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: THE MEASUREMENT OF
SPRUCE BUDWORM MORTALITY CAUSED BY DISEASE

M, M, Neilson

.100 INTRODUCTION

The spruce budworm is now the most important forest insect in
New Brunswick from the point of view of numbers involved, area affected,
and potential damage to stands of spruce and fir. Im 1945 a co-operative
project was set up between Fraser Companies Limited, Canada Forestry Branch, .
Canada Dep;rtment of Agriculture, and the New Brunswick Forest Service with
the 6Bj§ct of_atudying the spruce budworm and its possible control'by forest
management., As a direéﬁ result of this arrangeﬁent a Forest Biology field
laboratory was erscted on the Green River Watershed in northwestern
New Brunswick for the study of the biology and epidemiclogy of the spruce
budworm, | |

One of the major objects of this venture has been to prepafe life
tables for the spruce budworm for different stand types. A requisite for
life tables is thét all mortality factors and their effect on spruce budworm
populations be studied. This requisite had not been fully satisfied‘prior
to 1953 since the effects of disease as a mortality factor had been more or
less neglected. A preliminary survey umdertaken in 1953 emphasized the need
to fill this gap, with the result that in 1954 intensive studies of diseases
andvtheir role in spruce budworm epidemiology were initiated.

The objects of these studies wereé

(1) To follow the present infestation through its course, determining
what part diseases play in population fluctuations from year to year, and in
the eventual declinembfmfhe infestation., This involves the estimation of
mortality.from disease for inclusion in 1life tables,

(2) To find what diseases are present in the field, which of them
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exert measurable control, and in whatv stage Qf the host they kill.,

(3) To find, if possible, a simple and rapid, yet statistically
sound, mebhod of cbtaining a reliable eatimate of the incidence of disease
on regular sample platso |

(4) To sssess wmidentified mortaliﬁy’under identical and optimum
rearing conditions sach year, its relation to infestation age, and the
possibility of iﬂtrim&i@ larval weaknessvin old populations.

(5) To check on the smear teochnique unsed te diagnose cause of
desth, espesially im the ease of capsule virus disease, |

The followlng is a preliminary report on the progress made in 1954
vowards gatisfving ths above objects, '

2.0 'MATERIALS AND METHODS
2.1 Study Plots

Two plots, K2 and Gl1, situated in northwestern New Brunswick were
selected for this study., These were two oub of several plots undér intensive
study by the staff of the Greenm River Project. Both plots are fairly close
(10 to 12 miles) to ome of thé ériginal focl of the budworm infestation in
northern New Brunswiclk and heve suffered severe defoliation for the past four
years, Stand.typéa are almost ldentical, the stands being éomposedJof dense
balsam £ir 35 years old., They differ only in that Gll has been partially
isolated by cubting, and budworm populations on K2 hsve always been slightly
higher than on G121, | '

In addiblon a collection was made from each of three other plots
at about the mid point in the feeding season to ses if there might be
differencés in incidepee of disease between different stand types and dif-
forent égeé of infestation., A4 brief deseription of‘stand type, infestation
history and presenmt level of infestation for these plots is given in Table 1.

2.2 Gollesting snd Rearing

Gollections of 100 to 140 insects were made once a week from




Third-Instar Population in 1954, Defoliation
History, and Approximate Age of Plots G4, Il, K1, K2 and K3

Plot Pap@l&tian Approximate Past-ggﬁoliatign

: per 10 sq, £t age 19507 1951 1952 1953 1954
G, 5, 105 M L L L L
Gl1l 100 ‘ 35 M= | S 8 S S
K 73 105 s 8 3 s s
K2 123 35 M M8 8 s s
I o8 35 N N L M s
K3 27 35 L 8 8 S L

Legends N = Nil; L = Light; M = Moderate, $ = Severs
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each of the two intenasively studied plots, commencing with the begimning

of larval activiby im %he spring and contimaing until adult eclosion in late
summer. Une collection wae btaken at about the mid-point in larval life from
three other plots, G4, K1, and I1. Insects were collected from the mid-crown
branches of trees adjacent Lo population sampling trees, Handling was
minimized by snipping off the feeding site along with the larva and placing
both in an individual, sterile, screw-cap vial? Sterile technique was
employed in collection as far as was practically possible,

Pupae were collected by felling a tres and then shaking it
vigorously over a square canvas mat; loocse pup@e falling on the mat were then
pi@ked.upg nsually with the fingers, and placed in individual vials. This
method of pupal collectiom will be changed in fﬁﬁure years because of the high
mortality resulting from excessive handling during collection,

All collections were éhipp@d to Fredericton ag soon after eoliection
as possible, where they were di%ided into two equal portions; one to be reared
and the other Lo be sactieneﬂo_ |

The former insects were reared through to the adull stégeg and were
examined every seoond day for gemeral state of health &nd external symptoms <
of disease, Diagnosis of the eause of daath wag attempted for all thaﬁ'diedo
The vials conbeining insects vere kept in a dark incubator at 72 + 5° F; with
R.H, uncontrol afe  Pood consizted of fresh curvent ye&r“s‘balsam fir shoots
which were gathered from budvorm-free areas behind the laboratovy in
Fredericton. Upon pupation the ilnsect was removed to a elean vial, Individual
rearing wag employed so that notes could be kept on external symptoms of
disesse, Also it was desired to (1) know incidence of disease at the time of
eollection, (2; @ir@umvent any srrox due to the effects of crowding and
(3) avoid possible spread of disease from ome individual to another.

