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BIOLOGY, HOSTS AND BEHAVIOUR

The spruce budworm, Chorstongufa fumiferng
IClam.], s the most destructive Rsect in North
America's condfar stands iphoto 11, This native defollator
Is found in all Canada's provinces, from Eritish Columisia
to Newfoundland. In Québec, It ks common throughout
the distribution area of its main hosts, the white, red
and black spruce and the bakam Ar, which Is by far its
Favourite species. During outbreaks, it can also ba
found on other softwood species,

The spruce budworm's Iife cycle spans a single year. It
beqgins with an 2gg stage, six Instars, 3 pupal stage and
an adudt imothl stage. During Its second |nstar, the
Insact spends the winter in a small silk cooDon Known
35 4 Mmbermaculum, woven Into bark crevices, bud
Lcales, tree llchen or the cupules of its host's Howears
iphato 5

I late April or early May, the young caterpdllars,
msasuring approdirnately 1.5 mm long, come out of
niberration. Attracted by the light, they crawl o the
ands of the branches, where they feed on flower
pollen as they wait far the Duds to open (photo &, iF
thare ara nd Flowers, they mine old needies and Closed
buds iphatd 51, Howewer, a5 LS00 a5 the ndw Shoots
appaar. the caterpllars weave a oHCoon|ike shsiter
composad of thelr own excrement and nsadle debrd
mixed with sk threads They feed off the shoots
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iphoto B untll thelr shoeh and st Instar, Le. untll the
end of June (photo 7l. It Is at this point that the
damage s most apparent (photos 2 and 11). Somatimes,
when the ‘year's Follage s entirely destroved,
carerplitars In thelr st two InstEars eat the previous
Years needies. In fact, fifth and sigh instar caterplliars
are responsiple for more than 85% of all defoliation
{phoo 12,

During outbreaks, I 5 common T 522 lange NUmDers
of caterpiltars hanging from the ends of sk threads.
ThRiz allows them ©o spin further down the tree
Canopy, of 10 be carried considerable gistances Dy air
CUrrants
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THE SPRUCE BUDWORM"S LIFE CYCLE, Choristoneura fumiferana [Clem.]
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By the time It reaches maturity, the caterpiitar
measures petwean 20 mm and 30 mm [ong. It
has a dark brown back with yellow and
occasional white markings. its head and the
upperside of the first thoracic cegment arg
dark brown or black Iphoto 7). in earsy July, the
caterpiliar tums INto 3 pupa. This EH-EE DOCUNS
glther In thie shalter, or an 3 kwer branch of a
defoliated tree, and the insact hangs on Silk
threads (photo 8, The pupal stage lasts
betwesn 10 and 44 days, after which the moth
EMEN}ES The math does not fEed, and it
lives For approximately 10 days. just long
EI'IEHJ-EH 10 MaAe. It is drab in colowr IDrswn-
grey and Its wings, Measuring aporoximately
X2 mm. have numerous dark, often greyish
MArkings (photo 9h.  Alr currents sometimes
£V the Mmoths over large distances, therety
promaoting the iInsect's dispersal.



i Juily amd August, the famake
lays up to 200eggs which it
leaves im clusters of 10 to 50 an
the lower side of the host
tree’'s nesdies, in the upper
part of the canapy, The &gos
areg imbricated. amd form
masses of apple gresn oolowr
iphoto 10k AfMfEr INcubation,
which 1asts between 10 and
1d gdays, the young caterpiilars
emergs, Instead of feeding,
they quickhy weave a silk coooon,
in which they will spend the
winper manths aftar their first
Instar,
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Spruce budworm ocutbreaks

have devastated huwge areas of

forests on @ move or Pess

regular basis since the 189 century, In Québec, anly tha
outbreaks occwring in the 200 cemtury have been
documented, |.e, those beginning in 1909, 1958, 1967
and 1992 imap 1. The first three infestations damaged
30 Mha, 26Mha and 35 Mha of softwood forests
respectively. The outhreak that Degan in 1567 and
ended In 1992 s estimated 1o have caused tree
rortality in 12,2 Mha of commencial forests. it is Gifficult
o say Exactly honw much timbar was invalved, although
data collected from thi public forest suggest that the
insect destroyed between 133 MM and 238 Mm? of fir
and spruce, AL the time, the forest industry was
harvesting approximately 35 Mo of softwodd timber
PEr year from Cuébec's public forests.

