
Chapter 13

Douglas-fir Thssock Moth, Orgyia pseudotsligata

. I.S. OTVOS, J.e. CUNNINGIIMI, AND RIZ SIIEI'IIERD

Inh'oduction
The Douglas-fir tllssock moth. Orgyia !}SCII(/Ot,wgOIt1.

(Lcpicloptcf<l: LYlllanlriidac) is Oil import:llll defoliator in Ih~

illterior dry-bell forests of southern British Columbia :lJld the
weslern United States. The primary host trce jn British
Colulllbia is Douglas-fir, P.I"Clidolsugn lI1en:icsii. However, ill
other <1rcas, hea\·y fceding C;111 also occur on grand fir.
Abies gral1l!is, white fir. A, cOllcolnr. ponderosa pine, Pill/IS
pOl/derosa. and $("\'cr;11 species of spruce. Picca spp.

Outbrcaks of the Douglas-fir tllssock moth OCCUI'

periodically at intervals of about S 10 14 years in British
Columbia. Washington. Idaho. Oregon. Californi3. Arizona
and New Mexico, Eight outhreaks ha\'c been reported since
1916 in sU!'iceptib1c forest slands in British Colulllbi<l (I·farris
<I al. 1985; Shepherd and 0lv05 1986) (Fig. I),

Douglas-fir tussock moth popula!ion increases arc usually
lirst noted in valley bottoills alld all open-growll trees llC;lI'

settlements. Infestations usually last for I 104 years ill allY
particular stand and cause growth loss, top kill and tree
morlalily (Fig. 2) (Wickman 1978: Alfaro CI al. 1987).
Defoliation occurs in distinct patches in the first year, spreading
;md coalescing in laler years of the olltbreak. All age cl<lsSCS

3nd sizes of the host trees Illay be illtackcd. and [he IllOSt

severely attacked trccs gl:Jlerally die. Large. but less severely
defoliated trces arc \\'e:lkenl:d and these may be subsequclltly
attacked and killed by the Douglas-fir bark beetle, Delldroc
lo/IUS pseudol,wgac, Outbrc:lks with noticeable defoliation
usually lasl from':! 10 5 years i1!lel are gcncra1Jy lerminaled by
epizootics of a naturally occurring Iluclear polyhcdrosis virus
(NPY) but usually 1101 before severe dam<1ge occms to the
infested stands (D:lhlslell :llld Thomas 1969: Masoll and Luck
1978: Shepherd and 0(\,05 1986).

Two Illorphotypes of NPY virus h.-lve becn isolatcd from
Douglas-fir tllssock moth larvae. III the first type the virus
particles arc embcdckd singly (ullicapsid) in Ihe prolein inclu
sion-body matrix alld in the sc:colld type thcy arc cmbeddcd in
hUJl(lIcs (Illulticapsid) (Hughes and Addison J970),

Biology
The Douglas-fir tussock moth hJS one gClIer,llioll per

yC3r, The winged males search out the nightless females and
:-Iftcr ll1ating the felllale bys.-III her eggs, about 150 to 200 in
one mass, on her cocoon in August or September (Wickman
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Figure 1. Histogralll of Douglas-fir tussock moth, Orgyia pscudotsuga/(l, outbreak periods from 1916101984
by geographic locations in British Columbia.
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Figure 2. Douglas-fir stands killed by Douglas-rlr
tllssock moth, O. pseu(/orslIg(/!({.

and Beckwith 1978: Shepherd et al. 1984a). The egg is the
overwinlering stagc. Eggs hatch just arter bud flush frolll
abollt late May to ~arly JUlle depending on temperature. Till:
young larvae can fc~d ollly 011 new nceelles of the clong~ltillg

shoots and call be- dispersed by clfining all silken threads
carried by wind. Older larvae (Fig. 3) will feed on old foliage
if the current year's foliage is depleted. Partly consullled
needles dry Ollt and change color, giving a reddish brown
appearance to infested trees. Males have live larval ins!Jr.':i
and females have six. Mature larvae pupatt: within cocoons in
laiC July or August, usually on the underside of needles and
branches: the pupal stage Insts about 2 weeks. At high
pOpul:llion dcnsitit:s. COCOOIlS lllay also be found at l1lany
other sites including tree trunks and fenct,; posts.

