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The data to follow was obhtainsd

ﬁhring the summer of 1938, while the
writer was employed as Student Assistant
to the Depariment of Agricultwre of Canada,
Science Service, Division of Entomology,
Winnipeg Laha%a%ar§; Forest Insect Investi-

gations,

This data has been liberated by
the Departuent for thesis use, and grateful

acknowledgement is hereby mads.
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Systematic Position -

The Spruse Budworm, Cacoecla fumiferana Clem., 18
& member of ﬁhe‘mierolepiaopterous family Tortricidae and
appears to be indigenous to Norih America. Generically, 1%
possesses conglderable aynonyuy, being described in the lite
erature varicusly.as Torbrix, Archlps éné,Harmolega funiferw
ana. The eriglna1 description by CLEMENS ('65) designa%@ﬁ
the spaciey as Tortrix funiferana.

The moth otsurs in two chisf colour phasea, one
of which appears %o oeour most often in the Eas%ern section,
f@@ﬁiLé c%iaf;y on Balsam £ir and white SPIUCHE and predome
inam&iy grey Lo . colour (CIBSON Y25, CHAMDERS and THOMPSON
'35); the other ocecurs most often on pincs and in colour
tezaﬂ %aw&rﬁ& the eopper shades ((HAMBERS and Tﬁdﬁ@&gM $33) o
(?H&ﬂﬂﬁ(’ 5) hes proposed that thers i% a biologlcal Eaas
conmon to the cenbral forested sreas of North America and

specifilcally adapied to feeding upon Jack Pire.

Distribublion =

(1) This section aims merely to present e g?&phié pig-
ture of the widespread distribution of the pest, in & gen-
eral way. HNo attenpt is made to trsat of the oulbireaks

from an historicael or econcmic point of wiew. As the writer

will indicate in several instances throughout the subsoequent

dlseugelons, the solutlon of the epidemiology of thi$‘p6£%
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must ultimmuely rest upon cemonﬁvutﬁve undertak ings.

The followlnz is a list of territories affected
by the Jpruce BuﬁwQEm at ons time or encther, the author-
ity and date of his publication (see Litsrature Cited) fol-
iowing the territory mentioned. The accompanylng map of

North Amevica indicates the approximete areas affected:-

LAREA ADTHCORITY
British Columbig = Johannsen (*'1%), Pierson ('23)

Gibmon '25)

Lillooet, Fort Georgs
'Barkerviile , tathers ('24)
Connscticut - Brithon (%13)
Idaho - Hoffman (%%4)
Northern Idaho Evenden (*25)
Meine - ccasbal : Paekax& (¥90)
Johermsen {'13)
Pievoon {'23)
Menitoba - fleucher (*07) in Johannsen ?13
Roblin Gibzon (*25)
Sandilands Dunn (739)
Massachusetts - Robinson (%69)
Minnesobta - : Ruggles ('22), Graham {°23)
Michigan - MeDaniel ('20)
New Frunswick - ' Pierson {*23), Tothill ('18)
New Hampshire - Pierson ('23)
wow JOrSeYy - ' Pierson (*'R3)
New Maxice - \ | Perry (v84)
Nova Scotia - - Piorson ('83)

New York = - Felt {'08)
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4RTA AUTEORITY
Ohio = - Rebinson ('69)
pnteric - E. Lake Hurom Swaine and Craighead {*24)
: Pigreson (723)
N. Vestera - TPothill (*18)
Dunn {*36)
Pennsylvania - Robinson (169)
Prince Bdward Island = Pierson {123)
Quebse - gatineau Gibson ('25)
E. Townships Swaine and Craighead (%24)
Pierson ('23)
Vancouver Island - Johannsen (Y13)
_ Gibson ('25)
Vermont - Pierson ('23)
Virgiaia Clemens {965)
Wisconsin - Graham (723)

Chanmbers {*31)

(1) Thé accompanying map shows the locatlon of larval
feeding by the Spruce Budwomm during 1933, in the Sandi-
lends Foresht Reserve. The trend of infestation seems to be

Gefiritely sSouth-ezsierly.

Résumé of Life History -

In central Canada, the eggs are laid during the
middle of July. The egs when first lald is a very pale
green in colouwr, becomiug progressively more ysllow as em-
bryonation edvances. The egg is flat beneath, maderat@ly
ctonvex above, in shape oval to cylindricel, and the chell
bears microscipielly fins reticulations. The ezgs are

laid overiapping one ancther, much like scales on a fish,
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about one~third of the surfsce of each egg belng exposed.

About ten dsys after oviposlition the first in-
star larvas emerge, weuder for a varying time and then
spin silken hibernaculse around themselves in sites of
thelr choice, usually neer bud scales, in the axils of
twigs or partly under large flakes of bark. Hers they
undergo a moult,overwinter and émerge in the spring, aboub

the begimning of Juns, as second instay larvae,

The larvae feed ravencusly oun the nsedle bases
of newly expanding terminal growth, and in staminate
flovers, and Ey the end of June‘fullugrown lorves are %o be
found in the fileld. Pupation'éecurs early im July, the lar-
va first moving to vthe extreme tip of the twig it has been
iphebiting, the sllk of its larval tube serving %o enmesh
the hooks of the cremasher (ses Plate V). The pupaitlion ap-
pears to procced postero-anteriorly. (It is interesting %o
note this os a possible axial gradient of development.)
For soms hours afber the pupa iz formed it is capabls of
viclent jerking movements. The adults emerge in about nine
days, mete approximately three days after emergence. Egas

are deposited by the female upon the nsedles of the host.

MATHERS ('24) yeporits & two-year life cyecle in

Brivish Columbia.

Beonomic Imporianse -

The Spru- o Budworm owes its imporience to e

=4

ebits of the lervel shages, The larva spins about 1fself,
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agd the needles upon whieh it Teeds, a silkén web inside
of vhien 1% feeds upon the baeal, succulent portlons of the
necdles of the host, severing the needles frém the twig.
This actlon, when the incidence of larvee upon the host is
high, results in acute and sometines totel defoliaticn of
the tree. The foliage of such atbacked trees presents a
prick-red appearance due to the change~q£ golour of fhs
pevered needles thai ars retained, together with feces of
the larva, in the latter's silken tubelike web,

The vesulting defollation produces a marked loss
of new’greWth té the host, sinﬁe'iarvae favour the terminel

and comparatively unexpandsd spring buds. Migration to the

old growth occurs when the former ere destroyed. This de-

foliation prodnces a loss of increment in the tréa, mani-
fest@@'by refduced Siie iﬁ the anﬁual rings. In Central .
Canads this 1ls exaeeﬁingiy imporbant to interests concerned
with the producticn of kralt paper, railway ties, mine
props, cordinod end rough lumber. In aéditicn to loss of
inorement, the terminal portiom of the cromn of the tree

may suffer killing for as much as ten feet, resulting in

8 stag-headed tres lncapable of verminadl growith. ‘Thia pre-
aents«a‘lcsé from several stendpoints and in addition lays
the treo open tavtha attocks of secondary Torest insects.
such as bark beetles and wood borers, which in many ln-
stances doom trees which have besn weakencd by the Budworm
but would otherwlise recover; and by fungl. St11l more im-
vortuyy, it represents a potentiel menace Irom fires of

the geversst type - Crown firee. 'Ihe cost of suppressing




gueh firves must bo charged against this peab.

The hosis of the Spruce Budworm in Central Canadia 3
are Jack Pine and ned Pine, with possibly casual fesdling om.
Balsam,gpfuce,ﬁnd iaveh. However, with regard to Balsam at-
gack in Menitoba, ¥r., Tunskall, Officer in Charge, Dominion
Forest Service, Winnipseg, has records of a severs outhrsalk
by the ebove pest on Balsam ab Little Moose Island in 1924,
while along the Winnipeg River in T 18-R 17 90% of edvanced
and mature growth had been killed; and in T 15-R 16 100%
mOrtaiity was recorded on advsnced growih and repreduationo
An infestation was also reported at Sipiwesk Lake in 1928,

che?er; the ¢hief and most favo:red host In
Central Geﬁéﬁa -duringk the current epliemic is the Jack Pinme.
serisl rmeconnaissancs in North-western Ontario hasg revesnled
thousends of secticns of the best Jack Pine in Canada with
reddened foliage due o the attack of the pegt, valle
severs infestabions obtain in South-wesltern Manitoba, and
sporadic wbtack ogcurs in Western Manitoba and Basbtern Sask-
atchewan.

In addition to pulp and paper companiles, tie ops¥-
atofs,'the railwaye and all those tinterested in forest pro-
ducts for thelr coneiﬁuﬁd existence, hydro-electiri¢ powex
companies, tha fur trade end tourist business ars also af-
fecbed by such infestations,

Sprues Budworm Epideniology =

Epidemics of econcmieally importent inscots are




wildespread over the parihls surface, affecting almost every

varlety of perichable produce of value to man.

Many attempts have been made to analyze the fao-
torse cépﬁiﬁg‘thesa epidenics, and much information has been.
collected to show that envirvonmental factors are exbremely
‘jmporvant jnstruments in the phaenomenol. Bspecially 1s
this true of meteorological data.

Theso epidemics in many cases exnibit cyells reo-
currences, often over widely scattered arcas abt the same
tims. Thege araasvmgy he gshow: by future work to be part
of & pattefn of infestetion, arisiﬁg from SCHe environmens
tol changs.

The Spruce Budworm is a foresb insect-éf great
| impofﬁ&nea, eve that nos only destroys large emounts of
otherwiaa‘merdnantable forest products, bub alters the ool
position of subcequent foresis, woieh replace the one dsse-
troyed. Little sucoess has besa met with in the abbempt o
analyze Budworn epidemics from the standpoint of physiecal
enviromnmental pressure. 01 the other hand little has been
done to analyze the problen frow any other angle.v'This

view iz sumnarized Very conciscly by SWALNE (135) 5=

nye aps familiar with many of the face
zors whlch affect the couxsne of these epldemics,
(1.e., of Defoliating inseebz): parasitesd, DPIG~
dators, climatis sonditicns, food supply - a@l
play & prominent part end ipn many cases provide

cqufficieny explanatlon of the rosults; but in
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other instences the situation is not be ex-
plained by any apperent cesuse. A suGden loss
of vitelity or vigour, as evidenced by a lask
of fertility in the femeles or an unthriity
condition in the larvae, has been apparent in
some instances anﬁ it is not inconceivable
that sudden changes in the bilotlic potential
may be the immediate cause of the sudden rise
or fall of many insect outbreaks. The subject
of chahgeg in the bilotic potentiel and their
causes deserves much more atbention than it

has yaﬁ received.™ _ ;

GRAHAM (35) advenced the hypothesls that Spruce
Buﬁwnrm{epiﬁemias upon Jook Pine forest were primsrily re-
lated to the aveilability of staminate cones, with thelry
pollen content the dominent factor. He stated that open
gtands, and defolieted stands, wers predominantly gtaminate
and the interaction of food and déefoliation was visualized

by bim as follows:-

In an oper stand there is greater root
growth of the individual trees, meking avallable
more nitvogenous materiél foy plant use. At the
sare time the leaf (nesdle) surface was coupara=
tively luxuriant bud expressed in terms of tha{re—
lation of earbon (C) (from phoiosyntheble sources)

to the nitrogencus inteke of the roolts (I) 1t was:-




0:, less thon oquality.
Hitrogen high.

Under these corditions the plant was able to

produce a relatively great quaentity of staminate

flowers.

In dense stands on the other hand he believes »
the reverse relation to exist, since root competi~
tion is very intense, the crown at the same time
being also restricted but in the relation:- %

~ Carbon high.

Losg cones, comparatively few in fact, are pro-

‘dreced.

Thig gonseption is eomplicated by the fact thabs

when the larvae of the Spruce Budworm defoliate trees thaey

causa the relation of C:N to be upset in favour of the root
(N) sysbtem, hente there is a still further production of
staminate flowers, in stands already predoninantly staminate.

4 This Increasep the larval vigour and adul? fecuniity, GRAHAM

believes, and the population then rocaches epidemic propor- /
tiona., |

No definite dats has been gathered with respect to
the above hypotheuls of Grehem, as yet. Clrcumstancesz of
transportation and other facilities rendercd the attempt to

open the question during the 1938 season impos&ibl@{

N The following thesis presents concepiions and

data contridbuting to the general bilenouies of the Spruce
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Budworm in the hope that certain of the peiants in Spruce

»

pudworm epidemiology may be rendered less Jbscurs. It is

4

essenbiclly a coniribution %o the Biotic Potential of tha
Sspecics. The treatment of the problem bas attempied to

approximnate the ideal of CRUHAM {'2%a):-~

"NMuck of the informaition now availabls is
not of the maximum possible valus becsuss the
basie data are ofben not comparable. In order
that bidtie.information,may be of the maxlmum
value it musi be expresse&_in,aacurata, COMPAT

able termas."

o
RO
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Sex-~-Ratios.
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GRAHAM ('29) indicates, as others have done pre-
viously, that seXaéatio }s the ratio of females to the tot-
al population, @etermined by dividing the number of
fenales in a given group by the total number of individuals
in that group. Thus eyuality of sexes produces a ratio of
0.5, while 100% parthenogenicity produces a ratiﬁ:of 1.0.

A ratio toward a lesser valus than 0.5 is éecreasingly low;
one toward a higher valﬁe is increasingly high, and the

writ er wishes to point out whait does not appear to have
been 1naicatéd formorly, that if a low ratic obtains theve
ig produced an iwbalance which vwill affect the subsequent
population unless the females ars exeeedingly f@éund and
little egg mortality occurs. On the other hand an imbalance
elso obtains when & high ratic'is found and will also affect
the subsequent population, unlssg the males be polygamous.
For the Spruce Budwernm the latter point is unknown, and as
the following data will abtiempt to explain, it seems of the
utmost importanece thaﬁ it be determined at the earliest op-

portunity.

Indroductory Remarks:

It is of interest to note that sex-ratios are
11stle aiscussed in the literature. GRAIAM ('29), and CHAP-
EAH {'31) mention the significance of sex-ratlo almost in
bassing, accrediting it with an lutegral part in Biotlce Pot-

sntinl, but tending to place the emphaslis on egg producilon
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and Qvipcaitién. As mentioned above, the sex-ratio when in
imbalance hag muqh deduced sigméfieance, such that its use
in the epldemiology of economic insects is a very fruiltful
field Tor invés%igétion. GRAHAM (*35) has mentioned this

espect i1 connesction with the Spruee Budworm.

A careful search of the 1iteratufe reveals but a
few refereneew\thaf anticipate any use being made of sex-
ratios in this connection. GARMAN and SCHREAD ('51) acknow-
ledge that the sex~ratio of parasitesris one of the limiting
factors in maintaining sufficient'populatiens of Tricho-
gramsa and Maerocentrus for use against the Oriental Fruit
Eeth. Refrigeration, they found, varied the ratio and they
conclude the latier %o be "an easily variable ratio", and
take the view that there is a conslderable fluctuation iﬁ
the normal ratie in the field, influenced by locality and
elimate, "which may even affect abundance or natural distri-
bution". While these statements refer to Trichogramma and
Hacrosentrus they appeﬁr generally applicablé to the pheno—

menon. of gex-ratios in gensral,

CHAPMAN (*31) mentiong that Holdaway, in an unpub-
lished thesis, "found evidence that under certain environ-
mentol conditions there may be & change of sex-ratio in

Trivolium confusum”.

Only one reference other than thet of GRAHAM ('35)
“23 been found to date whoso authors saw the significance
of sex-ratio in epidemiology of Inseects and applied it.

“bis 1s found in the work of TSAI and CHUNG-NI ('35) work-
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tnis may safely be assumed to possass physiologlcal signifi-
eanecee These sexual differences have becn little considered
and even where recorded have previously attracted but the

nost academic of interesi,

Thus PETEHSONA('lZ) exanmined “numercus specimens
for gonadé", and eventually found "two white, opaque, ovate
bodies on each side adjacent to the heart in the 5th abldom-
inal segment. Difficulty was experienced in locating these
ergans on acecount of their clase similarity to adipose tis«
sue and their being embedisd in same. It was impossible to
determine the sex of the glands on account of the limited
material at hend." He notes that trochoation 1s from the
5th abdomin-i segment, a fact iﬁdépen&antly established in

the cage of Cacoonia funiferana.

BRANCH (v22), working with Trichoptercus larvae
and therefore phylﬁgenetically applicable for comparison
hers, Toumd, "within the species (Platyphylax interrupta)
two shapes of gonads occur. -Some are elongate and Llat;
others are spherical. This seems to point to & sex differ-
entiation, the elongate ones probably destined to becoms fe-
mole organs and the spherical ones mele organs.” In the
lizht of the evidence glven below, the writer believes that
if BRANCH had reswed such larvae to the adult state he would
havs found the reverse to be true, that is, the "elongato

Cnes8" wale and thoe "sphorical ones™ female.
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‘wers made of other larvae not exhibiting this avea, Such ex
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ey, Differentiation iﬁ Buﬁuczm Stadla:

An im”ﬂpendent observation made by the writer dur-
ing the 4%h week in July, 1938, in the Sandilands Forest Re-~
gerve led to the separation 6f the sexes in Budworm larvase,
Larvas h&d been noﬁe&,in which an ovold daxrk area showed
very prominently through the dorsal body wall in the region
of the 5th'abdominal segment . This was at first thought %o
be due to the presenée of an sndoparasite, and accordingly

& number of dissectiouns were made revealing instead of a par-

-asite the male-genaﬁ;.&qrse«later&l paired btestes, lying be-

low the fat body Qﬂ_either slde of the heart. Thus the pos-
8ibility of utilizing this character in segregating the

sezas of larves suggested itsel! and accordingly disseetions

¢

S

sindinations revealed the anle g of the adulit ovaries. They
are also laterally arranged, paired and lying beneath the
fat body.  Indoed they are so intimajely associated with the
latter that they are Tfound with 4ifficulty on dissection,

The implications of a larval sex-ratio are as fol-
leug:sw

{1) A study of ths seasonal developmental &iffer-
ences of the sexes. This would be part of a
long term projeet.

