
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Samples recelved: MANITODA: D.E. Coopsr 3,
GeDe Bamonds 3, G.W. Jones 1, J. Kokindovich 2, J.B.
NHorman 1, C.J. Ritchey 1, R.L. Stevenson 1, J«J. Wright 1,
Total 13. SASKATCHEWAN: A.O. Aﬁah&m‘l, ReWe Davis i’
c.7. Dell 1, W. Ceppert 1, A. Hansen 1, J. Jchuson 1,
B.A. Matheson 1, F. ¥itchell 1, E.L.Millard 1, E.C. Over l,
KeOs Sanders 3, E.A. Sharman 1, J.A. Suffern 1, H.E. Tanner 2,
Total 1%. ALBERTA: W.M. Wood 1, Total 1., OHTARIO: 10,
Total of samples received in 1944, 48,

3. Oreen-hesded Spruce Sewlly

Although as widely distributed as the last specles,
this sewfly is gensrally less abundant.

Three ssmples were received from Alberta (Poothills,
Rocky Mountain House and Drayton Valley). Thirteen seamples
came in from Saskatchewan (indeavour, Deaver Lake,; Loon
Lake, Love, Carrct River and Cookson). Manitoba was re-
presented by ten records (Bissett, Lac du Bonnet, Schist
Lak@,)ﬁarway House, Cross Lake, Sasaginnigek Lake and
Btoad) .

Semples received: UVANITOBA: W. Barnes 1, D.R.
Cooper 2, 0.D. Edmonds 1, G.W. Jones 1, J. Kokindovich 1,
A, Sinclair 1, R.L. Stevenson £, A.%. Wardrop 1, Total 10.
SASYATCUBWAN: H. Abra 1, A.0. Aschina £, 0.0D. MeNeil 1,
Fe ¥Mitchell 2, E.lL.3#11lard 1, X.0. Sanders 5, E.A. Sharman i,
Total 13. ALBERTA: G. Fleming 1, {.¥%. Parnall 1, E.L.
whidden 1, Total 3. ONTARIO: 1. Total of samples recelved
in 1544, 27.

4. Pine Y¥eedle Scale

This insect seems to be generally dlstribvuted,
particularly wherever spruce trees have been planted.
A ssvere infestation was reported by H.P. Elsler on the
grounds of the Parilament Buildings st Regina, where all
the white, blue and Horway spruce and a few Scotch plne
trees were affscted. Smaller infestations occurred in
Tuxedo and Pori Garry, Manlitoba.

Samples received: MANITODA: O. DSASKATCHEWAH:
HeP. Eisler 1, Totel 1. OWTARIO: 1. Total of samples
received in 1944, 2.
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Ss Spruce Gall Aphid

Thirteen samples of this common pest wers re-
celved, five from Alberta (Rocky Mountain House, Ft,
Vermilion and Drayton Valley), five from Saskatchewsn
(Toreh River, where it was again abundant , near Amisk
Lake and Holbeldn) and three from Manitobs {Sprague,

- Bissett and Pine Falls).

Samples received: MANITOBA: CG.D. Hduonds i,
Je« Kokindovich 1, J.J. Wright 1, Total 3. BSASYLATCHEWAN:
A.Q. Aschlim 1, B.A. Hatheson 1, 0.B. NcNell 2y HuEBs
Tanner 1, Total 5. ALBERTA: O. Fleming 1, R. Glequel 1,
E.L. Whidden 3, Total 5. Totsl of samples recelved in
1944, 13.

6.  Hemlock Looper

This insect, sc destructive in other parts of
Caneds, was received in twelve samples from Hanitoba,
all of them lying in the area east of Lake Winnipeg
(Bissett, Lac du Donnet, Sasaginnigak Lake, Little Crand
Raplids and Berens River). On the basisz of samples
recelved, a decided incresse over previous yoars is
indlcated, warranting careful observetions.

Ho reports were received from two other pointa
at which this insect had besen found previously; viz.,
Cross Leke and Crawford Park. So far as is known,
the Crawford Park collection mede in 1943 1as the first
récord of thls insect having bLeon taken west of Lake
Winnlpeg and the Cross Lake collections of 1941 and
1942 mark the northern llimlt known. Nore July collec-
tions from those two points should help a great deal to
ialva the problem of the limits in the range of this

ngect.

