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SPRUCE BUDWOAY, DAMAGE TO BALSAM FIK IN IMMATURZ STANDS, QIBBICy
Rede Hatclurg/
ABSTRACT

4 study was made of the effect of the 1945-1957 spruce budworm
infestation on 1,000 acres of spruce=fir and spruce-firehordwood forest
logged for pulpwood sbout 15 years prior to the infestation,

The nuber of fir trees was reduced &; per eent between 1951
and 1961 1n the mais eover type representing 69 per cent of the forest)
fir wae reduced from & major stend component of LS per cent by volume
to & minor component of 11 per cent., The bassl asrea reduetion of fir
was discovered to vary directly with the fir basal eres ot the time of
the outbreak, Losses were very high im stonds eontaining over 20 eq. ft.
0? fir per acre,

These young stands did not exhibit the degree of resistance to
damage often observed im young etends elaewhere, But im spite of heavy
losses through all diameter classes, the amount of spruse and fir
regeneration that survived to 1961 is believed adequate te produce s
pulpwood erop within 60 piu.

INTRODUCPRION

Forest menagers in eastern Cenada are keenly interested in bow
well their forests recover from the recent spruce budwors (Cheristoneura

fumifersna (Clem,) infestation and in any changes in species somposition

1/ Contribution Wo. from the Forest Research Bremch, Dept. of Forestry,
Canada,

2/ Research Officer, For, Res. Br., Dept. of Forestry, Bex 35, 8illery,

s e



Re

that result therefrom. Failure %o regenerste or substential alteratien
in stend composition could be of profound econemic significance,

Studies in mature belsam fir forests devastated by the budworm
indicate thet over 99 per cent fir mortality msy occur but that, in
general, more than enough fir seedlings survive to agsure well stocked
future stands (Slsis 195, Chent gt el 1957, Vincent 1962}, However,
there is surprisingly little informatiom aveilable en budworn damage in
young and immature stsnds, This report presents the results of 1951 and
1961 measurements in stands of black spruce, spruce-fir, end gpruce-fire
hardwoods that originated from @ pulpwood logging in 1932-3k, and whioh
were attacked by the spruce budworm from 1945 to 1997.

FOREST DESCRIPTION

The Vermillion River Observation Ares is one of 1 five-square=
mile out=over aress im Quebec which the Forest Wesearch Branch has
established since 1948, The purpose of these study ereas is te provide
data on regenmeretion, growth, and yield for use in mensgement ef second=
growth stands, Plots sre remeasured at ten=yesr intervals,

The study area occupies 1,800 acres of a northesouth ridge
(1,L00 feet elovation), plus the lower slopes surrounding the ridge, near
the junction of Creek Gagnon and the Verwdlliem River (k7"15'%., 73°LOW.)
15 miles west of the Consolidated Paper Corporation Straw Hat Depot and
90 miles northwest of Trois-Riviéres. The forest is typicsl of Forest

Seetion B,T, the predominent cover type of which is a mixedwood

3/ Yomenclature as in "Native Trees of Csnada®, Bulletin 61, Cenada,
Department of Forestry, 6th editiom, 1961,



TABLE 1.

Je
association of fir, black spruee, white biren and scattered white spruce
ani aspen (Rowe 1959). As & result of the recent revsges ef birch die-
back and spruce budworm there are vast areas of open, snage and blowdowne
£illed forest im which & proliferation of mountain maple, hezel, (Corylus
sarputa Marsh.) pin ehorry and respberry (Rubue Idsgus L.) retard sonifer
regeneration.

