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SPRUCE BUDWORM IN MAINE: THE END OF THE OUTBREAK; BIOLOGICAL
CONDITIONS IN 1986, 1987, AND 1988, AND A LOOK AT THE FUTURE

I. INTRODUCTICN

This report presents spruce budworm survey and
evaluation data gathered by the Insect and Disease
Management Staff (I&DM), of the Maine Forest Service (MFS),
formally the Budworm Survey and Assessment Unit. Budworm
surveys have been conducted annually by the I&DM staff to
determine budworm population levels and host tree conditions.

Past reports of budworm conditions have covered a single
year, but this issue reports conditions for 1986, 1987 and
1988. These years can be characterized by declines in
infestation size and intensity to a point where budworm
larvae are now very scarce in most of Maine's spruce-fir
forest. Several survey techniques used throughout the
outbreak have been modified or completely eliminated in
response to the declining infestation. These modified survey
methods and results will be discussed.

A. Personnel Organization

The sharp decline in the budworm infestation dictated
many changes in the size and organization of the MFS budworm
gtaff. In January of 1986 the budworm dedicated revenue fund
supported 7 full time positions (Figure 1). This unit was
responsible for all survey activities, any spray project
activities, mapping, and taxation. By January of 1987 all
but 2 of these 7 positions (the Director and Assistant
Director) had been eliminated from the dedicated account.
Three of the individuals in budworm positions were absorbed
into other accounts in the I&DM. Two positions were
eliminated. Early in 1987 plans were finalized to completely
eliminate the budworm dedicated account as a separate unit
and make all budworm activities functions of the I&DM
division. 1In August, one of the remaining budworm staff
transferred to an I&DM position; the final position
transferred to I&DM in September of 1987. All 1987 and 1988
budworm field work was conducted by I&DM staff.
Administrative functions related to budworm were done in I&DM
after September, 1987.

The current I&DM organization is shown in Figure 2.
Budworm related activities are now handled by the Field
Director and Field Staff.
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B. Adninistrative Activities

Three major activities related to administration of the
budworm program required considerable effort in the period
1986 through 1988. These activities were clean-up and
securing spray tank farms, including; disposal of associated
wastes, the sale of spray equipment, and eventual
discontinuation of the budworm tax system.

Because the MFS did not expect to spray from any of its
airport facilities in the immediate future, a complete clean-
up of these sites was initiated. Partial clean-ups had been
conducted periodically to dispose of residual spray material.
Work began on clean-up of a former spray tank farm site in
Millinocket in the summer of 1986. This project was
completed in the fall of 1987. 1In the spring of 1987, spray
wastes from the Presque Isle airport were removed for
incineration. Also in 1987, spray storage tanks in Presque
Isle were cleaned and residues removed for incineration. The
tank farm in Presque Isle will be secured in early 1989,
which will complete the clean-up activities. The total cost
of tank farm clean-up and spray waste disposal will exceed
$250,000.00. This apparently large sum actually represents a
fraction of a cent per acre sprayed during the outbreak.

Spray equipment accunmulated during the 70's and 80's was
sold from 1986 to 1988. Much of the equipment was considered
obsolete for current spray technology. Also, the MFS
believed that the equipment would be of little value by the
time it would be needed again unless a costly maintenance
program was undertaken. Nearly all the equipment was sold by
- September, 1987 for approximately $60,000.00.

Finally, considerable effort was expended in updating
budworm tax records in 1986. A large portion of the program
acreage was removed from the protection district in 1986.
This acreage had entered the program in 1981 and the 5-year
term expired in 1986. Landowners did not resubmit lands for
another 5 years in 1986, due largely to the lack of budworm
and predicted declines. Tax records had to be adjusted to
reflect acreage reduction for collection of 1987 taxes. The
final program taxes were collected in the fall of 1987 and
all residual funds in the dedicated account should be
expended on the Presque Isle tank farm clean-up by July and
August of 1989,

IT. BIOLOGICAL CONDITIONS IN 1986, 1987, AND 1988

During the recent decline in the Maine budworm
infestation, the I&DM staff has attempted to make o
observations of budworm health and survival, host conditions,



and budworm parasitism. However, budworm populations became
go low in many areas the observations had to be discontinued.

A. Budworm Health and Development in 1986, 1987, and 1988

Larval emergence in 1986 was about a week earlier than
the 10-year average in much of Maine, but relatively cool
weather quickly retarded development. Weather throughout the
development period generally lacked extremes that would
adversely affect budworm survival. Host buds developed
rapidly in 1986 and provided an ample food supply for larvae.

The most notable aspect of budworm development in 1986
was sudden, widespread loss of late instar larvae. Losses
affected a high percentage of larvae and occurred between the
5th and late 6th instar. These losses were noted in areas
with low and high populations and could not be explained by
weather events or unusual parasitism. Losses were detected
by comparing 4th and 6th instar population counts, however,
the actual dying larvae were not collected. Similar losses
had been noted in scattered areas in 1984 and 1985, but the
1986 event was seen in most of the infested areas.

- Larval survival in 1986 was low in all but southeastern
Maine. Survival rates averaged less than 15% compared to
rates over 30% in many areas in 1985. Rates in the southeast
ranged from 25 to 40%.

In 1987 larvae were difficult or impossible to find in
nearly all of northern and central Maine. 1In portions of the
gsoutheast where larvae were common, larvae emerged 10 to 12
days earlier than average. Development conditions were
favorable throughout the larval period and pupation occurred
about a week earlier than normal. Late instar losses, were
noted in portions of the southeast in 1987. Survival for a
linited number of check areas was 28%.