~ Semples received: UYANITOBA: D.E. Cooper 10,
G.De Edmonds 1, Total 11. ONTARIO: 1. Total of samples
received in 1944, 18.

S

f.  DBalsam Fir Sawfly

3ix samples of thls inscct were recelved from
the Prairlie Provinces; one came Irom Sasketchewan {Love)
and the remainder from Manitoba (Sasaginnigek Lake and
Little Grand Rapids). As this insect is pretty generally
distributed, it is not likely to be found in infestation
numbers anywhere; otherwise, samples containing greater
numbers of the sawfly would have been received.
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Seumples recelved: MANITOBA: D.E. Cooper 5,
Total 5. SABKATCHEWAN: B.A. Matheson 1, Totel 1.
ORTARIO: 1+ Total of samplos received in 1944, 7.

8, Spruce Cone Worm

One semple of thils lInteresting and sometimes
damaging Insect was received from the north end of
Delaronde Lake near Blg River, Saskatchewan. The
gollector, Pleld Officer F.w. Redhead, reported that
this cone infestation appeared general 1ln the area,

Je Whilte Plne wWeevil

Seven samples of this pest were recelved this
year, one from Alberta (Rocky Mountaln House), three
from Saskatchewan (Cookson, where there was a 1light
infestation, and Ft. & la Corne) and tiree from Man-
ltoba (Grandview, Garland and the Sendllands Forest
Reserve) .

Samples received: KARITORA: J.BD. Normen i,
Cell« Patterson 1, Mlscellaneous 1, Total 3.
SASEATCHEVAN: %. Anderson 2, ¥iscellanecous Sy Total 5.
ALBERTA: B.L. Whidden 1, Total 1. Total of samples
recelived in 1044, Y.

i0, Cankerworms

Two speclies, the "fall" cankerworm end the
"spring" cankerworm, are separated by the season in
which they lay their eggs. In the larval stage,
they are easlly recognized Ly the charscteristic motion
of the loopsers or messuring worms, end their unpleasant
hablit of hanging from brenches on long silken thresds,
Both species were sbundant this year, especlally the
fall cankerworm. In the Winnipeg vieinlty, elms were
infested heavily, some being demided completely of
thelr follsge, and much damege was done to other dacliduous
trecs and shrubs. Severe damage was also ovident at
Dauphin, Manltoba, where inlury was inflioted on maple,
choke cherry, peonies and other garden plants. Indice-
tions ere that this insect will be severs agaln in 1945,

Samples recelved: MANITOBA: A. Bainbridge 1,
E. Robson 1, Miscellaneous 8, Total 10.



V. STATUS OF ¥INOR POREST AND SHADE TREE
PESTS DURING 1944

1., Pitch Hoduls Haker

One sample of this insect on pine was recelved
from the provincial forestry branch nursery near Douglas,
Manitoba. As this nursery had many samples of this
injury and as 1t has been found there In previous years,
the pest is probably well established.

2. Little Larch Sawfly

Two samples were received from Alberia, both
from Rocky Mountain House; five from Saskatchewan (Loon
Lake, Love and Carrot River); and nine from Manitoba
(2andilends Forest Reserve, Riding Yountaln National
Park, Norway House, FPt. Garry and Blssett). 1In no
collection were these larvee numerous.

Samples received: MANITOBA: D.B. Binkley 2,
G.D. Bdmonds 3, R.L. Stevenson 1, Miscellaneous 3,
Totel . OSASKATCHEWAN: H. Abra 1, W.J. Anderson 1,
B.A« Matheson 1; P. ¥Mitchell 2, Total 5. ALDERTA:
E.L. ynidden 2, Total 2. Total of samples received

3s Aspen Leaf Beetle

An infestation of this bestle was reported by
Fleld 0fficer Z.C. Over on poplar near Blg River,
Saskatchewan. Defolliation wes from light to heavy.

Samples received; MANITOBA: G. Bayly 1, C.E.
Linn 1, Total 2., SASKATCHEWAN: E.C. Over 1, Total 1.
Totgl of samples received in 1944, 3,

4. Uply Nest Caterpillar

This ingect feeds on wild cherry within an
unsightly web similar to those made by the tent caterpillar
or fall webworm. It 1s most evident during July. Three
infeststions wers recorded during the year. Fleld Officer
JM. Brown reported a heavy infestation north, esst and
west of Prince Albert, Saskatchewan. In the Sandllands
Porest Reserve of Manitoba, it was medium and, in the
Spruce Woods Porest Reserve, llght.
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Samples recclveds WARITOBA: Miscellaneous 1,
Total 1. SASEATCHEWAN: J.¥. Brown 1, Total 1, Total
of samples received in 1544, .

