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THE MEASUREMENT OF 
SPRUCE BUDWORM MORTALITY CAUSED BY DISEASE 

M. M., Neilson 

loO 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 firo In 1945 a co-operative 

project was set up between Fraser Companies Limited, Canada Forestry Branch, 

Canada Department of Agriculture, and the New Brunswick Forest Service with 
. ' 

the object of t~tudying tb.e spruce budworm and its possible control by forest 

management. As a direct result of this arrangement a Forest Biology field 

labora.tory was erected on the Green River Watershed in northwestern 

New Brunswick for the study of the biology and epidemiology of the spru@e 

budworm. 

One of the major objects of this venture ha.s been to prepare life 

tables for the spruce bud.worm for different stand typese A requisite for 

life tables is that all morta~ity factors and their effect on spruce budworm 

populations be studiedo This requisite had not been fully satisfied prior 

to 1953 since the effects of disease as a mortality factor had been more or 

less neglectedo A preliminary survey undertaken in 1953 emphasized the need 

to fill this gap, with the result that in 1954 intensive studies of diseases 

and their role in spruce budworm epidemiology were initiatedo 

The objecta of these studies werei 

(1) To follow the present infestation through i•ts course.9 determining 

what part diseases play :f!.n population fluc·tuations from year to years and in 

the eventual decline of the infestationo This involves the estimation or 
mortality from disease f'or inclusion in life tables,, 

(2) To .find what diseases are present in the field, which of them 



(2., 

exert measU'r'abJ.e control» and :b1 what erhage of the host they kill., 

(J) To find, if possible9 a ai:111ple and rapid,, yet statistically 

sound, method o.t" obtaining a reliable estimate of' the incidence of disease 

01:1 regular sample plots,. 

Ct) To assess :1.mide:ntif'lt:1d mortality under identical and optimum 

rearing co:nd.it:tons each. yee:r 9 its relation to infestation age., and the 

possibility of int,rin~io larval weakness in old populations., 

(5) To check on the smear technique used to diagnose cause of 

dea:th, especially in the case of. capsul.e virus d.iseaseo 

The following is a preliminary report on the progress made in 1954 

2o0 ,MATE:RIAI.S AND METHODS 

2., l fil;,_µdJ! . .Elots 

•rwo plots.i> K2 and Gll 11 sit,uated in northwestern New Brunswick were 

aelecrted i'or ·t.his studyo These we1·e two out of several plots under intensive 

study by the staff of the Green Rive~ Projecto Both plots are fairly close 

(10 to 12 miles) to one of the original fo~i of the budworm infestation in 

northern New B1"lttu1wick and have sin'fered severe defoliation for the past four 

years,, Stand t,ypaa a.re almost idi:mtical 9 the stands being composed 'or dense 

balsam fir 35 yearis old., They di.f'fer only in that Gll has been partially 

isolated by cutt,ing, and budwom populat,iona on K:2 na.ve always been slightly 

h..igher than on Gll ll 

In addition a collect.:lon was made f':rom ea.ch of three other plots 

at about the mid point .:tn the feeding season to see if there might be 

differences in iruJiden.ce of disease bet.ween dlfferent stand. types and dif'• 

f'ere:rrt ages of imd"eate.tion., A brief de:s©ri.ption of stand type, infestation 

history and prf~sent level of infestation for these plots is given in Table 1., 

2" 2 2.Q~ti,g_ a,:gd,,A\';!§1::W.,i 

Collt'crt:i.ons of 100 to 1/,i),O inaecits were made onGe a week from 



Table 1 

,Gli, 

Gll 

Kl 

K2 

Il 

K.3 

Th.ird=Instar Population. in 1954, Defoliation 
Histor;r9 and Appro:rl.ma:te Age of Plots G4,' Il 9 Kl, K2 and K3 

Approximate Past defoliation 
-~~-~!l--~ 1951 1952 1953 

··'-,; 