A pawple of moths emerging from each rearing lot was prepared for
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sectioning; o owere mabed to obbain fertile eggs for experiments o
be deseribed leoter,
2.3 Sechioning

ALl sote that wers %o be sectioned were first killed by

l»’u

immersing them in hot water for 30 ssconds, Ths integum@nt was then pierced
in several plases to ensure good pemsbration of the fixative before fixing
in B@uin”a flaid, The specimens were washed and then stored in 70_pefreent
alochol until the winter when they were sscticned, The insects sectimmed
inciuded one~half of all weekly collsctlons, a sample of adults emerging
Pfrom each rearing lo%, aud a sample of freshly emerged second-instar larvae
which had been collaected iw hibsrnaculse in the fall of 1953o'

Sections were cut at four microns with the excepbions of pupae and
adolts, Difficulties were epcommbered in trying to cub thin sections of
these tuo stageg hecanse of the large amounts of hardened chitin present in
- the exoskeletons, and also because complete pemetration of the paraffim into
developing ovarioles was not achleved. FPopee snd adulbs weré théreﬁ@re
gectioned at ten mioTons, i

This sectioning yprogram was undertsken as a check on diagnoses made
from insects dying in the rearings, and on live smearings, espesially in

e deabh was atbributed to capsule virus, There is sonme

Ghose 8

yivng digease of the spruce budwormy

confusion Tn &oaznosing
using 1ighh‘mi@v o8 QOpe n@mhmigwﬁ$9 heecause of the very small, highly rafractive
capsule-1like bodies often found in both hwalthy’avd dead budworm larvae,

On the advice of ¥, T, Bivd (Laboratory of Insect Pathology), it was decided
that sestioning teéhmiqué@ ahawli‘mﬁ awployed. The ecapsule virus disease

in this inseel apparently causes s characteristic eellular change that

coxmoh be detected in bloed or crushed body smears, This change occours

primerily in tie nuelel of the cells of the fat body and consists of a
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coagulation and later aligwmemt of the chromatin into long dark-staining
ropy strands, This phenomenon has been considered as indicative.of positive
presence of capsule disease (1). However, since this project was initiated
some doubt has been introduced as to the validiby of this method of diagnosis
(2). Meanwhile, diagnoseﬁvof the cause of death as capsule virus may be
doubtfﬁl, However, the mortality listed im this report under this category
does represent mortality due to gpme cause, and until this "capsulg" situation
has been elucidated this heading will be maintained with the reservation that
mortality listed under it may later be attributed to some other cause.

Seativniﬁg has also served as a check on diagnoses of other diseases,
Ihe differences obaerved between inecidence of infeétion with a pathologicél
organism as determined by examination of stained sections of living budworm,
and mortality due to disease in rearings was only slight. Observation of
micro-organiems multiplying within the cells of aﬁy inéect was interpreted
as infection with a pathological organism,

2.4 DBlagnosis of Diseage

Smears of crushed cadavers of insects that died in the rearings

werefyéﬁé in sterile distilled water, These smears were examined micro-
scégiéally utilizing dark field illumination at a magnification ofj950x.
Positive diagnosis of death due to a disease was based primarily on the
observance of bodies usually associated with the disesse in quesﬁion, In
some cases a combination of this and results obﬁained from observation of
gtained sections of living budworm was used as described below. A selection -
of smears was sent %o the Laboratory of Inseet Pathology at Sault Ste. Marie
to check on diagnoses, |
(1) Virus Digeases

Three vifus diseases ar§ frequently found in budworm populations -

a cytoplasmic and a nuclear polyhedral disease and a capsule disease. In
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this study only two of these were encountered., The two palyhedral-diseases
are differentiated mainly by the tissues they atback and by their size,
Polyhedra of the cytoplasmic dlsecase are found in the digestive cellé of the
ﬁidsguﬁ epithelium as colonies of uniformly dispersed crystal-like bodies
enclosed by a membrane, They measure approximately 045/4 in diameter, with
some wup to 3//90 In the nuclear disease, on the other hand, the polyhedra
are formed within the muclel of the itracheal matrix, hypodermal fat and
blood cells, and measure on the average Ea/fin diameter (3). Even though
there is a relatively large difference in size between the two types of poly-
hedra, separation was found difficult using the.light micraacopea. Therefore,
tney ware separuted on the basis of stained sections prepared from living
insects. No evidence of the nuclear polyhedral disease was nobed 1n these
secbions, |

Diffi@ulties.$ncﬂuntered in diagnosing the capsule disease of the
gpruce budworm were mentioned above. In diaénwsing death due to capasule
vivus disease from observation of smears a note was made as to the abundance
of cepsule or capsule-like bodies presemt, The slides were recorded as
excellent, good, falr, or poor examples, OSince evidence of capsule disease
from stained sections differed slightly from smear disgnosis, poor and fair
axanples were taken out of the capsule cabtegory and placed undey unknown
couses of mortality. This resulted in much better agreement between the
two methods, |

(2) Fupgl and Bacteria:

Piagnosis of fungal discases was based on the presence of fungal

gpores, hyphal bodies or mycelia in the smsars, and bacterial diseases omn
the presence of bacteria., A mumber of amears snd budworn cadavers wers
gent 1o the Laboratory of Tnsect Pathology at Sault Ste, Marie for possilble

identificatior of fumgl and bacterial present, Most of these were returned



(7.

labelled as ®zrobably aecon&ary?é 80 the sectioned m&teriél was used in
assegoing mortality from fumgl and bacteria, The resulting figures do mnob
consbitute a delinite asgessment of mortality bub réﬁhers as mentioned above,
indicate the presence of a‘paﬁhelogi@al organism, However, sgince the
numbers involved were so small this would have little effect,
(3) Microsporidia:
o Positive diagnosis of death due to microsporidia was based on
the preﬁanée of the characteristic spores of thiﬂ probozoan, ’NO éttempt
was made to separate gpecies, |

It should be pointed out here that diagnosis of disease becomeé
inmregsingiy difficult becauss of histolysis as the larvae progress from the
late 5th and 6ﬁh instars to the pupa, At this time the fat body, generally
the first tissue to show the effects of hisbolysis, becomes filled with
large dark-staining ha&@philli@ gronules, sccompanied by an overall break-
down, This makes observation of any possible effect of the capsule disease
on the chromatin of the muclel of the fat body alwost impossible,

205 Exhermal Symptoms

Notes we?e kept throughout all resrings Yo see if it might be
possible to distinguish ﬁétwe@m the various disesnses uéing exbernal symptoms
as the criteria. In general this was not found possible since exﬁérnal
symptoms wari-i greatly and a@em@ﬂiat leasb partially‘depﬂndent upon molsture
gonditions within the viel at the time of death. Howewer, distinction
between diseased and non~disessed material om this basis does seem feasible,
Lished below are the various disenses and the mogt constant exbernal
sympboms assoniated with them,
(1) Fungi:

) Insects dying from fungus disesses were mogt consbant as far as

external symptoms were concerned, The bedy £irst became hard and mummified,
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Pollowed by the sppearance of mycelial growth all over the integument.