5. Fall %Webworm

There was only slight evidence of this insect
during the year. One infestation was reported on ash
8t Bast Braintree, ¥aniitoba.

6. Spiny Elm Caterpillar

A sample was received from Yorkton, Saskatchewan,
sccompanied by a report of a small Infestmtion by this
insect on elm.

7. Manitoba ¥aple Twig-Doprsr

This insect was gulite copmon on somo of the
native maples in Wwinnipeg this year, producing the
usual swellings in the twlgs.

8. Vagmbond Poplar Gall

Yearly all the cottonwood trees in Pine Falls,
¥anitoba, were affected by this gall (Ranger Xokindovich).
A sample wes collscted and several more galls were seen
in the vicinity of Winnipeg.

Semples recelved: MANITOBA: J. XKokindovich 1,

Miscellaneous 1, Total 2. Total of ssmples recelived
in 1944, 2.

V1. BEREPICIAL INSECTS

Chief among the beneficlal insecis are thoase
known as parssites, which, by the nature of thelr
habits, kill certain other insecta and assist in pro-
ducing & balance of nature. When parsslites reduce
the numbersg of our more destructive forest Iinsects,
they become decidedly beneflciel. Adult parasites
usually deposit thelr egys within the body of the
host insect and it may be some time before the lnsect
shows any indlcstions of having been psrasitized. For
this reason, all living insects submitted in the survey
are reared carefully through thelr life-span in order
to determine whether parasitism has occurred and to
recover any parasites that might be present. Parasltes
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can be extremely valuable in checking the rapld increass
of & pest and s thorough knowledge of them is essentlial.
It must be reallized, however, that even when abundant
they ususlly fall far short of controlling a pest. Para-
sites have been a constant cause of over-optimism and,
under normal clrcumstsnces, are by no means a cure-all.

Parasites destructive to the Jack pline budworm
were recovered from the Sandilands pupae in numbers
considerably greater than those shown in the 1943 reocords.
A totel of 958 pupas was recelved from the Saniilands
Porest Reserve and parassites emerged from 407 of them,
double the 1943 records. While this looks sncouraging,
1t should be pointed out that past experience has shown
thet this figure seems to be sbout as high as parasit-
ism of budworm pupse will go and, in sll probability,
there will be a merked drop in parasitism in 1945.
Another area sampled ['or parssites of the Jack pine
budworm was east of Kenors, Ontario, Of 1,641 budworm
pupae reared, 32% were parasitized. Although 31 differ-
ent speclies of parasites have been obtained from the
budworm in central Canada, the percentage of those killed
by parasites falls far shori of what is necessary to con-
trol this insect. The value of continual collections,
however, will be evident to ithe reader. The significance
of parasites in the Infestation in the Fort a la Corne
Frovinelal Forest of Saskatchewsn 1s unknown due to
ingufficlent materiel.

The spruce btudworm In the Spruce Woods Forest
Reserve, Hanitoba, showed no increase in parsesitism over
1943. rrom 1,248 budwomrma pupae rearsd, 247 were destroyed
by parasltes, practically the same figure as that ob-
tained for the preceding year. One interesting fact
wasd recorded in a marked increase of one particular
parasite that has proven to be especially valuable
elsewhere but which was seldom found in the Spruce
Woods Forest Reserve. This parasite increased from
almost zero in 1943 to 3.5¢ in 1944. Its progress in
1245 will be of much importance.

48 proviously mentioned, eastern Manltobs pro-
duced an unexpected abundance cof samples of the black-
headed budworm. It 1s interesting that in the Sasaginnigsk
Lake area, where the greatest mumber of colleciions was
made, moat of the boxes contmined perasitlzed larvse.

Six samples produced parasites. Other psrasltized
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black~headed vudworm came from Little Grand Rapids
and Schlst Lake. No parasites were recovered Prom
material sent [rom Dissett, Lac du Bonnet, Amisk l.ake
and Berens River.

