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PREFACE

The Canada/United States Spruce Budworms R&D Program (CANUSA) was created in
1977, when the United States Department of Agriculture and the Canadian
Department of the Environment agreed to cooperate in an expanded and .
accelerated research and development effort. CANUSA was aimed specifically at
the spruce budworm in the east and western spruce budworm in the west. The
broad objective was to design and evaluate strategies for not only controlling
budworms but also managing budworm infested forests, to help forest managers
attain their objectives in an economically and environmentally acceptable
manner.

Population monitoring and evaluation are basic to all insect pest countrol
operations. These activities are routinely carried out by all agencies and
departments concerned with forest protection. Furthermore, it is counsidered
essential that, if "integrated pest management" techniques are ever to be fully
and successfully applied to the protection of eastern spruce-~fir forests, a
more efficient method of monitoring low-level, between—outbreaks, populations
of spruce budworm must be implemented. Endemic populations which are entering
the outbreak phase must be recognized early, so that forest managers have more
time to plan an appropriate course of action and make decisions to lessen the
impacts of the impending outbreak.

Most forest insect pest survey techniques were developed more than 20 years
ago, but there have been some important improvements in these methods during
the last few years (the current outbreak). Techniques, such as monitoring
spruce budworm populations with sex pheromone traps, have been developed in the
last 5 years and have received considerable attention during the CANUSA
program. Others, such as the Ly survey procedures, are constantly undergoing
modification and improvement as user experience suggests a better way.

The objective for this workshop was to present, for the benefit of all eastern
forest pest control personnel and forest managers, the new or improved methods
available for monitoring and evaluating spruce budworm populations. It also
provided a forum for discussing ways of using that information to prepare for
future outbreaks or mitigate the impacts of outbreaks as they occur. This was
one of a series of workshops and symposia organized as part of the technology
transfer effort of the CANUSA Program. We hope the information contained in
the following papers will be of interest and use to forest protection people
and forest managers everywhere.

DAVID G. GRIMBLE
DANIEL R. KUCERA
Co~chairmen and Workshop Coordinators
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Because the spruge budworm is
tant forest problem in Cavada,
vutbreak behavior, forecastin
pact, and pro'*».

an impor-~

wonitoring ftw
and evaluating Its

;
Logical dyvnamics

Iy

v the B

derlving its ldrmn\?nr with its hosts

have heen
a preaccupatic f Canadian forest entomelooy for
half 4 ceutury ‘y. Indeed the development of tiw
federal forest entomelogical establishment in
Canada owes its history in larpe part to this
single insect.

The sequence of this development went 1ike
this. Studies of eastern outbreaks early in the
present century by a few gifted observers made i
vlear to them that a recurrence of this extraor-
dinary phenomenen only awaited the natural re-
plavement of vulnerable host forewts three or
four decades down the voad, Thev postulated that
as rhe utilization practices of the day tended Lo
encourage the succession of even mors {ir, the key
problem specles, the prospects were of major
portance to the then-burg fibre Indy
rry.  This advice provided convinciung support
the establishment of the Canada-wide Forest In-
sect Survey in 1936 and 8 forest entomolegicnl
research establishment of the lare 1940s and
1950 that may never be surpassed in (s strenyrh
and dedication ro the fundanentals of forest In-
svct population deynawnics and to mit &
5 throu natural control {: vrs and
applying bivlogical controla., The work of ¢
establishment found expression ln o number of
notable efforrs - intonsive fleld studies of the
budworm's biology and impact in northwestern
Ontario and Quebec, of its population dynamics by

the Green River Project in New Brunswick and the
gstablishment of the Insect Parholony Taboratory
at Sault Ste. Marle. Untbreaks of the 19408 in
Ontario and Quebec also encourapged cooperatd
trials with US Department of Agriculture of the
first practical forest fmsecricide, DDT, and leod
Lo the establishment of the Chemical Control Re-
search Institute in the 1950s, later to he amal-
gamated with the Insect Pathology Research Labo-
ratory as the present Forest Pest Management Tn-

t

aning wood-

nroble

stitute.