105 M L L L ~;::,_:., 

100 35 M.,,S s s s 

'13 105 s s s s 
12,3 35 M' M-S s s 

98 35 N N L M 

21 :35 L s s f3 
~~~ .. -== C -~~~ .. ~-~--
1egendg N ""Nil; L = Light; M = Modarate 9 S = Severe 

• 

1954 

L 

s 

s 

s 
s 

L 



of larva.l act:1:dty in tho i~p.dng and fl;'JO:ntinuing ur;1.til adult eclosion in late 

summer" One collectio11 was ·taken at about thE:i mid,.,point in larval. life from 

i;hree other plots 9 G-4., Kl» and 11., In.se,,Jts were collected from the mid=orow 

branches of trees adjacent 'it:,o population sampling i;reeso Handling was 

:mi.nimi~ed by_snipping off' the feeding site along with the larva and placing 

both in an individual.!) ater.ile.9 sc:n:~w.,,ciap vial., Sterile technique was 

employed in t%1llection as far as was pra.otically possible., 

Pupae ware 0,ollected by felling .e, tree and then. shaking it 

vigorously ove1• a square canvl'J,S mat, loose pupae f'alling on the mat were then 

picked up 9 usually -with the f'ingers 9 and pl.aced in individual iria.lao This 

method of' pu11al. collection will be changed in future yea:rs because of' the high 

:mortality :resulting from excessive handling during <CJollectio:oo 

All ~ollacrtio:ns wt~:r·e shipped to Fredericto:u as soon after collection 

as possible 9 whex•e they were d::i.vlded into two equal portions; one to be reared 

~nd. the other to be secti.onedo 

The .former insects were reared through to the adult stage 9 and were 

examined Erve1~y second day f' or general stat,e of' beal tb. and external sy.m:ptom.s 

o:t" d.lseaseo Dta,gr.aosi.a of the ©e.u.se o:t death was at;t,empted for all that diedo 

The vials cmrt,,,,1.ni:ng :tl'.1SEHJts we1"'e kept ~m a dark inGU.bll~tol" at 72 ! ;° F o with 

which were gathered f'ro:m bud'wr.:n.~=.free areas bt:,hind the laboratory in 

Frede:r::l.cto:n., Upon pupation the :lr1sect was remr.>ved to a clean via.lo Individual 

rearing was employ~~d so that :not~,s could be kept on external symptoms of 

di~ea.seo Also it ws.s desired to (l) know ill((::idenitlle of disease at the time of 

collection~ (2) ©ir,~umVf)nt any error due to the ef'f'e~ts of crowding and 

(.3) a.void possible 61p:read ot disease from one h.1dividual to w:i.othe:ro 

A sa:l.',lple of moths emerging f.":rom E-)a~lb\ rearix1g lot was prepared for 



iu several pl.~1u,es to on~11re g,ood panet,rat,ion of' the fixative before fixing 

included one=half' oi" l"i.11 'W'eekly 0ollec:t.ions 9 a sample o:f ad~,ta eme:r·g,ing 

from eaeh rearing l,;;)t 11 itx.id a san1pl6 1:::f fre~hly e:merr"ged aecondcoinstar larvae 



coagulation and later aligmnent of the chromatin into long dark~staining 

ropy strands., This phenomenon has been considered as indicative of positive 

presence o.f capsule disease (1)., However 9 since this project was initiated 

some doubt has been introduced ~s to the validity of this method of diagnosis 

(2). Meanwhile, diagnoses of the cau.se of death as capsule virus may be 

doubtfu1o However, the mortality listed in this report under this category 

does represent mortality due to~ causei, and until this ttcapsule" situation 

has been elucidated this headitlg will be maintained with the reservation that 

mortality listed under it may later be attributed-to some other cause. 

Sectioni.ng has also served as a check on diagnoses of other diseases. 

1'ne difference~J obse:rved between incidence of infection with a pathological 

organism as de·termi:ned by exarn.ina.tion o:f' stained sections of living bud-worm, 

and mortality due to disease in rearings was only slighto Observation of 

micro-organisms multiplying within. the cells of any insect was interpreted 

as infection with a patb.ologicaJ. organism.. 

2.,4 ~~agno,!1-@...Qf Disease 

Smears of crushed cadavers of insects that died in the rearings 

were JQide in sterile distilled water., These smears were examined micro-
,;1 ., 

sc6pieally utilizing dark field llhunina:tion at a magni.fioation of 950x. 

Positive diagnosis of dea.tb due to a disease was baaed primarily on the 

observance of bodiet1 11sually associated wi'tb tb.e disea,se in question. In 

some cases a combination of this and results obtained from observation of 

stained sections of living budworm was used as described belowo A selection 

of. smears was seut to the Laboratory of Insect Pathology at Sault Ste •. Marie 

to check on d:t,1.gnoses., 

Three virus diseases a.re t:requently found in bud.worm populations -

a c;toplasmic and a nuclear polyhedral disease and a capstLle disease. In 



this at,udy- only two of' these -wer(1 enciounte:redo 'rhe ·t.-wo polyhedral diseases 

are dif.f'ere:nt,i.ated mair.ily by the tissues they attack a:nd by their sizeo 

Polyb.ed:ra or the oytoplaamio disease are ;four1d in the digestive cells of' the 

mid-gut epithelium as colonies of uniformly dispersed cr1stal~like bodies 

enclosed by a :mem.brane., They :measure approxi:mat,ely 0,, 5 / in diameter, with 

some up to .3 /., In the 1n1clear disease., on the o·ther hand, the polyhedra 

are fol"!lled within the nu~lei o:f. thE, ·t.raeheal m.at1•ix, hypode1"IDal fat and 

blood cells, and measure on the average 2,/f in diaraeter (.3) ., Even though 

there is a relatively large dH'terence in size between the two types of poly­

hadra, separat,i(;n was found di:fficult using ·the 1::l.ght miorosoope0 Therefore, 

t11e;r were sepa::~•::d;ed on 'the basi~ of st,ai.ned sections prepared from. living 

insects. No evidence of the :nucilea:r polyhedral disease was noted in these 

sections .. 

Dif'ficult,ies Eincou.nte:r£-,d 1.n diagnosi.:ng ·the capsule disease of the 

spru.ce budwor-m were mentioned above., In dia.gnos:'Lng dea:t.h due to capsule 

11iru.s disease f"rom CJbse::rva·tion of smears a. note was made as to the abundance 

of ce.psule or capsule-like bodtea px•eaent,, The slides were :recorde~ aa 

excellent, good, fair, or poor e:v..unpleso Sil'.wa evidence of capsule disease 

from stained sections differed slight.ly f"rom smeai· diagnosis, poor and fair 