(2) Correlated with other phencmena, (1) above
would provide a phenologlical ludicator of en-
virgomentel effects upon gonad developnent
and potea‘bl&l;‘ty °

(3} A potontial vse in the predietion of fluctus~
tions of population density.

{4) Relative mortelity of the sexes in the larval
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stadium, it having been possible up to the pre-
sent to distinguish sex difference and mortal.
ity in pupae and adults only. ‘

(8) Relative susceptibility of the larval, pupal
and adul¥ melos end females to parasitism,

{€6) Susceptibility of sexes as in (5) above could
be extended %o each larval instar.

(7) Bffeects of factors other than parasitism,
gauged by thelr operation by instar and by sex.

Recently BRANDT ('37) showed that for the Nun Mobh,

in Germeny, the early larvae have a sex-ratio of 0.5. The

original artiéla not baing acecessible, it is unknown to the

writer how Brandt obtainesd his sex-ratios., However, in ﬁhe

first instar the famaie.has an inereased mortalibty over the

mole iT food is searce, the‘&ﬁMQSphﬁrié hunidity is too low,
or the temperature too high. ﬁhguestianably, much good

wrk remains to be dons on sex-ratic phenomen 2.

The lerval gonads of the Spruss Budworm ave illus-
tratod in Plate I, repruduced epproximately X15 in the case
of the male, and X25 in the case of the female., In. the lat-
ter the tracheation is illustrétea (tr), arising from the
main trachea of the fif%h abdominal spiracle as a dorsal
branch (ef. PETERSON ('12)). The gonads (g) in the female
are found more or'less'esmpletely embedded in the dorso-
luteral portion of the Tat body (fb), one on each sids of

the dorsal kheart. Lying thus, and beeause of their high de=

~ Eres of translucency, they arc difficult to discern ab SUpe

arfioial Aissection, considerable cars being neesssary in

arinp

not to overleck them completely and thus &iscard them
in g

4o fat-body. KERKIS (*51), working with Drosophila,
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notes, "the young fenale galad@ are so small that it is dif-

ricult to measure them as asccurately as the male gonads.”

¢ would be of interest to delbsrmine how wiﬁ@spr%ad is this
discrepancy in size ol immature gonads amongst insecits. The
gonad varies in shaps from oval, through ovoid to elliptical,
hut there is not a marked increase in size from inshar o in-

gtar in the later larval stages.,

Unlike the female, the gonad of the male is very
consplcuous, so much so as to b@ discernible throug h cha dop=
sal body wall (Plate II). In this plate the comparison be-
twoen male and femals larvae is very conspicuouns, the male
glénds s%aﬁding-ou% srparately. Dorsally it is nuch flat-
tensgd, not younding off unitil nesr the mafgias of its flat-
tish surface., Ventrally 1t ls muck more convex, the whole
gland thus appearing hemispherical in transverse scotion.

I% is not so completely embeddsd in the Tat-body, being free
in nost cases on the dorsal and medisn margins, and attached
anteriorly and posteriorly to the fai-body. Hote division
into feour chambers conbtaining spermxf*c tubules, as illustra-
t2d in Plate I. It is toc bs no%ed that these glands are
visible in ve ry small and eavly larvas, and the latter can
iterefore be sexed withoubt dissection in most cases, the ex-
teptions being when the laryal fat-body 1s very rich in rge
#5rve materianl, covering the dorsal surface of the gonad.
“arracy llbhfsn or supcriicial @is*@ction will serve %o
tapidly overcome this aifficulty. mRhI& (*31) noted, for

“Towophila, “In the gix hour larvae the gonads are so lurgs
i

2% they begin to be seon through the body wall of the 1iv
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o larvas., This fact gives the possibility to determine

sne sox of the larvae without dissection. The accuraey of

" guch determinetions has been checked by the classifying of

Td AaSe

suoh larvae on this basis and raising the males and fe-
zales in separate bottles. The sex of the mature flieg
#ich appeared in these botiles was in accord with the X~

peataticns.”

By rearing itwenty-six female and thirteen mele
larvee, differentiated on the base of his assuuption, the
present writer verified the correctness of his ownvdedu@%,

tions, Plste VI shows the larval, pupal and eduld nales

end females, Plute III illustrates the male gonads appear-

ing through the dorusal cubicle of the f£ifth abdominal seg-
ments as dark arcas, no such areas being observable in the
w#se of the female larvae illustrated on the saws plate,

A point of conslderable importance with potential
#sslblilities seems falrly evident from these disssebions.

frisfly, it is found that for male and female larvae of the

34
&
2]
fand

ead capsule moasurement, the gonzd of the female will
be decldedly smaller than that of the male, and that this
“ifference in size gxpressed as & ratio remaing relatively
“wnstent from one inster to another. The followling data

s ¥ . » . - .
®iow quentitatively vhat a large sevies of observations pYo-

¥idud qualitatively, viz, that there is an appresiable ine-

frease in aize of the male gonads, as regards thelr lengih

w8 » . o . ¥, TR pe
452 width, over those of the fenmale of the same heund sap-

Hule width, Thussg
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ead Capsule Sex Gonad Lensth Gonad Vidih
1.650 r1un. . Male 1.950 mm. 0.815 rm.
1.680 nm. Hale 1.62% ., 0.815 rm,
1.690 mm. Male 1.850 nm, 0.815 mn,
1,680 nm. lale 1.950 mm, 0.866 1m.
1.6920 rmm. Mele 1.820  ru. 0.780 rm,
9. 290 . 4,091 mn.
Mean gonad length, male 9.295 ....... 1.859 nm.
5
Mean gounad width, male 4,001 ov.ve. 0,818 mm,
- ,

1.690 pm. Female 0.568 mm. 0.528 mm.
1.690 mum. Female 03568 wm, 0.3528 .
1.690 wm. Female 0.466 1mm, 0.318 1.,
1.690 nm. Female C.424 mm. 0.252 mm.
1.690 mm. Femnl ougo mm, 0,258 mm,
25 T, 1.608 Re
Mean gonad length, female 2,556 ....... 0.511 mm.

. B _
Hean gonad width, female 1.808 ....... 0.321 1mm.

. 5
The ratlio of the lengihs, and w1athw, of the
gonads of the two sexes is given below Tor

LARVAL GONAD

i N S ATV e e

STZE COM

QJLRI».J O éw

DU L T A e 3 YA e

Ratio of lengths 0. 0.81) ... 1:5.6

comparison -

1.859
Ratio of widths 0,321 ..... 1:2.5
0.818

Thus the larval male gonad is 3.6 times as long as that of
the female and 2.5 btimes as wide, when & geries of five of

sach sex iz oxsmined in the same head copsule reangs. The

variations in this linited SGTL6>, the exteusion of which
would appear to be but to labour the point, show that there
gonad

1z & valid conclusion to be drawn, viz; thad the mele

Iz, in the same stadium as a given fomale, longer and wider



tlmes and by 2.5 tinmes respectlively., MACHIDA (°*26) .

stated that for the sillworn (RBombyx mori) “ithe ovary is ale
ways smaller thag the testis in the larva." In dolng so he
is:merely mentioning the fact in passing on to higtolagical
detail, and furnishes no quantitative data. This size

ratlo may be assumed to accompany physiological @ifferences
and & discussion of this question is given in the section
followling the presentation of the dé%a relative to Stadial

Sex-Ratlos, Page 12. In order to sﬁpply a check upon the

figures tabulated above a similar serles of messurements

vas nade of male and Temale larval gonads in a different

head capsule width elass, These follow:-

Head Gnpsule Sex Gonad Length Gonad Widin
1,300 num. 1.518 1mm, o QL8880 mm.
1.300 mu, L4865 rm., 0,520 mm.
1,500 1, 1300 o, 0.520 1©m.
10360 i, 10615 i, 00650 e
1.300 rm. 1.300 nm, 0,650 mn.

7,086 1mm. 2.992 mm.

Lican gonad length, male 7,096 ceev.e. 1410 mn.

5

Mean goned width, mle 2990 ..0i... 0598 mm.
Leddd
i)

1.500 mm, Female 0.380 s, 0.212 mm.
L300 mm, Female 0.380 mr, 0.212 nm,
1.300  wmm, Femole - 0530 ma. 0.282 mm.
1.300 mnm. Female G.812 mu, 0.212 rm.
1,300 ram. Temale 0324 mm, 0.144 1
L.826 wm, 1.062 .

Fean gonad length, female 1.826 ....... 0.565 mn.

by
(%3

HMean gonad width, female L.00% eienee. 0.212 1mm.
XA A

>

The ratios of the leagths, and widths, of the




gonzds of the two sexes is given boclow for comparison:-
Batio of lenglths 06365 ...... 1:13.8
1,419
Ratic of widths 0,218 ...... 1:2.8
0.588
It will be noted that these ratios compare very:
fevorably with the ones given following the first set of

data, and vould appear to still umore sccurely validate the

conclusion érawn therefrom,

The foregolng serves to illustrate that not only
are the gonads themselves little knmwn in laxval stages, but
also tlm% where they are Lmown aven passably the Gingxl“
cance of the sex-Tatic 18 not velh seen by other ohservers,
with the cxuseptlion of BRANDT {*37). This thesis therefors
presents empirie evideuce Ho dencnstrabe sex-catio in Torbe-
ricid larvec and indicates its patagimul app plication to Gple
demiology . |

It is anticipaﬁad that this m@%hod might he util-
ized %o establish a more accurate and comprehensive estinma-
tion of the speeific sex-ratio, i.e., the sex-ratio of ths
Bu&worm could be expressed as the summation of the larval,
pupal and adult sexz-yratios, on the average. ‘This is givem'
from the available deta baleow, for the 1938 semson in the
Sendilends Forest Reserve, as 0,605, The ysuarly variations
between these three stadlal ratios iloht be of use in pro-

diction of cutbreaks, or cubsidence of same. That mabter

will be discussed more fully later on,
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otadisl Sex-Natlos:

(a) Loxval -

By means of the method describsd above, involving
aissectlons vhherover the sexual differences wére not ob-
yvious, {and in most cases the females were so determined),
sipht hundred and sixteen larvae were examined under & bin-
cculary microscope in the laboratory. These larvae were col-
lected at wvarious intervels during the prcwiéus supmer in
the Sandilands Forest Reserve. Unfortunately, time did not
pernit the examination for sex-ratlo of a much more exten-
sive series af several thousand larvae ?olleﬁteé at Hawk
Lske, Ontario, throughout ﬁhe pericd Qf larval activity.

‘iis collection is available, however, for future relferenge,
eand it would be of grealt valus as a means of expanding the
seg-ratio thems 1f thess larvae were differentinted at the

eurliest oppoviunity. This valuve avises Irom observations

made in the field, which indicate & south-sasterly spread
of the Budworm in esﬁatione Thus sex-ratlic dava would be-
come available for all stages of an epideuwic and apparenily

¥ory wirlle population.

The following table gives the informatlon secured

from the above mentionsd larvel excminationsi-~

bete Tenales Hales Sex-Ratin Total
June li- 1 11 6 0.0647 17
Jang 16~ o )
-5 )
-5 257 223 0.559 480
dune 17- ¢ )
-6 ) 75 C 101 0.420 176

k]
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Date - Females Males Sex~-Ratio Total
June 21- 9 ) _
-10 ) 19 18 0.513 37
June 24-11 ) 23 29 0.442 52
Juns 26- 7 19 21 © 0.475 40
July 10- 8 18 _1 0.928 1
417 399 | g.511 816

H

D i o] an i nm

Conmvay oramrsn
Sy oo

It will be noted that there is noticeable varia-
tion. between the daily sex-ratlos, bub since the average
for the vhole population is almost equality, it may be as-
sumed thet these irrogularities are dus to the varying nwne-
bers of lurvee invelved in each group. An sxception to this
is the ratio for July 10th, 0.928, becsuse at vhis dute
pupae had been found in the field Tor several days. This is
z;ig;nificau*a, sincs it will be shown bel‘aw-"cha‘es male pupae
are in the majority at the onset of the pupal peried, i.e.,
e sex-ratio is 1ow. Consequently one would expect to
find a high larval sex-ratio abt this time, l.e., & nagoruy
of the larvae will be females. (Refer to Page 1). This ex-
blains the high ratioc for July 10th in the table just pre-

tanted,

{
g

b} Pupal Sex-liatios -

During the month of July, 1938, 33,315 pupae of
e Spruce Budworm were collecitod in the Sandilands Forest

826rve through the co-operation of the lionitoba Forest Ser-

Vise, itg officers, and parsonnel of the Manitoba Forest
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AN ILLUSTRATION OF GRAMAM'S METHOD
of DETEE{M!N\N(E SEX y‘

PUPAE of THE SPRUCE BUDWORM
EXTERNAL SEXUAL DIFFERENCES.

q

LAST SPIRACLE ON
ULTIAATE ABDOMINAL
SE@@.&NT.

O-830Mmil. LAST SPIRACLE ON
PEMIULTIMNATE ABDOMINMNAL
SEGMENT. (1
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ponservation Yraining Camps Nos. 2 and 3, Pup&i collections
pogen on July Vin, ond terminated on July 18th. By ths lot-
ter date the emergonce of adult moths as well as adult para-
sites from these pupae made further collections impractic-
able. | \ _

Sex determinations of 19,158 of these pupae, made

et random assortment are aggregated in the following tabdble:

Before presenting this data it will be necessary
at this point to describe the method employed in arriving at
these figures. Plates IV and Vg and Vp illustrate the pupaa

of the Spruce Budworm, male and fomale as indicated.

| The former plats shows in lateral view the arrango-
want of the;abﬁomimak seguents below the wing covers, four
in the ferale and five in ﬁhevmal@.- Actuully the totsl nune
%@r'qf segronts is the same, bubt the male has one rore free
%egment'ﬁhan the female. 1In the female pups a spiracle 1is
found on the ultimate segront, vhereas in the male the last
spiracle ocours oﬁ the penultimate segment. This is the
=thod employed by CRAHAN {'35) in Michigan forests. (The

biate however is original.)

The latter plétegg Va and Vp, reproduced fron
SIB504 ('25) illustrate the sexial characters of the ventral,
#storior reglon of the male and female pupae respecilvely
*24 zerve to corrcborate the methed of GRAHAN already mex-
tioned, insofor as they offer a chack on the relation he-
Lraan the segmentation and the morphological appearancs of

Yhg 4 . s +3
% Wltincite segments of the abdomen, ventrally. A fusrthow
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eheck is provided on the former method by Plate VI, which
1s an actual photograph ie representation of lateral views

¢ the male and femals larvae, pups. and adult Budworm.
rinally, by rearing through such pupae the sex-ratio of the
adults is found to colncide egactly (in the absence of mort-
glity) with that found by these methods, the former of
thich, i.e, Graham's, 1s the simplez; and the one employed

in gathering the data below.

SEX=RATIO DITRRMINATIONS

Camp I Area ‘ Camp III Area

Date Fupag Bram®d  S-R Pupae Ixam'd SR |
July 7 - - ' 1248 519
7 = - 1167 8 534t3
8 838 ' 514 L1043, 641
g 684 RIIRE 1059 «619
11 874, 007 : - 9nb <663
1 647 «B2L ‘ 755 o P
13 B&3 680 1171 S W03
14 1198 684 864 AH
15 1362 . 084 758 768
16 1450 (1503) .664 (.858) 760 { 828) 703 (.691)
18 798 ( 88L) . 683 (.6%7) 319 709
18 - - 212 ( 214y -  (.637) :
8445 (8893) 10297 (10485) I

8445 { 8¢93)
Grand Totol: 18743 (19158)

Average Sex-Ratio: 0.687

P
retsr e

! Unbracketed figures represent the number of pupag ex-
alned prior to emergence of moths or parasites. In

instances where paritial emergenco had occurrad

amongst the daily collsctlon, cast skins woere also
exonined for sex and in such ecasos the totael of pupae

plus cast skins is shown in brackots.
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07 thess 19,158 pupae deternincd as above, 18,725
wors packed in screcned contalners and retuined on ice ase
cording to in= ruauioﬁﬁ recelved from Dr. A, B, Baird of
taa Deileville Parasite Laboratory, pupas being packed the
same day as eollected. The entire collection was shipped %o

Belleville on July 19, 1938,

These data indicate very clearly that there is a
progressive increase in the sex-ratio, i.e,, the proportion
of females to total population rises, as the ‘pexiod of pup»
ation advances. However, GRAHAM ('35) believes the signifi-
eant pupal sax»ratio obtains at the péak of pupation, One
e¢bjection to this resiriction is that unless pupte are very
abundent over a wi&e area sampling on cus dey disbturbs the
&%x«ratio'halaxaw, to the dstriment of sul sguens colicg-
tions. The two sets of data presentsd above tend to over-
£010 ﬁhis<difficulty to sém& extent, because from a static-
tical standpoint replication provides inerensed aceuraey
from random samplingé.. The map of the Sandilands Forest
Eﬁaerve, to be found in that section of the Introducticn

¢ling with Distributic::, shows the two areas - M.F.C.T.S.
“amps Kos, I and III - in which these collecetions wers
mie,
‘In addition to field data, the followling tabula-
Ylen presents the results of sex-differentiation of 287

““p8e roared in the insec etory in similar equipsant to thats

20%n in Photo &, Plate VIiI:-
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PUPATION and SEX-RATIO
in
INSECTARY RCARED SPRUCE BUDYVQRM LARVAE

- Date Male Female Sex~-Ratio Totals
July B 66 36 | «352 102

- 9 31 _ 37 544 68
12 26 43 6233 ‘ 69

14 3 .3 +500 6

15 7 12 «631 19

18 4 15 789 19

22 5 9 642 14

142 1556 . «OB3 : 297

o ———— Wt
R op—————— Aot

ll

[

. The sex-ratio derived from.ﬁotals is 0.521 (ef.
,ig585)f The confined popuiation showed a similar tren@ of
;eilucfﬁation in sex-ratio over the period of pupation to that
" collected in the field., It will be noted, however, that
there are'irregularities in 1ts‘distiibution which it would
seeﬁ reasongble to attribute to the swaller numbers involved.
It is éignificant, however, that there is the trend from &
low ratio to & ggggg increasing as time advances, Thus
there seems to be cértain iﬁcidentél evidence to support

the assumption made abéve, that the relatively slower devel-
opment of the Spruce Budvorm female has sonme Survival Poten-
tial import. This subject is expanded in the Discusslon,

below.