Thus spruce budworm monxtorlng and evalua—
tion technigues originate from three basic needs
in Canada: A(I) those of the national Forest [pe-
sect Buvvey for very extensive apnual surveys of
population levels, natural controles
(7Y these of fundamental investipation vl rhae
budworm's biology, poputation dyvnamics and inter-
action with its houts: and (%) to service the

needs of insecticidal control projects.

dnd damie;

Mieh very extensive surveyg

many wivs the

dotopy fot
el demanding. The product
inter-provincial a"p'ijg-_

fuporoant broad scale
rion and dis hasic to research of long~term out-
break and damage history - Much of prsent Inethod~
clogy stil) dapes from rhe earliest survey days -
observation ropurts, beating sheets, 45 con branch
of defoliation in tree
crowns, aerial gketeh Recent empha~
sis has been placed on evaluating dmpacet, so far
without particularly notable results. Except in
Quchec, whuh provides this information to the

wat fona!l survey, this is almost entirely a federal
1_\(>nsihj[ityv af the Canadian Forestry Service

i . istance provided

tips. binoeslar examination
mapping e

¢

with various deprees of field assi
and industryv.

bv the provine

The second need was the second to arise -~
intenuive, fundawmental field research

at pln~peing locarvions. Tt is exempli-
fied best, perhaps, by the life-table method-
ologicvs developed by Morris and his colleagues
of the Green River Project in New Brunswick in
their analysis of the population dynamics of the
insect and of itx interaction with its hosts and
environment . This narrower focus lends itself
move readily to the development of seientifically
verifiabie data and statistical manipulation, hut
st ime-conswming and expensive.,  For practice
purpeses it is a need primarily of fundamental
research and therefore primarily of the CFS.

The third and most. pressing recent need is
that of the forest manager and the applied pro-
Ltection practiticner and lies between the first
two in itg demunds for geographic coverage and
statistical exactitude. it also features a number
of other charactoristices. 1t demands the ultimate
Lo prompt reporting.  In New Brunswick it has pro-
vided the driving component of the predictive
s of budworm/forest/inposed protection
interavtions and budworm management modelling.
it invelves varying degrees of provincial self-
Jiance iv carrving out the surveys depending
upon their intewnsitv and the importance of the
problem in the separate provinces. Quebec's
self vellance is virtually complete while New
Brungwick's and Newfoundland's are largely so.

In the remalning provinces, where the scale of
applied protection remains relatively low, and
he size of the job remains within the CFS capa-
sility, reliance has continued to be placed prin-
cipally on federallv—conductred surveys.

tit Tt fons

T

Methodolugles for this third purpose lie
somewhere between the {irst two in their scien—
tific sophistication and amenabil ity to siatlis—
tical treatment. A major boost was provided to
their develepnent 30 vears ago by Morris and
Waters who almost simul taneously demonstrated the
adaptablility of scquential sampling for such
middioe~seale assossment neods. This method of
anticipating defol latlion fron cgg counts Was Com-
Lined wirh welghiod nesegssments of three para—
meters of exisnting tree condition obtained by
ooular estimation to develop the Webb et al

azard index introduced in New Brunswick inm 1955.
Surprisingly this wodel anpg its weighting remain,
with mostly wminer variations, rhe state of the




art in forecasting hazard for planning protaction
throughout the Atlantic Provinces and Maine.
Borrewed briefly in (Quebec it was supplanted sowme
vears age by cone considered to he wore sensitive
to protection strategles and tacrics there. The
validity of the New Brunswick model, particularly
in terms of measuring the ability of present-day
trees and stands to withetand further stress is
increasingly coming under overdue examination iun
New Brunswick and elsewhere. The washiog tech-
nigque gnd L, larval sampling techaiques pioncered
by Miller and Kettela in the early 1970s ave be-
lieved to provide more sensitive forecasts of
damage and have become a regular adjunct to con-
ventional egg counting methods, Variocus attempts
have been made to improve the sophistication of
aerial survevs but these will probably remain
essentially primitive in natuve until remote
sensing technology advances suffliciently to re-
place direct ocular estimation.

As T stand back and leook ar this history and
the state of affairs in the windup yenrs of
CANUSA I am letft with certain convictions, two or
three of which 1 offer here.

First and foremost I find it difflicult to
recognize that the development of methodulogies
tor wonitoring and evaluating the budworm and the
budworm problem over the past quarter century in
Canada has heen in any way comwensurate with the
need,  PBven allowing for what are termed "new and
improved technigues" at this workshep, and the
increasing awing of very recent years toward rec-—
ognizing the problem as nove of a forest manage-
ment one than an entemolupical one, surveyo and
avsessors really bave very little more ov hetter
methedology wt their disposal then they did chat
Tong ago.  Bven with the wguity that 1 have io
some of that old stuflf 1 vannot regard thar amnoa
sat isfactory record.

There a retationship, | suspect, between
this and my second convicilon. Tt i« that on the
Canadion side rtainly, the CANUSBA corcept of a
v ois contusing I not confused.
Fov if one tracks the nethodology "user™ to his
Tair lo sost of Canads it usually turas oot that
b s Trom the very agency expectint to develop
that methodalogy: n shert in mere cases than noet
the CFS Us pla
“Burrosate L
hy far mest mts Tor budworm
manapement in fs left by forest managers
to OFS advisors, the former often belug only
vaguely i(nterested in the systems emploved on
their behalf.