EPIDEMIOLOGY

Qur percaption of spruce budwarm epldembology has
progréssed significantly.  Until recently, It was
thought that populations remalned relativety stable,
and then Increased suddenly during owtbreaks,
Howeyer, the experts now know that spruce
budworm populations fluctuate constantly, The
aariler misconception can be expiained by the survey
methods uwsed toc measure populaticn densities,
which are much more reliable with large populations
than with smaller ones. In Fact, spruce budworm
populadons increase gradually, reaching outoreak
propostions approximately once every 30 years (tha
Interval between outbreaks |s slightiy Shorter in the
eastarn portion of the provinge),

Thasa cyclical changes In the number of inSects ooowr
simultanacwsly over huge areas. Contrary to former
belief, outbreaks do mot start at the infestation sites
that are simpdy the first areas where spruce budworm
praliferate inagiven reglon, due to forest composition
or climate. Population growth, which oCcurs
throwghouwt the entire reglon, simply manifests itself
mare gQuickly at this site

Since sprice budworm populations AUCTUITE natusaly,
outbreaks are not triggered Dy SpECic phenomeana
and do not originate at specific sites, DUt are the result
of normal cyclical changes. The experts are therefore
no longer attempting to identify the Factors that Cause
infestations, but are concentrating Instead on the
mechanisms ungeriying the coyclical Auctuations,
These factors could include predation, parasitism,
diseases, avallaible food and climale, a8 of which are
consicdered oriefly in the following paragraphs

fccording 0o current knowledge, climate does not
chamge the cyclical nature of infestations, Dut It might
alter the frequency or length of outbreak cycles, and
may a5 affect the averags number of Insects during
the cycle, Some researchers think reductions in spruce
budworm popuations are Ciused by defoltation and
the death of trées damaged by repeated attacks.
However, the findings suggest that, at the end of an
cutDreak, populations decline simultaneousty over
iy [arge areas, éven whera defollation Is not
tignificant.  Avaliabliity of food thersfore does not
sedm £O be as Important as was first thought.



™o groups of natural enamies, predator birds and
sowiral parasitold specles, help reduce spruce
bighworm pogulations at the end of outbreaks. They
often feed off the insects, but thelr efforts have little
effect untll poputations start to decling due o other
causes. They are therefore nmot responsiole for the
nitial drop In numbers, but simiply enhance the decline
when [t begins. The diseases affecting the spruce
budworm have recelved little attention so far, because
the experts thought they did not have much impact on
populations.  However, some recent findings have
suggested that thelr role may be somewnat greyter,

it ks therefore chear that none of the five Factors, taken
alone, explains the AuCtuations In Sproece budworm
populations. Interactions undoubtedly ke place that
w2 do not yet understangd, Each factor probably
produces different effects depending on the cycle
phase and the sites involved, Furtheér research is
needed 0 achieve a better understanding of spruce
bausdworm epitdemiology.

IMPACTS

The most spectacular effect of a spruce budworm
epidemic 5 without guestion the number of dead
treas in old fir stands. Succeeding stands contain a
large numbor oF fir trees, and sometimes white birch
rees

In Young, wary dense stands, repeated defoliation kilis
varying parcentages of trees. The less resistant
specimans die first. If defollation does not ocour, the
same thinnimg process still takes place, but over a much
longer period

All trees that undergo defoliaticn of 20% of mone
exhibit lower annual growth rates, This decline can kst
several years, and Inevitably leads to volume losses,
However, the losses are compensated 3t l2ast in pan by
improved growth among companion species following
natural thinning. Several years affer an epidemic. the
species most vulnerable to the spruce budworm also
undergo a growth revival, especialy in Immatung
stands, althowgh the initial growth siowdown may still
delay final narvesting

Current knowiedge of host-insect-envirgnment
relations allows us 1o explalin and &sen forecast the
effects of outhreaks, For ecemple, we kndw that stand
vulnerabdlity depends on the characteristics of the
stands themseives, the sites on which they grow
iphoto 130 and the factors that Influencs the nsect's
population dymamics.