Early Treatments

During infestalions in the 1940s, 1950s, and 19605, DDT
was used operationally from tht,; air to control the tussock
moth in Idaho, Oregon, and California (\Vickl1l:111 ct al. 1975).
Lalcr. Zectr<ln® (carbaryl). Dursban® (organophosphate
chloropyplirn), and pyrcthrin were tcstt,;c!;"IS 3lternativcs to
DDT (Wickman el al. 1975: Lejeune 1975). In the early
1970s. n nuclear polyhedrosis virus and Bacillllslhurillgie1l.ris
(Bt) were successfully te~(t,;d in small field plots in Ort,;goll
(Stelzer el 01. 1975).

These early op~rational and experimental United Slates
spray treatments were testcd in Canada under experimental
conditions and th~ rt,;sults slllllm;trized by Lejeullc (1975).
Reduced dosages of DDT (0.57 kglha, 0.5 Ib/acre) and
malathion (1.12 kg/ha. 1.0 Ib/acre) were tcskd from the air.
cach in 9.4 LIlla (I U.S. gal/acre) of spray formulation. to
minimize the undesirable side effects of DDT at the highn
dosage (Lejcune 1975). r\ nuclear polyhedrosis ,·irus was abo
successfully ficld-Iest~d by !l:llld spraying Oll individualtn~l.'s

IYlorris 1963).

Figure J. Mature Douglas~fir tussock moth.
O. pseudol.'·/Igow. larvae.

Operational Field Tl'ials Against the
Douglas-lit-1\lssock Moth in

British Columbia, 1975 to 1982
The efficacy of five materials was tested for the control

of Douglas-Ill' tussock moth during 1975 and 1976: acephate.
Dilllilin~. Bt. and two strains of the naturally occurring
Iluclear polyhl.:drosis virus (NPV). The J11ulticapsid strain of
NPV was tested ill a water and molasses formulation ill aerial
and grollnd applications in 1981. In 1982. all oil and waleI'
formulation was comparl.:d with the molasses and water
formul:uion and reduced dosages of the virus were :llso tested
in oil forlllulation.

Chemicnl Insecticides

Aceph~lle (OrthCllC®) (registered for control of other
inseci pests) and Dimilin® (nol regisl~red for any insects in
Canada ill 1975) were tested at various dOS:lgCS of acti\'~

ingredient in 1975 on 180 ha and accphate W:lS used in
opl.'ratiollaltria!s all 8490 ha ill 1976. Acephate was applied
at 1.12 kg in a volumc of 9.4 Llha experimentally in 1975
and in operatiollallrials ill 1976. Rcduced rates orO.56 and
0.84 kg in 9.4 Llha wcre tested in 1976. Dimilin® was applied
;ll 0.28 kg and 0.14 kg/ha. The insecticides were mixed in:1
109,. :1qUL'OliS ~thylcnc glycol forlllulatioll. Thc trcatment was
applied whell 90% of the monitored egg masses h:1d hatched
anclthc larvae had movcd out to feed on the IlL'W shoots. Nine
plots. ca. 180 ha in sizc, were treated in 1975.

ACL'phate was effeclive ill the op~raliollal trials ill

1.12 kg/ha and expcrimentally at both 1.12 and 0.8-\ kg/hJ.
but did not pro"ide adequate contrul al 0.56 kg/ha (Fig.. -l). Its
crfect on tussock moth larvae was rapid <Inc! appearcd to be
COlllplL'lc by 7 days, with liltle lllortality occurring arler thai
tillle (Sheph~rd 1980). 1\11 e.\periJll~nt 011 the timing of
aceph:lte applications was also L'oncluc!cd 011 Ihree plOIS with
a tot~ll area or 60.7 ha. This application was made whcn
70Ck of the Cgg masses had hatched but Ihe lar\"a~ had nol

necessarily k"'f~ the egg masscs to feed. EffL'ctivclless of !his
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c.:arly treatlllcnt was reduced b~causc Jcc.:phalc has a shon
acti\'~ life Jnd brvJc tll;ll hatcllc.:d IJIC because of cool
wC;lthcr esc;lpcd cxposur~.