e:1cmnples were t,aken out of the capsule category and placed under unknown 

ca:uses of :mortality~ Thia result,oo in. muob bet,te:r agreement bertwee:u the 

two methods. 

(2) ~~ti& g 

Diag:r1osis of' fungal d:i.:.:H:lllSE)S wa.s basf.td o:n the presenoe of fungal 

spores, hyphal bodic➔S or mycelia in the smeart~ 9 and bt1ct0rial diseases on 

~ent t~o the La.bo:r.atory of Inse1.~t Pa:U1ologJr at Sault Ste. Marie £"or poss:Lble 

id.e11tifi.cat,:ior:, of fungi a11d ba0terial pres0nto Mos·t o.f these were returned 



indicate the presence of a: pathological organiamo However, since the 

numbers involved were so small thi13 would have lit•tle ef.feota 

I"oi:iiti.ve diagno~la: of death due to miro,oo3po:rid1a was based on 

:1 .. :o.oreasingly diffioult beciause of hi.st.o1ysis as the larvae progress from the 

late 5th a.nd 6't,h i:natara to tbe pu.pa., At this time the f'a;t body9 generally 

the first, t,issue to show t.he effe~ts of hlat,olyais» becomes filled with 

la:rge dark.,.staining basoiph.ill:lL\e; gran:u1e~ i> a.cco:mpa:nied by an overall _break= 

down,, Tbis makes obi:ierva.tion of IXJ.l'f possible effect of the ciapsw.e disease 

Notes were k€ipt thrcnxghm.11..t all rear:lngs to see if' it might be 
• 

condit,io:n$ wit,hin t.he v1ial 1!'1t the 't,:ini.e of' death,, rl'.oweve:r. i, distinction 

between diseased and non"'·diseaaoo materlal on this basis does seem feasible. 

L:tsted below are the various dit,etu,EJS and the most ccmstant e:d,ernal 

(1) ~g 

Insects dying from f\ltngt1ij disease$ were most ~onstant as far as 

external lllynip·l,o:m~ 'lt\m:re · ~on;1-s.ei:1'."!'.!.ed., The body f"i:rst became b.a:rd. and rmo~nmif'ied, 



(So 

:f.'ollowed by the e.ppeara:1ce of' m;rcelial growth all over ·the integument'. 

La:t"'vae (lying from bac·terial diseases we:i:"E'l :few in nUlllb~r. Those 

that were oba(lr,red showed an ovoe,rall darkening after death a~eompanied by 

by f'.la.ccid appearance resu,lting ±'rom liquefaction of the body contents. 

(3) Him;·os·pg1:i.9J.§ g 

Changes in body appearance after deai:.h wa:ir.·e very slight, but 

larvae exhibited rectal and oral dischargeso Din. several occasions smear$ 

were made of these discharges and were f'ound to be <~omposed of almost pure 

Sin .. ree t.;he :me"thods used in diagnosis of capsule dlsease may be 

invalid and also aiuce inse1}ts dying from a pol;rhedral disease were so tew 

in number no external symptoms Clan be giveno 

3.oO OALC\'.JLA.';rION OF PERCENTAGE MORTALITY 

011e of' the obj e,l!'il·ti.ves of> this study was to determine percent~ge 

mortality due to disease in such a manner as ·to permit inclusion of the 

figiwes in life tables~ The advantages of this will be pointed out in a 
. tt 

later section where this and ancrther method of interpretation are compared. 

' In c: d·.:1r to min:i:m.i.2ie the posstble effect .or laboratory rearing 

on disease, onl.y the .t'irst week ot rearing or each ~1..-»llec"t,ion was Qonsidered. 

_Since c:ollect,fons ·t1ere made one week apart, these weekly rearing fi,gures 

could be combi.ned to provide a total mortality i"ig'I.U"® for disease for the 

' la.r,ral stages; the actu,al met.hod of analysis is given below and is 13u:pported 

by examples ir.i Ta.blea .'.3,11 i~.>1 and. '" The larval development and population 

figures o:n which many of the calculations are based were obta:i,ned from the 

staff of the Gi•een Riv·er Project (Table 2) o · 



Table 2 

Population a.nd Larval Developmerit on Plots Gll and K2 for 1954 

Date 

June 2 

It 15 

tJ 23 

" .30 

July 7 

91 13 

II 21 

Date 

June 2 

" 15 

II 2.3 

II 30 

July 7 

If 1,3 

" 21 

A. Population 
P2@~ti2n ~er 10 A~. ~• b;g:imca itea 

Gll K2 

122 

9.3 119 

74 102 

57 '87 

Al) 73 

28 60 

20 .' m.. 

B. Larval Development 
i Qf po¥fation in.each ;y;i.gtar 

II • ItI . . · · · _!. f I Pupae Adults 

90 10 

60 40 

60 40 

1 JO- 69 

; 94 l 

80 20 

20 72 8 

50 50 
-



Table .3 

Per Cent Mortality from Disease on Plots Gll and K2 Based on Rearing for One Week 

··Plot Goll. No o in Micro- Gap.., 
Fungi 

Poly• Bae- Un- Total 
dat:e samPle S w,ridiA,,~ im,l(;!S hed:r;:,a. teria ,_knOWJl di;ease 

ii\Oi.llll.'ljil t 

K2 6/15 57 :5.,3 7 .. 0 0 0 0 18.0 12 • .3 
... : ... :, 

6/'J.3 6.3 3.2 0 .3o2 0 0 0 6.4 

6/30 66 6~1 JoO 0 0 0 5.0 9.1 

7/7 65 0 0 lo5 0 0 .3.l 1.5 

7/13 40 5.,0 2"5 5o0 0 0 0 12.5 

7/21 :r 

0 0 0 0 0 16.7 0 t) 

Gll 6/2 70 1.4 2.9 0 0 0 7.5 4.3 

6/15 64 0 4.,,7 0 l.,6 0 18.3 6 • .3 

6/2'J 61 4.9 8o.2 0 0 11 • .3 1.3.l 

6/30 -· 65 1 .. 5 1..5 - 1.,5 L.5 0 1.7 6.0 

7/7 "" 57 0 lo7 0 0 0 3.6 1.7 
; 

7/13 44 0 4.5 . 0 0 0 11.9 . , 4.5 

7/21 15 26o'7 0 0 0 .. 6.7 .30.0 3.3.4 

• 



In li.f e tables prepared :f' or 1,be spruce budwo:r.m b;r Morris and 

Miller (10) the larval period is broken down into intervals corresponding 

to peric)ds when. <Jeit•'tain important parasi tea are causing mor-tali·ty., There 

appears to be no particular point in the larval life of this insect when the 

effect of disease is :much :more pronounced than anothe:r (Ta:ble 3); therefore 

just about an;r breakdown would be feasible as :t'ar as inclusion of disease 

in life tables is concernedo For convenience the existing divisions are 

employed., 

Potential rather than actu.a.1 :mortality is 111.sed throughout the 

following calcu.la,tiona because of' the dif'f'icuJ.ties involved in determining 

actual mortality i:n the larval stage when ·two or more mortality factors a.re 

acting on the sam.e insec:rt.o Potential mo:i:·tality :may be defined as that 

mortality that would be e:&.pected if t;here were no other :morta.li ty factors 

present which migbt ea.use interferenceo The assumption is made when using 

potential morta,lity that all :mortality factora act independently- of one 

another., It is calculated by the f'ollow:i.ng f'o:mu.laeg 

(l) Disease = -··-~ (~g,..,,,.,q.t:,_il#';ieots in.,..~gm gisease} x: lQO 
(No. of insects in sample).., (No., insects in sample killed by 