(2) Bacte rie

Larvae dying from bachterial diseases weré few in number. Those
that were observed showed an ovarallvdarkening alter death accompanied by
by flaccid appearance reéulﬁing from ligquefaction of the body contents,

(3) ﬁiarosgori'i@sr |

Ghamgeﬂ in body appearance after death were very slight, but
larvae exhibited rectal and oral dischargesn Qn several occasions smears
were made of these discharges and were found to be composed of almost pure
spores of mierosporidisa. |
o k4) Virug:

Since the methods used in diagnosis of capsule disease may béw
invalid and alsc since insects dying frem a polyhedral disease were so {ew
in numb@r no external symploms can be givena-

3.0 CALCULATION OF PERCENTAGE MORTALITY

One of the cbjectives of thie study waé to determine percentage
morbality dus to disease in such a mavner as to permit inclusion of the
figures in life tebles. The advantages of this will be pointed out in a !
later section vhere this and another method of interpretation are éompar;h.

" 3,1 Lervae |

In ooder bo minimize the pos&ihle affect of laboratory reafiﬁg
on disease, only the first week of rearing of esch collection was considered.
Since eollections were'madé e week apért, these weekly rearing figures
could be combined o provide a total mortality figure for disease for the
larval stagess ﬁha actual method of analysls is givem below and ié aupﬁérted
by examples in Tables 3, 4, and 5. The larval development and population
figures on which many of the aal@ulationé are based were obtained from the

staff of the Gisen River Project (Table 2),



Table 2
Population and Larval Development on Plots Gll and K2 for 1954

A, Population

Date tiog geg 10 sa, fte ;ggch area
June 2 122

"o15 .93 119

no23 T 102

" 30 37 . 87
July 7 40 ? 13

w13 28 60

"2 20 i

Date~~
Jyge 2 % - 10

L 60 40

"o 23 60 40

" 30 130 69

July 7 5 9% 1

" 13 o | g0 20

"2l 20 72 8

n oo 50 50




Table 3
Per Cent Mortality from Disease on Plots Gll and K2 Based on Redring for One Week

:*Piot Goll,‘l‘ No, in- Miero- ‘G Poly- Bae- Un- - Total
N -1 - sample  sporidia y‘,es hedre ‘teria m d:.gegse
kK2 615 57 543 7.0 0 0 0 18.0 123
Q/zs_ 63 3.2 d 3.2 0 0 | 0 6ol
6/30 66 6,1 3,0 o 0 0 5.0 9.1
7 65 0 0 15 0 0 3.1 L5
7/13 40 5.0 25 50 0 0 0 12.5

Va6 0 0 0 0 0 16.7 0
Gl 6/2 70 Lod 2,9 0 0 0 7.5 43
6/15 6 0 47 0 16 0 183 6.3
6/23 61 49 82 0 - 0 13 131
&30 - 65 1.5 L5, 15 1.5 0 L7 6.0
T 5T 0 1.7 0 0 0 36 L7
7/13 m 0 45 O 0 0 11.9 45

7/21 15 26,7 0 0 0 6.7 30.0 33,4
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In life tables prepared for the spruce budworm by Morris énd
Miller (10) ths larval period is broken down into intervals corresponding
to periods when certain important parasites are causing mortality; ‘There
appears to be no particular point in the larvel life of this insect when the
effect of disease is mﬁeh more éranoun@ed than another (Table 3); thérefore
Just about any breakdown would be feasible as far as inclusion of disease
in life tables is cencernéd° For convenlence the existing divisions are
employed, |

Potential rather than actual mbrtality is uged throughout the
following calculations because of the difficuliies involved in determining
actual mortality in the larval stage when two or more mortality factors are
acting on the same insect., Potential moftality may be defined as that W
mortality that would be expected if there were no other mortality factors
present which might cause interference, The assumption is made when using
potential mortality that all mortality factors act independently of onér

another, It is calculated by the following formulaes

1) Di e oo, of insects in semole dying from disease) x 100
(1) Disease (No. of insects in sample§ = {No. insects in ssmple killed by
' h parasites)
F

(2) Unknown mertality = %&x&@aﬁmiﬁwﬂmammﬂd ing from wnknown causes) x 100
. No., insects in sample) = (No, insects in sample dying
' ~ from disease and parasites
Formula 1 may appear %o be incorrect on first inspection because
the number of insects dylng from unknown csuses has not been subtracted from
the sample size in the denominator. This was not done beéause the numerator
containg both insects that died from disease alone and those few insects

that died from one or a combination of unknown causes and/or disease, It is
i

impossible to separate these twe types of mortality by smearing, because



Table 4
- Dx Values for Potential M@rt&lmty ‘
from Disease on Plots Gl1 and K2 Based om Rearing for One Week

Fiov Sl _’_;ﬁ SRt mes 0 ST, (T oo aisensen dp
K2 Jupme 15 119 6.3 7,5 o o o0 2.4 14w6; 36.0
e 102 3.3 0 33 o o 0 6.6 6.6
.ﬁ, 30 87 5,3 3.0 0 0 0 43 T.9 123
Jay T 7 0 0 11 0 0 23 11 34
gfl-ig 48 24 25 24 0 0 0 60 6.0
T CRR S oo 2o 0 a0
Totals 1%3 120 68 0 0 0,0 362 662
Gll Jume 2 122 17 35 0 0 0 75 5.2 143
oL om0 4k 0 L5 0 183 59 29
gé 23 % 3.6 6.1 0 0 0 1l.3 9.7 18;1
o300 s 0.8 0,9 0.8 09 0 LT 3k 4ib

July 7 4 © 0.7 0 o © 3.6 07 2l

" 13 22 0 L0 6 0 0 1.9 1.0 36

-;§ 21 6 A6 0 0 0 O 300 2,0 3.8

B~

uTQtalxéxclu 4z, 6.0 131 0.8 2.4 0.4 322 22,7 54.9:

Where d = (A/B x lﬂﬁ) x G
| A The Ho, of larvae dying in one week rearing

B f %m0 intho sample

13

¢ ﬁhe larval population per 13 8q. f£t. ab the begimning of the week

@
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diagnosis as disecased is based upon the presence of disease-causing bodies

observed in the swmear., In short, some larvee ipfecled with dideage may

actu&lly'hava died from wnknown factors.