Dimilin® acted morc slowly than ace ph ate but r~lained

ils effectivcness for a lon!!cr lime. Dosages of 0.28 and
0.14 kg/ha gave almost c(;l1lpktc.: mortali~y. but 0.07 and
0.035 kg/h3 did not gi\-c 3ccept"bk results (lI"rd et "I. 1978).
Becallse of the fastl'r action of accphatc. trc.:e defoli;ltion was
less (3.4%) thall with Dimilini,.. (11.9 rlc), although the latter
w:\s still acceptable cOllllKtred with two Ilolltrcatcd areas
which suffered 73.77r alld 90.89r defoliation. As a result of
these lrials. Orthcnc® (acephate) was registered for cOlltrol
of Douglas-fir tllssock moth Jt 1.12 kg active ingredient in
3.8 L water/ha.

The results of the tesls with carbaryl (Scvin®) are dis
cussed in Ch:tplCr 56.

I3t Applications
Figure.f. EITecti\'cness of different concentrations of accrhatc
:tnd Dimilin@ and an early trealment using accphatc.

Figure 5. Effectivencss of aerinl ;lpplicalion of different
formulations of Bt :lgainsl the Douglas-fir tussock moth.
O. pseudolsugata.

Irial was conducted jointly by thc British Columbia Forc:st
Service. Forestry C<1nada. and the Unitcd States Forest
Service in British Columbia (Slelzer ct a!. 1977; Shcpherd
1980; CUI1l\ingh:l1ll ~nd Shepherd 1984). Three virus stocks
wer~ appli~d aerially 10 13 plots with a lotal are<1 of about
I 062 ha. Two of the stocks were propag:tted frolll the
illulticapsid strain of virus isol<1ted frolll the Douglas-fir
tussock moth ill Orcgon~ one \\'<1S propagaled in the original
hosl and thc second in lanTIC of whitcmarked tussock 11101h.
Orgyialeucu.\"ligma. The third stock was the unicOlpsid str:tin
of the \'irus isolated from ;lnel prop:lgalcd ill the whilcmarked
tllssock moth from Nova Scotia. All Ihrec stocks were (c~tcd

experimcillally on a total of 72 ha at 18.7 L/ha, and in an
opcr31ion31 trial on 990 h" at 9.4 Llha. All three slOcks of
\'irus wcre applied <1t 2,5 x 10'1 polyhedral inclusion bodies
(PII3)/ha ill an :tqucous sllspension containing 25% molasses
or SOlk Sandoz adjuV<1Il1 V (vh". concentration is cxpressed as
pcrcellt \'olul11c over volul11e), Trc:ltmcllts were applied by
Cessl1n AgTrucks and Ag\Vagons equipped with booms filled
with Tee-jet@ SOlO flat fan nozzle tips. L<1rvae were in the
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Virus Applications

The usc of virus for comrol or Douglas-fir tussock moth
was considcred as early as 1962 ill British Columbia (Morris
1963), but it was nol until 1975 that a large-scale aerial spray

A total of about IS 260 ha were treated operationally with
two Bt products in 1975: Dipd~-SC and 111llricide@-I-IPCwere
applil'd in the Kamloops Forc:st District in British Columbia
using a Cc:ssna AgTruck :Iircrart equipped with Micronair®
AU3000 atolllizers. Abolll 8 610 h:t were treated with 17.0
billion inlern31ion31units (BIU)/h3 of60% Dipel-SC® mixed
wilh 30CJ( sorbitol and 10Cf( water by volullle
and applied at 3.6 Llha. A single application was ll1ade over
6694 hn ilnd double applications wcre made 011 5 245 !la. The
remaining 3 320113 were Ire31ed wilh 17.0 BIU/h" of 80'k
Thuricidc®-HPC mixed with 20f7c water by volume and npplied
at 4.7 Uha. A separate test was made with two applications or
Thuricide@ for comparison and double and single applications
of Thuricidc® were also compared, A singlc. application or
T!lurkidc® was made on 3 035 ha and a double application on
183 ha. In 1976, Thuricidc€ was used oper;ltionally along
Slreams and acephate was utilized on the upland sites,