The forest was classified in 1951 according to four cover types
with differing species composition (Table 1), The pure softwood stands
of the Blaek Spruce type (bS) represent 7 per cent of the ares and are
gonfined to the low flat areas where drainage is retarded, The Spruce-
Fir type (57) represents 9 per cent of the area and is found on gentle

- lower slopes between the SFwB and bS types. Spruce is mostly black

spruce in this and the b8 type. The Spruce-Fir<ihite Birch type (SFud)
is @ mixedwood occupying the well-drained middle end upper slopes of
the ridge and represents 69 per cent of the area. The remaining 1% per
cent is the Spruce-Fir<Sugar Maple type (SFe), a mixedwood confined to
the drier ridge top and the only type sontaining sugsr maple. Spruce
in this and the SP® type is mostly white spruce,

The area is 8 small part of the extensive forest of the
St.aurice Valley that was logged for white and red pine sswlogs about
the turn of the century, and reslogged for spruce and fir pulpwood since
the late twenties,

The study area was logged between 1932 and 193 end the spruce-
fir volumes removed were estimated from the 1951 stump measurements )
as follows:



ke
Cover Type Spruge snd Fir Cut, =3y

Cubie Teet per A
b3 850
sF 1,170
SPwd 600
P 160

The precise structure of the stends immedistely before logging
is not known dut the dismetsr class distridbution of both residual trees
and stumpe in 1951 indicate an uneven-aged structure, Cutting wes
controlled in mizedwood stands by a stump dismeter limit of 6 inches
below which tyees could mot be eutj o such control was imposed en
sof twood stands,

The smount of fir present when the budworm arrived on the
scene in about 1945 can only be estimated from the 1951 data., In the
SFwB cover type (69 per cent of the erea), of the 142 fir per acre larger
than 3.5 inches 4,50, (Table 2), 113 were between 3.6 and 6,5 inches,
Although logging did mot completely ehange the unevenesged conifer
structure, at the advent of the budworm attack the bulk of the insect's
food was vepresented by fir trees below 6.5 inches db.he

The recent spruce budworm infestation, reported to have first
reached outbresk proportions in Guebec in 1939 (Piles and Blais 1961),

y

A report on the esteblishment of observation srea number 7,
Vernillion River, 1951, by A.F. Berg., Forest Research Drsnch
Binder Ye, 836, :
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spread eastwayd and reached the study area in 191:,55/ o The attack in
this part of Quebec wags marked by two waves of severe defelistion, from
1946 to 1948 and from 1953 to 1996, During the intervening years,
defoliation was 1light to moderate and the infestation ended in 1957,
METHOD OF STUDY

In 1951, 16 permanent, squars, tenth-ssrs line plots were
systematically established en a 10-chain grid,

The fellowing data were recorded oa esch plot: 1) 8l trees
0.6 ineh d,b.h, and larger were tallied by species and one~-inch diemeter
¢lassee, 2) dead trees juiged to have died during the preceding decade
were tallied by species and oneeinoh diameter alasses snd seribed with
an "X", 3) a stocked quadrat tally ef regenerstion was made op 20 milacre
quadrats, k) heightedianeter moasurements were made im order to construct
local volume tables, 5) sturp dismoters were tallied and convertad to d.b.h,

In 1961, items 1) and 2) above were repeated, lany onefand
twojinchifir probably died and disappesred sines 1951 so that the 1961
sapling mortality estimste would be low although the effect of these
niseing stams on mortality velume estimates would not be great, A wstocked
quadrat regeneration survey was done en 10 milacres on each plot and per
cent values were converted to number of seedlings per acre using Hey's
(1548) graph,

Source: 194L=%3 Annual » Forest Inseot and Disease Survey, Can,
Dept. of Agriculture; 195457 Reports of the Forest Imseot Survey in
the Provinees of Quebee, Bureau of Entomelogy, Quebec Department of
Lands and Forests,
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RESULTS

Stend development after the 1932-3L legging was quite satisfsctory
until the ecarly 1940's Judging by the mumbor of coniferw estimeted in 1951
(Table 2), The spruce budworm, which began feeding in about 1945, esused
severs defolistion but very little mortality up %o 1951 (Figure 1).
Heavy losses only begen after 1951 and by 1961 fir mortality ranged wp
to LTh ou. f%. per sere (Table 3, Figure 2). The resalt has been @
reduction of fir from 3 major 42 @ minor volume component, pertioularly
in the mixedwood types which represent 8l per ceot of the forset (Figure 3).