No health or survival data was collected in 1988.

The cause of the late larval decline is not known, but
there may be an association with levels of microsporidian
disease. Microsporidian levels were highest in areas where
reductions in budworm populations were first noted and lowest
where populations persisted (Dimond, 1987, and Personal
Communication). Microsporidian levels were not measured on
dying larvae in Maine. However, in Nova Scotia a similar but
stronger association has been made between microsporidian
levels and budworm decline in 1987 and 1988 (Smith, Personal
Communication, 1988). 1In Nova Scotia, disease levels were
measured in areas of decline, and were found to be extreme
both in percent of individuals infected and infection levels
found within the individual larvae.



B. Pre-Treatment Host Conditions in 1986 to 1988

The early spring condition of fir and spruce in infested
areas has been evaluated each year. 1In the past, this
evaluation has been noted separately for each of 6 zones
established and described by the budworm survey unit. 1In
the period 1986-1988 most zones, except the southeast
coastal had similar conditions and they are discussed
together.

In the 5 northern and western zones, very little
budworm feeding occurred in any of the 3 years. Therefore,
spruce and fir in these zones have 3 or more years of foliage
accumulated and are showing considerable recovery. Areas
most heavily damaged by past feeding have not regained a
normal foliage compliment as yet, but are improving annually.

Moderate to heavy damage continued in portions of the
southeast coastal zone during this period. 1In general,
localized damage continued in the central and southern
portions of the zone, while the northern portion of the zone
improved each year. Some areas in this zone which were
sprayed in the 80's are in better condition than unsprayed
areas. Some former spray blocks deteriorated in 1986, due to
1986 damage, but by 1987 and 1988 all previously sprayed
areas were virtually free of budworm. Where the budwornm
remaing active in the southeast, trees are in fair or poor
condition, and some mortality is occurring. Residual
infestations in the coastal zone are of recent origin;
within the past 4 years. Many of the host trees in the
infested areas are young and the defoliation has not been
especially intense. Most of these trees should survive if
population declines within the next year or two.

C, Parasite Survey

Parasitism of spruce budworm has been monitored annually
at a number of study plots distributed over the spruce-fir
region of Maine. The number of plots varied somewhat in
earlier years, but was fixed at 12 permanent locations in
1978 (Figure 3) to provide consistent data for evaluating
year-to-year trends of parasite populations. Plots were
located outside treated areas and were relocated only
as host availability necessitated. Prior to 1985 most plots
provided suitable samples, but in 1985 three plots were
discontinued due to low budworm populations. By 1986, only 3
of the 12 original plots, (Bradley, Edmunds, and Princeton)
yielded enough budworm for a complete parasite survey. Early
larval collections were made at some of the other regular
points but collections of later larval stages were not made
due to low populations. Larval numbers were so low, even at
these 3 locations, that reliable parasitism estimates could
not be made. Further reductions in budworm population in
1987 and 1988 resulted in cancellation of the formal survey.