parasites) 
·" 

(2) Unkn.01 .. m mcY'taJ.i ty ""' No :nsects ;lJL f!§JP.I?!e) d ;in from unknow ca ses x 1 0 
No., insects in sample ~· Nou inse3ots in sample dying 

from disease and parasites) 

Formula 1 may appear to be incorrect on first inspection because 

the number of insects dying tro:m unknown ca.uses has not been subtracted from 
\ 

the sample size in the denominatoro This was not done because the numerator 

contains both .t:nsects that died f.rom disease alone and those few insects 

that died from one or a combination of unknown ~auses and/or diseaseo It is 
j 

impossible to separate these two types of :mortality by smearing, because 



Table 4 
* D+C Values for Potential Mortal;:1.ty 

from D:il.aease on Plot, Gll and K2 Based on Rearing f'or _O;ne Week 

It 2.3 

30 

.Jw.1 7 

.ta. l~ 

119 

102 

12 

7,.0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

6,,6 

7o9 

1.,1 

6.,0 

36.,0 

6.6 

12 .. 2 

.3o4 

6.0 

290 ~; 21 

. T~tals 12eJ..-1~ ... .fulL_..~ Jt .. H_g __ 3..,.,o...., .. o._· ...... ,....,,J.....,62.,..2.._... ..... 6 __ 6 ....... 2.._ . 

Gll June 2 

" 

Ju.1.1 7 

122 

93 

74 

57 

40 

22 

lo"l 

0 

0 

0,/1 

0 

0 

0 

0 0 

0 

0 

0 

0 

!) 

7,,; 

18.,3 

11113 

1.,7 

.3,,6 

ll,,9 

5,,2 

5.,9 

9o7 

.3o4 

0..11 

1 .. 0 

22.9 

18~1 

4,,4 

2.1 

.3.6 

w 21 6 ~lt~-1L--.Q. ______ .f1_,,.& __ 3..,.b-. .,...0 ___ 2 .... a .... o ___ J._e_ 
.Ti:.>"tal \~xcl" 6/2 600 13.,l 0.,8 2oii, Oo4 32 .. 2 22o7 54~9 
~•·-~=~w>l",..,:~~..-~---~""'"''·'''-~-.-..-lm:~.:i,j,"-~,..,_-,,,.,.__._~~~:);"~-----•-

*Wbe;re Ojt = (A./B X 100) X 0 

A = ;the No o of la:rvae dyi:ng in o;ne week ree,ring 

C = 1he larval population per 10 tl!lq., f'ta a.t tb.e lJegiJim:lng of the week 



(10 .. 

diagnosis as diseased is based. upon the prese:ncie t).f' diaee,se=oou.sing 'bodies 

actually htiV'8 di.eel f:.'."Om wknovn far.:rt.Olr&Jo 

A f.igure f'or pe:r cient, :pote:ntia.l mo1·tali ty we.s derived from weekly 

were then applied to the ls:.t'V&J_ population (lx) on the pa:r.ti©ul.ar plot for 

·the data. on wbi~h t.h*) oollecti.on was ma.d<e to give a dx figure fo:t· each 

collection data., The :populatim1 f:igoirea u~ed were obtained f:r.om the 

Green R:l.ver Proj ec:t ll and a:r.e e:;q):ressed as tl:u;J number of inseot,s per ·ten 

squ.e.:t'·~, f'e('rt of' b:ranC!h area (brawch a:rc~a beilig the sample unit) (Green River 

For later colJ.r1ctioID!.I a d.f~duction f'or that 

per cent of' the population that bad pupated had t,::i be ma.de from these figures 

to g::i:ve the ~a.l populat.io:n on which tb.a d.eti2l1"lroix1aitio:n of' d,:x; is based(II 

(Dx denotes the m:unber of insects dying du.t"ing a specified :u1terval~ x.) 

S1nro:nation of thes,,, dx us providt~d a total dx for the larval pr1:r'iodo Sub-

di viaion of mor't,ality i:nto lar-val periods wtu:t ba.sed on thia tc>tal d:x (Table ;)., 

Period I (10) fa.lls at ·the peak of the th:h·d 1m,rta.r9 so all col"' 

t,hirdso The pe:r.ct1nt1;1.ge of third=insta:r larvae 1:n t::\a.ch collei:Jtion was deter= 

:ndned (using larval. dmrel.opmorrt figure:s) and t,J:H:1se pElroe11tages were then 

applied to the collo~tio11 1:thei.., to find t,he uumbt:,1• of t,hirds in each col"' 

a, fi.g111•1:i for th.a pc1tl!:,ntial per cent o.f tb:i:1°d=,insta:r la.rvae dfing in rea:ringso 

This prociedure wi,ia repeated for eaC!h o.f' the tb1"eei 1°emaining periods, and 

a potential perce:ntage dy:tng wo:t'ked out tor ea©ho These potential mortalit;r 

.figures .for eac:h period were to~~allerdo By u~:tng this total it wa.s possible 

to a.ppo:r.tion9 h;r :means of ra:tios 9 the 't,.::rlial d:ic f"igu.11.•ei woll."ked out from weekly 

rea.r.1.ngs to each one of ·the period-I@ ('rf:tble ,) o This does inot !Clhange total 



Table 5 
~ --~ 

. Fotentia1 dx * by Pe:dod and Diseases for Plots K2 and Gll for the _Larval Stages 

.~eriod 

.. l; 

II 

II,_l 

IV 

0 

4o7 

)o5 

4.,1 

0 

0 

lo7 

603 

--

0 19 .. , 

0 3ol 

0 7~~ 

2 .. 1 60) 

0 0 0 0 \s.6 
)o4 lo2 lo.2 1.2 6.8 

1'!4 0,.7 
' 

0 0 4.1 

3.,7 9 .. 2 1 .. 8 1 .. 8 12.8 

"'where d:x: for any l period is c,alculated by the following formula: 

4x = ~ : - ..•. •. l); ' 

whe:reg A = T.he number of inaects in those instars covered 'b;r t.)le 
period in question that die from. a disease. 

B = The total nµmber or insects in ~he sainple which are in 
· those ins't:.1.u~s covered by the period in question., 

C = total ~ f'or a.ll periods and B,ll diseases (from Table 4) .. 

D = i, A/B for all per,:i.ods and diseases., 
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d:x f'or larvae 9 or course.; it .is merely a method of" suh••divid:i.ng i'I:, into the 

periods cctm-m.only abo'IAl'lt1 in the s11ppleme1.crt,a:ry life tables., 

A ·very large di.ff'er1:1nce in overall :mo:1:"tali t1· was noticed between 

field-collected and labin·atory~,rea:.rad pupa,eo Li te:rature available on rearing 

the sprnce budworm. showa that other workers (12» 1.3) have experienced high 

:m.ortalii;y in the pupal stage, and ha:11'e attr:ibuted it to the result of' 

excessive handlingo Steh:r(l.3) recsommends that, 'budwom pupae never be touched 

dlrectly dur:1.ri.g rea:ririg., Since pupae in ·this study, a.a :mentioned above, were 

sub,jected ·to :r.·igoro'I.U\l handling 9, :it was decided that a dif:ferent approach f'rom 

that, u.sed :f'o:i:' la:r"wae should 'be u.aed in calculating pupal morta.li ty due to 

All dead intact pupae fx•om .field collecrtions » and those dead intact 

pupae :resulting from la,:rvae that did not, exist as larvae for more than three 

days i:n the labora.t,ory were 11rn:ami:nec:1 .for ·tht~ presex1oe of disease., The resulting 

figures for plots Gll and K2 were pooled to provide an est,ima.te of potential 
ti--,~-·LLl; 

percentage diseased. These pooled figures» ·when applied ·to data on pupal - - ' ' 

mortality su.ppli.ed by .the C'x.reen River staff lJ would yield an estimate of 

100 4x (lOO ~~ is the nw.nber dying in any period» x9 expressed as a percentage 