The results of the 1975-76 Bt trials were disappointing;
foliage proteclion and early lan'almortality were inconsistent
and unacceptably low. Larval mortality in the opt.:ralionaltrial
spr3Y blocks 21 d3Ys afler the spmy avcmged 34'k (r3nge:
13% to 57%) (Fig. 5), Larval mortality was cktcrmincd by
counling the number of larv3c per unit or branch 3rca on two
mickrowll br3nches rrOlll 15 to 25 sample trec:s per plot.
Mortalily auributed to treatment was calculated from the
difference in survival betwecn trC:3ted and ulltre;Hed plots
(Shepherd 1980). i\ double application ofbuth m"teri"ls and
the higher volume of ThuricidctB gave 20Ck betler cOlltrol lhan
a single "pplic3lion of 4.7 LlI13 (Shepherd 1980). S31isf3clory
levels of control in the operational program were not ;lchie\'cd
unlil 35 d~ys after spraying ~nd then only ill plots thai
received double appliGliions. Experimellts 011 increased
volumcs. conccntrations. formulalions. and different products
indic;Hcd thal Thuricide@ was superior to Dipel®, and
molasses was a bettcr additive than sorbitol, but none of the
trials resulled in satisfactory foli3ge protection of thc trees.



occurred sooner, about 2 weeks earlier, in the plots with
higher larval densities, and the initial level of virus infection
was higher in plots with higher larval densities. By the end of
the larval development 100%. mortality was recorded. The
incidence of viral infection increased slowly over the first
4 weeks and an epizootic developed 5 weeks after treatment
in the aerially treated plots. It was surprising to find naturally
occurring virus in our check plots because this is not usually
prevalent in new outbreaks. However, it could have been
introduced by monitoring staff. These experiments showed
that the virus can be introduced into a Douglas-fir tussock
moth population at an early phase of the outbreak and a viral
epizootic can be initiated both by aerial and ground treatment.

In a study of horizontal virus transmission, a line of
15 scattered trees was treated by ground spray and both the
treated and the intermediate trees were monitored. Parallel
lines of trees at 50 m on either side and one at 100 m on one
side were also sampled to investigate spread of the virus. No
spray drift was detected on Kromekote® cards placed between
the treated line of trees and lines of trees used to detect
spread. A line of check trees was located 200 m from the
treated trees. Except for the post-spray on the intermediate
trees at week 7, the incidence of virus infection in the larvae,
collected from the sample trees, followed the expected pattern
of spread from an infection source (Shepherd et al. 1984b).
Infection appeared to decrease with distance from the treated
trees. Thus, treatment of Douglas-fir tussock moth infes·
tations with widely spaced swaths, every 100 to 200 m, may
be sufficient to initiate epizootics and protect infested trees.

Virus-killed larvae were not observed in the ground
sprayed plots in the field until 5 to 8 weeks after spraying.
Thus, feeding damage continued for most of the larval period
and little foliage protection due to treatment could be detected
either in ground-treated plots or the aerially treated plots. This
indicates that a virus application is most useful when applied
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early in the outbreak cycle, preferably in the year before
significant defoliation takes place, so that infested stands can
tolerate defoliation until the treatment takes effects.