/
vl v
0w e
3
5
S T [ owan] 3 .
s | s f s S r
ba A N o
e, . —
¢ T [ Lo T . I ARG P §
T | e e Franen| ™ i wits | wew .
A Ly \'
4 L1t )
ons| 1ee rs [ 116 ke [ a0
RAITY 7Y [T TTY PN Tie 3116 M8 e tine i i
WA he R K wits | wits wis | weas | wus
wonmen | s | e Leaswaron) R
Ao sl maf 11 aisfos wiafras ainfuis wo | 100 s [ois wn funmonne| 115 mef 1us g [ ] v
Ao msens | e | ses | s | | e { v | one | i ] s seeen >
ey
.
Arafvi sl eia n g [rnmef e s v ] tass | s e s ar foere| e es
A Y Y R iy Vg iedy vy ety Ieing el vl LS S ©
¢
P
(O EEEE O O T O T
; i
Al LU ol Ity Retrey i) N oo T el B ) N -
wits [ s wtann]
y Al a]l ol o] s T 3
K T e e e e e e e z
2w | et | oweu | owe | owaa | owio | oweo | e | s | owes i g
! ws |
H Aand Enton [7;]
T o S vl anfiwe| vww o [T it e
. ot <hapman
£ ows | owes | owme | oen UICH [V T [N R B s
f woues |wannnd &
e T O e e O e e e
dugleaTop T8 RY | 110 Ry Sqwipan 0 R}
H UL R QT ey Qpvivg ey SIS R R IR R d PPV Sl LR
2
vwownfie wsfro wslin wiefrs wenfre wii wifie wof 1w e w0 R VS
wits | oo L owis |owes | owes | owees | owas |owies | owas | | s wels | wus | s
o«
n kn T".. b R K CTE Ml AR LG Rt A VIS EOS R OOV T
wiLs, ts | wees | wis | e T IV TN RTINS S Rt Il Rl R @
(&) RS AL DL SLRALE (LRIYY FERVITY RERRTYY SLRNTE) FERNTP RTINS STAES RENCT ETF™S RUSLEN IO RN
s fowis s b oo g | owis | ke | owis | owes | owio | owas | s [ owas | s pueetepf O
ot
to [ 6w fsinf e kisfis misfre wislve anefre muf s aw I
LRl N S LA AT AT BTt Ry REPO St fttest it Vel REECY IR RS T N B
22 e
Lot
Tore? oo oot g
15 w6 mi 15 W3[5 R T afts Ao 15 ke[ 1s an] s wr
wits | owees |0 e s | L Lo | s s | owes | S | e prosa o
g hid hid Umavin | Hodgdon
_— 0y TS TN U D N RS
Top [ PISC AT AlduIis wis | owe | P . wiis fTa RE | Cao tn
o) N WLYLS
y
Fraasn \ Pomeuin |, S v ke ook I N v R
Acidenry 3 b WELS LTIRY Wiy LITAY S Raall IRYTIN LAY I3
(N H
oot et o \
v:
Mer [ouseriowal “;“:‘" ™ ol and i wia] raeess iz v 2w ]ie st | ey 12 R | Graad] [y reent
rouh wp 4 tar weLy WELS Twp Wiy WwELS wils R PSP L3 »
1w o AT e\ o ik WL & !
ol AR TR e THPYAY
Thoundise] Brisous | pan noan b izl o el wof 1w | LR e 1y g | 1r ks fudtapied Reone | T
- Ty -y L ™ ol
et N rap \ Tee 2 s bowens |owens | owes foaes | ML e ) e | ey <l
Gorhars “Funn R g . < - - mouth
Gute, bl gt S et c ™ PRI vl
W\ e horarund e | ' 1tk monn| T8 A g PR REA T (o e
, R e [ vl IETER LA e k) vy
R (e e == Tee B T W g A
" -3 2 ove eire Ymun
I T e R e STy (R ey AT .
{0 P e Gl AW Bonon| Cair | WY WLy T R o\t Y
ot v T T U o) grmni i g, o\ s - ke e\ e Fron i} NBPE Like y o8
RLY hried e etter Pl vy
iz’ \ whonn ) 122 (o et} [t f Top A o s\ 18w\t | M pE 0 Tipamen G} 1Y
Lv:qnwx.\lvw)‘ R A el i Y i i PR e g o h UYL 3
IXP W) n oy i i ,
oM L e gAY o R vl 1 ; 1oy
Desanat R e p S R
AT e A T . T\ G s 1 )
ot Y, Poncr Tep Peng LILEC T S s Mo i Commmnne 1) X we ] tomen i
] 3 top T bwnn ) e 3 (S A b1t
ferzamonnt o A\ g N 3 i v v \§'\ Ve -
. - e N - o s A
Sy | At {10 1 ae\el WY 7] (. Nt | Wesons e ! Gamd | un .
o et LR il Fopa) \ake W Moumn} B0 serec o he
R TeC . bl I T ol I - = 16 o \ieam
vy | Tee i 3 Rttt WY Goitind e S R e
. o R L] A U Anbon Genewte ot oanl e Ey
iemn Toy ! wp \TenrTor Koty Atkmon | 1en Yt apange i dnbony n
“1 1 #yaun! May Iaetd m e U Caban
vomond  tan § 1% e 230 Mowes | Twp s engercite] summa T4 30 v
[ Porman vrwo\ e Yl
coreornl s [ [ ST ,..
Toeer L puen 1ap| L8 700! v [ Ak wr are s
(RS PR Lorrasbamelt Valiey [, o 7oy R L Jwn toecnnos! L wp | T4 "
e | e T o e W Alm et 1 e I T ™ o
Ro:busw Lewmgion| TR e - or wr ' e
Ao, Oltes op L3 Tey n; s
Al B ) Aoy | Krgma} TP O gl e e At an| K70,
0\ len Tup, At Connaa | PO o tiws { witea ond oM & Eanput
et AN
s ARATTNTT e | o) e Py e AN nrwl TR L0 L oL RV NS (e o
e reims |8 O i & A " Yo
O 1P e ¥ L w0 e o
Trp Coange | Hattied Newpt Ambaen | Aver wr Marvan )
o - Patmyis Veane Y, TH MO B T g i hed
- i N TR » AV
e o} e QT w22 0 B 1 A
e ) e e s g : R e up oo g V55
iosserf ¢, 8%, Sanhopn b b Husen 3 0\ B Y 1o Y\ St
] s A Nt
on =
e LI TH 3 & 2 [0
rusogin T iy e 2\ o N K
s o S S g e AT Y T
> o il o\ bt \0on 5 wisorpoct A N 1
e ot 2 & e ] 0 c K e (>
semen ] f vr j o ] g A
Home Emonin 2
)
Vs ' > Frawas Otaod
fay x Brocht Veron,
man e
Seiries Ainee l o
HA B(E 4 7oL Aperes (-~
Fayersef Mouni Sy >
o Hhestrbe fomin 4 B i
£ s PO Loiied
Restiieis sben chy
e
Wavm ‘a" temy L) Hovinper]
Wirshtes Yiror A
Hakou e R 4 1
Ly M GOV 7
- oo ol SN S AN\ ©
e -
Momind o - Unsn Q ’ .
Lot 4 RN Pl NS Figure
9 e iy NS ig .
4 Ortes ¢ bainar g Lot e N K X
y ! ? Insddoess} WO fony s SRAgion
HORQECOYGT % o
omite Rvivet A homas » ik L . f S
L220 N o\ omion s o 5 y o < ['% ocation o pruce
Y AV is i S SN, . R
fpT—
NN, Snafee Pl BT NG s Budworm Parasite
nted -
[— & e Ry st | A omn gl £ 4 s
IR 1986
v AL s [ e Plots in
e’ [ ooy j g [
Porner etr 5o ANE fhrespon ¢
[ Iy o g
i &
Sl ’f 0
- suancous 2 Heanbogia Fiy
o e 3 0
peoe L
v off « f
Limeri b
BHA /hl ¢ c
e 3
Gunien )
htabeih }
songin ¢
o a
Yess
o L o PR
N B L 4
[ T
e - 4
M i M

ot S B2




An attempt was made to determine parasitism rates from
faunistic checks in 1987 but sufficient numbers of larvae
were not found. No tables of parasitism results will be
included in this report.