' Unfortunately, no data regarding the sex-ratio of
emerging adults is available from thése insectary reared in-
dividuals, but the trend of pupation is such that a fluctua-
tion similar to ﬁhat found>in the cage studies is'to be exX-

pecﬁed;




(g) Adult Sex-Ratios -

Some 9,426 pupae wers confined in a rearing cage
to determine such information as sex~rétio of emerging
- adults of the Budworm, period of adult moth emergence, the
peek of emergence, as well as other data;not pertinent hers.
7he cage used was constructed oxiginally:for'Bark Beetle .
population studies, and becane available when they were ter-
minated, The ¢age was of Factory dotton, streteched upon &
frame of seantling, the dimensione of the cage being
5* x 5' x 6', It was fitted with a removable hateh at one
of the lower cormers, the whole structure being construected
in such a way as to bé insect-proof. A board runway was
laid on the floor of tle cage and pﬁpae wefe\acattered beg-
tween the boards; care being teken to prevent touching of

the insects, one with another.

Pupae were accurately counted before being placed
in the cage and aaily observations and collections were
made of all material that emerged. These specimens were all
killed in cyanide bottles and packed dry for sexing. It
might be meﬁtionea 1n passing that in addition to the emerg-
ing moths of the Budworm there also energed adult pupal par—
asites of Ichneumonlid and Chalcid species, treated of in
another thesis (R.R. Lejeune).

Sex differences in the adults are readily deter-
nineq, the ovipositor of the Temale and the terminal portion

of the male abdomen being very characteristie. These differ-

Snces are shown in Plate VI.
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Introduction of Budworm pupae to this cage com-

menced July 8th and terminated July 15th, 1938, First emer-

gence of adult moths was observed on July 1llth, emergences 3

no longer occurring after July 29th, 1938. The peak emergé

ence oscurred on July 18th, following which there was a

marked decline in numbers emerging. The following table

sumarizes the emergencse of Budworm moths:-

Date

July 11
12

13
14
15
16
17
18
19
20
21
22
24
26
27
29

Mele Female
72 1
76 19

107 68
13 158
- 79 115
157 179
41 55
137 198
83 - 107
&5 . 34
g 10
10 12
1 2
L 2

2 4
o0
211 974

Sex~-Ratio

Unsexed Totals
- +133 - 83
- o200 . a5
24 <384 199 : il
T D47 289 5
13 D03 207
- <568 316
- T L9873 06
.- 581 338
45 «563 235
- 5H45 28
4 T .668 7
7 666 10
- 0666 6
i 000 0
93 513 1978

It will be noticed that despite the wide varia-

tion in numbers available from date to date, that there is

neverthelass a marked consistency in the shift of the Sex-

Ratio from one of low potential fo one of high, 1.e.

greater preponderance of females in the population.

It

will elso be noted in the above tabulations that a signifi-

cant change in sex~ratio occurs,according to time, i.e.,

July 11, 1938, 0.133, July 27, 1938, 0.666.

This colncides

to a significant degree when compared to similar records

derived from a field analysis of pupae, shown on Page 15,




- 20 - . ;

and is the more noteworthy in view of the relative totals
involvéd.between the two series. GRAHAM (135) observed
that "the males emerge somewhat ahead of the females so
that in the early part of the flight males predominate,
vhereas at the end females predominate.” He takes the sex-
ratio obtaining et the peak of emergence as most signifi-
cant, wnich is open to the same objection as that voiced
for pupal peak ratios. However, on this basis the ratio in
the Sandilands Forest Reserve during the 1938 season was
0.591. " ‘ |

It will be spparent that from a total of 9426
pupae introduced into the rearing cage é total of 1994 (1978
above plus 16 moths recovered vhen the cage was dismantled)
emerged as adult moths. Thus ihe 1ndieateﬁAmcrtality»ﬂuxing

the pupal period from all‘causes, may he compuled as 76,845

Digcussion: _
A number of very interesting points arise from the

above studies, and a potentlally important hypothesis would
appear to be tenable from the data at hand. -

Figures ﬁave been presented to demonstrate a
mrked size difference between the male and femele gonads
in lervas of the Spruse Budworm. The significance of such
figures can be conceived to be in the naturs of a Protect-
ive Niche, & Time Niche. By Time Niche ls meant a slower
development of the female, resulting it may be as-uned,

from the relatively undifferentiated gonads in the larval

female when compared to the glandular development of the
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gal fluctuation in gex-ratio, from g low 88X~ratio to g

high in larvae, Dupae ang adulss,

It woulg Seem quite
- peasonable to ag

I% appears to be of the ug-
that_ it be obtained 88 an indiea-

sost j.mportgnes, however,
tion of possible lack of
early stage. The marked size dirfe

elay rudiments ang

wmdifferentiateq exterially (refer to
Flate 1),

These differences apply in alj instars,

. The conception of g Time Niche 1

8 substaﬂtié.ted
%0 soms extent by the ‘variations

in the sex-ratios of bupae

ind edyl e Presented above, where it is seen that the nale

larvae yot only pupate first
These I‘s.cts raise two important Questions, to which there

P8 no &uswers as far ag the writer ig avare ;-
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mele moths able to fertilize female moths9

The importance of the reply to this question rests
upon the fact that a low sex~ratic prevails amongst the
gdult moths during the first half of the period of edult
crErgence. Ali the males emcrging v:ill not have mates, and
it is certein that if the male population essumes a condi-
tion of comparative impotency_then the high sex~-ratio which
succeeds the earlier low ratio will find great numbers of
teméle moths unfertilized, baving an extremely detrimental
etfeet updn the ‘pcpulation density of the slnbsequenﬁ gener-
ations.’ L
and: (2) How many remal§ moths i8 a male cepable of

: ’fertilizing?i : v e s g e .

The snswer to this qﬁéétic}n is intimﬁté.l,y'rélated
to both the question and answer of that FPirst posed, This
trises from the possibility that a high sex-ratio might c>'5~
tain as regards mergence,_tﬁe emerging femalgé'ex1terir:g an
eaviromment along witb; few contempbrafy maies, the male‘ pbp-
uslation of the e_nviromnent cor@taining merely impotent meme
bers of previous male emafgences. Ir the fertile mles
tvailable were polygamous ,‘ however, there would be greater
Gportunity for numbers of females to mate, oviposit, and

8 meintain a more even population density.

These points oceurred to the writer after oppor-

funity to gather data had passed, The answers to these ques-
tons will show how the population as a whole survives two
tvorge factors, viz. an adverse sex-ratio fluctuation, and

\ .

%exun) 1y seleotive environmental resistance.




- 23 =

- 8ince there has been found, from the increasing
- pupal sex~ratio, an excess of males in the population
shortly after pupation commences, the idea was entertained
that parasitism of Budworm pupae ~ the stadium apparently
most subject to such attack - might be greatest amongst
the male sex. It was thought that these male pupae might
got in the nature of a "buffer” against parasitism of fo-
male pupae to aﬁy_considerable extent, the male pupae ab-.
sorbing a large proportion of the parasitic population,
thus reducing the intensity of parasitism to which female
pupas would be axﬁcsed. Through the courtesy of R. R. Le-
jeuns the following substantiating data is made’availabie.
. The figures present the number of pérasites emerging frbm
Budworm pupae, males end females for af24-day period, and
thus 1ndi§ate the sex most frequently parasitized in the
pupal stadium:-~

Data for 3-day intervals

Date - ﬁalev Female Male TFemnle Sex-Ratilo
July 20 2. 0) -

21 1 o)

22 4 0 ) 7 0 ‘0.000

23 5 1) '

24 17 3 ) -»

25 13 3 ) 33 v 0.175

26 26 9 )

b d 20 7 ;

28 16 1 62 17 0.215

29 28 6 ) "

3 27 4 )

31 15 10 ) 55 20 0.266
g, ) 25 12

2 10 13

3 1l 6 46 31 0.402




t)]

able Conttd:
T Data for 3-day intervals

Date Male PFemale ¥ale Female Sex-Ratio
Aug. 4 10 3 )
5 5 )
6 - 10 ) 29 18 0.382
7 3 0 ;
8 . 4 ) )
9 1 6 ) 5 12 0.705
10 1l o)
11 0 0 ) . : v .
12 3 1 )>' 4 l 0.200

These figures become of more obvions slgnificance
when arranged as totals,of‘three day periods, where it is
to be seen that not bnly do the male pupae suffer most from
parasitic‘attack, but that there is a marked fluetuation in
the sex-ratios of pupae so attacked, 1ndi§at1ng that females
arg'att&ekad.moéf_heavily'about ithree days following heavy
attack vpon males, until a peak is reached between August
1l - 3. Vere pupae attacked proportionaﬁely, the “buffern
hypothesis would not appearAteﬁgbla, but these data indicate
'that some environmental factors, probably physiological sex
différences,_discriminate egalnst the male as regards para=-
sitism, 1.,e., there may be a sexually selective piedisposi-
tion to parasitism smongst meles or it nay result from un-
eéuél sex-ratio changes. At any rate it appears fairly ob-
Yious that female pupae éra‘not parasitized to any degree
corresponding to that affecting tﬁe males until the sex-
ratio approximates equality. Thus for the 3-day pexriod,
July 83 - 25 the number: of males attacked was revealed as

33, the number of fomales only 7, a sex-ratio of 0,175,

Whereas from August 1 - 3 the sex-ratio was 0.402, the sexes
' : being
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attacked more equally. The greater development of the
ooﬁad in the male larvae would lead the writer to assume
that some physiological difference might be carrisd into
ghe pupal state predisposing malo pupac to attack by par-
asites. . o O R TR L e Py

A further p01nt in oonneetion with the size dif-
ference of ﬁhe gonads between the seXes is that the female,
by maturing more slowly would possibly utilize most of her
nutritive materials for gonad formation in the larval
stadium, converting such excess inte fat-body. Data is
thus desirabdle on the rel&tive richness of the reaerve
focd resources of this argan in the two sexes. Although
this point has yet to be eSaabliéhed,‘the female may prove t
more passive then the mals. It is apparent that a rapid

developrent must take place in the pupal stage, and since
this is a condition of alumost comnleta iuactivity a large
nroportion of the fat so stored would carry over into the
adult stage to be wtilized by the female in the further
nourishment of the gonad and maturation of 1ts contents.
Observation of dissected females reveals a relatively abune
dant fat-body in the female moth, but data of & qualitative
nature would be necessary to establish its relative rich-

ness when compared with that of the male.

To determine whether $he pupae of the Budworm are

sex 1 lectiv
subject to otherkmg% aXi%e %Aaﬁ Sa*asitism, two samples of
100 pupae each were paken ob random fromn a collection of |

about 4000 of the pupne involved in tho 78,847 mortality en-

countered in the cage as mentioned on rage ;20. The causes
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of this mortality are obscure. The firsi sample produced
87 female and 13 male pupae or a sex-rsiiec of 0.870. The
second sample produced 86 female and 14 m=le pupae or a
rétio of 0.860, The average sex-ratio &f the two samples

is 0.865. This result 1s contradictory to the expected in
the liéht of apparent predisposition of e male to parasi-
tism, as just discussed on the last psge. It thus appears
additionally that an as yet unknoﬁn faeter, or factors, dis-

criminates heavily against female pupee, since parasitism
is not in operation-here'ét all.k'This mortality may be phy-
siological weaknass of'strain, or a genetic lethal might be
' opera?ing, oi bvacterial or other infection may have pro- |
duced the resulting discrimination.; Careful investigation
is necessary to throw 11gh£ upon the guesiion at the sar-

liest opportunity.

Gonclusioné -

(1) The literature concerning the ssparation of the
..éexes in Lepidopterous and other larvae is very
meagre. Published reports regarding larval sex-
ratios are rare, only one havizg been located |
(BRANDT '37) in & not readily cdiainable - journal.
His methods are unknown to the writer.

(2) Separation of the sexew of lzrvzs of the Spruce
Budworm has been demonstrated, and sex-ratlos de-
rived, adding another method for obtaining guch

ratios in this specles.

(3) The size of the male gonad zrpezrs to be unilformly

TR




(4)

(5)

(6)

(7)

.u 2? -

about three and a half times the female gonad in
length and two and one-half times in width.

The larval sex-ratios would appear to be more de-
sirable then either pupal or adult, in the 1ight
of objJections which arise to GRAHAM's ('35) selec-
tion of the peak ratios for pupation and adult

emergence.,

In conjunction with pupal and asdult sex-ratios,

the larval ratio provides a.meéns for studying the
.sexually selective operation of eertain environ-
mental factors. The three ratios provide a eon~
crete estimate of the specific sex—ratio, i.e., the

average summation af the stadial sex—ratios.

The sex-ratio of 19, ,158 pupae collected in the
Tield ranged from 0.514 at the outset, to 0,709 at

' the conclusion of the pupal collsétions.From the ori-

ginal counts of individuals of the va?ious sexes,

the avergge-sex-ratio for all pupae examined was

" determined as 0.639. Pupae reared under'insectory
conditions, 297 in all, showed a similar shift in

sex-ratio from 0.352 at the beginning of pupafion
Yo 0.642 at the end of the period, with en average
ratio fér the group of 0.585. Thus it is certain
that méle larvae do pupate in gfeater humbers
then do female larvae, in the early part of the
pupatlion period.

The period of emergence of Budworm adults from con-
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L fined pupae extended from July 11th to July 27th,
1958. Peak emergence ocourred on July 18th, fol-

: | S lowing which there was a marked decline in the
number of adults emerging,

(8) Sexhratiqs of emerging adults varied from 0,113

b T T

L FU arise wnesg e rime NIBHV I&G‘BOZ'S CoOmrLicw WI’FD. ’
0 g the apparent predisposition of male pupae to par-
| asitism, and the apparent remale susceptibility to
an as yet unknown.mortality factor. This equaliz-
ation is expressed as an average adult sex-ratio

of 0.513.

In ﬁhis.mannef 8 pupal sex~-ratio of 0.639 was




(8)

(9)
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fined pupas extended from July 1lth to July 27%h,
1938.. Peak emergence oscurred on July 1l8th, fol-
lowing wh;ch‘ there was a marked declins in the

nunber of adults emerging.

Sex-ratios of emerging adults varied from 0.I1l3
on July 1lth, to 0.666 on July 27th, 1938, with
an average for all emergents of 0.513, and a ratioc
a*: the peak of emergence of 0.591. (vide GRAHAM
'55) | e .

The average sez»rat:!.o derived rrom a ammation af
the available data relating to the aex--ratios of
all staﬁia - lam}., pnpal ané adul‘i; - i.s G 605
whieh seems te 1nﬁieate that the Survival Peten—
tial of females is slightly _l}_ggll_gg than that of

males. The writer therefore assmnes a physiologi-

eal explanation, not yet determined, probably

arising from the slower development of the female
gonads, This coamstitutes the Tims Niche discussed
in the Introductory Remarks. |

However, equaliiation of the sexes would seem
to arise when the Time Niche factors conflict with
the apparent predisposition of malé pupae to par-
asitism, and the apparent female susceptibllity to

an as yet unknown mortality factor. This equaliz-

ation is expressed as an avax‘age adult sex-ratio

of 0,513.

In this mnnei a pupal sex~-ratio of 0.639 was )
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':aduced_towan adult ratio of 0.513,

It would seem that those ©nditions which discoup-

age.the optimum davelopment of the male will tend
to affect the sex-ratio still more adversely,
with its consequent offect upon the density of
subaeqnent populations. The application of arti-
fictlal 1ncrease of the parasitic ropulation would
scem most practicable, Thus 1f<parasites were

, hald 1n,long term cold atorage ~ there are 18,725

pupae of the Budwbnm, numbers of which are para-
sitized in the eold storage rooms of the Belle-
ville Parasite Laboratory at the time of writing
- nntil rield study'revealed that Larval Sexh

ratios are h gg arrangements might be made tc
have the parasites shipped up to the infested area

in tima to cause a sexual imbalance, thrcugh sel-

, ective parasitization of male pupae which would

(11)

appreciably decrease the numbars of females mated and

consequently the numbers of eggs laid. In this

connection it is imperative that the possible poly=-

gamity of the Budworm be investigated, for reasons

discussed elsewhere.

If the factors discriminating 50 adversely against
female pupae were ag controllable ag parasitic mat-
erlal and could be stored indefinitely, then the

larval ssx-ratio would need to be low to indicate

the most advantageous use of such methods,




One other posaible, practical, application of the
larval sex-ratio needs re-stating, and that is ‘
its potential use as an indicator of population
trends, towards 6‘:’. away from epidemicity, and due
to purely inherent tendencies in the specles.

This use requires more definite data on sevéral
points, namely, more knowledge of seasonal varia-
tion in larval sex~-ratios themselves, the effect
upon them of environmental ractcrs, and the like
as presented on Page 5 as implications 1 to 7.

-







EGG DATA

(1) Field -
Thg following information was c¢ollected in the

sandilands Forest Reserve during the period indicated below.

Co-operation in the colleotions was obtained through the

generosity of officers of the Manitoba Forest Service and of
the M.F.C,T.S. Camps Nos, I end III. |

The objects for which these data were collected
were e,ss_eiztially twofold; the elucidation of the numhers of
eggs per mass being laid, on the average; during the season
19383 And the incidence of egg parasitism during the aamé
period. Minor points are discussed in the following pages

&8s they arise,

For the most part the female lays eggé ‘on the
adaxial surfaces of living, mature needles. In a few un-
usual instances egg masses were found laid other than on the
adaxial surface of\ mature needlss, Oceasionally en egg mass
wuld be found laid abaxially, or edgewise, 61' both surfaces
of the same needle might be plastered with eggs. This lat-
ter instance made the masses very comspicuous. In one case
4n egg mass was located upon a compietely dead fascicle.

A very few were found laid on shorter, immature needle:s.and
te oocasional one was found upon fascicles as yet unex-
Mnded to any extent. The followlng table shows the distri-
bution of egg masses from old and from Very young fasoicles,
Shosen at random in the field from the Top, Middle, and | |
Bottom thirds ofy the orowns of freshly felled trees. (Sueh
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troes WeTe chosen by striking the bole with an axe to dis-
turd the adults on the folliage, those trees harboring the

gost moths being selected.)