In 1981, aqueous tank mixes with 25% molasses (v/v)
were used. This mix was widely used in previous tests both in
Canada and the United States, but with the low relative
humidity in the interior of British Columbia, spray deposits
have often been poor. In 1982, the second year of the tussock
moth outbreak. Virtuss® was applied in two different tank
mixes at another location (Veasy Lake). In an aqueous mix
the recommended (label) dosage (2.5 x 10" PIB/ha) of virus
was applied, while in oil mixes (25Ck Dipel blank carrier
vehicle and 75% water) the virus was applied at the rec
ommended dosage as well as at one-third and one-sixteenth of
that recommended dosage. Each of these treatments was
applied to a 1O-ha plot with a fixed-wing aircraft when most
larvae were in the "first instar. The aircraft was equipped with
a boom and Tee-jet® 8005 nozzles calibrated to deliver
9.4 L/ha (Otvos et al. 1987a).

Applications of Virtuss® in the oil mix resulted in
population reductions at 6 weeks post-spray which increased
with dosage. The full dosage (2.5 x lOll PIB/ha) resulted in a
95% population reduction~ one-third of this gave 91 % and
one-sixteenth resulted in a 65% reduction. The full dosage of
the aqueous mix with molasses reduced the population
by 87% (Table I).

Surveys conducted in the fall of 1982 showed that egg
mass densities in all treated plots were reduced from their
spring outbreak values to endemic values or below, while in
two of the check plots egg-mass densities remained about the
same and doubled in the third. The Virtuss® treatments
prevented significant tree mortality in the treated plots. One
year after application, less than I % of sample trees died in the
treated plots and 38% died in the check plots. In 1984, two
years after the virus application, no tussock moth larvae were

Table 1. Population densities of Douglas-fir tussock moth (0. pseudotsugata) larvae and proportion of dead sample trees in
plots treated in 1982 with Virtuss® and in matching check plots at Yeas)' Lake. British Columbia.

Plot
no.

Treatment3

PIB/ha

1982
Pre-spray
lar\'aJ/m~

% Larval
population
reductionb

1982

9C Sample trees
killed by Douglas-fir tussock moth
- --~ --- - - ---- • -- - - ------ - -~_ ..._-

1983 1984

cut for powerJine
60 62
o 0

x37.8 40.7

1'1

1'2

1'3
T4

Cl
C2
C3
C4

1.6 X 1010.0
8.3 X 1010.0
2.5 X 1011 .0
2.5 x 1011_M

Check
Check
Check
Check

182.8
145.8
302.0
41.8

197.5
136.9
360.6
81.2

64.7
90.6
95.1
86.6

o
2
o
o

XC 0.6
53

o
7

4
o
2.8

60

3 Treatment: PIBlha =polyhedral inclusion bodicslheclare; 0 =oil formulation; M =molasses formulation.
b% Reduction was calculated by a modified Abbott's formula (Fleming and Retnakaran 1985).
ex = Average for the four plots.
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second and third instar at the lime of applicalion. and most of
the ClUTcnl year's foliage had already been destroyed.

All of the virus treatments resulted in high infection nnd
high larval lIlonality; no significant difTcrl;llccs CQuiet be

- -----

FiglJrc 6. Helicopter spraying against Douglas-lir tLissock
moth, O. pseudotslIg{/f((, 1981.

Figure 7. Ground spraying against Douglas-IiI' (USSot:)..;

moth. O. p.\"eUdol.wgUf{/, 1981.

dCI~ctcd between strains or formulations. Larval population
reductions in the treated plots ranged from 71 % to 93%. 68%
(095%. and 84'70 1099'70 al 21. 28. and 35 days post-spray.
respectively. The corresponding larval mortality in the check
plols averaged 68%. 767c, and 84%. These population reduc
tions were associated with·high levels of naturally occurring
virus infection enhanced by the spray 3pplicatioll in the
treatt..:d plots. The high mortality ill tht: check plots was
causcd by naturally occurring virus; over 50% of the Iarva~ in
the cht..:ck plots were n<.Hurally infected JS days after lhe datc
of spraying. This was expected as the outbreak was in its
declining phase in that area. Only light defoliation, II % to
14% of the older foliage. occurrcd all all but Olle of tht.: tre<ltt.:d
plots where spray deposit, Il1casurl..~ct on Krolllekotc® cards
placed 30 Clll abovt.: ground kvel. WilS poor due to adverse
weather during trealmt.:nl. In contrast, defoliation of the older
foliage in the check plots averaged 60%. 1'\0 egg masses were
found ill the trt.:3tcd plots. while egg nwsses were cOlllmon ill
the check plots and 3djacent ullireated areas.