The European larch saw fly has always carried
much general intersat due to the fact that a Buropean
parasliie was introduced in 18012, These were originally
released 1n the Spruce Woods Forest Reserve and Riding
Mountein National Park. During the intervening ysears,
they have survived and, with the reappearance of the
sawflly in 1939, the paraslte was eventually recovered.
Thus fer, this pasrasite has not made any marked gains
although the percentage parasitism for 1944 will not
be known until some time in 18485, The appearance in
the Riding Mountain of & small parasitic fly, not yet
identified, is of specisl Iinterest. Park Warden John
Hyska submitted 50 sawfly larvae, 45 of which died
from this pareasite. Whether this heavy percentage
mortallty was accldental or general throughout the
reglon is not known. It illustrates well the value
of large end frequsnt collections, even though the
insect may be already well known and of several years!
standing.

Vil MiSCELLAKEQUS

1le Spruce Needle Rust

Although this rust is not an insect injury, trees
affected by 1t take on an extremely brown and scorched
appearance in late surmmer and naturally cause consider-
able slarm. This is actuelly a fungous disesse of the
foliage of spruce, Like wheat rust, it has alternste
nosts, three in number--gheep laurel, leather leal ard
L.abrador tea. As a rule, it ls not particularly ser-
ious although the affected needles do die and fall off.
Buds are uninjured and the next vear's growth is not
affected. Only if trees are attacked over three suc-
cesslve years does asny pronocunced dying occur, although
there are occasionsl instances of desth occurring after
one or two years'! attack. A severe infestation spresd
acress Canads in 1939 from the Yukon and Horthwest
Territories to Quebec. Since then, it has been relatively
gearce until this year. During 1944, it was reported from
Saskatchewan at the following points: Cookson, Big River,
Glaslyn, Waskesiu, Mesdow Lake, FEndeavour and Love. The
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points In Manitoba from which 1t was sent in or re-
ported were: Little COrand Repids, Bersens River, Sprague,
Riverton, Duck Hountain Porest Reserve, Whitemouth, Lao
du Egnnat, garland, The Pas, Slave Falls, Rennle and
Stead.,

Infested ornementals can be spraysd, the proced-
ure belng avellable to those interested on request to
the Winnipeg Laboratory.

Samples recelved: MANITOBA: A, BDainbridge 1,
D«E. Cooper 2, H.L. Kendrick 1, J., Kokindovich 1, C.W.
Malaher 1, C.T. Mitchell £, J.B. Norman 1, C.J. Ritchey 1,
E.H., Venslckel 1, A.E. Wardrop 3, W.D. Wardrop 1, J«J.
Wright 1, T.0. Breen 1, Tobtal 17. SASKATCHEWAN: A.0.
Aschim 1, J. Barnett 1, H.W. Genge 1, A.G. MacAskill 1,
E.L. ¥illard 1, ¥.W. Redhead 1, X.0. Sanders 2, Total S.
ORTARIO: 1. Totsl of samples received in 1944, 26,

2« 8pruce Cone Rust

Four samples of thls rust on the cones of white
and Engelmann spruce were received., One came from the
Torch River Provincial Porest in Ssskatchewsn and the
others from Coslspur, Nordegs and Entrance in Alberta.

Samples recelived: MANITOBA: O. ZASKATCHEWAN:
L0 ABChRIG l, Tobel 1. ALBIERTA: P. C&mpbell 15 Aslie
Prowse 1, W.M. Wood 1, Total 3. Totel of samples re~
celved in 1944, 4.
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. VIII. FINANCIAL STATEMENT & PROJECT COSTS
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Northern 1944 Winnipeg Insect and Disease Species Index

Species PDF page
Actia interrupta 23, 87, §8
Agria affinis 23
Amblymerus sp. 58
Amblymerus tortricis 25
Amblymerus verditer 22-25,27, 44, 87, 88
Anachaetopsis tortricis 23
ants 193
Apanteles 47
Apanteles fumiferanae 47
Aphaereta sp. near muscae 22,24, 44
aspen leaf beetle 208
Atrometus clavipes 24, 87
Atrometus sp. 24, 88
balsam fir sawfly 206
bark beetles 11, 132, 180-182, 197-199
Bessa 128
Bessa selecta 128
black-headed budworm 203, 211
Brachymeria compsilurae 24, 87, 88
buprestid 166, 171
Cacoecia fumiferana, jack pine budworm 16-106
Cacoecia fumiferana, spruce budworm 16-106
Campoletis sp. 24
cankerworms 207
cerambycid 178
Ceromasia auricaudata 23,24, 87
Ceromasia sp. 23,24, 87
Chalcididae 97
Chalcidoidea 87
chalcids 25-28, 35-37, 41-45, 48, 49, 51, 53-55, 57, 58, 90, 92,
97, 100-102
Dendroctonus sp. 181, 199
Dibrachys cavus 24, 87
Dibrachys sp. 24, 87

Diptera

Ephialtes conquisitor
Ephialtes sp.
Epiurus sp.