of the numbers alive» ½P at the begin..niio.g of' •the period) o The data. obtained 

from t,he Green River atudieflJ were deriv<~d in the follow:l.ng manner., Branches 

were collected from. sample tree111 r:i:t ·tbs tl:me wben SO per cent of' the adults 

had emerged from pupaeo Pupal population per 10 sqtllare feet of bra.nob area 

was obtained b;r coru1tlng both e:m.e:rged a.nd som1d intac·t pupae on these 

b:rancheso All sound intac't, pupae were rearedi of these some emerged» some 

were pa:rastt:lL~ed,!) and the :r.e:mainde:r died of unlmow ©auseso The figure for 

potent,ial per e;ent mortality f':ro:m cU.sease wa,1/3 applied to this number dying 
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from unkn.ow "eisuses» giv·ing the l'l.WUber dy;i.ng from disease,. Application of 

this figure to the popi.D.~tion sl~e a:t the time o.t" sam:pli_ng (1:x) gave the 

f'igure f'O'r pupaeo The remaining pupae dying from other causes 

provided the figure for dx i"or death due to unkn.own or '0intri:nsic" causes. 

Us~g pupal :mo:rtalit1 .figures de:ri'ved from G11. and K2» pupal 100 qx figures for 

q.;i;,i3~ase and unkno'W1'1 cs.:tu:ies of' mortality were calculated for all plots (Table 6). 
\:1n1\.I\••. · 

Only a very few adults were sectioned so dx figures were not cal~ 

culated (Table ?) • 

4.,0 INTRINSIC MORTALITY 

During the rearing o.f spruce bu.dwt,m f':ri;:iim year ·to year in connection 

with parasite studies a:t ·G:r.een River· a siguificant pet·cent,age mortalit1 from 

what has been termed 19dea.tb due to other ©au.set':lmi hafl imraria.bly been encountered. 

Other -workers having occasi.on to rear the spruce b'udwom have also run into 

·this ·tY,Pe of mortality (12.9 13) o During the past; two ;rears disease studies ,. 

;:;•, have been ca1Tied out on Greel!'A River ma:t,erial with the result that mortality •. 

due to other causes has been :redm}ed be~ause i·t no longer :includes morta.lit1 

due to 4,iseaseo The rema:i.ni.ng figu.re 9 consisting oi" mortality outside the 

range of diagnosis using light me:rosoopre te~hnig;1.11.es,, nevertheless remai11s a 

fa.:1.rly aubstan"i,ial figureo Even though rearing te©hniquea were seleoted 

with the aJ.m t,:!'. r,upplying con.dltions cilose to t,he optimum.? interpretation of' 

the :f'igu.res listed under· 1'unknow '8 m.01"1:'.ali ty a.a, r(:,prese11ting :mortality d.ue ·to 

intrinsie eau.ses may be queat:lo:na'bleo F:roblexm1 ariaie when considering data 

of this sort as t,o bow much of' this figure may be attributed to the e:ff'eets 

of' rearing 1 ha:tJ.dlingll intrinsic tCJausea9 ~d most lm.portant how these factors 

may be sepa,rateJda A solution to 't,h:Ls problem 1na,y lie in tbe determination of' ~the 

intx·insie rate of natu.ral increase for the spruce budworm u;nder optim.al 

oonditionse S·uch a.n approach. m.ight prcrn'ide a most ~o:ru.-Jervative estimate for 



Table 6 

Pupal Mortality (100 4-sr) for All Green River Project. Sample Plots Using 
Pooled Eetima:te or 11 .. 3 Per Cent .f.'or Disease (f:t-om Rearings)- in the 
Calculation.. · 

Plot G4 G4 G5 GS C-9 GlO Gll Gl2 Gl3 Kl K2 K3 Ml ll 

100 4x for disease 1.,3 2,.9 306 406 loO lol 206 2 .. 9 2,.0 1.,6 3,.5 1 .. 3 4 .. 9 J.,6 

100 qx for unknown 6.,2 13~8 17o3 22ol 406 5o_3- 1.2.,2 14 .. 0 9.,_g- 7o9 16,.6 6.,0 23o4 17.,l 

Exam:o 1 e - G9 

Intact = 59 

25% of 59 = 14.,7 

Dead= 25% Collection si3"3 = 266 

17o3% of l4c7 = 2.; 

100 4~ = 203/266 X 100 = 1.0 -

% diseased= 17o3 



R.esults of Examination of' Stained $lides or Budworm Adults 

~ .. 11111- - --
Collo 

:No,, iasects Mio1•0 ... fol10 Diseased :·: ... :- : 

Flot in .. ng,:rip.1§: :_h~d;ta a.ate f!ampJ.e Joa · .·· % _ No 9 ·~-~= Nta 'j_ 

K2 J'U?l~ 1; 6 2 3.3~3 ""' ... 2 33,,3 

K2 ti 23 9 2 22.,2 "" 2 22.,2 

K2 ff 30 8 l l2a5 l 12,,5 

K2 July 7 <)_ .3 33~3 ... 3 .33o3 
•' :+-<. ~ '. ~i: 

GU June 1; 5 ;~/ 40,.0 2 40.0 

Gl,l ti. 23 8 0 0 ... .,. 0 -
wj 

Il !f 30 5 0 0 0 .. 
K2M 11 30 5 l 20.,0 .,. l ' 20 .. 0 

G4 Ii 30 8 2 2;,,o "' 2 2; .. o 
\ 

GSM .II 30 9 2 22o2 l 11 .. 1 .3 33,.3 

Total 72 
He,);§ F~maJ e 

37 35 

Total diseased. 8 8 
1,:.'.' 

% Diseased udng total :f'igures = 22o2 , 

--~--141!/cl>l;>lf~~•-"''·'""•~~-~-~.W.ia,.._~--'llllll'"""'~W 
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this type o:t F,ur·teJJ.ty e However, the i:rrrpo:i:otant thing in this study is 

whether it changes from year to yeax, aoo.1 if sop by how much? If rearing 

techniques are trtabilized rearing reaords from year to year should provide· a 

1"eai3onable answer, because deaths due to faul t;r rearing would be expected to 

remain constant~ 

Because of the similarity of ·techniques employed in this and 

disease studies, a prel.iminary e:f'f'ort towards measuring this type of mortality 

is included here& For want of a better term this mortality wlll be labelled 

as "intrinsioiv morta.lity. Rearing records on t~he spruce bu.dwor'!fl for the past 

five years by C~ Ao Miller were St'll'!lma.rized for death due to other causes 

(including disease) to see it there might be a difference between years and 

between plots ('l'able 8) b Records on death due t,o other ca.uses (excluding 

disease) we:r'e kept du:l'.'ing the preser.1t 1rtudy a:nd the results a.re tabulated 

under nunkno'\r.Yn'' causes in all, -tables concerned with mortality., 1rhere, appears 

to be very little difference between years and plots from records kept· for 

five years 9 but rearing records for 1954 do indicate tha:t; this type of mortality 

may be highest in the earlier instars,, 

~:.iq,eriments were set up on a small scale to measure possible mortalit1 
J 

resuJ:ting from some f':trat=insta.r lar;rae f'ail,:ing ·t.o enter diapa.useo This type 

of mortality would be classified under iro:tr:lLnsi,c. causeso The method employed ,.,, 

was allnos't idi:n,',ical with that, descrribed hy Steh:i:- i:1.1 :rearing spruce budworm 

for getting f're'shly=batched le,rvae to spin hibe:rna,oulae (13) o The :main dif ... 