Number of Fascicles Number of Egg Masses

Old Needles New Needles 0ld Needles New Needles
0P 2176 1638 2 -
WIDDLE 1839 196 2 -
poTTOM 2598 " 268 S -

8615 2100 5 0
p— - p—

WM

These figures would smeem to md.ieate that oviposi-
tion wpon new growth must be very m:trequent in the field.
Yor the older growth the ratia ar egg masses to taseicles is

&8s 1.1322.6-.

{11) Field Collections -

Ege mass'es wore located in the field upon trees

showing the greétest response of the adults when the bole of
" the tree was struck with an axe, as_mentioned above, Trees
80 selected were felled and trimed, the bfanches then be-
ing conveniently subdivided. The procedure thence was to
examine every fascicle to note and collect any egé méss_.
wiich might be found attached. In this manner 11 trees, |
Tanging in height from 18% ft. to 37 fi., were selected.

The masses collected in the Top, Middle, and Bottom thirds
¢ the tree were segregated, and were further subdivided in-
' Parasitized (by Trichogramma minutum), end Unparasitized,

“Wiained; -

{See Plate VIII). The following table preaents the data so '
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Top . Middle Bottom
pate P'd Unp'd P'd Unp'd P'd Unp'd Total
July 20 - 2 . 3 - 28 31
21 - g 1 28 - 2 40
22 2 47 - 4 - ‘25 119
25 1 10 1 69 1L 23 ° 105
25 1 &4 19 213 - 1 20
26/27 1 1le 33 456 ¢ 2 - 138 744
8 228 54 814 1 228 1330
Total Masses Distribution: . . . - &
%Op Qt“ﬁ.'w.iédq:;-'ymthtutcn0-'2_53; ‘ | 17.5 ‘
% P&r&sitized LI X séeveoestes L 3 o 2'14% .
madle G eEBUREELEB LT NS I R ERCEED S 868 : 3 65.2
%Parasitized 6.22% _
Bottam ’0.‘..0“‘..‘.‘."‘.!.. 229 . ' 17.2
%Parasltize& tesevreeanann 0.43%

‘;'Eetal Parasii;izatiez: eeeessl330 4.51%

e
Sorcteoumnarrume

From the collections made above, 131 nommal egg
masses were examined for the number.of eggs egch contained.
These were selected at random, and at different dates and
thus there is observed to be an inequality in the number
sounted from the Middle third of the crown region. However,
this 18 not thought to be significant in view of the
&reator acouracy a larger number of counts would be expested
o give., The following tablea present the variations in
Bmbera of eggs per mass in the Top, Middls, end Bottom

Yiirds of the exowmi~
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TOP THIRD OF CROWN

Egg Mass No. No. Bggs Egg Mass No. No.Eggs

1. 43 20, . 40,
2. 56 21. 94
3. 105 22, 99
4. 88 23. 84
7 : 58 26, 40
8, 68 27. . 83
9. 23 - 28, 17
10 * 5& 29 ' 43
11, - 59 : 30, . 72
5. 70 » 38 72
- 14, 83 : - 33, 10
15, 29 . B4 20
& 1é. 54 - 85, 8
isg, 65 ' 3. - 58
1s. -t B8, 53
- 1094 i . 4145

Total No. Egg Masses examingd ..., 38
% : -Total No. BEggs counted +.vvevrvese, 2239

Averege No.Eggs / Mass 2239 ....... 8$8.9
| 38




e
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MIDDLE THIRD OF CROWN

Egg Mass No, No. Bggs Egg Mass No. No.Fggs

S, - 385 ' 32. R
6. 66 33.: 45
7. 72 54, 65

10. 47 37. 8l |

llb 75 S8, 40 -
1Re 55 - 39, 81
14, 95 41. 83
.38, Pl 42, 71
16, 43, 30
. s 44, 83
18, 80 . . ... . 45.- 51
19.- 48 ' 46, 63
- BO. - 48 .. 4. 70
2. 8y 48, - 7B
22, 18 49, 80
/3 68 80. 32
24, 14 5l. 105
25, &7 52. 69
26. 90 55, 47
27. 45 54. 58
1636 3218

Total No. BEgg Masses examined...... 54
Totel No. Eggs ocounted....sessev.es 3218

A.verage No. Bggs / Mass 3218 ..v..e 50.5
54




- BOTTOM THIRD oF CROWN

Ege Mass No, No, Egen Ege Mass No. No‘Eggs
: 23 Y 3 3 81
B 82 ‘ 22, 56
. B , 43 y B34 79
4y - B& 7. 41
5. 83 &5, N 70
64 - 83 86 77
¥ ve ‘ o 8 €8
8. 61 . 28, 56
' 60 89, 62
10, 86 30, 89
i1, 62 : . Bl - 38
1% 47 B8y 30
13, a7 B3, - 49
14 25 - B4 - ¥4
154 - BB, - BB
. 16, , £9 L 36, - 3Y
1Y Bl - P o3
, ‘ : . 88, &3
39 4

{8‘8&'

1044 0 T

A — o " Ao

Total No. Egg Masses examined...,v.. 59
- Total No. Eggaveounted........,..... 2218

Average No. Eees Mess 2218 ,.,.,. 56.8
ggs / 2la




121,
122,
125,
124,

185,

126,
1287,

(Table Cont'd)

2R Mass # w&. _g&vassj Fia Eg_g__

51

56

&7
69
7o
100

83863485292 BE25EE

B2

2072
S

16,
le2,
163,
led,
168.,

- 166,
- 367,
168,

169,

- 170,

171,

199.
E0Q.

37

2286
.

gﬁ iags #

Total No. Egg Mavses examined..... 238

Total No. Eges amnwd....._....... 13,008
A‘V@r;&g@ No, Egga / Masa %O_Qﬁ PYYI
3 .

(See Grapn 1 overleaf)

6.3

1787




"GRAPH _I_

No. ot Eggs rer Mass by Glassea, refers to the

numbers of eggs aetvally counted.

 No. of Easses, ahowa the numher of masses giv—
1ns rise to theae eggs. .

The gmph therefara axpresaes tha rrequeney dis-
tribution or numbers o: eggs in proporticn to number of
nassesy containing them in a:aall » medium or 1arge numbers.

; The graph 1llustrates that the mean is approxi-
 mately 55 eggs per mass, a figure which is in close accord
with that calculated from the preceding data (55.3). The
Surve thus has significence as an indication of frequency

distribution._ The smallest mass contained one egg, the

largest contained 150 eggs.
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From the parasitized egg masses available, 49

were selected for axaminatien,

the number of normal eggs

in the mags being noted as well as the parasitized eges

ineluded, The accompanying pPlate V11ll.. illustrates, from

left to right, a Normai ©gg mass, an egg mass with 50%‘

parasitization and another mass with 100% parasitization

of the eggs. The following figures represent the £ind-~

ings:~ | |
Parasitized No. Eggs
Ege NMass No. in Mass
ke ) 92
2, . a9
e B e e 98
5. L 47
8o e WB
8., -4 .. . B6
. 52
. 10. - - 70
1. 42
2z, - 486
13, 88
14, 49
15. - 8%
16, - 40
17. 55
l¢. 94
20. : 37
22, é8
23, . - B0
24, 54
&0, 60
28. 78
27. . 60
28, 56
30. 37
3. 82
32, 74
34. ' ~ 7a
35 51

86, _ 44

No. Eggs

Parasitized

B

1

K]
14

1
15

51
70
el
10
52
46
33
4
83
48
40
14
105
56
31
B4
31
10
46
17
]
27
7
71
10
26
51
43




&

(Table Cont'd)

Parasitizeq

Ego Mass No.
a7,
. 88,
39,
40 ¢
41,
4z,
43,
44,
45,
46,
47,
48

49, |

- 10 -

Ho. Eggg
in Mass

18 -

27
98

6
74
26

No. Eggs
Parasitized

49,

Thssevaamparisona

. of corralationzbetwean siza
: eitization of'egg nass,

‘§.ular1ty of the eurve on Gr
Tha paroentage barasltization 13,

1 masses; |
L8 x 305 -
3192

It will be

i 8Mip exists between
| they contatn,  gpam III, following,

ompletaly rarasitized,
4, end it is cbvious tha t 1o relation-

wauld“aeem %e indiscate a lagk
of egg mass and degree of para-
This is 111ustrated by the irreg-
Traph II, overleaf,

fbr the 49

cbserved that in only 5 cases were egg

These were Nos.

these masses a8 .regards numbeprs

of eggs
illustrates this data,



Thia graph ghows ﬁze Host eggs by
Numbera of Eggs per mss on the horizontal

axig, end numbers of masses of each elass par-
asitized on the vertical axis,

'fh& graph uluatrateﬁ the appaz:‘ent
?ersatil.nty of the egg parasita in its aho;{ce

of host mterial, from the standpoiny of num-
erieal egg content of such mterial.




f@aAPg 11

ot

'J.‘hia graph shows the number of eggs
ya.maitizad in the host egg magses, sompared
with the numbars of avauable 8ggs in the
mASSes .

It 13 seen that very little oomplete
parasitization of host ezg masses ocours, and
‘that the most favoured masses :;‘allvin the

¢classes with between 30 ~ 96 eggs per mass.




D EGGS
E ot

{

D S St e oy e 2_.8.
- CIETTE
e R Il 1 00496 -
Lo T , $6-16

N paltE i o i : omouﬂ.
Cob TS £8-18
08-94-
{7573
~1 04-89
Tt
§5-1g 0 -

Ll

ATED TO SIZ

|

_of PARASITIZE

~ER
- REL

i

+

ASITIZED EGGS
I

T

EGE Mass.,

1T

I

oToE ."f"'l‘:!“ N T
\GE._NUMB
\ IMASS

'

!

- DISTRIBUTION of NO. of PAR
T

I U e et

i

. 1 St

N o an | T e e

3% ON . _.M O w 00 c&omon OV 8 ON ol ”
B m g P : .ﬁﬁ(E\QuN-.—.ﬁ(‘(ﬂ..m@@mmha,.wnzwm0ﬁxw><:.

S i S i N i
R R BEE s EEE S DR I . I ¢ . ; N

4.
-2. -

o ﬂuﬂﬂ(.\l_




No data is available concerning the biology of
Trichogramma sp. infesting the eggs of the Sprucs Budworm,

except the incidence of such parasitization,

- Attempts to carfy'Budworm eggs over at 32 degrees
F., until adu;t Trichogrammids had emerged, were wi thout
success, The wasps moved rapidly and exciéably over the
surface of the egg masses, occasionally pausing, but no
sign of either avipositioh nor feeding at puncture holes ; |
was observed. It is more than likely thet quite definite |
conditions of the environment must be favourable for these
reaentiy’emarged wasps to infest other eggs of the Budworn,
if 1ndee&'they 4 so at all, |

2nisﬁproblam.is eamplieated because thare i a
great pxobahility'ar these minute egg-perasites having a
series of alternate and seasonal hosis. The egg stage of
the Spruce Bqdwonm is very éhort « approximately 9 days,
and one cannot assume the wasp to be specifie to the Bud-
worm, developing in the short period of about 9 days and
inactive the rest of the summer season. But a series of
collected eggs of Coceinellids, Aphids, Loopers, ste. ro-
vealed but one instance of egg parasitism, in aggsior a

Looper of undeterminsd spseles,

While the total population of Trichogrammids would
appear small, 5.05% parasitization in 23,975 egzs, the
| Spruce Budworm may be one of the less frequently selected

"hosts. The problem would be bast pursued as an lsolated en-

tity, due to the large amount of rearings necessary for




| elucidation,

- SUMMARY OF THE FOREGOING EGG DATA

Total Number of Massges with' Normsl Eggs only sesuee
Total Numbexr of Masses With Perasitized e

Total Number Normal Eggs counted L T T,
Total Nmbar Parasitized Eggs counted LI I I N G,

Grand Total Number counted ©ggs of Both classes.,,.,

i&ean Number Egga. / Mags 2&’:{‘9‘75' LR Ty
Average Number Nozmal Eggs / Mass gz ;gws
Average Rumbexr Eges / Parasitized Mass 3Bl9g .....,

Average Number Parasitized Eggs '/ Parasitized
mass 1186

Q(t.oQloaoq-l’q.totaﬁoa.pop_oQQQ‘O.:Q,OQ_&Q&Q.
' - . '

% Parasitization of 49 ‘massés, involving 3192
©ggs, of which 1186 were parasitized }iss x 100.,.

% Parasitization of 415 1asses, involving 23,975
eggs of which 1186 were Paresitized 1186 x 100...
5

366
49

415

22,789
1,186

23,975

57.7
80.0
85,1

24.3
37.1

4.9



(141) Insectary -
A, Object of Experiment.

This experiment was sebt up to collect data rela-
tive to the number of egg masses a femle wbuld.lay on the
average., From these egg masses the number of eggs per mass
could be counted and the total number of eggs, together
with the average number of eggs per fenﬁle, in captivity,
obtained. |

, 3. Methoda Empleyed.

81xf:y-rour femlea were oonﬁned with 85 males in
screen wire cylinders enclosing fresh—eat twigs of Jack
Pine, 111ustz:atad on Plate V1I, Phote No. 1, everlear. 'I‘he
sereen cylinders are meen on the bench., The sdults had
been reared frcm larvae in Survey cans. in the inzectary,
the usual method of providing a twig of host set in sand
being employed. This equipment is illustrated in FPhoto No.

2, overleaf,

C. Results Ohbtained.

The following table represents the allocation and
distribution of these adults, the number of egg masses de-
posited, the number of eggs per mass - maximum, minimum,

and average - and the average number of ©gg masses per fo-

male,
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Lot No. No. No. No. ' No.
No, Females Masses Males Bggs [/ Mass Masses / Fem.
' 280; &V.40
. L. 9 48 7 1-48; total 42/7, " 6.0
| ' ‘5173 av.1l3.6
¥y, 13 22 y  1.62; total aa/7, " 8.4
687;»&?.31.77 »
x. 1 sz 13 1-64; total 52/11, * 8.9
- | g11; av. (31) _ :
26.16 .
0. 8 22 6  ©-40; total  22/6, " B.66
' ‘5583_&?.25.51 _ .
P. 12 19 a 8-70; total ~ 19/8, " 2.37
: 4 . - ,Qﬁ*;va7.55.57 _ . _
Q. 5 15 &  1-66; tolal 15/5, " 3.0
| 4043 av.26.9 -
R. 4 16 4  1-6; voval 16/4, * 4.0
67; av. 3.56 )
64 175 85

Insofar as there Were.anly 55 males eméloyed, it is
at presenﬁ necessary t¢ assums that only ﬁnat number of fe-
males wers imvolved in sctual oviposition, besause no data
is available to‘indi¢ate pqug&m§ in the male of this spe~
oies. On this basis, l.e., 55 mles, the following figures

gumarize the table Jjust presented: -~

Probable nwmber of mated femsles ..veee 99
Tobtal number of egg mMasses 1848 seceeee 180
Total number of ©ggs 1818 cesvsooraneos 3928

7ﬁerag@ number egg mAsses
fem&l@Qii.too0.00!.0"0.0.000.6.)000' 3.18

 Average numher oges [/ MABS cacseesreens 22 .4 !

Average number sggs / female seceeseres 71.4




- Lowest number eggs / m888 +.iv.rvevee.. 1.0
Highest number eggs / m&SS veeesceness. 71.0

‘Females oviposited near the top of twigs provided,
but on the old needlss.

A% Hawk Lake, Onterio, in the 1937 season, 66 fe-
males in confinement laid an average of 310 egg masses, an

average of 4.7 per remsle.

(i?) Miscellaneous -

The following ﬂiscussion covers & fow general ob-
servations made during the hatching of Bu&wom larvae from
the egg.

Tbﬁ'first larval emergence from eggé‘képt in c¢n—
finement in the laboratory oscurred on the 24th of July,
1938. These égg masges wers observed unler the binbcular
_ mieroaeope and the process of hatching noted. The young
larva, in avo, beging a rhythmic twisting of its body, bring-
ing the head direcily under the central portion of the shell.
It begins to out a crescentlc piece of the shell away, work-
ing systemically around the shell. This cutting 1s done by
the mandibles and the time involved in cutting this opening
is quite variable. Some larvae observed rested at inter-
valgs. In vigourocus appesring larva the time taken to emergs
was approximately 4 minutes, these larvae 1mmediétely ba~-

- ginning a weaving motion with the fore part of tﬁe body as

though seeking a definite stimulus, thence exploring over
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’-Jtﬁa sqrface of the egg mass and needle and finally the lab~
‘qfatary table. Before desoribing these habits further it
ias to be noted that soms larvae only emerge from the shell
to the extent of ebout one half their length and seem in-
capable of advancing further, This migﬁt be due to inher-
ent lack of vigour - the larvae exhibiting this tendency
are usually very small. This lack of activity would render
them more susceptible to the attacks of predators such as
Coceinellid and Chrysopid larvae, which are not uncommon
on the follage of Jack Pine. Active laxrvas would be able
to drop on their silken threads, |

The normal, aative layvae move about restlassly,
and in the laboratory if they ceme to a drep such as the
edge of the table they descend from silken threads. The
average primexy descent, i.9., the length bf the silk théy
let out before the first rest, is about four inches., This
is. based upon several score observations made while collect-
ing such larvae into preservative. .If the larval mouth-
parts are approached with a pencil or dissecting needle
vhile the lazvé is at the emd of i%s primary descent, 1%
will breek away from its first thread and descend from
another which it attaches to the disturbing object and elon-
gates by passing silk through 1ts nmouthparts. In this nman-
ner it will descend another 2-3 inches. Here 1t pauses
again, and a repetition ¢of the above procsdure will produce
a similar response upon the part of the ;arva, the addi-
tional thread being only epproximately 1 inch in 1&ﬁgth.

The larvae then appear to be exhausted and fall, A few fall




immediately they ere disturbed.

'Diseassion.and Cbnclusions -

A survey of the available literature with regard
to oviposition in the Spruce Budwarm.raveals several points

of impartance.