Spruce apparently resisted the budworm better than fir as
suggested by spruce increases in both sbsolute snd proportionsl vslues for
numbers of treee snd volume {Table 2, Figure 3},

The percentage chenges in numbers of stems suggest that fir
looses were higher in mixedwood tham in softwood stands (Teble 2).
Attempts to explain this cdservaticm led to examinstion of the possible
dependence of fir mortality oa seversl stsnd varisbles, The scatlergrams
for individus) plot values 4id mot indicate significent relatiomships
Detween mortality and the proporticn of fir im the stand, or botween
mortality and fir basal sros in the original stand. HRowever, @ signif-
fcant regression line wes found for the SFWB type whan the fir basal ares
in 1961 wes plotted over fir basal area im 1951, The transformation of
the dependent variable inte per cent change in fir basel area for the
period 1951«61, changed the linear regressiom equadios inte & curvilinear
equation, The relsticmship shows an ineresse im basal ares for initisl
basal areas below about 10 sq. ft. and changing %o a deerease for plots
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sbove 10 sq. ©'t, ard larger decresses for grester initial besal srese
(Figure k). Because of the small renge in bLassl ares covered by the bS
and SF types ne attempt was made to find & similar relstionship but the
average basal area redusticns for these types were plotted as single
pointo en the soattergren of individual SPwl plots (Figure L), The
position of these points relative to the curve for the SPB type
suggests that losses in softwood types were much grester than in the
S¥wB, The mixedwood apperemtly suffered highey losses becsuse of larger
fir baoal sreas and actually mey be somewhst wore resistant to demsge than
softwoud stands, at lesast when basal sress are small,

Examination of the changes in the numbers of fir trees suggosts
tha% saplings resisted the budworm better then larger trees (Table 2),
In fact, in the scftwosd types the muibers of ocne= and two=inchiéfir
sctually imereased during the 195l-6l decade, 8lthough mush less than
would heve cesurred had there been mo outbresk, But in the mixedwood
types (Gh per cent of the area) the mmbers of l-sﬂmh#u were subge
tantially reduced, The residual spruce and £ir saplings alone would not
provide well-giocked future stends but with the addition of seedlings,
numbers are more ensoureging, varying from 1,420 to 1,850 per sere
(Table L),

‘ DISCUSSICN

Pir morteiity in T5pessceld stands begas only after an
estimated 5 10 7 ywars of budworm feeding, a number of ysars that hes
proved equally lethal in msture fir stands (Delyea 1952, Blais 1956,
Crajghead 192, Melintoek 1955). Although two shors periods of high
budworm population were reaponsidble for this mertality, the fir trees



apperently rosovered very little if at all during the four years
folloving the first peried of sttaek (Figure 1), 9,

In assessing the totel destruction caused by the budworm -
the future potentizl ef these stunds must be examined, As expected,
inoveased mubers of hardwoods are evident im both mixedwood types bt
these increases are not believed tebe large enough to jeopardige the
developnent of the 1,420 te 1,85 oonifer sters per sere into oparable
pulpwood stands, Pir seedlings are shade-tolersnt and are ¥nown o
survive severe competition after legging (Hateber 1960, Ray 1956), even
though their development may be sauewhed retarded (Vincent 1956),

The diseovery thas, in spite of high mertslity, wp to 1,850 seaifer
seedlings and saplings mamaged te survive parallels the findings of
Pleis (195h) 1n meture stands end apparently represents a $yplesl
recovery 4z siands where seedlings aod saplings are sbundant when a
budwora cutbreai begins,

Spruce resisted the budworam sttack better then fir, a finding
that corroborates those ef other investigators (3lals 195, Craighead
1925, de Owpse 19hk, Molintock 1547, Turmer 1552), However, it remains
o be seen whether spruce will meintaim its newly-gsined pesition;
evidencs gothered in ether sreas suggeste that 4t say net {Thent gt al.
1957, Orabem snd Orr 19%0),

A qusber of workers (Baleh 1946, Blais 1958, Craighead 1925,
Crahan and Orr 1940) hove come to the ecnclusion thed immsture fir
stands, while wot necesserily imsune te astack by the spruce budworm,
are usnally more resistent to damage them meture or overseture stends.