, ference was that food was supplied for those few larvae 'that did not enter 

diapa.11seo The figure calmtla;ted :f"o:r· this ·mo:r.ta,lity of 3~7 per cent is com-
. .. ~ 

parq.ble ·to ·that obtained by other workers '( 5, 7 f) 1.3),. 
.. 

5o0 RE:QUIRED SAMPLE SIZE 

One objective of this, study wa.ti to try i;o f'ind a simple and rapid, 

yet statistically sound9 method of ob'l;aining a:n E3st:tmate of the incidence of 



Table S 
J':er Cent Mortali t;r from Un.known Causes 

{Incl., Disea.sefw Itearings for Various Plots for the Years 1949 to 1954 

=- . , ---- Kl K2 -- · G~~~==·--- -G4 
Year 

1954 

1953 

1952 

1951 

1950 

1949 

1954 

1953 

1952 

1951 

1950 

1949 

~l~U~l~l~~~l~l~U~l~l~M~l 
June 15 Jwe ~O Jul;r 15 Juue 15 June 30 July: 15 June 15 JunzL,.;JO~ittlJ: 15 June ,15 June 30 Jul:, l:L 

27,/1 

16.,l 

906 

12.,3 

12o4 

12o0 

Si2 

13.,9 

2'7.,8 

609 

6.,S 

16o4 

9.,7 

13.,3 

12.,5 

5.,9 

13.,0 

32.,1 

16o7 

11.,7 

= 

64.,.3 

17.,J 

17o0 

10o2 

19.,5 

21.oO 

GS .,,.,., 

11.,2 

30o5 

2308 

2lo0 

13,.3 

10o5 

U.,8 

22o2 

Z?.,8 

14o4 

llo4 

10 .. 0 

9 • .3 

11.,5 25o0 

6,,5 27.,9 

Q2 

l'?o2 29 .. 1 

,; .. s 

19 .. 6 

21.,0 

30o0 

34.,4 

9.,8 

15o9 

.. 

18.,9 

,32.,4 

16o2 

9.,1 

5e) 

6.,8 

15o2 

32,,1 

19 .. 1 

1'7o4 

1408 

~ 

8.,6 

31.,1 

9o2 

803 

15ol 

18.,2 

lJ.,8 

18.,9 

.33.,3 
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mortality due to disease on perm.anent sample plots • .A portion of this object 

could be fulfilled by finding the average sample si~e necessary to establish 

this estimateo The data accumulated in the present study have not yet been 

subjected to a complete statistical analysiso Application of a sequential 

analysis, however, has given an indication of the sample size necessary to 

establish the percentage incidence of disease within fairly broad classi­

fications. Outlined below is a derivation of the average sample size required 

for determining incidence of disease for several classificationso The classi~ 

fio~tions selected in the following example are a::r'bitrary a.nd can be altered 

to eonfo1"ID to future demands of the work. 

The ,Jequi;,in:tial analysis applied was that out.lined by Oakland £or the 

binomial background (11). A binomial distribution was assumed £or this work 

{i.:~!' either·diseased or no·t diseased). The two sefts of classi£ic11tion, 

chosen on the basis of experience gained from previous wor,k, ~ere 5·to 15 per 

cent and 2'5 to 35 per cent9 The two types of erro_r that may be encountered 

(denoted by ct' and/1) were accepted as 10 per cent. Using the above data it 

is possible :t,o construct the two pairs o.f lines shown in "Figlll;'e l. '.rhe average 

sample ~ize l'equired to place the percentage disease within these categories 

111a1 also be derived from these data by constructing the average sample number 

curve for each,, ~et of lines (Fig. 2) o 

6.0 COMPARISON BETWEEN PLOTS 

Fro:m.cesusal inspection of the data (Table 3) it appeared that 

incidence of di~ea,.se on plots Gll and K2 was the same., T-hey were subjected 

to a test for similarity usi~g x2 and -p.o significant, difference was found at 

the 5 per cent level o:t' sign:i.f:i.can.ce. This was to be expected because of the 

similarities in the two plots in sta:nd composi ·Mon and infesta.ti.on history. 

At the same t,:tme., the five plot,s :from which one collection was made 011 

June 30 also a.ppeared to show abou:t the seJne percentage incidence of disease 



-•tf -

30 

25 

; 

0 10 20 30 40 50 
Number of Insects Examined (n) 

Fig. 1. Graph of sequential sampling plan for finding incidence 
of disease., 
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. 'l:,o . 
(Table 9). These were subje1G·te;Ya, x2 ho:moge:nei.ty test and were also found 

to be simile.r ip. rate of' disease at the 5 per cent level. The result here 

is a little more surprising because of the d.ifferenoes bet.ween these plots 

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

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

it appears tha·t budwonn diseases a.re .not act,i:ng as de:nsity-depend.ent, f'aotors. 

Steinhaus (i5) ~tates that insect diseases are certainly Qensity=dependent, 

but in this case it would a.ppear that they are noto It may well be that in 

the levels of population studied the lowest population may have been high 

enough f'or the dlseases present ·to have :reached their maximum effectiveness 

in control,.. This, however, seems doubtful because third..,insta:r populations 

per 10 square feet of branch area in the five plots concerned varied from 

27 to 123 while at the sa1m:1 time the highest rate of disease was 15 per cent. 

Also, on plots such as K2 where defoliation has been severe for the past few 

years, and where resulting conditions appear to be getting more u.nf'avourable each 

yea:r. for the bu.dwor:m, one wov.ld cert,ainly expect a high.er incidence of disease 

than on a plot, in a relativt;:,ly :new infestation where numbers are less and 

conditions more favourableo A more likely postulation would be that a certain,' 
I , 

percentage\of budworm populationa on all plots had become resistant to the 

more important diseases present» and that this percentage remains more or less 

oonst,anto 

This similarity, in any case» does suggest. that :results may be 

~ooled from several plots ·to obtain an estimate for disease for other plots 

in th.e same general area that were not studied:e?: In the next year or so it 

is hoped that by including a wider range of plot$';µ the study this simil~rity­

in percentage infected and dying from disease may be either substantiated or 

refuted. I£ the former is the caae it may well mean that only a. few plots 

may havei1:tfo be sampled and the results pooled to derive a figure for incidence 

' :··-,,, 
\ 



Table 9 

Per_Cent Larval Mortality .from Disease on Plots 