The average number of eggs per mass would not only
appear ?ery variable, but would tend to indicate that the
Jack Pine variety of the Spruse Budworm possesses an egg
‘-ﬂcapaeity vhich is markedly'higher than the 8pruee~Balsam..
variety. Thus PAGKARB ('90}, JOHANNSEN ('13), PTIERSON ('23)
and CHAMBERS ('53) give the highest number of eges found in
80y mass as thirty. The latier author definitely distin-
guishes these two varieties, based not only on their host
plants but also upon minor colowr differenoes. Despite his
recognition of these var*atieu he has either found 30 eggs
to be the maximmm number, or what is more probable, has ac-
cepted the limit set by previous workers. Discussion cent-
ering abo&t the coloury varzeties will be more fully dealt
with subsequently.

Even lower average numbeia of eggs per mass than 30
are reported by GIBSON ('25). He states that Tothill and
Baird, in uwapublished departmental manuscript, recorded that
2% egg masses totallad 465 eggs, an average of 18.6 eggs per
mass.. He also reporta'ﬁhat G.E. Sanders in 1911 ekamined
184 egg massea, cmtaining 2,024 eggs, an average of 1l eggs

rer mass. Fleld collestions made at Maniwaki, Ontario, con~




tained 1,192 eggs, or an average of 12.8 eggs per mass,

aocording Yo Gibson, The largest mass contained 25 eggs.

The highest average found in the literature is
given by GRAHAM (135}, as 45. This was obtained in Mich-
igan on the Marquette Forest, but GRAHAM does not mentlon
the extent of the observations from whiech this average
was derived, An everage olosely approximating the one of
Grahem was obtained by R.R. IEJEUNE end the writer in the
,1937 season at Eawk Lake, ontario. This a?erage\was 45.9
Bsggs per mass, derived from a field eollection of 525
magses gomprising 24,035 eggs. No date from this area
for 1938 is avallable, for cemparison, However, during
the 1937 Beasen in the Sandilsnds Forest Baéerva 212 messes
were colleoted, and upon counting ﬁhe eggs a total of
il, 460 vas reached, giving an average of 53. 8 eggs per nass.
Thug in South-Easbern Manitoba the highest average number
of eggs per nass appears to have been recorded. This 1037
pverage has been fouﬁd to be excesded by that obtained in
1958, when, as indigated in the data above, 415 masses com-
prised 23.975 eggs, Oor an average of 57.7 egge peT mass.
Fge masses exhibliing no pérasitized Y404 whatsoevér them=
gelves averaged 60.0 eggs, for 366 egg masses comprising
21,975 eggs, These comparisons, between South Eastern
Menitobe and North Westerm Ontario, are very interesting,
but as yet 1nexylicabla. Unfortunately the weather data
frem the two aveas has not yelb been worked up, but the

most noticeéble aifferences hetween the two areas &re re-

lated to woisture. The Sendilands and surrounding areas
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aye exceassively dry, 1ess then four inoches of rain falling'
‘during the 1938 season. The North Western Ontario area is
on the other hand noted for the frequency and abundance of
its rainfall. High relative humidities are also character-
&stic of the region. So much for the me teorological situa-~
tion, as yet too indefinite %o point to any conclusions.
The most promising suggestion, if more speculative, arises
from the fect that the infesiation in the Sandilands l1s
gomevhat older then that in North Western Ontario, ( DUNN,

- {'35)). Thie might conceivably {ndicate & very vigourous

| budworm populatiion in the former area, which wlill subside
.first end the progress of general subsidence will take a
souxh—eas%erly trend, To establich this point 1t.would
therefera ssem of the utmost imporiance that large numbers
of egg masses be collected from as meny infested areas 83
possible, in Saskatchewan, Memitoba and Norih Western
ontario, in order to elucidate the focus of the general in-
festation based upon the relative numbers of eggs per mass.
This type of study could, in the writert's opinion, be ex-
tended to all afeas 4n which Budworm activity is severe; co-
operative exchange of information thus obtained might prove
very indicative in evaluating the status of the varlous in-
festations. Ideally, such a program.should be repeated
over a number of seasons, and Dbe supplenented by sex-ratlo

information end meteorological data.

With regard to the maximun number of eggs ovi- | ;

positea by eny glven female or by females on the avelaga,

1it$le is knowm, GIBSON (128) reports Tothill end Baird
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found one female laid 163 eggs; end that FERNALD stated a

single female may lay as many as 125 eggs. - Tothill,

Gibson states, estimied females would lay en average of
150 eggs. GRAHAM ('35) reports 316, remarking, "this is

an unusually large number and probably represents the re-
sult of excellent, el though perhaps not perfeet environment-
al conditions.® |

The following table records data derived by the
writer from the dissection of eighteen female Budworm moths.
The work was very tedious and %ime did not permit the ex-

pansion of this data, which would appear desirable:-

Female_ No.Egzs Female ',No.Eggs

2. 242 © 1. 258
Se 42 1z. 310
4. 240 ' 13, 200
G 167 14. 265
6. 176 15. 205
8. 275 17, 317
9. 288 A8, 256

18. 4233

P e ————— = T

This is an average of 235.1 eggs per female. The
lowest number found was 42, the highest 319.

Assuming each female were to actually lay this
average number of eggs, and dividing this number by the
average number of eggs per mass as found in the data above
(657.7), a theoretical average number of egg massoa laid
rer female is found to be 7.3f It will be noted from the

Insectary egg data recorded on Page & that an average of
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4.7 masses per female obtained during the 1937 season at
Hawk Lake, while during the season of 1938 in the Sandi~
lands the average was 3.18. The latter average is compar=~
able here to the theoretical, since all data were recorded
from>maferial collected in the Sandilands.Farest_Beservé.
The difference between a theoretical average number of
massés of 7.3, and an actual one under Insectary condi-
ticﬁs'of 9.2 18 to be expected, since in the first place
females would hardly be expscted to mature all the oggs
_they contain, and in the second place, Insestary oondi-
tions are not ideal, It would seem, however, that this the-
cretical average number of masses is a legitimate téehnical
symbolizatiég, with valuable epideﬁiologiaal potentialities,.

Other conclusions arising from this data are as

follows:~

(1) Normally, no oviposition oscurs on immaturs fas-

sicles of Jack Pine.

{2) The female moth ié more partial to the upper two-
thirds of the crown as & site for oviposition, al-
though very little difference exists beiween the
percentage of egg masses found in Top (17.5%) and
Bottom (17.8%) thirds respectively. Also the
average nunmber of eggs per mass is slightly higher
in:the Top third (58.9 for 38 masses) then in the
Bottom third of the erown (56.8 for 39 masses). | {
GRAHAM ('35) found little difference between the |

top and bottom levels of the crown, but failed to




(3)

(4)
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record eny comparative data from the middle level,

The above data hasg demonstrated that the niddle

level ;s most important.

Parasitization of ©gg masses by Trichogrammz min-
utun {8 greatest in the Middle third of the Crown
(Top: Middle: Bottom:: 2.14%: 8.22%: 0.43%) ,
vhere it is obvious the Budworm moth prefers to
oviposit (see (28)).

The low degree oflparasitism of egg masses in the
Bottom third of the tree is out of proportion to

' tha ditference 1n percentage of totsl egg masses
| laiﬁ there, when compared to the other two-thirds
and especially the top; and ig also ~inproportion-

ate to the average number of eggs per mass found
in the Bottom third. The possibility of phobo-

tropism, or greater attraction of host eggs in

favoured portions of the erown 1s to be considered.

Graph II seems to illustrate the absence of selec-
fion of host egg masses by the parasite, accord-

ing to size of mass. Thus some physiological fac-
toﬁ may be in operation, or else a certain defin-
ite stage in host embryonation is a limiting fac-

tor to parasitization.

Since the number of ©ggs per nass varies so exten~

sively, elther with locality, season, or biotie factors of
an autecological nature, and probably the latter, it would

seem that the averages for a reoasonable serles of masses
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from the two Budworm varieties, compared one season with
another from various localities, would provide the possi-
bility of indicating popuiation densgity tendencies, Thia
is an assumption all the more worthwhile when one con-

glders its potentiai'integration with the sex-ratio data

previously presented.



11. BIOMETRIC DATA

~A. Larval




LARVAL FOOD end POPULATION DATA
, together with
- LARVAL MEASUREMENTS

 Since the rearing of larvae for the observation
of differences prodused by the two distinot food regimens
- access to staminate cones containing pollen, and ter-
minal leaf bude alone ~ was prevented from materialization,
as described in the Introduction, the féllowing collections
woro made to Obtain the gfoundwoxk necessary for conducting
such a project in a.subseqﬁsnt aeason; 

The specific‘inforﬁAtion obtaine& is given under

~the lot numhéra following. The data below is of value at
the present tims as an 1hdieation of relative pepulation

densities, in staminate cones, and upon leaf buds.

GRAHAM ('35) has glven the number of instars of
the Spruce Bulworm gqn Jack Pine as gix, but does not give
the mean width of the head capsule in each instar, nor any

progression factor.

The following résumé serves to indicate that not
enly is the-question as to the number of instars in the
Spruce Budworm still open, but also that it is a 6omplica~
ted question of great potential importance to an enlighten—
ment of Budworm epldemiology.

Measuremsnt of the head capsule widths of 103

newly hatched (first instar) Budworm larvae gave a constant

width throughout of 0,212 mm. GIBSON ('25) reports & width
of 0,26 mm. for this stage. Both he and GRAHAM ('35) state




that the first moult ocoursin the over-winter hibernaeulunm,
end ﬁhe‘writer has found cast skins in such, together with
the second stage larva. CRAIGHEAD (v24) observed that

girst instar larvae would moult in some cases before spin-

ning the hibernaculum, and afterwards in others.

Msasurement of the head capsule widths of 34 lar-
vae that had emerged from hibernaculae on the same day col-

lected were made apd varied as follows:-

S Haad Capsule Width No. Larvae

0.257
0.245
0,270
- 0275
0.281
0.288

™o
[k el R R v

z 232X

'l

54

iposis qnbormas
evmmeta———

The mean width from the larvae above is 0.2588
mm. which may be rounded off to 0.260 mm.

Uaing Dyer's Rule (Comstock '38), the progression

factor is derived as follows:=-

Head Capsule Width lst Instar, 0. 212 «eeas 081
Head Capsulie Tidih 2nd lustar 5.265
on the basis of the above method, using the deriveé progre-

gsion factor, the following mean head capsule widths are

compubed:- u ,
0,812 m. 0,260 mm. 0.319 mm., 0.379% mm.

0.46D mm. 0.b76 mm, 0.706 mm. 0.866 mm.
1.029 mn. 1.263 mm. 1.5650 mae L. 902 mme

This results in the preduction of 12 1nstara, double that
given by GRAHAM {v35).
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5t411 using'nyar'svﬁule, L. T, White of the Winni-
peg Laboratory, epplied the seme method to the head capsules
of;larvée whicﬁ, vhile beiné measuied undér the binocular,
ravealed that moulting would have %aken place Very soon had
they nnt been presarved* and by'measuring the head width,
teasing out the new head capsule and measuring it, he deter-
mined a progression factor of 0.785. Applying this as
above, the fallowing:mean head capsule widﬁha are deriVed-

.218 mm. (already 0.270 mm, 0. 344 mm,
04438 mm. known) - 0,858 nm. 0.711 mm.

‘This produces ten instars, s¥ill four hﬁ#é'tﬁan'aréham.indi-
cates. The above series seems to be more valid, insofar as
the head widths of four available prapupae‘éierageé 1.868

mm. It will be observed at-once that this is well within
the probable range for the head capsule mean of the last ine

star derived in the second series, 1.870 m,

A% thisvtimﬁ, however, it is apparent that a

series of rearings must be undertaken to determine a defin-

ite enswer to this'problem. Ko work on the pollen question
can be satisfactorily undertalken with a view to comparing |
vigour of larvae until 1% is settled, since the work of
GAINES and CAMPBELL ('35) on the Corn Earworm indicates

that food has a definite effectgépon the numbepr of instars,

' This leads one to expect similar effect elsewhers, pérhaps

in the Spruce Budworm.

Other workers would seem to have great dlfflculty

6
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in the satisfactory determination of the numbers of in~
stars when Dyazf"s Rule is applied to head capsule widths
of larvae collected from random field sampling., GAINES
end CAMPBELL ('35} do not recommend its use, as they found
it producéa instars that do not exist. They reach these
conclusions after.an exhaustive analysis of the literature
and offer experimental and statistical evidence for the
Corn Earworm (Helicthia cbsoleta (Fab )) to support their
'views.
| Hh; Tha whele preblem concerned with dietary regi—
mens is dependent to a marked degres upon definite instar
doterminations. The psrcentages of inaividuals in each
'instar at any one date and collected from one type of food
would be presumebly comparable to thg'pciﬁﬁ df signifi-
canceAwiﬁh those obtained for the cther foodltype. In the
absense of a satisfaetory solution to‘ﬁhe esfablishmént of
tﬁess instars, "th.e? following dgta is presente*éi, although
ednlttedly of little present significance. The sex-Tatio

1s'g1ven'1n each case, following the measurement data.

It has been observed, although not quantitatively,
that there is a direét correlation between the size of the
cone infested and the sizes of the larvee inhabiting it.
To preserve each cone and its fauna separately would ba
laborious and so no attompt was made to analyze thia situw
ation.

In order to obtain a quantilative indication of

Budworm incldence upon Jack Pine reproduction a sample
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strip 66' x 77, designated Plot A, was laid in an avea
where the Budworm had previously {1937) been of no apparent
congequence, This area in 1938 was widely infested with
larvee and signs of #erminal {new growth) destruction were

evident es early as Jume 13th.

Blot A = - |
| ! This plot was laid out in ths Sanailands Forest
Reserve, on 10-5-10, about 400 feet East on the road from
_'Samyla Plot #. Iﬁ 1iea 116 feet in from the road, the
comer post being 200 1 ot N. :N ’

t : =Q€* The plot is 1a1d in open repradugtion with a
_stand density of 10% at noon, This area of repradqctiun_
‘48 surrounded by mature trees a% varying &1stan§ea, from
8-50 feet. These latter trees have suffered former defol-
iafion to a considerahle extent. ﬂnﬂer these trees in
many cases tha reproduction has been cempletely defoliated
and thus the significancs of’this plot is that, being more
distant from these trees, it has not suffered previous in~

festation to any apprecisble extent, if any.

The purpose in laying out the plob was fto secure -
data thet would glve a figure for the relative numbers of
larvae present with respect to the numbers of leaf buds in-
vvnlved. Larvee collscted were divided into two groups, 98
of which were selected at random and presexved in order %o
obtain inster information and sex-ratios. It was found
that the work involved in completely covering'the arca of

the plot as first laid out (66 x 66 feel) would be excessive



-8 rzééaﬁ

and B0 & strip 66 x 7 feet wes enclosed, all the young

trees i1 the area being taggea'and numbered fuor future re- ;:j
ference and comparison; the pumbers of buds of each were
counted and the numbers of larvae recorded and then placed

in a pint sealer for laboratory examination.

The folicwing table shdwé the relation of tree,
height of tree, number of leaf buds, and numbers of larvae
found:~ N L :

Txee Ne. , Nb. Buﬁs Heig Nb.Larvaa
g‘gel : ,vllﬂ o 4 ft. 13
B oo BB *lwﬁ " 00
3 - %08 6 v 12
PO Rt .y 2 |
b 165 g " 4 ;o
& %0 5 % B8 ¢
7. 70 2 " 8
8 100 3 " 3
) 198 g " 11
216 104 5 " 3
11 36 1" &
138 Sk g " 3
13 , 159 53 v 9
14 286 6 v 19
15 - 876 b 37
16 579 X 58
17 379 g " 27 g
18 5 g " 00 'i
8 - 3862 . 239 ‘ ;

‘Of theklarvae disinfested from their hosts, 98
were preserved for instar comparlsons and sex-ratios.
Thasa were preserved under lot number 1:Gy & Nil-VI.16,38-2
and the data {8 to be found therein, belovw.

From the tabulated dabe imm@diately above the
falIOWing rolations emerge:=

Average No, Buds / Tree 58%2 IS S E .




: However, since there is a wide range in
- height amongst these trees it seems better
- %o place them into definite height ranges
and thence obtain average figures for the
number of buds. ‘ , ,

- Thusy B A SRR .
Range  No, Buds [No.ldarvae No. Trees
1« B £5. 1814 111 18
8~11 £t. 2048 128 5
.. . 32862 239 18

o Thia bears ous the asaumpticn, since it is obvioua
.that thera is a greater coneentration of larvae where there
are more buds avgilthe, and that there are more buds availe
able where there is greater height. .The r1ré@ ment1oned
'&verage_is perhaps & figure of value far-ﬁhe'pcpul&tion ag
a vhele, as the following average is 8lsoi~- |
Average number of larvae per iree 239 veveeeccoess 13.2

In the 1~5 ft. class the averaggx§; 11 saenees 8.53
In the 6-11 ft. class the average is EEE terenes 25,8
Average nnﬁber~or buds per larva 3862 .ieeeevccenss 16,1
. TR89 ‘
In the 1~5 f%. class the average is ;%%% eeseres 16.3

In the 6-11 ft.class the average is 2048 ceveses 16.0
“Iz8

From this it would sppeay that there is an opti~
mum concentration of larvae as compared to available buds ir-
respective of the height of the tree, Of course it is to be
noted that there 1s only a 1l:2 ratio between these heights,
but by comparicon thers is a 5:13 ratio between the numbers

of trees In the two classes. Buds being most abundant on




the larger trees, the ms jority of the larvae were collected
thence, but the population densities as shown above are a8
16.0 to 16.3; between the two height classes. This seems
t& indicate the possibility that an optimum population den-
sity might obtein, a point worth more study in future pro-

jects,

-

""" In the height class itself there iz wide disorep-

"&ﬂ&j between the height, number of buds and numbers of lar-

vae, as witness:- -

'ﬁxees: Nos, 5, 9, 17.
Buds 1 les, 198, 379,
Larvae: 4, 11, 27.