Yaser' communi

riuy the rofe of both developer and
meepth o Queboe, the denign of
Aand AsSEess

This dis not a criticism of the CFS, It is
simply a statement of a situation that oxistes,
and a partial explanation of wmy beliefl that there
is really not much of a Canadian audience out
there just now for the sort of Users' Manualsg
that ¢ seems to have hod In wmind, apless it
is to facilitate technology transfer within the

1 sat frwelf. Nelther are oy
romarvks dntonded to discourape state ot the arn
und accompl ishment reporting by CANUSA, but
rather to discourage a misconcveived approach to

N

federal establishme

¥f I do have any criticism it is that the
ferest management agzeucles, i.e. the provinces,
epting Quebec, and the {orest industry in

: have shown too little interest in managing
their budworm surveys

l and assessments themselves,
of being too willing to accept a surrngate. Until
this chang i

5

25, 1t does not seem to me Lo be pos
ble for them to demonstrate that they have their
management vesponsibilicies firaly in hand and
that the accountability they have for that manage-—
ment can be propevly provided.

Finally, 1f you will accept my argument that
to a large extent the CFS is not only the princi-
pal producer of methodology in Canada but the
main "user" as well, it wight be apprupriate to
examine the effectiveness of producer/user inter-—
action in that arena. To what extent, e¢.g. does
the Torest Insect and Diseuse Burvey get assisg~
tance in the development of better methodology
from the more fundamental budworm regearch com—
munity?  Evidently not a great deal in the past
30 years. The Green River project invented the
branch surface-area unit for egg population ex-
pression, and a prototype egg-sampling table, but
a CKFS user-surrogate { the person of myself in
the 1950s) translated ese into the subsequent-
ly-used tables and coupled this with tree con-
dition to produce the lTong-lived empiricalhaz-~
ard wodel referred to alr . In fact, in New
Brunswick almost every picce of monitoring and
evaluat ing methudoWugy that hus stood the test ¢
time for planning and evaluativg spraving programs
has eriginated from {FS user-surrogat In recent
vears Forest Protection Limited and the New Bruns-
wick Department of Natural Respurces have bhegun to
follow Quebec in developing methodologies for
their special needs, notably computerized mapping
of epyr, hazard and vulnerabhility data.

5

To summing up T odo not expect much argument
that present methodologies are wear and short ou
definable sratistical integrity. The concept of
a producer/user breakdown for metbodology use, as
mav be appropriatre in the US, is at present large-
Iy llusery in the Canadiap context, due in large
part to nt assumption of the "user" role
by the real resource managers except through a
surrogate system, Fionally, the institutional com-
partmental ization of the federal research/advisory
service may be standing in the way of a sharp
focus on methedotogical development for any of
the three broad needs that [ have identiffed.
CANUSA might have stond a better chance of opti-
mizing its effectiveness on the Canadian side had
thoese realities come into clearer focus ecarlier.

For the sake of arvgument.
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It is of considerable personal pleasure for
me to have the Vermont Division of Forests
cosponsor this workshop lor the exchange of
infermation on budworms, for T served on the
CANUSA Joint Planning Unit for several of tho
early vears of the program. 1 was, and remain, a
vocriferous (if not objectionable) proponent of
making technolegy transfer a fisal integral phase
of the CANUSA program.

Being a new home for the budworm, Vermont is
the new kid on the block, s0 has o lot to learn
about the idiosyncracies of the beastie. By the
same token, however, we have the advantage of
learning {rom the experience of other budworm
hattle veterans. Fortunately, much public
interest in the spruce budworm problem has
developed in northeastern Vermont on the part of
private forest rs, pulp cutters,
consulting foresters, town officials, and
legislators in the infested areas. Opposition to
the use of chemical insect des presents a
difficult climate for carrving out direct control
with anything but B.t., but this has proved
helpful in gaining considerable support for a
silvicultural approach to vcontrol through
integrated pest management techndiques. The Tast
State Legislature appropriated {during hard
economic times) special funds to initiate an
integrated budworm management demonstration
program supported by cooperative U.S5. Forest
Service funding. All we have to do now is make
the budworm read our book and be manageable.

Tandowne

Either wav, all of the subjects ou the agenda
of this workshop are especially timely for us here
in Vermont because the sampling schemes are
tailored to our needs in facing a new fast-
developing epidemic evolving from a long-standing,
historically endemic situation, Incidentally,
any of you researchers who have money and will
travel, Vermont presents an ideal opportunity to
study the insect in the initial stages of problem
development.