Gll 9 Klp K2{ Il and G4 Based on Rearing Re~ords 
.from the Da e of Colleet.lon to the Da.te of Pupation., 

--~ _ __.._ 
Plot Collo Collo Micro- Cap- FungiPoly"" Bae- Un= Total 

4,a:t~~- eyi~L ~spo:ddia jfe;rj.,§ kJ.w,n giaease ·- aules_ . ~_,....b.M;ra 

K2 June 1; 55 12o7 l0o9 0 0 0 )Oo9 2.306 

II 2,3 62 llo.3 0 )o2 0 0 1,,9 14 .. 5 

" 30 65 6 .. 1 Jol 0 0 0 608 9o2 

July 7 65 0 0 .3ol 0 0 7o9 .3ol 

" 13 40 5 .. 0 2o5 'l O; 0 0 5.,9 l5o0 

" 21 6 0 0 0 0 16o7 20o0 l6o7 

Qll June 2 60 8.,,3 5..,0 .3,,3 0 0 18o0 16.;6 

" 1, 60 1.,7 8oJ lo7 l..'7 0 28,,8 1,3 o.3 

n 23 60 8.,,3 8.,,3 lo? 0 0 l4o3 18.,,3 

ti .30 65 1.,5 1.,; 1o; lo5 0 .3o.3 6.,0 

July- 7 57 0 lo7 1.,7 0 0 306 .3.,4 

" 1.3 4.3 0 406 2o.3 0 0 12.,5 609 
..... 

fl 21 15 26.,7 0 0 0 607 .30o0 JJo4 
'. :;.., 

·n June .30 45 2,,2 6o'1 2~2 0 Li.o4 10.,5 154)6 

ll II 30 54 3./1 3o7 lo8 0 0 12.,2 9o2 

04 It 30 37 5o4 5o4 0 0 0 15.,1 10.,8 
. - ~-~~--~~~ 
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of disease for all plots. Since no other estimate of the incidence 0£ 

disease on other plots was a:vailable 100 qx f'igures were calculated. from the 

pooled data obtained from plots Gll and K2 (Tables 10 and ll) o. . These 100 qx 
' . . . 

figures were then applied to the population figure~ on each of the other plots 

thereby providing an estimate of mortality due to disease for each period. 

7.0 CQMPARISON BETWEEN ~BNIGUES 

Th.e incidence o:f disease as calculated from measurement or mortalit1 

in rearings and by noting incidence of infection in s·ta.ined sections of' livi~ 

insects differed only slightl;r. Included in this difference is a discrepancy 

between slide and rearing figures for inf'eo~~oµ with fungi and bacteria.; those 

f'rom insects dying., :in rearings being highei-~ This discrepancy may be explained, 

at least in part, by the fact that many of the bacteria and fungi observed 
,.:-Y~-:"A 

in dead insects :may have been either fortu1-tous or secondary in nature. 

Stained slides of the abdomens of living adult budworm indicate a 

high rate of infection wit~ microsporidia (Table 7)o This suggests that some 

larvae may be infected and yet be resist~t to this disease (i9eo, assuming 

the insect contracted the disease while in the larval stage). Tllis observation 

is substantiated by the fact that the rate of infection as determined from 

1;Stained slides of living budworm larvae was consistently- higher than the rate 

ot mortality f'rom rearing records. If confidence may be expressed in the 

rearing techniques E®ployed (i .. e., that the larvae did not become inf'ected 

with the disease after they had been brought into the laboratory) it ma;r be 

stated that young as well as older larvae may survive infection with micro• 

sporidia, since some adults originating from young larvae from early- col• 

lections ~ere infected. A cytoplasmic polyhedral disease was also found in 

,, an adult budwom, i,ndioating larval resistance to mortality from this disease 

also. Since at least the protozoan disease may be transmitted via the egg 

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



Table 10 

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

Deduction Population · · 
Date for per Microsporidia Capsules Fungi Polyhedra Bacteria Unknown Total diseased 

Ru;eae 10 sgo f't .. 

June 15 0 93 2.32 5o39 0 0,,74 0 16093 8 .. 46 

ft 23 0 74 2.96 2.96 1.18 0 0 4,.00 7ol8 

ff 30 0 57 2.17 lo31 0.46 0 .. 46 0 1088 4o33 

July 7 0 40 0 0 • .32 Oo32 0 0 1,.32 Oo64 

II 13 6 22 0 .. 53 0,,79 0.53 0 0 1..43 1.,83 

It 21 14 6 1.,14 0 0 0 0.29 1.,50 1.43 



Table ll 

Period 

I 

II 

III 

r.v 

.·· Pooled Estimate of 100 Q * by Period 
and Disease from Plots Gll and K2, Using~opulation Figures from Gll 

C .. 
Capsules Mi.crospo:ridia Fungi 

0 0 0 

4o69 3 .. 80 0 .. 89 

4 .. 98 6,.20 . 2048 

1.3063 31 .. 63 18.,07 

• 
~heTe 100 q:x: for any period may be calculated by: 

_!,_.x 100 
D 

X 

Other diseases 

0 

Oo89 

0 

9.19 

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

Dx taken from Table 5. 

Unknown 

14.,40 

7o48 

13.,.38 

45.26 
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Table 12 

Per. Gent Mortality in Rearings Based on Rearing 
Rec(?rds from the Time of Collection to Pupation for Plots K2, Gll, Kl, Il and G4 

:<'• 

Deduction for No. in Mi • Plot · ~rasites sample ::o~porid1:a Capsules Fungus Polyhedra Bacteria ·Unknown Total diseased 

K2 June 15 2 ,, 12.,7 10.,9 0 0 0 .30.,4 2306 
It 23 5 62 11.,3 0 3.,2 0 0 1.,9 14o5 
n 30 7 65 601 3.,1 0 0 0 6 .. 8 9 .. 2 

July 7 3 65 0 0 3 .. 1 0 0 7,,9 3.,1 
Ii 13 13 40 5o0 2.5 7,,5 0 0 5.,9 15 .. 0 
It 21 2 6 0 0 0 0 16.7 20 .. 0 16 .. 7 · 

Gll June 2 11 60 8.3 5o0 JoJ 0 0 18o0 16 .. 6 
Ii 15 4 60 1.7 8.3 1 .. 7 1.,7 0 28.,8 13 .. 3 
fl 23 9 60 8 .. 3 8 .. .3 lo7 0 0 14 .. 3 18.,J 
Ii .30 g 65 1 .. 5 1 .. 5 1.; 1.5 0 3o3 6.,0 

July 7 12 57 0 1.,7 lo7 0 0 3 .. 6 3.,4 
It 1.3 22 43 0 4 .. 6 2 .. 3 0 0 12 .. 5 6.9 
n 21 21 15 26.7 0 0 0 6.7 30.0 .33 .. 4 

n June 30 1.3 45 2 .. 2 6.7 2,,2 0 4,.4 100? 15.6 

Il It 30 16 54 3,.7 3.7 1.8 0 0 12.2 9.2 

G4 !I 30 31 37 5.4 5.4 0 .. 0 0 15.l l0-08 

,, 

,t,·., 



(17o 

other disea$~S found in adults on mating, fecundityg and resulting progenyo 

The total dx figure as calcmlated from consideration of each col"' 

lection for one week differed only slightly from. that derived from one early 

collection that was reared through to the adult stage (Tables 4 and 13)., It 

would appear from this comparison that (1) laboratory rearing has very little, 
/i 

if any, effect on mortality due to disease9 and (2) that most of the disease 

is contracted in the very early stages or is passed down via the egg. As with 

most other observations in this report» more data are required to either 

substantiate or refute thlso 

A comparison of two methods of measurement is presented below. The 

reason .for the choice of Thom.pson 8s .method (16) is that another worker has 