Digection of early larval collection in 1986 from the
Dickey Brook (T17R5) site yield unusually high numbers of
Synetaeris tenuifemur from the small number of larvae
collected. A second collection was made at the site to
confirm this unusual finding but the second collection did
not yield any more of this parasite.

ITI. CONTROL ACTIVITIES

There were no state, federal, or private operational
spruce budworm control projects during the period 1986-1988.
The only budworm spray activity that occurred was an
experimental trial of split application and new formulations
of Bt (Bacillus thuringiensis) conducted jointly by the Maine
Forest Service, the University of Maine, Abbott Laboratories,
Zoecon Corp., and Champion International Corp.. A complete
report of this trial, "An Aerial Field Trial Evaluating Split
Applications and New Formulations of Bacillus thuringiensis
Against the Spruce Budworm (Choristoneura fumiferana) In
Maine-1986". Technical Report No. 26, 1988 is available from
the Maine Forest Service.

IV. FOREST CONDITIONS - 1986 to 1988 AND A LOOK AT THE
FUTURE

This section contains results from defoliation surveys,
light trap surveys of moth activity, and population
prediction surveys. Hazard evaluations are also included.
The future of the Maine spruce budworm infestation is also
discussed. '

A. cCurrent Defoliation Surveys - Aerial and Ground

Aerial defoliation surveys were conducted in July of
each year to map current budworm defoliation. The survey was
done during the budworm pupal stage when most of the brownish
budworm-clipped dead needles still adhered to the webbing and
twigs.

Trained observers surveyed the infested area from a
Cessna 185 aircraft. The areas of defoliation were sketched
on maps in the following categories: none (0), light (1-30),
and moderate to severe (30+%),

Defoliation surveys in recent years were hampered by
poor flying conditions, rain and wind which removed webbing
and clipped brown needles (browning), and by less intense
feeding. These conditions made accurate aerial mapping
difficult and resulted in an increased dependence on ground



surveys, to supplement and verify aerial data. Ground
gurveys proved to be important additions to the 1986, 1987,
and 1988 evaluations of defoliation.

The 1986, 1987, and 1988 aerial surveys were greatly
reduced compared to past efforts because extensive portions
of the State had no measurable infestation. Much of the 1986
survey was done from greater altitude than usual because
damage was so scarce. In 1986, most visible "browning” was
found in southern Washington and in Hancock county (Figure
4). Although defoliation intensity varied in 1986,
gignificant portions of the southeast experienced heavy or
severe damage. Four other small areas of defoliation were
mapped in northern and western Maine, but these areas were
difficult to spot from the air. Ground checks of these areas
revealed an unusual defoliation pattern where tops had little
or no damage, but mid and lower crowns were heavily damaged.
The green tops over the damage made "browning” much less
vivid from the air. Overall, damage in 1986 was less intense
than in 1985,

The 1987 aerial survey showed even less damage than the
1986 survey, and all of the defoliation mapped was in the
gsoutheast (Figure 5). Also, 1987 damage was so spotty that
it was mapped as "areas containing moderate to severe
defoliation” rather than mapping each tiny area. The general
intensity of defoliation was reduced in 1987 compared to
1986, but small areas of severe defoliation were found.

In 1988, light and moderate to severe defoliation was
again restricted to the southeast (Figure 6). Damage was
extremely spotty throughout the defoliated area.

The size of the moderate to severe defoliation area
declined sharply in each year from 1985 to 1988. Defoliation
in 1985 had been measured at 1.2 million acres. In 1986,
defoliated acreage dropped to 600,000 acres and after the
1987 and 1988 seasons was measured at 210,000 acres and
55,000 acres respectively.

B. Light Trap Survey Summary

A total of 20 light traps situated in forested areas
throughout the state (Figure 7) were operated in 1986, 1987,
and 1988 during the spruce budworm moth flight period. Total
moths trapped dropped through the period from a level which
wag already low in 1985. Seasonal catch during the period
was 1365 moths in 1986, 464 in 1987, and 209 in 1988.

Total catch in 1988 was the lowest since 1967 (Table 1,
Figure 8). This decline parallels other population
meagurements.
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TABLE 1.

SPRUCE BUDWORM SEASONAL LIGHT TRAP SUMMARIES

YEAR TOTAL # MOTHS # TRAPS AVERAGE
# MOTHS/TRAP
1988 209 20 10.4
1987 464 20 23.2
1986 1,365 20 68.0
1985 13,233 20 661.0
1984 17,983 20 895.0
1983 144,673 18 8,037.0
1982 49,200 20 2,460.0
1981 39,724 20 1,986.0
1980 100,537 19 5,291.0
1979 95,811 16 5,988.0
1978 220,264 17 12,957.0
1977 24,212 15 1,614.0
1976 22,308 16 1,394.0
1975 149,874 23 6,516.0
1974 158,784 24 6,616.0
1973 39,069 24 1,628.0
1972 15,959 24 665.0
1971 20,653 25 826.0
1970 1,076 24 45.0
1969 5,415 27 201.0
1968 948 24 39.5
1967 120 26 4.6
1966 51 24 2.0
1965 83 24 3.5
1964 159 25 6.0
1963 133 24 5.5
1962 258 23 11.2
1961 763 17 44.9
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Changes in moth catch distribution (Table 2) also
reflect regional population declines. In 1985, 18 of 20
traps yielded moths. This proportion was reduced to 15 of 20
in 86, and 9 of 20 in both 87 and 88. 1In 1988, all moths
were caught in southern or eastern Maine traps and 86% of all
moths came from one southeastern trap (Meddybemps).