A figure for per cent pobentisl mortality was derived from weekly
rearing data for cach wesk of rearing, Thess per cent mortality figures ‘
were then applied to the larval populatiém (1x) on the particular plet for
the data om which the wollection was mads to giva a dy Digure for each
mollactibn dabta, The population figures used were obtalined from the
Green Biver Project, and are expressed as the pumber of insects per ten
squars feot of branch area (branch area being the sample unit) (Green River
trsual Techniz ) Rapors 1954), For later collectioms a deduction for that
'ﬁer cenﬁ of the population that had pupated hed to be made from tﬁese figures

to give the larval population on which the determination of dy is based,

(Dx denotss the mumber of insects dying during a specified interval, x.)
Summation of these d.'s provided a total dy for the larval period. Sub-
division of morbality into lerval periods was based on this totel dy (Table 5),

Peried I (10) falls at the peak of the third imstar, so all col-

lections containing third-instar larvae were checked for larvae dying as
thirds. 'The_perﬂentéga of thirdeinstar larvae in each collestion was deber-
mined (using larval develépmﬁnt figures) and thess percentages were then
applied to the eollection sizes to find the number of thirds in sach col=
lection, Since larval instaer w&s'noted gt death it was possible to calculate
a figare for the pobtemtial per cent of third-instar larvae dylng in rearings.
This procedure wes repeated for each of the thres remaining periods, and
& potential percentage dyingAwofked oubt for each, These potential mwortality
figures for each pariﬁd were ﬁ@@allado By’m&ing this tobal it was possible
%o apportion, hy'@ﬁans of ratios, the total d; figure worked out from weekly |

rearings to each one of the periods (Table 5}, This does not change total

-




S - - . B .‘% .
) Potenmal dy® by Pcrioc‘i and Disea&es for lets KZ and, Gll for the Larva.l Stages

— :
LMW —

{.l‘,'i’ier:u.od v G%Q \%@mo Fungd dia%a% known Q@po Mic,roo Fun@. dweases lmown‘
I | | 0 0 0 19.5 0 " o 0 ‘ Qb % 85,6
I 31 47 0 0 31 34 L2 L2 L2 68

I L8 3.5 L7 0 7B 14 07 0 0 4l

IV 2.1 bod 6.3 2,1 6.3 3.7 éaz 1.8 1.8 12,.8

*Where @y for any 1 period is calculated by the following formula:

wheres A = The number of insects im those instars covered by the
BT periocd in question that die from a disaase.,

B = The total number of insects in the sample which are in
those ilnstars covered by the psriod in question.

= Total d, for all periods and all diseases (from Table 4).

= Eﬁ,ﬂi for all periods and diseases,
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dy for larvae; of course; it is merely a method of sub-dividing it into the
periods commonly shown in the smpplamemﬁary life tables.
3.2 .gg@g@

A very large difference in overall mortality was noticed betwéen
fieldneallécted and lab@ratarybrearéd pupae. Literature available oﬁ réaring
the spruce budworm shows that other workers (12, 13) have experienced high
mortality im the pupal stage, and have atbributed it to the result of
exceésive handling, Stehr(1l3) recommends that baudworm pupse never be téuched
directly during rearing. Since pupae in this study, as mentioned above, were
subjected to vigorous handling, it was decided that a different approach from
that used for larvae should be used in ealéulatiﬂg pupal mortality due to
disease,
| All dead intect pupse from field collections, and those dead intact
'pupae resnitimg from larvae that did not exist as laywae for more than fhree
days in the laboratory were examined for the presence pf diseaseo- The fesulting
figures for plote GLl1 and K2 were pooled to provide an estimate mf pétential
perm@gﬁag?féié;é;edo Thase pooled figures, when applied to date on é;;;i
mortality supplied by the Greem River staff, would yield an estimate of
100 q, (100 q, is the numbér'dying in any period, x, expressed as a percentage
of the numbers alive, 1y, at the beginning of the period). The data obtained
from the Green River studies were derived in the following manner, Branches
‘were collected from sample trees at the time when 80 per cent of the adults
had emerged from pupae, Pupal population per 10 square feet of branch area
wag obtalned by coumbting bolh emerged and 5aﬁmd intact pupae on these
branches, 411 sound intact pupse were reared; of these some emergedg_some
were parasitized, and the remainder died of unknown causes. The figure for

potential pef cent mortality from disease was applied to this number dying
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from uoknown ssuses, glving the number dying from disease, Appliﬁaﬁion of
this figure to the population size at the time of sawplipg (1) gaVe‘the
desired dxﬂ figure for pupas, The remaining pupae dying from other causes
provided the figure for dy f@rrdea%h due to unknown or ”intrinsiﬂﬁvcauses.
Us%gg pupal mﬂrtality figures derived from Gll and K2, pupal 100 4 figurea for
g&ggaae and unknown cauvges of mortality were c&leulated for all plots (Table 6).
3.3 Adults |