.....

t?éz .

i
i
|
i
!
|
i
i
i
!
i
i
i
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16y & N(Y):1-V1.16.36-2

These larvae were collseted from terminals in Plot

A, agﬁ axres eqmparable with respect to insiar and sex-ratio

tO'thosa in #3 and #4, following. They were preserved under

the above lot number. The population density data and des-

eription is discussed under Plot A above,

| FEMALE MALE UNSEXED
No. Cipithe Length No. chpSile Length No. Casalie rLemgin
T - SR - 0.328 3.542
0.522 3.864
0.322  2.683
0.966 10.089
o 0.322 3,365
o o S | 0.354  2.898
1 0.386 3.381 1 0.386 £.415 T
T | N I 0.208  2.663
0.429 © 2.854 0.429 4,085 0.429 4.188
o . . 00429 3.548 s 004‘.29 et
27, 0.868 7,567 27, 0.858 4,186
M. 0,429 3.7885 _ M., 0.429 4.186
0,488  4.875 1 0.432 5.575 0.432 3,900
0438 4.225 0.432  3.200
0.432  4.875 . 0.432 53.415
0.4:32 4: 08?5 , 004«’53 408’2’5
0.438  4.332 i 0.432 4,55
0,432  4.875 0.432 4,988
0.4%8 - 4,332 0,432 5.525
0,452 5,200
8 T. 3.456 57.389 7 T, 3,024 31.147
M. 0.432 4.6986 M. 0.432 4.4495
0.450  2.790
2 T, 0.900 6.010
Iﬂ- 00450 5.005 . . .
0.483 3,434 0,403 4.186 0.483 3.220
0.483 3,059 0.485 3,280 0.483  4.875
0.483 = 3,542 0.483 . 3.54% 0.483 2,898
. 0.483 4,188 0.483  £.73%
00‘1‘85 -~
0.483 £.808
0.483 3.864

|

i
H
P
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PEMALE MALE UNSEXED

Head Head Head
No. Capsule Iength No, Capsule Length No. Capsule Length

) x A | 0.483 2.808
BT, 1.449 10.055 4 T. 1,932 15.134 B8 T. 3.864 23.390
Mb O 0485 50345 Mo 0 -4’-’85 3.7856 Mo 01485 5.5414

0,495  5.850. 0,495 4,875
0.495  5.632 L 0.495 4,550
0.495 ~ 6,066 0,485 5.045
0.495 6,155 0,495 5.633

0.495 4.550

0,495 5,575
0,495 6.175 ' I
0,495 4,082 : ' '

9 T, 4,455 49,160 % 1,980 20,108

M. 0,495 5.,4682 0.495 5,0255

0,620 64175 0,680 ~ 5.825° 1  0.520 5.200
0.520. 3.682 0.520 6.500

- 0.520  6.175 0.520 4.875

| N - . 0,820 6,500
R 04520 6,066

57, 1.580 16,038 § 2.600  £9.466
Mo 0.520 5,344 0,520 5,8932
I 0,514 5,703

0536 4,547

0.536 3,381

2 T, L.078  7.768°
M. 0.000  BGeL0O4

1 0,056 3,220

I 0.578  3.864 | | -
0,650 6,280 0.650  5.900
0.850 4,766 0.650 4,186

2 T, 1,300 11.046 2 T. 1.300 8.088
M. 0.6050 5,525 Mo 0.600 4,043

0.766 7,150
0.766 6.825

8T, 1.532 13,975

: M. 0.766 6,9875
1 0.780 _ 4.116
0.815 6.066 © 0.815  6.500

0,815  4.550

0.815 9.750 0.8156 8.500
BT, 2.445 20.%66 2 1.630 13,000

M, 0.815 6.7888 0,815 6,600
0.6866 8.b80. 0.866 9.8%0
Q.866 8,580 0.866 7.180

0.866 7.800 0.866 5.602




-u - T

FEMALZERE. MALRE UNSEXED
Head ' Head Head

No. Capsule Iength No, Capsule Length No. Capsule Ilength

0,866 4,766
0.866 8.666
0.866 6.825
0.866 5.200
0.866 6.825
0.866 5.200

2T, 2,598 24,930 ¢ T, 7,794 56,114
M. 0,866 8,310 M., 0.866 6.2348

1 0.975. 7.475 1 0,975 6.932

Sex-Ratio = 554




1:6]_ & N:l-Vl 016.58‘5

These larvee were collescted at the sams time and
in the same manner as those in lot 1:Gy & N:1-V1.16.38-3,
from the vicinity of Plot 4. -

They were collected for instar comparisons with

larvae in #2.

# Clusters | # Clusters
/ Cone # larvae / Cone # larvae
10
10
30
10
10
10
10
10
10
11
1l
11
1l
11
1l
11
il
11
12
18
12
1z
12
13
12
12
12
12
12
12
12

3

LB

13
13
13
13
14

© 1D D O D B 0 000D G5 I~ 2T I ~T~I~T T I B OO AR A
PROOPNOROOCOCOHMHOHNHOOBHHOOHOOMIRGN MO O
A NOONEOHOPOOHOOMO MMM HMMANONOOOHDP DO
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# Clusters . Clusters '
/ Cons £ lLarvee Cons # Larvae
14 1 20 2
14 1 20 5
15 0 21 3
15 2 21 1l
1 S 21 0
15. 2 21 3
15 3 21 3
15 3 22 1
15 i 23 5
18 . 1 23 1
16 0 24 1
16 1 25 3
16 0 25 3
17 . 2 26 - 1
17 e 26 2
17 4 27 Q
is 5 28 6
is 4 28 - B
18 b 8 29 7
18 s %0 3
i8 1 30 .8
19 1 50 !
pR l 32 14
19 5 52 2
20 4 35 3
20 l 856 4
20 S 50 10
- These date summerize as follows:-
Total nUIDEr Of CONEB svevssvssssacessssses 131
Total number of ClUBLOTSE sevencevecarresses 1912
Total number 0f laIrVAE cercsessvsosscorsssee 218
Average number clusters / cone 1912 ...... 14.5
NEIL _
Average number clusters / larva 1912 ..... 8.7
=515 _
1.6

Average number larvae / cone 218 .ieseenee

As in previous sollections of ataminate flowers

tainer after all the contents had been examined,

(cones), larvae wers found free in the bottom of the con-

Theg@~

wers 70 in numbexr and modify the above figures as follows:~

i




Total number of larvae, 218 plus 70 teceee 288

‘&verage number Clusters / Larva 1912 ceoe ‘6,6

Average number Larvae / Cene 288 ........ 2.1
b5 §

, The variation in average numbers of larvee / cone
rram 1.6 ta 2.1 18 to be expected in view of the consider-
able number of free larvae in the container.

aaaaaaa

When this data is arranged ag above, in ranges,

atg,, 1t appeara as follews'~ ,

" Range ﬁ Cone  # Larvae

5-10 ; 4@ \ 42
11-20 o8 g
‘ 21~30 8&“ SO , 49

It will ba noted that the largest group of larvae
18 to be found in ﬁhe intermadi&te Tangs of cone sizes, ale
though propor%ionately there ig a greater concentration in
the 21~30 group, i.e., 49/20 or 2.4 per cone, as compared
with 91/58, or 1.5 per cpne in the intermediate range. It
would appear from this data, unmodified by the finding of
free larvas in the container, that the 1arvae are mosi
often found in the larger cones, near the mean number of
clusters,

'No data 1s available to show whether or not there
is a difference in size of head capsule correlated with the
population density in cones, but the following figures show
the Head Capsule distribution and sex differences for the

above lot,
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FEMALR MALE UNSEXED
Head Head _ Head
No. Capsule Length No. Capsule Length No., Capsule Length|
1 0.322 2,600 i
0.483 6.500
0,483
04483
0.483
0483
0,483
6 T, 2.898 6,500
M. 0.483 6.500
0,514 -
. 0,514
2T, 1.028
. M. 0,514
0.536 4.116 _0.536 3.381
00563 : 500'70 00563 - l 0.563
0.578 4.065H 0.578 3.864 bR 0.578
0.578 6.716 0.578 6.282
0,578 1.170 0,578 6,118
0,578 5,850 0.578 5.525
0.578 7.645 Q.578 6,828
0.578 8.125 005‘?8 4:0595
0.578 5.720 0.578 5,200
0.578 6,500 0,578 6,716
0.578 5.850 0.578 5.850
0.578 5,720 0.578 5.200
0.578 5.200 0.578 4,065
0.578 5.850 0.578
0.578 2.2%4 0.578
0.578 6.500 0.578
0,578 7.1%0 0.578
'0.5V8 5.200 0.578
0.578 3.800 0.578
0.578 6.500 0.578
0.578 6,500 0.578
0.578 B.632 0.578
0.578 5.200
0,578 5,850
0.578 4,340
0.578
0.578
0.578
- 0.578
0.578

-Q.578




- FEMALE
No. d%géﬁla

UNSEXED
Head

' Head ' '
Length No. Capsule Length No. Capadle Length

6.873

0 0578 M
0,578 ~
0.578 :
°¢573 M °
0578 : .
0.578 : ~
0,578 ‘
0.578 '
G578 . e
0.578 ‘ ;
04578 > -
- Q4578 ' ’
04578 .
- 0.378 I
: g‘ggg \ ?. I R et i e,
» ; ’ o ) *
0.573 (23) {11y | :
- Bl T.29,478 127.437 30 T.17.340 60,040 - . 3
: M. 0,578 5,540 M. 0.578 5,458 i
- 0.650 . 4.116. 0.650 7.150
0.650 . 4.550. 0.65Q 5,850
0.650 . 4,766 0.650 .6.240
0-650 .. 50575# 00650 ‘&0983
0.650 . 4.550 . 0.650 .6.500
0.650 4,878 0.650 3.800
0,650 6.500 . 0.650 . -
0.650 , | 0.650
0.650 o
0,650
0.650
0,650
0.650
0.650 :
0.650 - :
15 T 9,750 32.932 8 T 5.200 34,622
M 0.650 4,%04 M 0.650  5.770
1 0,715 4,550
0.765 8.450
0.765  9.100
27T 1.550 17,550
M 0,765  8.775
7 6.288 1 0.780 6.500
7 7.475
7
34 13,757
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MALE

FEMALE UNSEXED
Head Head - Head
No. Capsule Length No. Capsule Length No. Capsule Length
0.815 ° 5.850 0,815 5.525
'00815 ’ - ' 00815 4.166
. - G.815 $.750
0.815 7.830
0.815 7150
0.815 5.200
0.815 B.450
0.815. -
0.815.
0.815
0.818
0.818 (7)
0.815
2T. 1,630 5.850 13 T.10.595 48,171
M. 0,815 5.850 M, 0.815 6,881
0.866 6,500 0.866 8.450
06866 8;?19' 00856“ 5.200
0.866 6.2828 0.886. 5,200
0.866 - $.416 0.866 6.066
0.866 - B.832 0.866 8,320
¢.868 7.800 0.866 8,450
C.806 7450 0.866 5.200
0.866 - D5.850 0.866 1.040
0.866 8.2882 0.866 6.282
90866 . 5.200 90806 10.4;00
0.866 ‘ 0.866 8,380
0.8686 Q.866 8,668
0.866 0.866 7 « 800
0.866 0.866 o
0.886 0.866
0.866 0.866
0.866 0.866
0.866 0.866
0.866 0.566
0.866 0.886
0.866 0.866
0.868 0.868
) 0.866
0.866
0.866
0.865
Q.568 ]
B | (10) 01066 (13)
22T 19,052 67,483 28 T 24 248 89,594
— M 0,868 $. 743 0.56 6,875
i 0.880 7.150




- FEMALE

MATE

Heaad

Cap sule Length No. Gav:sule Lenzth

Head Head-
No. GCapsuls Length No.
0.910 5.800 O, 910 5,200
0«10 7.760 0.910 6;952
0.910 6,500 0.910  6.175
0.910°  6.718 0,910  7.800
0.910 7.800 0.910 5.850
0,910 7 .366 0.910 5,585
0.910 11.570 0,910
0.910 6,345 0.910
0.910 8,016 0,910
0.910 6.500 0.510
0.910 o 0.910
0.910 0.910
0,210 0,910
-0.910 ) 04910
oisig ‘&) IR L
19 T 17.2¢0 87 &QB 17 T 15.470 48,582
M 0.910 7258 M 0,810 6.654
959?5 5.260 009?§ goi@@
0.975 8,775 0.875 9.750
0,975 8,175 0,275 6,716
0.975 8.016 0.975 7150
0.975 7.800 0.9785 7150
0.975 7.150 0.9075 7 .670
0.975 74775 0.878 8,775
0.9795 €.175 0,875 7150
0.875 9.100 - 04978 9.918
01975 6.716 0.975 7.800
0.975 6.500 01978 8,888
0.975  6.175 0.975
0.975 11.050 0.975
0,978 7.150 Q.975
0,975 4,550 0.975
0.875 8,775 0.975
0.975 6.500 0.975
0.875 7 .800 0.975
0.975 0.975
0.975. 0,975
0.975 0.9786
0.975
0.975
0.978
0.079
0.975
0.875

0,975
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- PUMALE
Head

MALE
Head

UNSEXED
‘Head

No. Capsule Length No. Capsule

oiors  W8)

Length No., Cepsule Length

(11)

30 T 29.250 131.082

21 T 20.475

20.058

M

0,978 7.28%

M . .0,975

1.040 6.015
1,040 7.800
1.040  v.800
1:040 7,478
1.040 o
1.040

1.040

1.040
1.040
1.040
1.040
1,040
- 1.040
. 14040
1.040

8.18%7

7.930
10.61%
8.775
8,320
6.178
6.066

7.880 29.090

8 T 8,550

47.882

1.040 7,278

15 T 15,148

1.070  4.332
1082 10,078

~1.088

L.082
1,082
l.08g

l.082-

1.082

1.0828

- 1.082
l1.082
1.083
l.082
1.082
1.082

7.980

6.500
8.500

6.500
7475

8,450

10,182
9.425
6.500

8.125

(9)} '

69,657

M 1,082

7.759

2 1.145

1.145

27T. 2.890

M, 1,145

1.170

1.170
1.170

V475
7.778

3%, 3,510

15.250

7.655

Ma‘ 101&?0 ‘

1.300

2.100

1 ft

1.516

19,500

I~

1.628 16.900

L2700

13,028

Jex-Ratie &~ 0,807




1:Gy & N:1-V1,16.38-3

These larvae were collected from the viecinity of

Plct A. They wexrs collected frem.at&minate flowere and ars
to be regardeﬁ as similar to lot 1: Gl &,K-1~Vl 17.38-6, and
_combined with 1t are mcmparable £6 4, |

Tne staminate flowers (cones) were taken back into
the labaratory'in a pint aealar. The cones were carefully
teased apgrﬁ, tho number of elusters per cone noted and the

nnmbex ef larvae per cone reccraed Tha larvae were preserv—‘

ea under tha lot nnmber'heading this page. The following is .
a table snewing the distribution cf the larvae in the flowers'

#Clusters #  fiolusters # | #ciusters  #
/ Coné Larvas / Couns tarvae 7/ Cone . larv

S D W 10 2 7 .‘a
5. 2 10 i 17 1
- 1 10 o0 by 1l
6 1 10 1 17 1
7 1 11 -1 is 1
7. 0 11 1 18 0
8. 1 11 1 19 1
8 o 12 0 10 2
8 Q iz R 20 1
8 2 13 X 21 -9
.9 1 13 152 21 2
10 0 13 . B 21 1
10 1 13 3 21 2
40 0 15 1 21 3
' 13 0 23 )
13 ¢ 22 2
13 Q 23 3
14 2 - 24 1

14 . A

14 0

1

1

1

- A

1

L

4

.

1

0

1



#oinsters # #olusters ' #clusters  #

/ Gone lLarvae / Cone Larvae / Cone Larvas
16 1
. oo 16 2
’ 18 1l
18 2
. R 1

These data summerize as follows:- |

71
1234 L
8l ¥

17.5
15.2
1.1

Potal number of Staminate CONGH esercscasasans
T.Qtal num.ber Of Cone GluS‘beI‘S T T T L LA R
Tﬁ'bal pumber Qf L&I.*Vae- iﬂ Conssg EEEEEEEERES AL

- Average number Clusters / Cone 1834 Jecwrress
Ayerage number Clusters / Larvae 1234 seonsdes
“BL

Average number Larvas / Cone %%_,..........*.

HMo&ificatian of thesé rigufes ;s:necasaary, gince

not only were theve 81 larvae actually in the cones at the

tims of examination, but an aéditional 21 larvae were found

rree 13 the bottom of the pint sealer when 8ll the cones

were remeved, having gscaped from confinenment aflfter capture

and collection, The medified summary table is then:~

Total number of Larvae, 81 plus Bl seeeesssses 102
1“0..‘!' 12 G

Average number Clusters / Larva 12534
° 1.4

Average number Larvas / Cone lgg,....i.......

1t will be noted that these additional larvae do

1ittle to al ter the prolative figure reps -esenting the popula-

that im, there is only the glight change
the finding of

tion per cone,

from L.l to L4 larvaa per cones. However,

such free larvae doas pravent the forma»ion of & f:@qnency



ourve to 1llustrate the distribution of lervae and cones
On the face of i%

nede up of varying numbers of clusteré.
though, it would seem thai the larvee favour the inter-

me@iate cone sizes, as shown below:-

ﬁvLarvae

 Range # Cones |
4-10 19 16
11-20 oa 52
E-ze . 1 -

: Tha fallawing data shows ﬁhe Haad Gapsule size dis-
tribaticn of the 103 larvas coliected as abeve. It also - |
shows the relation Qf this aism.muen to the sex of the |

1arvae. These 1arvae were also msasured far 1ength, which
whil@ indivi&ually perhapg g 1itsle unreliabla dus %o the
diffevrontial action of the fizative, wiith its consequent
elongation of some larvae end contraction of others, is on
tha.&verage probably a falx encugh indication of the mean
lengih, .When definite means beeome established fér.ths in-

stars these lengtlhs would be of more value.