Indeed, not only we in Vermont, but all who
hattle the budworm, can benefit {rom new and
improved technigues for monitoring and evaluating
spruce budworms on an ongoing basls, not simply to
prepare for furure outbreaks, but to better
understand and manage budworm populations on an
integrarved pest mavagement basis. Forest managers
need to gain "a working knowledge of natural

numerical reszulavion . . . and particalarly the
identifivation of existlag 14

factors.” With sueh knowledg
should no Tonger be applied blindly according to

miting density
e, "treatments

type proceduras inherited from the pasc or other
disciplines bt he wade to conform objectively
with the fvrest ecosystem, local circumstances,
and the {uture.  Suppression of intolerable

populations {(whatever the criterion) is the

ultimate consequence of comprehenslive husbandry
hased on sound ecolugical fact and rheory. The
integrated control concept the embodiment of
this philosophy.”™ I wish T could take credit fov
these thoughts, but Geier and Clark bear me to it
back in 1960 in "An Feological Approach to Pest
Control™; and Ron Stark reiterated th at the
Third Avnual Northeastern Forest Tosect Work
Counference in 1970. Stark summarized his paper

on "Integrated Control, Pest Management, or
Protective Population Management?' by saying:
"Although great creative effort will be necessary,
[this approuch] should prove to be less costly,
invoke less social and ecological repercussions,

€

and be of more lasting benefit than the continued
v methods which ignore the

use of prasent=d
ecological realities of pest regulation.”

Ron concluded his talk with
"Let us Lake heed!"

With this workshop, it appears we are on
track. Continuing low-, medium~, and high-leve]
monitoring on an ongoing basis using new and
improved techniques, should provide the basic
information needed to formulate and conduct a
Long=~overdue, truly integrated, pest management

program for spruce budworms--
lTong last, we are indeed taking heed.

and, at




WHY SHOUTD WE MONTTOR SPRUCE BUDWORM POPULATIoN
TRENDSY

Robert P, Ford

Entomologist, USDA Forest Service, Northeastern

Area State and Private Forestry, 1992 ¥oiye:
Avenue, St. Paul, MM ¢

The three reasons why we should monitor
spruce budwerm population trends are to
1) provide information for further research,
2) manage spruce budworm, and 3) record
historical data,

There are three basic reasons why we shoyld
monitor spruce budworm population trends. They
are:  to provide Information for further researvch,
te manage the biological and economic values of
the fir-spruce rescurce, and to record budworm
related history.

Research scientists use information tu solve
problems. Tools, references, and equipmont that
they employ to gather such information are an
essential part of research., At this workshop we
will be discussing some of the tools used in
monitoring spruce budworm population trends,
Research scientists way use the information to
solve a number of problems and answer several
questions posed by pest managers. As budworm
population levels rise, can we expect insect
behavior to change? Will dispersal patterns,
feeding behavior, or mating vary with populatien
levels? 1f so, how, and what are the implications
for budworm management?

If we monitor spruce hudworm population
trends, we can lecarn something about population
trends of associated plants and animals. TFor
example, research investigations into budworm
parasites and preditors, insects feeding con~
currently with budworm, and seed productlion
depend upon information about budworm population
trends and numbers.

Budworm population trend data are also
needed for tesearching correlation of weather
impacts on spruce hudworms and host trees.
Short term trends between 1ife stages and long
term trends between outbreaks are of value in
addition to trends from year to year.

Monitoring of spruce budworm population
trends is essential to the economic aspect of
pest management. Decisions on what action to
take, if any, 4are based primarily on budworn
population leveis expected in the near future.
Being able to predict budworm population
levels could save ve considervable time and
expense, but we need to know trends.

When sprAY aperations are conducted ro
sunnress damaging budworm pepularions, we need to
Lnow profect efficacy. This kpnowledge applies

to the curreni year and to the several years
following an aperation. Phermone traps way be
able te bhette7rT evaluate spray project results in

the future.

Many people, dollars, and pieces of equip~
ment need teo be sent to the right place at the
right time if we are to economically manage
budworm, I[£ we monitor the trend of budworm
popularions at all levels of infestation, pest
wanagers can allocate resources for maximum
benefie,

The proper timing of treatments depends
upon knowledge of budworm population levels. The
earlier in an outbreak we can suppress a popula-
tion, the less costly control will be in the
long run. By knowing the trend of a population,
we will know when to act. Stable, extremely low
populations have a way of rapidly building to
destrnctive levels. Relying on azerial surveys
to detect defoliation by budworm puts us at
least one year behind in planning and suppression.