Only a véry few adults were sectioned so d% figures were not cal-
culated (Table 7). 7 |

| 4.0 INTRINSIC MORTALITY

During the rearing of spruce budwdrm from year to year in cdnnection
with parasite studies at Green River a significant percentage morfalit& from
what has haén tormed "death due>to other causes™ has invariably been encountered.
Other workers having occasion to rear the spruce budworm have also run into
this type of mortality (12, 13). During the past two years disease studles
& have been carried out on Greem River material with the vesult that mortality ,

due to other causes has been reduced besause it no longer Includes mortality

"~ due to disease, The remaining Pigure, consisting of mortality outside the

range of diasgnosis using light microscope technigques, nevartheleaé remaing a
faifly'aubstanﬁiél figure, Bven though rearing techniques were selected

with the aim of supplying conditions cleose to the optimum, interpretation of

the figures listed under “unkngwn“ mortality as representing mortality due ho
intrinsic causes may be questionable, Erabiama arise when éonsidering daﬁa

of this sort as to how much of this figure may be abttributed to tﬁe effects

of rearing,'handlingg intrinsiec cauvses, and most importent how these factors

may be separated. A sclubion to this problem may lie in the determiﬁation of ‘the
intrinsie rate mf métural increase for the spruce budworm under opbimal

conditions. Such anm approach might provide a most conservative estimate fbr




Table 6

" Pupal Mortality (100 q ) for All Green River Project Sample Plots Using
Pooled Estimate of 17.3 Per Cent for Disease (from Rearings} in the

Galculation.
Plot G2 @ G5 G ©9 GO Gl G2 Gl3 Kl K K3 M Il
100 q_ for disease 1.3 2.9 3.6 46 1.0 L1 26 2.9 2.0 1.6 3.5 1.3 49 3.6

1c0 ‘CEK f’\'}r mom 6«2 1398 1?Q3 2201 éo'é' 50_3— 1292 Me&_ 99_8. ‘?oé leaé 600 2302& 1?::1

Examle - 69

Iptact = 59 Dead = 25% Collection size = 266 % diseased = 17.3
25% of 59 = 4.7 17.3% of 14.7 = 2.5

100 g, = 2,3/266 x 100 = 1,0




Table 7

Besults of Examination of Stained Slides of Budworm Adults

. Ne, imseets  Micro- - Poly, ;vy--bﬂ~',féi
CBlot  CGoll. 4y gporidia  _hedra Pgonsed
. date - 3&1‘1 ! e : ‘ ‘Ema ; % ;Iﬂg., .V ’ % - wmﬁt - L

2 3.3 - = 33.3

K2 Jine 15

K2 " 23 22,2 = = 22,2

2
2 2
1125 - -1 125
3 . 3

6
9
" o3 8
I 9 33.3

K2 July 7 33.3 = -

611 June 15 P 400 = = 2 40.0

AS 4]

e " 3 8 00 - - 0 -

L " 30 )
KM " 30 12,0 - -
G4 " 30

GeM- M 30

0
1 20,0

2 25,0 - = 2 2&6
3

W O® - W
2y

2 2.2 1 1Ll " 33.3

Total T2
‘ Male Female

37 35
Total diseased 8 8

% Disensed using total figures = 22,2
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this type of ymortality, However, the important thing in this siudy is
whether it changes from year to year awmd; if so, by how much? 1f rearing
techniques are stabilized rearing records from yesr to year should provide a
reasonable answer, because deabhs due to faully rearing would be expected to
remain ¢0natamt, | |

Begause of the similarity of techniques employed in this and
disease studies, a preliminary effort towards meesuring this type of mortality  °
is included here, For want of a better term this mortality will be labelled
as "intrinsie® mortalitya Rearing records on the spruce budworm for the past
five years by G, A, Miller were summarized for death due %o other eauseé'
(including disease) to see if there might be a difference between years and
between plots (Table 8), Records on death due bo other causes (excluding
disease) were kept during the present study and the results are tabulated
under "Munknown” causes in all 4ables concerned with mortality. There appears
to be very little difference belween years and plots from records kepﬁ‘for
five years, but rearing recorda'fbr 1954 éw indicate that this type of mortality
may be higheﬁt in the earlier instars.

Exgeriments were seb up on a small scale to measure possible mortality
résulting frdm some First-instar larvae failing to enter diapause, This type
of mortality waﬁld be classified under imtrinsic. causes. The method empioyed m
wag almost ideriical with that described hy Stehr in rearing spruce budworm .
for getting froéhlybhatch@d larvae to spin hibernsculas (13). The main difw
" ference was that food was suppiied for those few larvae'ﬁhat did not enter
diapause, The figure:eal@ulated for this'mmrtality of 3,7 PG?WQ?H% is éam»
pargble to that obtained by other work@rﬁ'tﬁs 7, 13). -

5,0 REQUIRED SAMPLE SIZE | »
One objective of this study was to try to find a simple and rapid,

yot statistically sound, method of obtaining an estimate of the incidence of




Table 8

Per Cent Mortality from Unknown Causes
{Incl, Disease) in B;earings for Various Plots for the Years 1949 to 1954

Year Jume 1 JE§15 é’éiy l :?Jm:ae bl Jm%zlé J’uly l‘ June 1 J@ggm July 1 June 1 Jm%élé July 1
‘ June 15 June 30 Juimlﬁ June 15 Jupe 30 July 15 June 15 Jums 30 July 15 Jupe'15 June 30 July 15
1954 . .1203 | 9.7 . ‘i1§e§ © 10.5 . - 19.6  18.9 - 15.1
1953 27.7 12,4 13,3  64.3 2.0 14.8 $.3 - 2.0 - 15.2 18,2
1952 = 12,0 125 - - 22,2 15 25.0 30,0 324 327 13.8
1951 - - - - - - 6.5 27.9  3hoh 16,2  19.1  18.9
1950 - - - - - - - - - - 17.4  33.3
1949 - - - - - = - - - - 1408 -
& = @ )
195, = - 59 173 - - - - - - - -
1953 16,1 13.9  13.0 - 11,2 27.8 17.2 29.1 9,8 9.1 8.6 -
1952~ 2n.8 321 170 30.5  Lhed - 55.8 15,9 5.3  3L.1 -
1951 9.6 6.9 16,7 10,2 23.8 1l - - - 6.8 9.2 -
1950 - 6.8  11.7 - 2,0 100 @ - - - - 8.3 =
1949 - 164 - - 13.3 - - - - - - -
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mortality due to disease on permanent sample plots. A4 portion of this object
could be fulfiiied by finding the average sample size necegsary to establish
this estimaﬁea The data ascumulated in the present study have not yet been
subjected to a complete statistical analysis. Application of a sequential
analysis, however, has given an indication of the sample size necessary 1o
establish the percentage incidence of disease within fairly broad classi-
fications, Quﬁlined below is a derivation of the average sample gize required
for detnrmlning ineidence of disease for several claSQifiaations, The classi~-
ficatlons selected in the following example are arbitrary and can be altered
Yo conform to fulure demands of the wmrk.