MALE TEMALE
Head Capsule  Length Head Cansule Length
| 0.522 mm.  3.575 ma.
0.483 5,045
0,483 ; 5,045 ¥
0.514 " 3,000 *
0.614 " 4,165 "
0,514 " 5,045 "
0.514 " 5.200 "
_0.514 " 4,.875 "
M. 0,514 4.641 "
0.536 mm,  4.550 . 0.536 3,703
| 0536 5,525
0.536 4,332
0.538 7,965

el &,

vy



MALE

Head Capsule Length
0.562 mm, 5,585 mm.
0.578 4,025
0.578 5,554
0.578 5.850
0.578 $.980
0.578 6.925
0.578 6,716
0.578 - B.880
0.578 5.850
0.578 §.545
0.578 5.416
0,578 5,632
0.0844& 6.010
0,844 5.864

M. 0.644 4,937
0.750 4.810
0.780 5.528
0.780 4,982
0.780 5,200

o

FEMALE -

Length

Head Capsule
0.562 mm, 6,500 mm.
0,562 6.825
0.562 5.850
0.562 7.150
. 0.562 6.932
M. 0.562 6,601
0.578 6.825
0.578 5.695
0.578 5,652
0,578 5.79€
0.578 4,225
0.578 5.070
00578 7‘156
0,578 5,381
0.578 7.150
0.578 - 5.045
0.578 5,850
0.578 6.282
0.578 6,015
0.578 5,200
0.578 - 5,525
0.578 6.825
0.578 7.562
0.578 5.850
0.578 7475
0.578 4,875
0.578 4,550
0.578 3,250
M. 0.578 5.781
0.644 7.150
0.844 6.066
0.644 4,186
0.644 6,500
M. 0,644 5.875
0,650 6.500
0.712 5,800




MALE
Head Capsule Length
0.815 mm. 0,000 mm.,
0,866 4.875
- 0.866 8.016
0.866 8.066
0.866 5.770
0.866 6,175
0.866 5.525
0.866 5,850
M. 0.866 B.B2D
- 0.910 - 6.176
0.910 6,500
0,810 6,068
M. 0,910 6« 24T
0.966 : 6,500
0.075 ° 5.5285
0.975 5.850
0.975 B.638
0,975 5,638
0,875 7 478
0.975 6,995
0.975 6.716
0,975 5,200
M. 0.978 8.128
1.040 74475
Sex-Ratio

y

FEMALE

= 0,589

Head Capsule Length
0.866 mm,  6.500 mm,
0.866 ~850
0.866 4.875
M. 0.866 5,741
. 0.910 . 6.205
0,975 10,075
0.975 9.425
. 0.975 51750
1,040 8.016
o 1.073 6.601
, 1.082 9.750




‘sarvbd under the above lob nwiber, and are comparable with

110y & N:1-V1.17.38-4

These larvee were collected in the eérly morning
before éhey hed bécbma active. They may therefore be Irs-
garded as similer ftAc those collected on July 16th. Collee-
tion was from terniinals only adjoining.?lét A (above). | ]
‘l'heré iz a reasonable assumption that they have had little,

{f eny, access to staminate conmes. These larvae were pre-

thﬁse in #2 and #3, as rvegards inshay devalopmen’s , ate.

. uwam ;;' o FEMALE |
Head Capsule _ Length Heaﬁ Capsule Length
0.322 mm 4.550 mm. : 0,522 mm  3.703 ma,
- 0.322 %.300
| M 0.322 % 501
0.429 5,928 : 0,489 5.059
0.429 5,513 ‘
M. 0,429 4.620 | | |
0.483 5,474 j 0,483 | 5.513
0.483 4.830 ‘ 0.483 5.70%
0.483 4,025 | 0.483 4,550
0.483 4.830 , 0.4853 4,952
0.483 5,361 0.4383 3,745
0,483 6.175 A’ 0,433 4.065
0,483 4,715 ,
0.483 4,078 ‘ '
M. 0.453 4,688 M. 0,483 4,358
0.514 5,025 |
- | 0.536 5,850
0,578 6.118 |
0.578 4,186
M, 0,578 5.162
0.650 4,982
M. 0,650 5,031

0.780 4,875




(Table Cont 1d)

fhe following larvae were unsexed:~

0,522
0.322 -

0.429 |
0,432
| 0.8

: . gex~Ratio =

3.756
3,220

3.254
4.982

4,508

0.629




110y & Ni1-V1.17.38-6

These larvae were collected from Staminate Cones
showing signs of larval inhabitants, i.e., those which

bore silken webs enmeshing larval frass and feces, etec,

‘In field respects they are similar to #3. They
ara $0 be correlated with #4 above. The larvae were pre-

) served uﬁder the above lot numbef.

The following table presents the data obtained;-

# Clusters. # # Clusters # # Clusters #
/[ Cons '~ Larvae __/ Cone Larvae / Cone  Larvae
‘5. 0 15 5 19 2

5 - 15 0 . 19 2
8. 0 15 1 19 2
8 i 15 1l R0 1
8 0" 15 1 - 20 1
9 3 18 0 o 20 B2
e 0 - 5 0 - BO )

9 0 16 2 St 1

g - 0 16 - B2 - 21 2
10 1 16 L - 21 2
10 2 16 1 N 4 3 0
10 0 16 2 - 21 2 -
10 1 16 3] 22 2
10 o - 16 1 28 1
10 0 16 1 B2 2
1z 1 17 1 - 24 2
1l l 17 1 - 24 0
11 1 17 1 24 2
1 1 17 1 24 0
12 1 17 1 24 3
12 1 17 0 - 24 0
12 1 17 2 25 0
18 1l 18 1 a5 2
12 0 18 1 - 25 1l
212 5 18 2 25 4]
18 . 1 18 S a8 1l
13 1. 18 4] 26 1
14 1 19 1 87 1
14 1 19 1 27 1
id & 19 k 27 1
14 3 19 Q 29 2
o 30 1

3l a
33 3




These data summarize as follows:-

Totel number of Steminate conesS.......o.... 08

Total number of Cone ClUSEOTS eeeveveveeess 1687

Total number of Larvae in 6ONeS......esse.. 112

Average number Clusters / Cone 1687 ...... 17.2

Average number Clusters / Larva 1627 ceseas 15.5
11T

Average number Larvas / Cone 111 «yeeesses 1.1l

P

98

Modiflication of these figures is necessary as in
1:61 & N:1-V1,16.38-3 since not only were there 112 larvae
actually in cones, but an additional 40 were found free in
the bottom of the:pint sealer, having eéeaped from theiy
cones after capture and collection. The modified Summary
table 1s then:=

Average number of Larvae, 111 plus 40 ..... 151
Average number Clusters / Larva 1687 ceees 1121
15T

Average number Larvae / Cons 158l ..euvevee 1.5
98

The above data also reveals a decided preference
of the larvae for the intermidiate cones sizes, and corrob-

orate'prefarenoe shown in other lots.

e

Range ﬁ Cones ﬁ Larvae
5-10 15 10
11-20 54 66
21«30 25 30
31 1 e
33 1l 3

While many of the cones in the extreme ranges

show no occupants, no doubd these making up the additional




LAl

40 free in the container, it might be assumed that they left

these smaller and larger cones because they were not so com-
pletely adapted to them, or that the cones did not for some
reason suit their full requirements and thus disturbance

caused them to vacate.

The following data shows the Head Capsule size dis-
trivution of the 151 larvae collected above. It also shows
the relation of this distribution to the sex of the larvae:-

‘Hale Female Male . Female Unsexed
G.48% 0.483 - 0,910 0.910 0,910
0.485 0,910 0.910
-~ 0.483 ' g.gig 8.3%0
i ’ . «310
M. ©0.483 .0.483 0.910
{Unsexed 0,.483) , 0.910
- 04910
C.910
0,810
0.910 0,910

578 0.578 275 «975
g‘sga” - 0.578 %.ggﬁ 0,970
0.578 0.578 0.979 0.975
0.578 0.578 0.975 - 0.978
0,578 0.578 0.875 0.975
0.578 0.578 0.875 0.975
0.578 0.578 0.875 0.975
0.578 0.578 0.975
0.578 0.578 0,975
0;578 0,578 0,975
0,578 0.578 0.975 0,875
0.578 0.578
0,578 0,878 1.040
0.578 0.578 1.040
0.578 0,578 1.040
0.578 1.040
0.578 _ ' 1040
Q.278 )

578 1.082 1.082
0.578 1.082 l.088
0.578 l.082
0.578 1.082

8:%33 . 1,082 1.082
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Femals

1.145
1.145
1.145

1.145

1.170

1.170

Male Female Male
0.574 1.145
0.578
0.578
0.578 M. 1.145
0.578
g.ggg 1.170
0 .578 M.‘1.170

M. 0.578 0.578
0,650 0,650
0.650 0.650
Q.650 0.650
0.650 0,650
0.650 0.650
0.680
0.650
0.650

M. 0,650 0650
0,780 0.780
0.780 0.780
Q.780

M., 0,780 0.780
0.815 0.815
0.815 0.815
0&815 )

M. 0.815 0.818
0.866 0,866
0,856 0.866
0,866 0,886
0.866 0.866
0.865 0.866
0.8608 0,866
0.866 0.868
0.6586 0.866
0.866 0.8686

0.866
0.566
0.886
0.886
0.8686
0.868
0,868
M., 0.866 05686
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Summery of Plot A Data:~

A total of 3862 buds were examined upcn 18 trees
of reproduction and the larvae remav s wnera founa, Suech
1arvae totallea 239 .

Average number of buds per tree 5862 .... 214.5

Average number of layvae / tree 239 ceves 13,2
5 o

Average number of larvae / bud 239 ..,.. 0.061

5862
Pereenﬁ buds 1nfested 239 x-ioo tesinsuns 6.1%
E EEEE.
Summagy of: ,15G1 & N}V1316,38~5

1:Gy & MiV1.16,38-5
136‘1 & K:Vl.l’? 58""6
Tatal nnﬁbar flowers examinea tecesvrinsses 300

Toval number clusters involved ,.i.vvenene. 4837

Total numbeyr larvae found PereeNth ek aan e 411

= (there were an additional 126 lorvae
z free in the container when the lab-
¥ oratory examination was made)...veeess 128

Grand total larvae ...... G637
% ' Average number clusters / Tlower 4833 = 6.1

- 600
Averege number clusters / larva = 4833 = 11.7; 4833 = 9.0
L 557

Average number larvae / flower 411 = 1.3; 537 = 1.7
: 300 300
Sumeary of Sex-Ratioca:e Saex~Ratio

Larvae collected Prom leaf buds
’8 LK BB BN BN B IR B A N Y 8‘554
' 629

LI B B B A BN N B S

Mean Sex~Ratio..... 0.501




larvae collected from staminate cones,

A LA B NN BRI I R Y 00589
ﬁ;‘ys ereLEs 98 0b00 00507
#6 LI 2L B IR B NN Sy 00456

Mean Sex-Ratio ..., 0.510

Since the sex-ratio appears to be higher on leaf

buds than in cones, 1t might indicate that the greater de-
velopment of male larvae arises from more extensive pollen
feeding. The ddsoovery of larval sex-ratios opens up the

possibility of more fully investigating this point.
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CONGLUSIONS:~

(1) There is evidence to indicate that the Spruce Budworm,

(2)

(8)

(4)

on Jack Pine in Southeastern Manitoba and Northwestern
Ontario at least, has more than the accepted sex in-
stars during its larva) develorment. The solution to
the question is obscure and requires elucidation. The
probability that types of feeding may influence such
developuent is to be entertained tentatively.

Thirteen seedliﬁgs 1-5 feét in height bore 1814 leaf

buds and were infested by 11l larvae of the Spruce
Budworm, Five older trees 6-11 feet in height bore A
2048 buds and 128 1ar?ae. Thaa there is a greatsr con-

centration of larvae where there are more buds availe
able, and there a&e more buds avallable where there is
greater height.' In both instances there is an average
nwmber of buds per lerva egual %o 18.1, The percent-

age of tuds infested was found to be 6.1%.

Since the éex~ratio appears to be slightiy higher on
leal buds then in cones, the pessibility that males
dexive more advantage from staminate cones, and that
such feeding ls responsible for their faster develop-
ment 18 worthy of investigation. The discovery of lar-
val seox-ratiog offers a proulsing ﬁaenﬁ for futurs en-

Quiry .

Tha largest average number of larvae are to be found

in the intermedlate cone sizea.




{5) - The average number of clusters per stominate cone was
found to be 16.1., The average number of larvas per

cone was found as 1.7.
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B. Pupal,




AN TLLUSTRATION) OF GRAHAM'S METHOD
o DETERMINING SEX

PUPAE of THE Epguca BUDWORM
EXTERNAL SEXUAL DIFFERENCES.

4

LAST SPIRACLE ON
ULTIMATE ABRDOMINAL b

SEGMENT.
E . .

4,*5»\_/'\)

0-650M. | LAST SPIRACLE ON
PENULTIMATE ABDOMINAL
SEG-HNENT. A
0]




PUPAL NMEASURFMENTS

From a large available_series of pupae collected
in the Sandilands Forest Reserve, commencing July 6th, and
terminating July 18th, 63 female and 64 male pupae were
selected at random for measurement. These pupae had bheen
collected and segregated subsequently with reference to the
type of stand the trees formed whiéh provided the resting

sites for the pupae.

The method of sexing the pupae was based on the
aecampanyiﬁg Plate which has béen discussed under "Sex-
Ratios". Briefly, it will be agelin noted that the female
pﬁpa has but four free ab@ominal segnents visible vertrally, .
posterior to the wing-pods, aud the last spiracle occurs on
ﬁhe ultimate segment; the mele is seen to have five such
free seguents, with the last spiracle on the penultimate
segmeni,

The dotted lines a--b, c~-~d, e-~f ars those along
which measurements were taken, to be presented Shortly,
Thus:

a-=b extrema anterior margin of Frons to
extreme posterior margia of Cremaster;

Q=g dorso-ventral median line of Abdom~
inal segment #4;

Qw=f dorso-ventral madi&n line of Abdom-
inal uagmﬁnb yﬁ.

Y
L

These measurementis were similarly derived from
both sexes.

The pupae wore collevted from Secornd QGrowth and






‘Matﬁré types'of stands of timber, and these types were

again sub-divided into Open and Dense growfh. From a

forestry viewpoint Second Growth types of stands are those

vaich have replaéed virgin and uncut areas; mature trees

may be, but are not nacessériiy; second growth in origin,

the term here being confined to trees which are no longer
inereasing markedly in height or increment. Open stands

are those vhere there is a predamlnance of straggling or-

chard type trees (see Introduetionf, with little or no ‘ ;

erowding amongst the 1n81vidual meﬁbers of -the stand; Dense

stands are the reverse of the above, there being 1ittlé
tenﬁeﬁcy to straggle déue to limited space, It is for the
possible effect that site might have on pupai size that the
pupae have been segregated from thesé sites, touching as
this does the contention of S. GRAHAM (°*35) that Staminate
Cones, in relatibn to site are found 1n'predominantly
greater abundance on Open growing trees than upon thoss in
Dense stands; and that such difference in stand end food
supply influence Budworm phenomena., The measurements are
therefore an attempf to draw inference from pupae which suc-
ceeﬁea.lé:vae whose food may have been lacking inm pollen in

Dense stands end with more or less pollen in Open stands.

Before presenting the tabulated data and conclu-
sions, a brief deseription of the method of measurement em-
ployed will be given. The apparatus, a Mayér dissecting
microscope and camera iucida, is illustrated in the accom-
panying photograph, Before it became avallable consider-

able difficulty was @xﬁerianced in finding & sultable and
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rapid means of measurement. All data presented were accum-

ulated by the following means:-

A millimeter rule was placed upon the stage of
the dissecting microsecope and its image superimposed upon
Hughes-Owens' #315F graph paper, which has 20 lines equal
to one inch. One millimeter on the scale was found to be
‘ the equivalent of 9 lines upon the graph paper. A simple
calculation gave a value to each-intérval of the graph

_paper, as seen in the camera lucida, of 0.11 nm, The image

of the pupa, by means of the camera lue;da, thus became

superimposed upon a ruled area, and a pencil was then used
to mark lightly upon the graph paper the distances between
" the points a--b, e~~d,van& e--f, as described above, To do
this, the pupae were dispesed laterally in a Syracuse watch
glass and extreme cave taken to see that all measured
points wers oh the same sagittal plane of the inseet. It
will be obséfveé that the poinfs a=-b will rarely lie along 5
& straight line - unless the pupae be siraight - and thisg 5
- @ifficulty was overcoms by using a length of light stiff
copper wire which was then bent to conform to the pupal
curvature, sﬁraightenad after the points a--b had been noted
upon it, and that distance measured in intervals of the

graph paper and multiplied by 0.11 mm. to give the measure-

mnent .,
Widths of Abdominal segments #4 and 6 were ob-

tained directly. These were taken in the beginning in ox-

der to determine whether an index might be computed from




them, thus either (Se t.’4g - length, or (Segt.#6) . length.

, Segt.;f6) . Segt.74)
A considerable series of calculations, where the correct

values were substituted in the formulae, showed that this
index yielded no correlation. It was therefore abandoned
although the measurements were continued. WALLYNSTEIN

(*36) by “speeial measurement of pupal cases" of the Nun
Moth in Germany ﬁredicted the number of eggs. the resulting
females would contain., The Revue of“Applied Entomology fur-
nished the abové lead, too late to be consulted in time for

use here,




TLBLE

WD St excrt i SO GRS

i

| w44th abd. . ¥idth 4da.
mé Hex ek, & eitle 6 Stand

g
=
a
zﬂ
iﬁ

1. 3.5 31 mm Pl Se80 trn. - 2,86 xma. Dense 248. Growth
2a 15.81 S " S0 " B.Y9 v i "
Se lg.088 » H fﬁggﬁ L 2.8 = * ot "
£ in.38 ¥ " B30 ™ 3,95 © " “ P
Da lé?iail;z ﬂ " usiﬁ‘ n p% i b " "
17 1.@.‘»& w % ‘%m;'»% & P64 ® o " "
’? ® },c.a ? VC3 ¥ " ) i}’ ﬁ“i& ® a?l !@'@ b n A 4
8. 12.43 " 5,19 © 2,75 *® I
s 18,84 ¢ B - nhn o m B.07 » ® w »
10, 1i.08 = » B,55 ® s.a% *® e
1; 'llo ? ® o &a%ﬁ b gigl " b o ®
1l . iz.%4 ® " D08 " B8 ® ] 18
A3 iz.83 * ® SeB0 ¥ T B " " ”

13, 165,46 =, 8 40,00 mae . 55.00 .