The immeture stends 8t Vernillion River represent & very swall pertion

<,

8.




Fir volume reductions were proportionally about equal to reductions
observed elsewhere in mature stands. The numbers of fir saplings were
greatly reduced over most of the area, in spite of an apparent greater

resistance to damage echibited by these smaller fir trees.
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of the outbresk area which extended across Quebee. Therefore, tha
degree of damsge to which these stends were subjected is not necessarily
repredeatative of what cocurred in immsture stands elsewhere in the
provinve, partisulerly when eonsidering the sdditional fasct that budworm
demage may vary puatly betwoeen reglons end even within a given region
(Craighead 192k, Ghent gt 81, 1957, Turner 1952). However, 1% is evident
that at least sorw stands ef immature fir csn suffer severe losses

through budworn dafoliation,
' Tarner (1952) discovered that in mature stands, £4r mortelity
{noressed with larger initial fir basal smea. In the present s tudy the
results indicate the relationship is stronger hetween pereentage change
in fir basal ama over a pericd eof yesrs and initial fir basal srea
(Pigww h)» For stodies of budworm dman to young stands, pey cent
change in Tix Hawal araa 1o mrhape 3 better messure of the totsl budworm
aeffact than per cent mortality decause the former incdides the balaneing
effacts of seedling imgrowth,

In view of the econemie implications, additionsl research is

Tequired tc aptsdlish the degree of resistance of young fir stands
budworm damage, Im partioular, demage in 2% to LO-year old stands
should he stndied dycsuse the fir seedlings whiek have provided the
future stocking in devsstated mature stapnds, and im the immature stands
«f this study, are generally sbesert im stends of this sge venge., This
research alge is importent in view of the recomendation thet the
conversion of Mvn areas of mture fir into patches of mature and
imature stands could be used as 8 budwornm eontrel measure {Yurmer 1952
PPe 106, 107),
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SUMMARY

Effects of thol 194597 spruce budworm infestation mw
23 stands of blask spruce, spruce~fir, and sprace-fir<hardwood were
investigated on 1,800 aerves 90 wiles norithwast of Trois-Rividres, Québec
(Foreat Soctiom B.7)e The forast was logged for aenifsr nulpwood in
1932«34, The 146 permanent tentheacre line plots < the one pergent
asystematic sample were established in 1951 and remsasured in 1961,

Conifer regensration cvldmtlyy(vn succeasful after the
1232-34 logging, MHowever, the spruce bLudworm ssused severs fir defe
oltatien which Yy 1961 resulted in & &) per cent rodustion in the sumber
of fir trees in the prineipal cover type representing 69 per cent of
the forest, Volume losses in these young stsnds wers proportionally
ahout the same as those reperted slsewhore for maturs fir stands,

The per cent waduction in fir bassl area betwsern 1951 and
156) was found to be related to £ir hassl ares per scre in 1981 faor the
prineipel eover type. Xe relation could be establisghed between fir
losses and the proportion ef fir in the stends,

At low lavels of fir besal ares, mixedwood stands suffered
lags mortality then softwood stands, Opruce lesses wers less than fir
1 811 types srd ir tives of four types its promeriion of the totsl stend
inereased.

Although *he smaller fir resisted the bedwora attask hetter
than the larger treas, the young stands as & whole were quite severely
demeged. Inm spite of heavy wortelity among the amall trees, from 1,420
to 1,350 spruse and £ir stems per acre survived the infeatetion.
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Although shrub competiticn is severe it is believed that this stocking
is adequate for the formation of pulpwood stands within €0 years.

The results of the study are swamerized briefly s follows:

1) Balsam fir throughout a 2.8 square mile immature forest
wap severely damsged by the spruce budworm,

2) Pir basal srea reduction was dependent on the original fiy
basal ares.