22-27, 29, 31, 35-37, 41-46, 49, 51, 54, 55, 57, 58, 86-
90, 92, 95, 96, 100, 102, 125-128

22, 35-38, 58

27.32, 33, 41-44, 45,52, 57

22,25



Erycia rutila 23

European larch sawfly 11, 12, 107-128, 186, 194, 200-202, 211

fall cankerworm 207

fall webworm 209

flat-headed wood borers 132, 137, 165, 178, 180, 181

forest tent caterpillar 202

Gelis tenellus 24, 87

Glypta fumiferanae 47

green-headed spruce sawfly 205

Gymnophthalma interrupta 22-24, 44

Habrocytus phycidis 24, 87

Hemiteles tenellus 25

hemlock looper 206

Hymenoptera 22-26, 29, 31, 41, 43, 44, 46, 48, 49, 88, 90, 92, 98, 100,
101, 124-128

ichneumonid 49, 54, 95

Ichneumonidae 87

ichneumons 48, 57, 58, 89, 105

Ips pini, pine engraver beetle 198

Ips sp., bark beetles 181

Itoplectes sp. 88, 90, 93, 94-96, 98, 99, 102-106

Itoplectis conquisitor 22,24, 44, 87-90, 92, 94, 95, 99, 100

jack pine budworm 11, 16-106, 194-196, 210

Labrorychus sp. 24, 88

little larch sawfly 208

longhorned borers 178

Lydella rutila 23

Madremyia saundersii 23, 24, 87

Manitoba maple twig-borer 209

Megaselia sp. 23, 24

Mesoleius sp. 124, 125, 128

Monochamus scutellatus, white-spotted 130, 132, 133, 170, 171
sawyer beetle, black sawyer

Monochamus sp, sawyer beetles 131, 133, 148-151, 154, 155, 165-169, 171-174, 176
Monochamus sutor 133, 155,178

Nemorilla maculosa 22

Nemorilla pyste 22, 24, 44, 87, 88

Neophorocera hamata 23,24, 87

Omatoma fumiferanae 22-24. 44

Pachyneuron altiscuta 24, 87

Perilampus sp. 24, 87



Phacogenes hariolus
Phacogenes sp.

Phorocera claripennis
Phorocera erecta
Phorocera sp.

Phorocera tortricis

Phryxe pecosensis

pine needle scale

pitch nodule maker
Pseudosarcophaga affinis
Psychophagus tortricus
round-headed wood borers
sawyer beetles

Scambus hispae

Sciaphila duplex,poplar leaf roller
Spathimeigena sp.

spiders

spiny elm caterpillar
spring cankerworm

spruce budworm

spruce cone rust

spruce cone worm

spruce gall aphids

spruce needle rust
Syntomosphyrum esurus
Tetrastichus sp.
Tetropium cinnamopterum
Tetropium sp.
Tortriciophaga tortricis

Toumeyella sp., jack pine scale, jack pine

tortoise scale

ugly nest caterpillar
vagabond poplar gall

white pine weevil
Winthemia fumiferanae
wood borers

yellow-headed spruce sawtly
Zenillia caesar

Zenillia vulgaris

22, 24, 26, 35-38, 44, 58, 87-90, 92, 93, 95, 99, 100
27,32, 33, 41, 43, 44, 45, 52, 57, 88, 90, 93-95, 98, 99,

101, 102-106
23

23,24, 87

23,24, 87

23,24, 87

22,24, 44, 87

205

208

23,24, 87

24, 87

130, 131, 137, 138, 148, 170, 180-182
178

22,24, 44, 87

95

23,24

193

209

207

11, 16-106, 186, 194, 196, 210

212

207

206

211

24, 87, 88

24, 58, 87, 88

131

131, 149, 154, 158, 165-167, 170, 171
23,24

199

208
209

207

23, 87, 88

11, 129-140, 142-178, 180, 197-199
204

22,24, 44, 87, 88

2
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