The seguential analysis applied was that outlined by Oakland fof the
binomial background (11), A binomial distribution was assumed for this work
(iﬁég, ei@her~diseased or néﬁ'diseased). The two sets of classification,
chqégn on the basis of experience gained from pre#ious workg were 5 to 15 per
cent and 25 to 35 per cent, The two types of error that may be encountered
(denotéd ﬁ&-u and/gs were accepted as lﬁ‘per cent, Using the above Qata it
is posaible to construct the two pairs of lines shown 1n Flgure 1, The avérage
sample size required to place the percentage disease within these categories
mey alse be derived from these data by constructing the average eample number
curve for ea@h set of lines (Figa 2),

6. O GOMPARISON BETWEEN PIDT%

Fromexsuﬁal in3pection of the data (Table 3) it appeared that
incidence of disease on plots Gll and K2 was the ssme. They were subjected
to a test for éi@ilarity usihg Xg and no significant différence was found at
"~ the 5 per cent lewel of sgghificance, -This was to be expected because of the
» similarities in the two plotévin stand composition and infestation history.

At the same time, the five plots from which one collection was made on

June 30 also appesred to show aboul the same percentage incidence of dlsease



30

G O \h

Number of Diseased Insects (d)
o

Greater than 35%

¥

Less than 25%

. ' V +
| 3 =.=Ls8"" less than 5%
"‘"M

‘=r*“””ﬂﬂ P N

2 8
10 20 30 %0 50 n
Number of Insects Examined (n)

Fig, 1, Graph of aeqﬁential sampling plan for finding incidence

of disease,
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Fig, 2. Average sample number curves for 5 to 15% and
25 to 35% acceptance and rejection line.
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(Table 9). These were subjecﬁgé?g Xz homogeneity test and were also found

to be similar in rate of disease at.the 5 per cent levél, The resﬁlt here

is‘a little more surprising becsuse of the difﬁerences between these plots

in both stand composition and infestation history (Table 1),

These findings are in agreement with those of Thomson (17) and

it appears that budworm'diseasea are nol acting as density-dependent factors,
Steinhaus (15) states that insect diseases are certainly dénsitymdependent,

but in this case it would appear that they are not, It may well be that in

the levels of population studied the lowest population may have been high
enough for the diseases present to have reached their maximum effectiveness

in comtrol. This, however, seems doubtful bescause third-instar populations

per 10 square feet of branch area in the five plots concerned veried from
‘27 to}123 while at the same time the highest rate of diséase was 15 per cent,
Algo, on plots such as K2 where defoliation has been severs for the past féw
years; and vhere resulting conditions appear to be getting more unfavourable each
year for the budworm, one would certainly expect a higher incidence of disease
than on ﬁ plot in a relatively new infestation where numbers are less and
-conditions more favourable. A more likely postulation would be that a certain.
.percgntagekof budworm populations on all plots had become resistanﬁ to the
more importanﬁ digeases present, and that‘this percenbage remains more or less
constant,

This similarity, in any case, does sﬁggesﬁ tﬁék results may be

pooled from several plots to obtain an estimate for disease for other plots

in the'same general area that were not studied,% In the next year or so it

is hoped that by including a wider range of plctgi§ﬁ the study this similgrity :
in percentage infected and dying from disease may be either substanbiated or
refuted, If the former isvthe cage it may well mean that only a few plots

may have' o be sampled and the results pooled to derive a figure for incidence

WU



Table 9

Per Cent Larval Mortality from Disease on Plots
© Gll, K1, K2, I1 and G4 Based on Rearing Becords
from the Date of Gollection to the Date of Pupation.

‘prai Goll.,  Goll. Micro- Gap- Poly- Bag- Un- Tatai
210% date size gporidia sules ?ungi_hggxﬁg teria Jnown diseage

K2 June 15 oy 12,7 10,9 O 0 0 30.9 23,6
"o23 62 11.3 0 3.2 o0 0 1.9 145
P30 65 6.1 3.1 O 0 0 6.8 = 9.2

July 7 65 0 0 31 0 0 7.9 3.1
1340 5.0 25 7.5 0O 0 59 150
"2 6 o 0 0 0 16,7 20,0 16,7

611 June 2 60 8.3 5,0 3.3 0 0 18.0 166
" 15 60 1.7 8.3 1.7 1.7 0 28,8 13.3
"o23 60 8.3 8.3 1.7 O 0 L3 183
W30 65 1.5 1.5 15 1.5 0 3.3 6.0

July 7 57 0 1.7 1.7 0 0 3.6 3uh
"3 43 0 46 2.3 0O 0 125 6,9

N2 15 2.7 0 0 0 6.7 30,0 334

KL June 30 45 2.2 6,7 2.2 0 hod 10,5 15,6

S mov 30 s 3.7 3.7 1.8 0 0 122 9.2

e " 30 3 5.4 5.4 0 0O 0 151  10.8




’.vfl . » . ’ (160

of disease for all plots. Since no other estimate of the incidence of
disease on other plotsxﬁas available 100 4, figures were calculated from the
pooled data obtained from plots G11 and gzb(Tables 10 and 11), These 100 q,
figures were then applied to the population figures on‘each of the other piots
thereby providing.an estimate of mortelity due to disease for each periad;
7.0 GQMPARISON BETWEEN TECHVIGUES

The incidence of diséase aé caicﬁléted'ffom méQSurement of mortality
in rearings and by noting incidence of infection in stained sections of living
inseéts differed only slightly. Included in this difference is a discrepancy
betwéan slide and reariné figures for ihfec@ipn with fungi end bacteris; those
from insects dyinéiin rearings being higher,  This discrepancy may be explained,
at least in part, by the fact that many of the bacteria and fungi observed
in dead insects may have been_éither fortqifé%s or secondary in natuie.