. Gagnon v ML Chabot

[phooo G Therrlani )

For instance, the fir is more viinerable than the spruce,
partly Decause Its foliage i 1ess abundant, and partly
because Insect development 15 better synchronized
with the growth oF new sioots

AL the same time, 3 number of physicloglcal mecha-
nisms 30 explain wivy alder ang denser stands, and
stands growing on excestively of poorty drained
Qround, ane mong vuinerabla (photo 131,
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stand vuinerabdiity also depends on the duration of the
outbreak and the extent of the defoliation. Some of
e most vulnerable stands are therefore found in
argas where epldamics are frequent or wery freguent,
where the climate ks particularly suited to the spruce
budhworm, or where the vegetation is not favourable to
the Insect's natural enemies. In mature stands growing
in such areas, a spruce budworm outbreak kils an
awerage of 75% of all fir trees, although actual figures
can range from 30% ©0 95%, depending on Stand



density.and site guality iphatd 140, In immature stands,
morality s around 50%, but can range from 20% to
95%. In spruce stands, mortadity rates are generaity
below 3.

During an outbreak, the weaker trees usually die after
threse or fowr years of heavy defoliation, and most of
the trees die between slx and 10 years after the first
aback (phobo 94, The damaged trees continus to die
aven when the spruce budhwonm population returns to
Its endemec level.

The dead trees are attacked by a range of insects and
fiengal specles, and oetericrate quickly. Three or four
yEars after death. half are broken, and for fir rees. sap
rot has taken over 30% of the ree's volume, Afer 3
Further two years, more than 80% of the dead traes ang
brokan at different helghts,

I addition (D thelr direct Impact on Ember Rarsesting
ang processing, Spruce budworm outhreaks prodeis a
number of difficuit-fo-quantify Cconsequences, Doth
posithve and megative, for wildlife, lanscapds and laisure
activities.

INTEGRATED MANAGEMENT

OF SPRUCE BUDWORM OUTBREAKS

In 1994, the Québec government adopted 3 Forest
Protection Strategy In which it proposed a number of

Approaches to counter the negative effects of spruce
budworm epidemics. These approaches are based on

current knowledge of the insect, its hosts and the
forest environment. Before the strategy was adopted,
direct contred methods were wsed, and the damaged
timber was salvaged., Since adoprion, NOWEVEr,
emphasis has been placed on prevention ofF outbreaks
and tmber losses, PrEVentive MElsures must now De
incorporated Into forest management, from the
planning stage onwanas, To be effective, they must
obviously take Into account the dynamics of stands
and insect popLUiations,

DETECTING AND MONITORING OUTBREANS

Québec now has a system 10 defect and monitor
Hpruce budworm populations and the damage cused
by the Insect. T system, which allows Québec to
apply Its Forest Protection Strategy, & based on a
network of permanent cbservation statlons, with other
stations added on a case by-case basls where necessary
imap 2l Station selecton Is dictated by outbreak
histary and current forest profiles.

The experts use sampling technigues that allow them
to measure fluctuations at the Insect's different
gevelopment stages [@ network of pheromone raps)
iphoto 15), even whan numbers are very low, Based on
the data collected iphobto 16, not only can they
measure population size, but they can also predict
short-term and medium-ternm trends,

By measuring seasonal and cumulative defoliations,
they can monigor the hesith of the forests, They begin
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by taking mmtermittent measuras In the sampling
netwafk. and by carrying out aeral reconnaissance
[uging alreraft or Relicopters! to assess the scope and
sudeity of the damage. Lastly, they make periodic use
of satellite imaging to complete thelr data on centaln
fafest areas.
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PREVENTION

If timber BDSses arg 0 D@ prévented. the most
vulnerable stands must be hansested first Iphoto 19,
well before outbréaks oStur. The stands at rick must
therefore be Identifled and classified according to
viinerallity. Access, Inthe shape of forest roads, must
Also be develsped,