A small moth flight may have occurred in St. Francis
(Allagash) in 1986. No moth flights were evident in 1987,
for the first time since 1970. Daily moth catch by trap for
the years 1986, 1987 and 1988 is shown in Tables 3, 4 and 5§

The period of peak moth activity was slightly later than
normal in 1986 and 1988.

C. F.I.S. Field Collection Survey

The dgeneral field tree beating and picking survey did
not yield either spruce budworm larvae or pupae in the period
1986 through 1988. This is the first time since the 1940's
that budworm were not found during this survey.

D. Population Prediction Survey

This section examines methods and results for the 1986
through 1988 population prediction surveys. Declining
budworm populations dictated changes in prediction survey
methods and intensity. Survey changes included reductions in
sample density thus reducing field and laboratory time.
Another significant change, beginning in 1987, was the switch
from the traditional L-II survey to a moth trapping method
using pheromones for the general survey.

1986 Results

L-IX Survey The 1986 L-II survey was similar to recent
surveys in coverade and methodology. However, sample
intensity was reduced significantly because summer insect
observations and the defoliation survey showed very low
population levels in most of the State. Also, the 1985 L-II
survey had found very low larval numbers everywhere except
the southeast. A total of 364 sample locations were
evaluated in 1986 compared to 504 locations in 1985. As in
1985, each sample location contained sub-sites, but in 1986
locations had 1 or 2 sub-sites compared to 2 to 5 in 1985.
The reduction in the number of sub-sites greatly reduced the
total number of branches evaluated during the survey and
therefore reduced costs. Points were spread over the entire
budworm protection district (5-year lands), but density was
lower and few non 5-year areas were sampled. Other aspects
of the field and lab methods were the same as those employed
in 1985,

Field and laboratory work in 1986 was done entirely by
MFS personnel. Due to the reduced sample load there was no
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Table 2.

Light Trap Collectiomns
Annual Comparisons by Species
(Seasonal Totals)

Chonistonewra Dionyctria Archips
fumiferana renicufelloides resaceana
Year Year Year

. 83 84 85 86 87 88 83 84 85 868788 83 84 85 8687 88
Location
Allagash 71730 5433 2865 286 58 O 95 i5 36 820 773 757 380 37 0 38
Ashland 0 1 1 12 0 0 0 0 0 00O 4 3 1 -0 1
Blue Hill 371 19 2 0 O 7 3 7 1 003 10 7 § 00 5
Brunswick 2306 151 21 14 1 1 226 62 3 100 188 272 522 30 0 168
Clayton Lake 5282 216 536 24 19 0 7 302 17 010 165 66 56 00 18
Elliotsville 15205 68 70 0 0 0 60 49 2 000 72 90 73 30 1
Greenbush 3946 1985 4058 23 9 19 102 85 26 00O 159 71 106 30 11
Guerette 595 251 44 44 0 108 10 100 269 130 25 1 11
Kingfield 3425 67 19 1 0 0 34 6 0O 000 66 39 63 80 17
Matagamon 1448 43 0 0 0 0 216 13 0 002 785 352 4 350 91
Meddybemps 21492 7492 7081 808 317 180 170 95 103 14 5 0 2443 794 265 71 0 60
Millinocket 346 16 1 1 0 O 20 3 0 000 115 103 111 00 13
Moose River 2192 92 12 6 7 0 25 32 0 000 265 5 5 10 1
Mt. Vernon 216 17 0 0 0 O 10 2 0 000 72 134 83 0 0 54
Musquacook 121 26 23 4 2 0 86 5 2 000 261 160 170 00 8
North Bridgton 3156 41 2 0 0 0 36 7 0 300 362 227 375 42 0 41
South Berwick 8 ] 11 0 1 5 0 000 124 151 00 41
Ste. Aurelie 4926 508 100 5 0 0 112 36 4 000 1791 127 87 00 O
Topsfield 8197 1197 1182 120 7 1 19 81 4 000 195 230 28 10 10
Washington 314 8 8 6 0 0 4 0 0O 000 14 4 10 00 19
Total Moths 144673 17983 13233 1365 464 209 1225 1313 175 27 3 5 7740 3834 2628 260 1 608
Total Traps 18 20 20 20 20 20 i8 20 20 202020 18 20 20 2020 20

Note:

See accompanying map for relative locations of the traps in 1988
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Table 3 .

Summary of the Number of Spruce Budworm Moths Collected at Light Traps in 1986

June July
Light Trap Station Total 12 345 67 8 9101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Totals
Ashland 3 9 12
Blue Hill 0
Brunswick 3 4 7 14
Clayton Lake 4 1 1 2 1 2 1 2 10 24
Elliotsville g
Greenbush 37 8 3 1 1 23
Kingfield 1 1
(Matagamon) (76 R8) 0
Meddybemps 1 4 4 225 24 79 49 40 58 63 1 75 6 17 54 27 10 71 72 59 41 8 4 14 808
Millinocket 1 1
Moose River 1 4 1 6
Mt. Vernon 0
Musquacook Gate (711 Ri1) 1 1 2 4
North Bridgton 0
South Berwick 7 2 2 1
St. Aurelie (Big 6) 1 3 1 5
St. Francis (Allagash) 1 1 3 3 2 7 1 6 11 31 220 286
Topsfield 2 1 2 50 24 2 1 3 20 15 120
Van Buren 3 1 7.3 5 2 2 1. 3 5 12 44
Washington 1 1 3 1 6
Totals 49 127 426 31 80 50 44 60 116 26 88 13 22 65 27 16 82 92 87 105 279 6 14 1,365
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Light Trap Station