used thi~ procedure for assessing mortal.ity due to disease. Below are .figures 

for T as derived by the formula, T = a. + (l=a)b + (l.,,a) (l=b)Q + (1-a)(l ... b-) (l ... c)d, + 

etc. and 100 qx as derived from the method outli:ned in this report f'or tJle two 

plo,ts intensively studied., 
-.. ;r_ ·,· 

T 

100 q 
X 

Disease /, ... ]lnknolffi 

It i6' obvious that when data such as population figures, larval 

development, and other mortality factors are taken into co:nsideration in the 

measurement of any one mortality factor, the probability of reaching a correct 

evaluation is mu.eh greater than when they are not availableo If in the 
l . 

absence o:e •thtrne dat,a a m,~thod of' evaluation such as that outlined by Thompson 

in 1928 (16) is used ·then the assumpi,ion must be ma.de that only the one factor 

is reducing populationo Caution must therefore be ~'lllployed in using an 

aggregate per«::entage mortality as represented by "T'8 f'or comparisons bet.ween 



Table 1.3 

DX Values Based on Rearing Records from 
Time of Collection to Pupation for Plots K2, Gll, Kl, Il, and G4 

Plot Ded:-.1etion ·for Larval popula.tion Microsporldia Capsules FIJ,,"lguS Polyhedra Bacteria Unknmm 
Total 

p1:1.pae per 10 sgo i'to disease 

K2 June 15 0 119 15ol 13o0 0 0 0 36 .. 8 28.,l 
n 23 0 102 11 .. 5 0 3.,3 0 0 l.,9 14 .. 8 
n 30 0 87 5.,3 2.7 0 0 0 5o9 800 

July 7 1 73 0 0 2.,3 0 0 5 .. 8 2.,.3 
n 13 12 48 2,,4 1 .. 2 3.,6 0 0 208 7.,2 
n 21 32 12 0 0 0 0 2,.0 2o4 2'!0 

• 
Gll June 2 0 122 10.,l 6.,l 4.,0 0 0 22.,0 20o2 

n 15 0 93 l.,6 7.'1 1 .. 6 1 .. 6 0 26.,8 12.4 
" 23 0 74 6.1 6.,1 1.3 0 0 10.6 13.,5 
n 30 0 57 o.s 0.9 o.s 0.9 0 1.9 3.4 

July 7 0 40 0 0.7 0.7 0 0 1 .. 4 1.4 
n 13 6 22 0 1.0 0.5 0 0 2.7 1.; 
" 14 14 6 1.6 0 0 0 0,.4 1.8 2.0 

, .. Kl June 30 0 6.3 1.4 4 .. 2 1.4 0 2.s 6.,6 15.6 

Il It 30 0 60 2.2 2.~ 1.1 0 0 7.3 9.2 

G4 " 30 0 48 2.6 2.6 0 0 0 7.2 10.s 

dx at any- interval=% potential mortality- resulting from disease X larval population at begi.pning of interval .. 
rs .,, 
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plots and between yearso This is especially important in those cases where 

samples are no·t taken f'rom popula.tion.!:!l at the same point in the life eyole of 

the insect i:n each 13U@Clessive year and on ea.ch plot., 

For the sake of comparison "the agg:i:•egate T tor each disease is listed 

.f'or the Port .Arthur and Green River area.a f'or 1954 (Tables 14 and 1;)., A 

,,. portion of tb.e apparentl,- large diff e::renee 'be·tween the two sets of data may 

1>e e:x:p~ained b;r di.811.mila.rities in technique and in time and frequency of 

sampling., Even so some part of this dif"f,erence (llould ·widoubtedly be demon• 

stra.ted as due· t,o di:tf'eren©es :l..n the two areas under consideration.., 

Thas13 studies of d~s-eases 1:n the spr•uo~ budworm will be continued 

unt:n at lea.st i;h1::1 docli1:1.e of "the present, i.n.f'estationo ~b.a.nges are anticipated 

in teehniq1.1.es and will 'be ma.de from year. to yea?· as e:x:perienee is ga.inedo In• 

1955 most of the sectioning of larvae will be dropped., In the place of this 
.... 

studies on the effe~ts of disease on adult~ will be intensified., Other minor 

chang~~ will also be made in m.et,hods and times of' collection., . ~ 

(1) A survey of dlsease was made in budwo:rm populations on two 

plots in northern New Brunswick to determine what, diseases are present, which 

of these exert measurab~e control 9 and in td1a.t sJc;a,ge of' -~b,e host the:r kill. 

Two m.ethods were used in diagnt.:H3isi atained sections ·or living insects, and 

body smears of insect,s dying in res.rings., 

(2) A method for analy$i:ng data ro1• in@lttsion in life tables is • 
. , : ,, 

prese:ntedo Using life tables a.a ·the method of eVfl.ltll.ation, disease was four1 

to have a potential of' reducing the population by 2405.pe:r cent., 

(.3) At least one sample we,s take:i.-1 from each ot .five plots to see 

if there was a difference in · iWJ.©id~:tll«ll(e of' disease under ditf.erent stand 

conditions and infestation historyo Using x2 tests no difference was foundo 

(4) Disease was fm.111d :in a.dul ts s, indica.ti:ng possible resistane~ 



Table 14 

·Aggregate% Mortality from Disease as Represented 
by 1PT 1n for Green River and Port Ax•thur Districts for 1954 

----------:;:!,: _.,,.~-~·-----------
Green River Port Arthur 

Plot K2 Gll Joe Lake Lake Marie Louise 

Protozoa 19.,:2 31.,3 5.,2 7.2 

Fungi 9o4 1.,5 o .. 6 2.,1 

Bacteria 0 6~7 1.,6 Oco5 

Polyhedra 0 ,3 .. 1 0 0 

Capsules 12 .. 0 l9ol 0 0 

~- ::,,~,.. .. :zj.....-:=;cl:..:1¢21:'~i,,,,«:#:;r ~·~~~ ' 



Table 15 

Real% Mortality from Disease Using Thompson 8s Method= Plots Gll and K2 

Plot. Collo Microsporidia Capsules Fw:lgus Polyhedra Bacteria Unknown Total disease Total m.ortal.i+,;r date ,.,..,~ "-'""--":'•""",::;;:, 

K2 Jm1e 15 5.,3 7,,0 0 0 0 18o0 12o3 300) 
Ill 23 3.,e 0 Jo2 0 0 0 5.,6 4.,5 
fl 30 5,,6 2.,8 Gr 0 0 4.,1 7,,5 9.,2 

July 7 0 0 1.,4 0 0 2,.4 1.,1 206 
fii 13 '4o3 2o2 4,,s 0 0 0 . 9o2 607 
111! 21 0 0 0 0 0 12,,6 0 708 

Total 19 .. 2 12.,0 9,,4 0 0 .3'1.,I 35o7 6lol 

Gll J"W'.le 15 0 1...,7 0 1.,6 0 18.,3 6,,3 Uo6 
ill 2.3 4.,9 7QS 0 0 0 9.,2 12.,J 18.,4 
Ill 30 lo4 1.,3 1,,5 1.,5 0 lo2 4.,9 4,,4 

July 7 0 1.,5 0 0 0 2.,6 1.,3 2eS 
8i 13 0 J.,$ 0 0 0 802 3.,4 802 
Ill 21 2; .. o 0 0 0 607 l8ol 24.,0 27 06 

Total 31.,3 19ol L5 3,,1 6,,7 57.,6 52o2 86,,0 

Real% mortalities from formula 

T=A+B+G where a? b 9 c, and d are apparent mortalities in % ages 
where A= a 

B = (l=s)b 
C"" (l=a.)(1-b)c 
D: (1-a)(l=b)(l=c)d 
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or larvae to a. protozoan and polybedral d:tsease after they had be«."Jo:me i:nteetedo 

(5) Preliminary studies of mortality d.ue ·to ir.rtrinsic weakness were 

initiated,, 

sample size that would pe:rmi t the dei'ini tion of' disease within certain elas--

(7) A comparison of 't,he li:fe=tabl.e m€:!'thod of :measuri:ng mortality due 
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