Hean Lengih - 12,57 mn,
Hean Vidth #4 « 5,00 mm.
mw BIGLH F6 »  R.70 mme




TABLE II :

Width Abd. vidth Abd.,

o, Length Sex Segt. 4 Segb. 6 Stand
1. 13,97 mm. Female 5,86 mm, - 3.41 mm. Dense 2d. Growth
2 13,97 n" "o 3.41 % - B.e7 ¢ wo . "
3. 13,53 = " 3,65 " L R.97 ¢ " " n
. 4, 14,65 ¢ " © D.BB ™ 3,85 " " " "
' 5. 15,40 *© " 3,88 *® 3.19 n " "
6, 14,19 ¢ " 3.74 7 3.19 ¥ " " "
7. 6.8 w 3.8 7 3,19 ® ® n u
8. 14,30 @ " 4.40 % 5.80 " " " v
9. 14,33 © i 3,80 " 5041 " " " e
10. 14,19 ¢ o 3.52 % 2.86 " " w n
11, 14,30 * * 3,85 ¢ S5.41 " " " n
12, 14,41 " " 4.07 % B3.52 m " " "
13, 15,18 ¢ " S.,794 © 3.41 ¢ " " "
14, 12,43 " " 2,97 W 2,64 " " " "
14, 201.66 mm, " 52.36 mn. - + 45.87 mn.

Mean Length = 14.40 mm,
Mean Width #4 « 3.74 mm.
Mesn Width #6 « 3.27 mm.




TABLE IIX

Width Abd., = VWidth Abd,

No. Length Sex _Segt. 4 Begt. & - Stand
1. 13,31 mm. Male 3.08 m. . 2.42 m. Open ad Growth
2. 13.522 w 086 . . 2 75 "
3. 13,76 ¢ n 2097 ) i ' 2 €4 © '.' " "
4, - 10,54 ™ " 2.97 ® ' 3.55 " b n "
5. . 13,09 ™ v 2,87 ® , 2.75 " " "
6. - 9.68 ™ " 2.64 ™ 2.20 noon o
7. 153.328 ¢ " 2,64 " Red2 T " " "
8. - 12,43 ¢ " 3.08 *# 2,75 ® i hid n
I 12,48 * " G.50 W - 2.86 " " " w

1g, 2,59 *® * D.19 ¢ ' .75 ¢ » \ n

1i, - 12,54 *® 4 541 % 2.86 ¢ u " L

12, - 12,59 " 2,86 © 2,83 n n " "

13, - 12,59 ¢ i 2.79 " 2.53 * n " "

14. 12,76 ¢ " 3.08 " - B.64 ™ LA b

15, - 2,87 0 " BebZ M ‘ 2.08 © 1 n n

1s. iz.54 © " 28,97 w 2.55% " " o ¥

17' 1208’7 f " 5.19 " T 2 .86 " " f "

18. 12.87 " 3,30 " 2.97 n " "

19. 12,76 " " .19 ¢ ‘ .86 T " " b

20, 11l.33 % " 2.76 W 2,31 ¢ " n "

21, 1,77 " " 3,08 " 2.97 ¢ " " “

21, 259,70 ¢ w - 63,80 ¢ 56.21 *

Mean Length - 12.%6 mm.
Mean Width #& - 3,03 mm.
Mean Width #6 - 2.67 mm.




TABLE IV

: Width Avd, Width Abd,
No. Length Sex Segh. #4 Segt .i#6 Stand
1. 11.68 ., Female = 3.08 mm. 2:64 IR o;pen E.d Growth
Do 12,87 o D¢52 3.08 ) ' s
S 2,76 © " H.30 " o 2.27 " n w "
4. - . 13,55 *© " " BH w . mBES u n ” n
5- 13‘20 " T o 3019 o ’ ' 2597 n " " u
G, 13,75 *® " 341 " - B.19 ¢ " i "
g;‘ 15. 97 " ¥ ‘ 50‘?4 n ' 5.08 " " b B
Se 15,64 © #o 5,08 ¥ 2,75 ¢ " " n
Qe 13,53 *© - w B.30 ¥ 2,97 it 1 "
10. 13,42 ¥ w 3,528 " 3,08 " w#oo® "
11, 13,24 ¢ e Ve 63 M D30 " " " "
12, 15,40 " i 3.96 *# B,80 ™ n " "
15, 16,28 *® u 374 7 3.19 * " b "
iz, 14,83 © # 4,07 *# 3.52 % i w w
15, la.39 *© 2 3,85 3.41 " " w “
16, 14,96 " " 3,85 " 3,19 " " " "
i7. 4,19 " . 5.8 © 3.8 " " i
18. 14°52 ” ” 3996 n ) 3019 1] " " 4]
19, 14,85 "¢ " S.74 " 5.41 " " n "
20, 15.5 " " 4,29 *© J.52 "7 " " "
21l. 14,63 © v D.74 2,97 *© " " i
22, 16,06 ¥ u 3,85 " 3,19 " " " n
23. 14,20 * " 5,18 ™ 2.,86 *© w " "
235, 325,09 mm. " 83 .49 mm. 72 .48 "

Mean Length - 14,13 mm.
Mean wWidth #4 - 3.63 m.
Mean Width #6 - 3,15 mnm.




TABLE ¥

Width Abd. Width Abd.

Nol Length Sex Segt. 4 Segt. 6 Stand
1. 15,40 mm, Male 3e52 mm. 2.97 m. Dense Mature .
2. 13,76 ¢ " 3.19 ® 3.08 " n "
B 13,87 n .30 " . 2,97 ¢ n "
4, 12,65 ¢ i 324 % £.,42 ¢ " "
5. 12,75 ¢ " 2.86 ¥ 2.53 n "
6. 12,76 ¢ " 3.41 " 2,97 7 " "
Fl'x’ o 12 054 " 1" 3°él k14 2'86 " 111 14
8. 12,87 " 2,97 " 2.69 " " "
90 12065 " " ’ 2991 " 2.55 " "

10. 12,54 *© " 3.08 2.86 " " "

11. l1l.66 ¢ "o 2,64 ¢ 2,58 " " n

12, 11,99 ¢ " 3.08 _ 2.7 " " "

15 . ll ‘35 " 11 5 .lg n 2.86 A1) 1" 4

14, 11,77 ® " 2.86 v 2,53 ¢ w "

15. 11.55 ¢ " 2,75 " 2.42 v " n

111

15, 190.18 mm. " 46.41 mn. 40,97 mm.

Mean Length = 12.67 mm.
Mean Width #4 - 3.09 mm.

Mean Width #6 - 2.73 mm.

;urmin

“onm.




TABLE VI
Width Abd, Width Abd.
Length Sex Segt. 4 Segk, 6
13,53 nm. Fenmale 3,63 mm, 3%9 nng".
13,08 © N ' 3,80 ¢ 2.86
13,75 ™ " B4 ™ .19
13,20 * " 3,08 " S.19 "
13,42 " " 5,63 3,19
4,19 " "o 3,88 " B.08 "
14,96 " B.74 O 3,08 "
14,52 ™ " 5.83 " 3,19 "
15,78 . 5,96 . B.35 "
14,41 © n 3,85 " B.30 "
12,76 y z,58 *© 2,97 "
iz.98 " " G.41 7 2,86 "
1l.99 " " 3,80 ¥ 275 ¢
i
178.58 mn. " 47 .28 mm. 40,64 m.

Mean Length = 13.73 nmm.

Mean Width #4 -
Mean Width #6 -

5.65 mm.
Se.12 mmo

Stand

Dense Mature
" 14

1
"
1t
1
o
"
n
"
n
n
"

141
”

1

1
ft
it
1"
"
n
1
n
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TABLE VII

Width Abd. Width Abd.

Length . Sex Segb. 4 Segt. 6 Stand
13.31 m, Male 3.08 mn. _ 2,53 mm, Open Mature
13,31 © " 3,08 "n g 7B " " "
13 .Og " 114 . 5 ‘4:1 51 . 86 " " "
12.10 *® " 2.75 m 2.55 " nmoow
12,11 ¢ o : 3.30 " RU7H " "
2,88 » " 2.86 n 2,48 " " "
12,43 n " 208@ " .43 ¢ " "
12.48 (1] . " 3‘19 [1] 2.86 L " 11
12,64 © on .19 M 2,07 ¢ " "
11,33 = " 3,08 2.75 ¢ " "
11.88 - " 3,08 " 253 n " "
1l.44 ¢ " 3.08 v 2,78 " n
11.77 14 7 - 5.68 It 2.53 7? " 17
ll.oo 7"t 1 . 2.97 " 2.53 " 7 ”n
10.45 " " 275 ", 2,42 v noom

182 022 mm. w 45 076 mm. . L 59060 m.

Mean Length - 12,14 mm.
Mean Width #6 « 2.64 mm.




TABLE YVIII

Width Abd.. Width Abd.

No,  Length Sex Segt. 4 Segt. 6 Stand
1. 15,20 nm, Female 5,52 mm. 2.08 mm, Open Mature
2 13,20 " 5.1 = . 3,08 1 "
3. 13,20 " . i .52 " . 5.,08 n. ' " "
4. 13.20 tr 1] 2,30 " 2.64 3] ] "
Se 13.64 v ft 3,96 ¢ B4l v n n
6. 14,08 *© " .08 " . B.19 v . " n
7 14,19 ¢ " e T 2.86 " , " n
8. 14,19 " B30 " 3.08 " : i "
g- " 141,52 " ¥ 3085 " . . 5.53 i \ " n

10. 15.62 ¢ " 3,856 " . 3.58 " | "o n

il. 5.1 ¢ ", 3.6 " . 3,19 ¢ ; " n

12, 14,08 ¢ " : 3.8 T 3,30 " . " "

15 - 12 ° 98 11" hid 5 ° vg " . 3’ 50 " , 7" 3

. ] .on _

13,  161.28 mm. " 46,60 mm. 41.25 um.

Mean Length ~ 13,94 mm,

Mean Width #4 - 9.58 mm.
Mean Width #6 - 3.17 mm.

1



24 Gwth
OPEN

¥ature

24 CGwth
DENSE

Mature

Mean Tot.Width Mn,Width . Tot.Width Mn.Width

No, Total

Sex Ind. Lomgth Lemgth Abd.Sgt.4 Abd.Sgs.4 AbA.Sgh 6  ADA.Se6
Female 23 525,09 14.13  83.49 5.65 72.48 3.15
Male 21 259.70 © 12.36  63.80 3,03 56.21 2.67
Femele 13 181.28 15.94  46.60 3.58 41.25 3,17
Male 15 182,22 12.14  45.76  5.05 39.60 2.64
Female 14 201,66 14.40 52,36  5.74 45.87 5.27
Male 13  163.46 12,57  40.09  3.08 55,20 2.70
Female 13 178,58 13,78  47.28  3.63 40.64 3.12
Male 15 190,18 12.67 46,41  5.00 40.97 2.75

NOTE: All measurements in millimei;res-.'
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This table summarizes the previous ones, relative

to pupal measurements and type of stand.,

From these data it appears that female pupae in
Dense 24 Growth stands are slightly larger than those in
Open 2d Growth. TFemales in Opsn mature stands are slightly
larger than those in Dénse mature stands. HMales in Open
24 Growth are noticeably smaller than those in Dense 2nd

Gro#th,'hux;someWhat larger in Dense mature stands than

males in Open mature ones.

The folloﬁing;coﬁdeﬁsed table sérves to clarify

the results according to whether the stand is Open or Dense;

, Potal Mean Tobtal Mean
Total Mean Width wWidth Width Wwidth

Stand Sex Total Length Lenzth Abd.4 Abd.4 Abd.5 Abd.6
{Male 36 441.92m 12,27 109,56 3.04 95.81 2.66

OPEN (
(Female 36 506,37 " 14,06 130.09 5.61 113.73 3.15

EM@I@ 28 353%.64 " 12,63 85.50 3,08 76.17 2.72
DENSE ' '
(Female 27 380.24 " 14,08 909,84 3,69 86,51 3.20
This table reveals at once that pupae of both sexes
are noticeably larger in Dense stands than in Open stands.

The table aggregates the results from 24 growth and mature

types of these stands,

These results are contrary to the expected, a fact

for which no ready explanation is apparent. It may arise

from an insuf ficient number of msasurements having been taken

"or it may mean that larvae find conditlons more advantagedus

in the denser stands. Factors such as insolation and evapor-

a5
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ation would be expected to reach greater intensity in Open

stands than in Dense, but no data is available,

Still further summarizing the above data, the fol-

lowing table presents biometrical data for male and female

pupae of the Spruce Budworm, in the Sandilands Forest Reserve,

during the season 1938. Similar measurements carried out

over a period of years might conceivably afford data of sig-

nificance in following trends in population density, and of

use in forecasting:-

Sex Difference Data

Mean

. . o - Mean wWidth

Sex Ne.Inds. -~ Length Abd .4
Male 64 ) 12,43 m. 3,06 nm.
Female 83 14.07'mm. 364 mm.

Mean

Width

Abd,©
2,68 mnu,

317 mm.

The female pupa thus appears to be the larger.




11. BIOMETRIC DATA

C. Aduls.




ADUIT? MEASUREMIHTS

| During the course of dissections made upon 18 fe-
male moths; the méasurements 1isted below were taken, and
similar measurements Were made of 18 male moths for the
pake of'coﬁparisdﬁ;' While this data is too meagre to indi-
cate mueh it is presented as a preliminary study of sueh
data, The writer is of the opinioﬁ that measurements so

{“ E' presented £ill a gap in the iiterature at least, A1l

measurements were taken at the widest or longest straight
distanée; length of abdémen was teken from the anterior por-
tiéﬁ'ofaﬁhé‘Sécoﬁd abdaminal éégment to the posterior tip of
the abdomen. o S o

Abdominal  Abdominal

| Right Fore Wing Wid th Length

12.0 mm., 5.0 nm, 2,860 mm, 6,500 nm. Fenale 250
10.0 © 4,0 2,600 " 4,550 ¢ Female 242

9,0 " 4,0 " 1.820 " 3,250 " Female 42

9.0 4,6 1,950 . 3,250 Female -
10.0 5.0 " 5.250 © 5,900 * Fennle 240

9.0 " 4,0 2,600 " 3,575 " Femals 167
11.0 " 5.0 " 3,032 4,550 " Female 176
12,0 4,0 " 2,600 " 5,200 " Female 154,
1.0 " 4,0 " G.075 © 6.825 Female 288
12,0 * 5,0 " 5,900 ® - 6.500 " Female 275
11.0 " 5.0 " 5,250 " 6.175 Female 258
12.0 "  B,0 " 3,900 " 7,582 " Female 310
11.0 " 5.0 " 3.250 " 7,800 ® Fenale 200
12,0 ¥ 5,0 " 3,900 " 8.500 " Femal e 265
11,0 ® 4,0 ™ . B.57B W 6.500 " Female 205
12,0 *® 5.0 " 3,575 " 6.828 Fomele 319
12,0 ® 5.0 " 3,250 % 6.716 " Female 317
12,0 5,0 " 5,900 " 6,175 ® Female 256
MEAN:

11.0 " 4.6 " 3,145 © 5,688 © 18

There would not &p pear to be any correlation be-
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tween physlcal measurement and numbers of eggs, vhich seems
to indicate thaﬁ it ig not the number of eggs that governs
the size of female abdomen. WALLEN&TEIW {'36) predicted the
number of eggs fenales uoul& be able to lay, from measurew
ments of pupal cases of the Nun Math in the field. Unfor=
tunately hia ﬁata and mﬁthods are unknown, due to the above

statemsnt being taken from the Review)of Applied Entomology.
Pime did not permit the consultation of the orlginal which

is in Genman;:

Abvdominal ) Abdominal

Right Fore Wing ~ Width .. _Length
Length Width Eggtral ~ Yentral Sex
8,0 nma, 5.0 xm. 1,625 m. 3.250 mm. Male
10.0 ® 4.0 ¢ 3.575 *® 4,550 * Male
0.0 " 4.5 % 2.600 " 5,200 * Male
9.5 4.0 " 2.600 5,200 * Male
9.0 f 400 " 30%25 hd 5.200 n Mﬁl@
10,5 4,0 ¥ B,250 5.850 " Male
10,0 4,0 " 5,925 " 5,200 *© Male
10.0 4,0 " 2,923 5,575 Male
10.0 4,0 " 3,250 " 5,200 " Male
10,0 * 4,0 " 2,600 " 5,200 " Male
10.0 " 4,0 " 2.816 " 5,850 " Male
10.0 ® 4.0 " 2,925 " 5,525 " Male
10.0 " 4.0 ® 2,025 4,550 ¥ Male
9,0 " 4,0 2,816 " 5.850 Male
10,0 " 4.8 © 3,250 ® 4,550 ® Mele
10.0 ° 4,0 2,388 , 3,000 " Male
9.0 " 4.0 2.800 ® 4.550 " Mel e
0.0 " 5,0 " 1.950 ® 4.550 " Mel e
MEAN ¢ : ,
8.7 " 4,0 " 2,774 " 5.041 18

Thiz data purmarizes az fellows:-

Length of Right Fore VWing, Male ....eae 9,7 mm.
. Expange, 9.7 M. X & ceeessvecees 19.4 mm,

Length of Right Fore Wing, Female ..... 11.0 mm.
EXD&nﬂﬁ, 11,0 mme £ &8 covssvscocns 22,0 mm,




&‘5.¢‘

............

Width of Righﬁ Fore ?iii;g, MEle ........ 4.0 m.

Width of Right Fore Wing, Female cevves 4.6 mm.
Width of abdomen at widest rart,
Ventral,,‘m&le AL AL I BN IR I 2 S S Y 3.77% mm.,

Width of abdomen at widest part, |
Ventral, Lemele...veveesenncense.. G.143 mm.

Length of ebdomen, enterior margin '
Bognent #2 {o posterior extirenity, .
male ‘.‘.‘...........“.‘...".‘.“.A5.041 Mt

Length of abdomen, snterior margin
. 8egment #2 Yo posterior eztremity,

 . remale .OQQO’IDOIQQQ.IIOQQOOJQQb..O 5.688 me

: There thus .appéars to lﬁé from the datea available
an increass in the length amd width of the right fore wing,
width and length of ebdomen in the female, over similaw

measurexents derived from the seme numbexr of meles,
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