Table & .
Summary of the Number of Spruce Budworm Moths Collected at Light Traps in 1987

June July
Total 1 2 3 4 5 6 7 8 910111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Totals

Ashland

Blue Hill

Brunswick

Clayton Lake

Elliotsville

Greenbush

2 2 2 2 1

Kingfield

(Matagomon) (76 R8)

Meddybemps

231016 2 2 522 S5 6131041 46 30 7 11 14 11 33 2 4 3 1 31

Millinocket

Moose River

Mt. Vernon

Musquacook Gate (711 R11)

North Bridgton

South Berwick

St. Aurelie (Big 6)

olojloivio|Nlo|N[ojo|lv (oo |- |O|C

St. Francis (Allagash)

2 2 2 3 4 4 819 1 11 2

\n
[e]

Topsfield

-
-
~

Van Buren

1 1
1 510 5 7 1 2 5 8

£~
o~

Washington

[em]

Totals

3012 17 4 6 9 31 20 23 31 31 50 52 39 19 16 15 12 33 2 4 1 3 4 464
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Table 5.
Summary of the Number of Spruce Budworm Moths Collected at Light Traps in 1988

June July
Light Trap Station Totat f 1| 23] 4| 5{6] 7|8} 90111213114 (15{16[17;18{19{20(21 Totals
Ashiand 0
Blue Hil} 1 3 11 1 7
Brunswick 1 1
Clayton Lake 0
Eltiotsville 0
Greenbush 1h7]1 19
Kingtleld 0
(Matagomon) (T6 R8) 0
Meddybemps 26l27|12| 77 p3fre| 52| 51 5y 6{11| 7] 4] 3] 1 180
Mllilnockef 0
Moose River 0
Mt. Vernon 0
‘Musquacook Gate(T11 R11) 0
North Bridgton 0
South Berwick 1 1
St. Aurelle(Big 6) 0
St. Franclis(Allagash) 0
Topstield 1 1
T17 R5(Guerette) 0
Washington 0
Totals 1 326127113 [11|34 [14 19| 5113] 5| 5| 7{11] 7 4] 3| 1 209
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need to supplement the normal staff with project employees.
Field collections were made in 3 weeks using four - 2-person
collecting crews. Laboratory evaluation was done by 2 to 5
person crewsg in October, November, and December.

Analysis of 1986 L-II results revealed that
overwintering spruce budworm populations were even lower than
expected. From 364 locations, only 15 were not in the low
category. Of these 15, 11 were moderate, 3 were high, and
only 1 was extreme. All of the 15 were located in
southeastern Maine (Figure 9). Another significant aspect
of the data was that of the 349 low points, 247 did not yield
any larvae. Population level by zone is presented in Figure
9 through 14. Past reports have included a discussion of the
zone maps individually, but in 1986, 5 of the zones contained
exclugively low countg and need no further discussion. Only
the southeast coastal zone had population points in the
moderate to extreme range. Most of these higher counts were
located in the northcentral portion of the zone from T22 MD
and T28 MD on the west to Northfield and T19 ED on the east.
The highest counts were found in the Beddington/Devereaux
area. This portion of the zone has had heavy defoliation for
several years. Populations in much of the eastern portion of
the zone dropped sharply in 1986 from previously high levels.

Pheromone Survey Much development work has been
conducted on the use of pheromone traps to catch moths as an
alternative survey technique to the L-II method. Pheromone
traps are thought to be more sensitive for detecting low
level populations than the L-II method. In 1986, a test of
the pheromone method was conducted in Maine. This test
consisted of 10 areas, each with 10 pheromone trap locations.
Each location consgisted of 3 pheromone traps. Trap catch was
later compared to L-II counts.

Moth catches from these trap locations were used to
supplement the L-II survey. In general, the pheromone
catches were consistent with L-II results. All catches
except locations in the southeast were very low or zeroes
(Figure 15). A complete analysis of the 1986 pheromone test
will be reported in a separate report dealing with pheromone
regsearch in Maine.

Prediction Based on L-II and pheromone data 250,000
acres of moderate to severe defoliation were predicted for
1987, which was the smallest defoliated area since 1966
(Figure 16).

1987 Results

L-II Survey The 1987 L-II survey was very limited. Due
to a total lack of defoliation everywhere except the
southeast in 1987, the only L-II points collected in 1987
were in the southeast. A total of 24 single locations were
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Population Prediction
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evaluated and all were classified low (Figure 17). L-II
collections made in connection with 1987 pheromone

efforts found moderate counts in Waltham, Franklin and
Gouldsboro. These towns are south or west of the traditional
survey area.

Pheromone Survey For the first time in 1987 population
prediction for the majority of Maine was done with pheromone
traps. Even though the method had not been shown to be
dependable, populations were thought to be below the
regolution of the L-II method everywhere except the
southeast. Pheromone traps were placed at 180 locations
(Figure 18) throughout the spruce-fir type. Moths were
caught at only 13 of these locations, the highest average
catch per trap was 199 moths. Even though the low catch
matched low defoliation estimates, the results were
disappointing. Moths were not caught in several areas where
larvae, pupae or even moths had been observed. Also, traps
in areas which had heavy defoliation and moth activity caught
less than 100 moths per trap in all but two locations; a much
higher catch was expected. The large number of traps with no
catch, the lack of catch in areas that still had budworm, and
the relatively low catch in high population areas caused much
concern for the expected sensitivity of the method.