The results of the 1975 virus trials Wl..'re promising, but
because the trcatme-nls wen.: applied ill the declining phase of
the outbre<'lk the effect of the ~lpplicatiofl on the course of the
outbreak could not be evaluated. Following these tests, the
llIulticapsid virus isolalcd from and produced in Douglas·llr
tussock moth larvae was registered by the Environmental
Prote(:tion Agency in the United States ill 1976 under
the name Ttvl BioControl-l. The sallle ,·irus produced in
whitcmarkecl tllssock moth received tcmporary registration in
Can<'lcla in 1983 and full registration ill 1937 under the !lame
Yirtuss®. TM BioControl-1 was also grantt:d Canadian
registration ill 1987.

Another Douglas-fir tussock moth population buildup
started in 1980 in Ihe Hedley area in southern British
Columbia wherc a previous outbreak had collapsed in 1963.
This proYidcd <'1Il opporlUnity to test whetha a virus epizootic
could be initiated artificially at an carly phase of an outbrellk
before a natural epizootic might occur and before significant
tree danwge occurred. III 198 I, four plots. totalling 20 ha.
with moderatc to light Douglas-fir tussock moth population
densities were al?rially sprayed with NPY (Virtuss®) using a
helicopter equipped with all II-m-Iong boom alldlline nat fan
nozzles (Tce-jet® SO I0); a dosage of 2.2 x 1011 PII3/ha when
60% of Ihe 1<'1f\'Je were in the first instal' anel 40Ck- in the
second (Fig. 6) was llpplied. The aqueous virus suspension.
containing 25'7c molasses. was applil..'d al I 1.3 L/ha. Spray
deposit, measured all Kronlekote® ellrds, in the four aeri:llly
trclltcd plots was poor with S.4. 8. [.5.1, and 2.1 droplets/cm.?
(Shepherd ct a!. 198-lb). III addition to the aerial spray tri<'lls.
trees in two additional plots were sprayed from the
ground with i\ modified orchard-type hydraulic sprayer
applying 4.5 L or aqueous suspcnsionlirce (cont<.linillg
2.4 x 10 10 PIB/ha with 257£' molasses. ,"Iv) (Fig. 7). All
assessment of ,·irus spread was lll:lcle in olle of the grollllcl
treated plots.

An epizootic occurred both ill the aerially alld ground
treated plots. even .It population dC[Jsities as low as abuut
40 larvae/Ill.? of foliagL'. Douglas-fir tllSSCk.:k moth populations
were reduced and no egg masses were found in any of the
treated pllltS. The- occurrcllc\.~ of an epizootic appeared to be
inversely n.:lated to inilial popubtion density: the epizootic
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found in any of the treated or check plots. Tree recovery, in
terms of new foliage production, was good in the treated
plots. The number of trees killed increased slightly from the
previous year, both in the treated and the check plots
(Table I). Tree recovery continued in 1985 and no additional
tree mortality occurred that could be attributed to Douglas-fir
tussock moth (Otvos et a1. 1987b). It is now considered
feasible. as a result of these trials, to reduce the recommended
dosage ofNPV from 2.5 x lOll to 8.3 X 10 10 PIB/ha and to
use either the aqueous or emulsifiable oil formulation for
virus applications.

The results of the experiments with NPV over the past
few years indicate that the development of Douglas-fir
tussock moth outbreaks may be prevented by the application
of virus at the beginning of the outbreak. Foliage protection
may be poor in the year of application, but will be substantial
in the following years. Virus application at reduced dosages
makes it economically more acceptable and gives forest
managers a viable alternative to the use of chemical insec
ticides. The cost of virus application may be further reduced
by spraying widely spaced swaths, giving only partial
coverage of the infested stands. Both the reduced virus dosage
and widely spaced swaths will be tested during the next
Douglas-fir tussock moth outbreak in British Columbia.
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