3) Smaller fir ware more resistant %o damage than larger trees,

k) Spruce was more resistent %o damage Shen fir,

§) Hixedwood stands were slightly mere resistant than softwood
stands ot lowlevels of ariginel fir basal area,

§) Probably enough spruce and fiy survived to provide a pulpe
wood erop within 60 yeers,

7) Additionsl researeh is needed to @ lucidate the ralstion
betueen stand age and degree of budworm injury, partieularly in the age
renge 25-40 years,

SOHMA TRZ

Le présent travedil » trait avx effets de ls tordeuse des
bourgeons de 1'épirette (Choristonsura fumifersns) qui, entre 1945 et
1957, infeste des jeunse peuplements 4 *épinette noire, ¢ 'épinette-sapin
et d'dpinette-sapinefoulllus souvront une superficie de 1,800 acres, 3
quelque 90 milles #v nordeouest de Trois-iiviéres, dne le Québec
{section forsstidre BeY). Cn aveit exploité cette forst pour ses hois
8 piate, les rédeinoux, entre 1932 ot 193L. On procéda & un inventaire
en 195), puis en 1961, L'intensité de ce trevall fut de 1 p. cent et
comporta 1'6tablissencnt systématique de 146 places d!)étude permanentes
de 1/10 d'acre échelonnbes le leng de virfes paralldles.
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Une abondante régénération de conifdres suivit 18 coupe effece
tude dans les annbes trente, COCependsnt, la tordeuss défeuilla séverement
le sapin et en réduisit le monbre de S p. cent dans le principal type
de peuplement qui couvreit 49 p. cent de la superficie considdrde. Les
parted de voluwe dans ces Jeunes peuplements étaient en proportion égales
& callew que d'sutres ont rapportées & 1'endroit de peuplements mtrs de
sapin,
Un & trouvé pour le principsi type de eouvert que 1a riéduction
e suriave terridre du sepin entre 1951 e+ 19G1 steit fonetion de ce
qu'elle étais en 1951, Jepemisnt, on n'a pu étadlir de relation entre
les pertes et la proportion de sapin dans les psuplesents. '
la mortalité a 415 plus faible ches les peuplements mélangéo
Que ohus les résineux, quand la surfsve derriere en sgdn élait d'um bas
nivesu. Dups tous les types de couvert, liépinette s 414 moins affectde
que le sapin ot sa prepertion a augmentd dens trois des quatre vypes.
Les petits sepine ont résisté mieux que les gros, il est vrui,
wais dens l'ensusble, les jeunes peuplements ont subi des dommuyes
considérables. En dépit du teux élevé de morts 156 permi ies petite
arbres, de 1,L20 & 1,850 tiges dtépinette et de sepin & llacre ont
survéou & L'infeststion. La compétision oiferte per les srvustes eat
sonsidérable, mais on aroit que ce nombre de tiges e st suffisans pouwr
obtenir en molng de 60 ans des peuplements de bois & pite exploitable.
iou résulieis de cette étude sont résumés bLrifvement cosme suits
1) Le sapin beumier & 1'iutérieur 4 ‘une superficie de 2.8 milles cerrés
sonstitude de jeunes peuplemente 8 614 séveérement endomsags per la tovdeuse.
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2) La diminution em surface Verriére du sapin dépendait de la surface
terriére originsle de l'essence.

3) Les petits sspins se sont montrés plus résistents que les gros.

b) L'épinette a subi moins de dommages que le sapin,

§) Quand 1a surfsce terriére en sapin 4tait faible dans les peuple~
monts originsux, les peuplements mélengbs ont résisté un peu plus que
les peuplements purs de résineux,

6) 11 est probable qu'esses d'épinette et de sapin ont survécu pour
obtenir une récolte de bois & pite avent & ane,

7) Des recherches plus poussées sont nicesssires pour mettre en '
lumiére 18 relation qui existe entre 1tage du peuplemsnt ot 1'4tendue
des dégits causés par la tordeuse des bourgeons de 1'épinette, parti~
culiérement entre 25 et 4O ans,
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?igure 4 . Relationship of per cent fir basal area change - on 1951

fir basal area for a range of O to 80 sg.ft.,, for 106 SFwB
plots, and a confidence band for the line at the 95 per
cent limit. ‘ :