A large-scale pheromone test, conducted in 1987, was
designed to assess catch variability and predictive range.
Complete results will be given in a future report, but
prelininary analysis show extreme inter-trap variability over
short distances in the same stand. The large variation in
these data also suggests that a pheromone location will not
“predict budworm populations for a large block of forest
unless a large number of traps are deployed in each block.

Prediction Based on the available data, 120,000 acres
of defoliation were predicted, all in southeastern Maine
(Figure 19).

1988 Results

L-II Survey No L~II collections were made by the MFS in
1988,

Pheromone Survey A total of 222 locations (Figure 20)
were trapped in 1988 of which approximately 80% were baited
with standard 0.03% PVC lures and 20% baited with 0.3% PVC
lures. Moths were caught in 12 locations, all in the
goutheast. All of these catches in the southeast were
relatively low considering heavy defoliation and moth
activity in that area. The 1988 pheromone effort was
disappointing for the same reason as in 1987. The high
potency lures (0.3%), used to increase catch, apparently
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actually decreased catch due to moth disruption at short
range.

Considering the 1987 and 1988 pheromone experience, the
future use of the current standard pheromone method
by the MFS is doubtful. MFS is planning a test in 1989 to
compare the standard PVC and Biolure lures. Recent tests by
Grimble in Maine and various workers in Canada indicate that
the Biolure lure is more effective in very low population
areas. Results of these tests will affect the use of
pheromone for budworm survey.

Prediction Based on all available population prediction
data and on 1988 defoliation maps, the MFS estimates that
1989 defoliation will be approximately the same size (55,000
acres) and of similar intensity as the 1988 area (Figure 21).

E. 8Status of the Qutbreak

Annual levels of moderate to severe defoliation for the
70s and 80s outbreak in Maine had a rapid onset in the early
70s followed by a more gradual decline beginning in
1977 (Figure 22). This decline was interrupted twice by
population resurgence in 1978 and 1983. Annual defoliated
acreage dropped below pre outbreak levels in 1987 and
continues to decline. The 1988 defoliation acreage is the
emallest area mapped since 1946,

Defoliation during the recent outbreak (1961 - 1988) and
total light trap catch (Figure 23) show similar patterns and
demonstrate the value of the light trap survey. Based on
data from the recent outbreak, light traps may provide an
effective general budworm infestation prediction.

F. Tree Damage Survey

While collecting population prediction samples (L-II and
pheromone) a survey of tree condition in the infested areas
was conducted. At each sample point the following data were
taken from balsam fir and red spruce.

Percent defoliation of current year's growth
Percent defoliation of 2 previous years growth
Tree Vigor

Presence of Dead Tops

Presence of Dead Trees

Presence of Balsam Woolly Aphid

Presence of Beetle Attack
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These data were used to determine the general condition
of stands. Stand condition data, in conjunction with
predicted population data, were then used to determine hazard
values and potential damage to fir and spruce.

G. Forecast of Tree Condition and Hazard for 1986 through
1988

Data collected during ground surveys were quantified
into a hazard-rating using the system shown in Table 6.
Statewide hazard was determined in 1986 but not in 1987 or
1988.

In 1986, a hazard rating was determined for each L-II
sample location. The system had been used for several years
and was designed for fir. The rating included predicted
populations, current defoliation, past defoliation (2
previous years), tree vigor, and presence of dead tops.
Hazard was grouped in classes as low, moderate, high, or
extreme. Points were plotted on a map and used in
combination with aerial damage data to produce a final hazard
map for landowners.

Hazard ratings for 1986 were mapped by zone (Figure 24
through 29). All hazard values are for fir, but high or
extreme values for fir generally indicate spruce is also in
need of protection.

The portion of the budworm area in high or extreme
hazard was much smaller in 1986 (0.1 million acres) compared
to the 1985 area (1.5 million acres). Hazard intensity
decreased in most areas due to very low predicted populations
and little damage in 1985 and 1986.

In 1987, a hazard prediction was made for only a part of

the southeast coastal zone (Figure 30). Small patches of
high to extreme hazard were located in coastal Washington and
south central Hancock counties . These areas total less

than 50,000 acres.

No hazard prediction was made in 1988 for 1989, because
no control was planned and the exercise was thought to be of
little value at this point in the outbreak.

V. SPRAY OPERATIONS AND FORECAST OF CONDITIONS IN QUEBEC
AND NEW BRUNSWICK, 1986-1988

Previous reports included discussion of results of the
spray project, infestation conditions, forecasts for the
coming seasons, and spray plans for New Brunswick and Quebec.
This section provided a regional overview of the budworm
situation. Because this report covers 3 years of data, the
information will be presented in table 7.
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Table 6.
Maine Forest Service Hazard Rating System Used in 1986

COURRENT DEFOLIATION

Category Values ' Hazard Values
Trace 0-5 0
Light 6-20 1
Moderate 21-50 2
Heavy 51-80 4
Severe 81 + 6

PREVIOUS DEFOLIATION
- {2 PREVIOUS YEARS)
Trace ' 0~ 9

0
Light ‘ ‘ 10~ 49 3
Moderate 50~129 6
Heavy~Sevaere 130 + » 9
Dead Tops +3
OVERWINTERING LARVAL DEPOSIT
BASED ON NO./100 SQ. FT. OF FOLIAGE
L-11
Light , 0~ 250 1
Moderate 251- 600 2
High 601-1200 3
Extrene 1201 + 4
TREE VIGOR
Good 0
Fair 1
~ Poor 2
Very Poor (No Chance of Recovery) 3
HAZARD
‘ Range of Total