Stained slides of the abdomens of living adult'budworm indicate a
high rate of infection with mierosporidia (Table 7). This suggests that some
larvae may be infected and yet be resisﬁant to this diéease {i,ea,'asgﬁming
the ;nsect contracted the disease while in the larval stagq)..,ihig observation
ig substantiated by the fact that the rate of infection as aetemingd from
gtained glides of living budworm larvae'wﬁs cohsistently higher than the rate
of mortality from rearing records. If c&nfidenqe may be expressed in the
rearing techniques>employed (i.ea, that the larvae did notvbecame iﬁfeéted
. with the disease aﬂer they had been brought into the laboratory) it may be
stated that young as well as older larvae may survive infection with miecro=-
sporidia, since some adults originating from young larvae from early col=
lections were infected. A cytoplasmic pbiyhedrgl disease ﬁas also found in‘
an adult budworm, indicatiné_iarval resistance to mortality from this disease -
also, Since at least the protozban diéease'may be transmitted vialtheAegg

plans fbr future investigations include a study of the effect of these and



Table 10

Pooled d, Values for Gll and K2 Based on Weekly Rearing and Using Gll Population Figures

Deduction Population -

Date for per " Microsporidia Capsules Fﬁhgi Polyhedra Bacteria Unknown Total di‘séasec.ll
pupae 10 sg9. fb. : _ ‘
June 15 0 93 2.32. 5.39 0 0.74 0 16.93 ‘ 8.46
w23 | 0 T4 2,96 2.96 1.18 0 0] 4.00 7.18
" 30 0 57 2.17 1.31 0.46 0,46 0 1.88 433
July 7 0 o .o 032 0.32 0 0 1.32 0.64
*o13 | 6 22 0.53 0.79 0.53 0 o 1.43 1.83
"2 1 6 L 0 0 0 0.29 1.50 1.43




Table 11

Pooled Estimate of 100 Q,° by Period
and Disease frow Plots ﬁll and K2, Using Population Figures from Gl1

e ) . .
o .

Pericd ‘ Capsules Hicrosporidia Fungi Other éiseases Unknown
I 0 0 0 0 14.40
I © 469 3.80 0.89 0.89 7.48
IIT 5998 6020 R >2048 . G 13638
v 13.63 31.63 18.07 9.19 45.26
3

*Where 100 q_ for any period may be calculated by:

A
==z 100
Dy

Where A = Population per 10 sq. ft. branch area at the beginning
of the period '

Dx'taken from Tgble 5.



Table 12

Per Cent Mortality in Rearings Based on Rearing
Records from the Time of Collection to Pupation for Plots K2, Gl1, Ki, Il and G4

o

Plot Deduction for No, in

parasites sample Migrosporidiab Gapsules Fungus Polyhedré‘ Baétefia 'anndwﬁ ‘Tdtal diséased

K2 Jume 15 2 55 12.7 10.9 0 0 0 30.4 23.6
23 5 62 11.3 0 3.2 0 0 1.9 14.5

% 30 7 65 6.1 3.1 0 0 0 6.8 9.2
July 7 3 65 G 9] 301 0 0 739 301

" 13 13 AO 5eG 2:5 705 G Q 509 159@
w21 2 6 &} 0 0 0 i6.7 20.0 16.7

Gl1 Jume 2 11 60 8.3 5.0 3.3 ) 0 18,0 16.6
o155 & 60 1.7 8.3 1.7 1.7 0 28.8 13.3

8 23 g 60 8.3 8.3 1.7 0 0 14.3 18.3
B30 8 65 1.5 1.5 1.5 1.5 0 3.3 6.0
July 7 12 57 1.7 1.7 0 o 3.6 3.4
13 22 : 43 0 Lob Re3 0 0 12.5 6.9
a2 15 26.7 ' ' * 0 6.7 30.0 33.4

K1 June 30 13 45 2.2 6.7 2,2 0 bod 10.5 15.6
IL » 30 16 54 3.7 3.7 1.8 0 0 12,2 9.2

G4 " 30 31 37 5.4 5.4 0 0 0 15.1 . l1l0.8
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other digeases found In adults on mating, fecundity, and resulting progeny.
The total dy figure as caleculated from eonsiderétion ofveach col=

lection for one week differed only slightly from that derived from.one early
collection bhat wae reared through to the adult stage (Tables 4 and 13). It
would appear from this compariscn that (1) laboratory rearing has very little,
if any, effect on mortality due to diaeééeg and (2) that mosf of the d;;easa
is contracted in the very early ﬁtéges or is pasged down via the egg, As with
most othervobservationa in this report, more date are required to either
substantiate or refute this.
. 8,0 INTERPRETATION OF RESULTS

~MAja0mparison of two méthodsbof méﬁsﬁfement ié‘presented belpw. The
reagon for the choice of Thompson's method (16) is that another workér‘has
nsed this procedure for assessing mortalityndme to disease, Below are figures
for T as derived by the £brmnla T &+ (1=&)b + (lwa)(lwb)c + (l—a)(lwb)(lvc)d,
ete, and 100 q, &8 derived from the method ouxlln@d in thls report for the two

plots intenslvély gtudied.