Stand resistance to the spruce budworm can also be
enhanced by modifying thelr composition and
reducing thelr density. For example, precommerciy
iphoto 171 and commercial thinning carried out in
autBbriik.-frée peflods helps reduce the percentage of
fir tress, which are replaced with less wvulnerable
spicieg. This type of cutting Improves the growth rate
and vigour of the residual trees. strengthens their
gefences against both Insects and diseases and
promotets more abundant foliage. IF care 5 taken to
madfitalin a broad plant diversity during thinning of
mixéd stands, it |s possible to promate natural spruce
budworm control agents,

Mo 17 - Precosn meeigial thisslng

Some of the anticipated losses can akso be compen:
sated by intensive management work in less vuinerabile
stands. Lasthy, the plants used in reforestation must be
of species that arg well suited to the sites and resistant
1o the Infect

inclusion of thesa measures n forest management
planning i the first step in the iImplementation of the
Forest Frofection Strategy. i is at the planning stags
that the measures to be applied are decided. the areas
COMCErmid arg estableshed, and the schedule of work 1S
drawn up. The sectors in which indirect measures
algne will be insufficient to achleve anticipated yieids,
And wnere direct contrnod and salvage will B2 required,
are atso ldentified at this stage. In some cases, yvield
lg5ses miust be expected,



DIRECT CONTROL

Direct control b5 sometimes the oaly effectve way of
countering the socio-economic mpatt of spruce
budworm outbreaks on some vulnerablé forest tracts
The Societé de protection des Foréts contre bas Insectes
et maladies (SOPFIM), 3 private non-profit organization
Is responsibie for planning and implementing aerial
bénlogical Insecticide spraying programs.

Conirary to popudar belief, the goal of the spraying
programs is not to eliminate the spruce budworm, but
1o reduce population levels in order to protect at least
E0% of annual fiollage

Zince 1987 the only insecticide that may be usad in
Oufpet 2ganst the spruce budworm s Baolius
ERIRGISnS var, Kurstakl, commonly known as B¢ This
% 3 biplogical Insecticide that acts exclusively on the
arvae of lepidopiera, and ks known to be safe for
furnan heaith and the envirpnment, When ingested in
sufficient quantities, 8¢ parabyses the intestines of the
insacts, which are consegquently unabde 1o feed and die
SOmeE ROWrs 0er,

Bt s sprayed only In areas that gualify For protection
programs tmap 3. The aneas arg selectad on the Dasls
of very strict forest-related criteria istand vulnerabillity
to the insect), oparational criteria (bopography and sizel
and entomodogical eriterl beveds of aral populations

|phoe SCHFIM]

imeact populations are countied In the fall, whan the
areqs o be spraved are identified and reatments are
prescribed, Tne fype and number of aircraf, as well as
this amount of insecticide neaded, are also decided at
this tirmi

In the Spring. erial spraying Iphobo 981 B carréed ot
when theé annual growth 5 Ry sdvanced, 2o that the
insecticide ands on the nesdles. If the product 1S 10
have its maximum effect, it IS Imporant that no rainfall
should occur either before or after spraying. In
addition, spraving must take pacd when wWinds ars gt
and relathve numidity IS adequate. Such conditions can
generally ba found In the eéarly moming and eary
avening.

Phazi B = Spraying plane In actlon
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Spraying programs are subjected o environmental
suparvision and monltoring, to ensure that thay are
respectful of the emironment and provide sufficient
protection kor the forest. I addition, the insecticides
themselves are tested extensively in the laboratory, 1o
verify their safety and effectiveness.

0On residential land, ¥ only a handful of trees are
infested, the larvee can be removed by shaking the
branches, s0 that they fall to the ground. The larvae
and pupae can also pe eliminaied by hand, of by
spraying the ends of the branches with 3 powerful
water jet. Severe infestations can De reated with B,
in accordance with the manufacturers’ instructions

SALVAGE

Timber losses can be reduced by fahaging dying troes
O ErEEs Tt ave Deen dead for d shart period. in stands,
uimber Con De fahaged up to 10 years after the first
severs defollation, The sahipe parod vanes accarding
1o the natung and value of the products, the processing
miEthods used and the demands of the market. Cenarally
spEaking, € B much shorter for saw timber, since the
SHAAEr DO RS SEArt B0 i turnsls In the sacond year adter
R e it causing extenthve damages to the timibar
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