Hazard Rating ‘ Values
Low 0- 6
Moderate ' : 7-15
High ' : : 16-22

Extreme 23-25
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Table 7. Spruce Budworm Operations, Conditions, and Forcast for New Brunswick and Quebec - 1986,1987, and 1988

New Brunswick
1986 1987 1988

Spray 496,000 478,30 448,000

Area (ha)

Pesticide 8% chemical, Mataci) and fenitrothion, 823 chewical, fenitrothion and some  51% chewical, fenitrothion splits,
ad single applications, 22% Bt Matacil, 178 Bt, Dipel and Futura 47% Bt, Futura and Dipel
undiluted

Aircraft 29 total, 9-TBMs, 16-ag type, 4-helo  TBMs and ag type 15 total, 12-T8Ms, 1-DC-6, 2-ag
(Bell 206) type

Spray Results Most blocks met the goal of Tess than Generally successful in reducing Disappointing Bt results for many
403 defoliation on fir and 503 defoliation and meeting project possible reasons, chewical results
defoliation on spruce goals ‘ slightly below norgal

Defoliation 927,000, 13t decrease frow 1985 430,000, 542 decrease from 1985 500,000, 16% increase fros 1986,

Estimate (ha) wostly in northcentral region

wod to sev

Population Continuous decrease since 1981, 778 Forecast for 1.5 willion ha in the  Forecast for 1,65 willion ha, 108

Prediction Tow points, forecast of 1.7 willion  northern portion : increase frow 1987 in the northern
ha, down 463 from 1985 portion, a spray area similar to

that in 1988 is expected in the
north
Quebec
1966 1987 1988

Spray 51,155 197,992 192,03

Area (ha)

Pesticide 18,160 Bt, Thuricide 48 LV, 33,038  100% Bt, 30 BIU/ha, Dipel 1008 8t, 30 81U/ha, Dipel
fenitrothion split '

Aircraft 5-ag type 8 total, 4-D(-4, 4-ag type 14 total, 2-DC-4, 12-ag type

Spray Results Good protection, 328 defoliation in 753 less than 55% defoliated, treatwent Results variable but not as good
treated cowpared to 55% in untreated. success varied due to spotty high as recent years due to high

‘ populations and some late spraying.  populations and other factors,
, nany blocks exceeded 502
defoliation.

Defoliation 2,100,000, down sharply from 1985 74,000, down sharply from 1986 70,000, down from 1987

Estimate (ha)

wod to sev

Population Predict a continued probles in the Continued decline except in the Gaspe' Continued decline except in the

Prediction Gaspe', North Shore, and Three Rivers area, increases in the Gaspe'. Gaspe' where an increase is

areas,

expected, spray area of 175,000
ha is expected in the Gaspe' 1989
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VI. THE FUTURE OF‘BUDWORM IN THE REGION AND IN MAINE

During the height of the recent outbreak in the mid to
late 70's the budworm infestation covered more than 200
million acres and stretched from Ontario and Michigan in the
west to Newfoundland in the east. The mid 80's collapse
brought populations to endemic or near endemic levels in
eastern Ontario, western and central Quebec, Vermont, New
Hampshire, all but southeastern Maine, Southern New
Brunswick, Nova Scotia, and Newfoundland. Active
infegtations persisted in northwestern Ontario, the North
Shore and Gaspe' in Quebec, and north central New Brunswick.
The combined Quebec and New Brunswick areas exceeded 100,000
hectares and increased in intensity and size in 1988.
Portions of the current New Brunswick area are within 15
miles of Maine and represent a concern for the future of the
Maine forest. Also, population increases were noted in a
portion of Quebec adjacent to northwestern Maine. This area
had negligible populations in 1986 and 1987.

What is the future of budworm in Maine? Being a native
insect, with a long history in Maine, there is no doubt that
budworm will be back. When the infestation will return, and
the nature of the next outbreak are subjects of conjecture.
Some researchers expect a "traditional" (20 to 30 years)
inter-outbreak interval in Maine and therefore don't expect
budworm to return to Maine until approximately 2010. Some
‘Canada workers have speculated that recent population
increases 1in New Brunswick and Quebec suggest that the
infestation has already started its resurgence. There is no
reliable method of long range budworm population prediction.

A future budworm outbreak in Maine is likely to vary
considerably from the recently concluded outbreak. The
recent outbreak had a profound effect on the Maine forest.

In general, it changed a dense and mature spruce-fir forest
to a much more intensively managed and more varied forest.

In order to manage the recent outbhreak, landowners cut,
salvaged, sprayed, and allowed stands to die. These
management practices in response to budworm have left a
forest composed of very young stands, regenerating from
various cutting practices or tree mortality, interspersed
with residual mature stands which survived the outbreak
naturally or through spray protection. Even though budworm
attacked young stands and more resistant spruce stands during
the recent outbreak, the impacts were clearly most intense in
the presence of large volumes of nmature fir. If budworm
returns within the next 10 to 20 years, the extensive mature
fir stands which fueled the 70's outbreak will not be
present. Surviving mature stands are likely to be cut during
the next 10 to 20 years. Even if budworm doesn't return for
30 years, fir stands lost during the 70's and 80's will be
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relatively young and probably not as susceptible to budworm.
The demand for wood by the expanded forest industry in Maine
will certainly continue the trend accelerated by the budworm
outbreak, toward more intensive forest management. This more
intensive management is certainly providing a new set of host
conditions for future budworm outbreaks. Regardless of these
changes, however, budworm is certain to return and provide
new management challenges to Maine landowners.
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