K2 (eI
Digease = Unkp Qﬁ@ Digeage Unkn oWl
I 35.7 7.1 52.2 57.6
100 q 30,4 25,2 18,5 26,4

It is ob#ibmg that when data such as population figures, larval
developmenﬁ, and other morbality factors are taken into consideration in the
.measurement of any one.mortaliﬁy factor, the probability of reaehihg a correct
evaluation is much greater th&m when they are not available, If in the |
aésenee’m%“th@sa data a method of eveluation such as that oublined bj Thompson
in 1928 (16) is used then the assumption must be made that‘only the oﬁe factor

is redﬁcing bopulationo Caution must therefore be employed in using an

aggregate percentage mortality as represented by "I¥ for compariscns between



Table 13

D, Values Based on Rearing Records from
Time of Collection to Pupation for Plots X2, G1l, K1, Il1, and G4

- 3 g STy i v - i . : :
Plot Dedu;‘t;zg for ;Zﬁ:aiai’zgﬁzcm Micrcsporidja »Ggpsules Fungus Polyhedra Bacteria Unknown dfgzzi o
E2 June 15 3] 1ig 15.1 13, h] 4] Q 36.8 28.1

( n 23 4] 102 11.5 o 2.3 2] O 1.9 14.8
" 30 4] 87 5.3 2.7 0 (] g 5.9 2.0
July 7 1 73 0 o . .2.3 0 o 5.8 2.3
q 13 12 48 294- 192 356 O 0 '258 ?92
u 21 32 12 0O 0 Q 2,0 2.4 ZQS
" 611 June 2 0 122 10,1 6.1 4.0 0 0 22.0 20,2
n 15 0 93 1.6 7.7 1.6 1.6 0 26,8 12.4
23 0 Té 6.1 6.1 1.3 0 3 10.6 13.5
" 30 c 57 0.8 0.9 0.8 0.9 0 . 1.9 3.4
July 7 0 40 3] 0.7 0,7 ] 0 1.4 1.4
o 13 6 22 0 1.0 0.5 0 0 2.7 1.5
LRV 1 6 1.6 | 0 0.4 1.8 2.0

K1 June 39 (3) 63 1.4 4o 1.4 0 2.8 6.6 15.6
L. 30 0 60 2.2 2.2 1.1 0 0 7.3 9.2
G4 " 30 0 48 | 2.6 2.6 o o0 0 7.2 10.8

dx' at any interval = § potential mortality resulting from disease x larval populationva‘b beg;’;gning of interval.



(18,

plots and between years, This 1s especially important in those cases where
éamples are ﬁo? takenrf?om populations at the same point‘in-the life eycie of
the insect in each sucoessive year and on each plot,

| For the sake of comparison the aggwegate T for each disease is listed
for the Port Arthur and Green Biver areas for 195& (Tables 1& and 15), _A |
ﬁkportlan of the apparently'large difference bebween tbe two set of data may
) be explained by dissimilarities in technique and in time and frequmney_of
sampling., Even so some part of this difference could_undoubtedly be demon=
Btrgted as &ﬂﬂ‘ﬁa differences in the two areas under consideration, |

| Those studies of dissases in the spruce budworm will be continued
until ab 1éa5t the declive of the pregent infestation. Qhanges a:; gnticipated
in teehniques and will be mads from year to year as exparience is gained, Ip‘
1955 most of the sectioning of larvae will be dropped; In the placé of this
studizs én the effects of diseasé onradults will be intensified. Other minor
chgné%ééfill also be made in methods and times of collection. .
9.0 SIMMARY .

(1) A survey of disease was made im budworm populations on two
plots in northérn New Brunsgwick to determine what diseases are present, which
of these exert measursble control, and in what stage of the host they kill,
Two methods were used in dlagnoaxsg stained sections of liVLng insects, and
body smears of insects dying In raaringao , |

(2) A method for analyzing dsta for inelusion in lifevtablesfis e
presented, Uﬁing life tables as the method of evaluatiom, disease wag fou?ﬁi
té have a potential of redueing the populatiom-by 2ho5 per cent.

(3) At least one sample was taken from each of five plots to see
if there was a differen@e in incldence of disease under different stand
conditions and infestation history., Using X2 tests no difference was found.

-
s

(4) Disease was found in adults, indicating possible resistance

i



Table 14

‘Aggregate % Mortality from Discase as Represented
by "I" for Green River and Fort Arthur Districts for 1954

Creen River Port Arthur
Plot K2 G11 Joe Lake lLake Marie Louise
Protozoa 19.2 31.3 7 5.2 TeR
Fungi 9. 1.5 0.6 2.1
Bacteria 0 6.7 1.6 0.5
Polyhedra 0 3.1 0 0

Capsules 12.0 19.1 Q 0




Table 15

Beal_% Mortelity from Disease Using Thompson®s Method = Plots Gll and K2

Pl@t'ﬂ,EZ%i°‘ Microsporidia Capsules  Fungus - Polyhedra Bacteria .Egkﬁ@ﬁn Total disease Total mortality

e

K2 Jupe 15 5.3 7.0 0

O 8] 12.9 12.3 3C.3
723 3.0 0 3.2 0 o o 5.6 4.5
" 30 5.6 2.8 0 o bol 7.5 . Go2
July 7 0 0 1.4 0 o 2.4 1.1 2.6
B33 403 22 4.8 G o 7] 9.2 6,7
w21 o 0 ' 0 o 12.6 . 7.8
Tobal 1.2 12,0 9.4 Y O 37.1 35.7 61.1
Gll Jume 15 4] 5e%F o 1.6 2 18.3 6.3 24.6
v 23 4.9 7.8 & 0 o 9.2 12.3 18.4
® 30 1.4 1.3 1.5 1.5 0 1.2 4o bod
Jﬁlff 07 Q’ 15‘5 @ @ @ 206 193 2@3
8 13 g 3_98 G Q @ 802 35& 802
w21 25.0 O O S 6.7 18.1 24,0 27.6
Total 31.3 19.1 1.5 3.1 6.7 57.6 52,2 86.0
Real % mortalities from formula
| T=A+B+0C where a, b, ¢, and d are apparent mortalities in % ages .
where A = g . ]
B = (l-a)b -
C = (1-a)(1l-b)e
D =

(1-2){1-b){1-e)d
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of larvae to s protozoan and polyhedral disease after they had become infected,
(5) Preliminary studies of mortallty due to intrinsie weakness were
initiated., |
| (6) Data were subjected to a sequenbial analysis and an average
gample size that would permit the defimition of disease within certain clag=
gifications was determined. S
“:(7) A comparison of the life-table methed of measuring ﬁortaliﬁy due

to disease and another method is presented,
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