Changes in budworm populationms may indicate
that a different kind of sampling unit, a
different 1ife stage, or other adjustments in
our mavagement surveys should be used. EHeonomics,
time-frames, awvailable assistance, or type of
facilities may all be involved in deciding which
sarpling units and techniques we use,

Trend data collected during an outbreak may
help pest wanagers predict a crash or collapsc of
a budworm population. Once the event occurs,
follow-up mond toring would be needed to locate
relic budworm populations that provide spawn for
future outbreaks. These small relics would he
relatively inexpensive to eradicate. Budworm
populations have different trends in our numerous
small stands in the Lake States. Therefore,
monitoring is needed to delineate the aveas of
immediate concern and those wherc further work
can be delayed.

A third reason for monitoring spruce budworm
population trends is to provide a historical
record. Short term trends of several populations
could be used to predict region-wide trends. The
prediction in turn could aid forest managers and
others In formulating forest plans.

Trend data over the vears can be usgad to
advise political leaders of impending budworm
problems, History of budworm outbreaks and
reliable predictions lead to better political
handling of rle budworm preblem. Budworm
vutbreaks are just one of many factors In the
conduct of policical operations and trend data
can put the budwerm situation in perspective.



Investigators in biological sciences need
to know the history of Ludworm population changes
80 they can study other life forms associated
with the spruce~fir type. Wo can save
considerable amounts of time and money in che
public sector by having trend data av
for use by others.

ailable

The uses of budworm trend dato are MANY .
New uses are still to be found. New tools and
methods will help us stavdatdize our units of
measure and make reliable trend predictions.

Why should we monitor spruce budworm pupulation
trends?-~go

that forost managers, pest managers,
and political leaders have the best
on which to wmake decisions.

gearchers
information



STANDARDIZATIO

NOOF MONTTORING AND EVALDATTON

) of Fae and Resources, 17§
Rite an, Quebec, Que , Canada GIR Jwé

A case studv of 3 veur's effort for standar-
dization of entounlogical rechpiyues used on large

scale forest ~wrav1nv programs agalinst the spruce
budworm, Choristoneura fumiferana {Clem.), in
norvtheast Amerlca (Ontavio, Quebec, New Brunswick,
Maine, Newfoundland and Nova Scotfa) is presented.
Differences betwzen Lechniques used are discussed
and approaches prowoting standardization are voc-
ommended when comparable technigues are suitable.

Introduction

Standardization of entonolugical techniques
is like "Virtue", noboedy could he against it but
it ds difficult to practice it.

The literature regarding techaliques s scant;
only a few publications deal with detsiled des-
criptions, or techniques will be sunmarized in a
brief chapter being part of rhe scieotific ap-
proach, but not the essence of the commmication,
and T think this is vight. 1t is important fo
ribe the method used, but wﬁ? elaborate on a
technigue that will be repeated 2 to 3 times?

de

Meanwhile, the problem is quite diffcrent
with spruce budworm requiring each year a tremen=—
dous amount of information directly affecting
costly decisiong for different jurisdictions.
Techniques thon appear to be more important.

The problem of entomolegical techniques stan-
dardizarion was presented Lo the Eastern Spruce
Budworm Council, who mandated their entomclogists
to standardize techniques used ou large scale
spraying programs. The idea was that, even if
provinces or states react differently to the bud-
worm problem, the technigues used to make deci-
sions should be similar, or at least comparable,
from one jurisdicticn to the next (Dorais aad
Kerrela, 1982).

Scope and Objectives

As a first step, the entomologists listed
sampling techniques that were routinely used in
the decision making process for recommendation of
spraying. The list was as follows:

I. 1Infestation Surveys

A. Population surveys

1. egg mass surveys

verwinteri Tarvae surveys

1. aeriul detfoliation surveys
2. around evaluations of defolliation

4. tree wmertallity surveys

ray Program Evaluations

1. dinsect and host development

2. Jlarval mortality

3. assessmeunt of foliage protection

4, overwintering larval mortality

The entomelogists alse agreed that essential
to any standardization was a svstematic descrip-
tion of techniques used, In order to he ahle to
compare and to point ovut at what Tevel diflerences

appeared, The points compared were:

1. objectives

2

. references in Tltevature
3. area covered and intensity
4. timing

3, field procedure

6. data collection

7. cost

8. dinterpretation and use of dats

omparison of Techniques

. Obj ives

Comparison of cbjectives showed a general con-
sensus; entomological techniques are used to eval-
uate papulation levels, damage to tree foliage, or
treatment efficacy, in order to facilitate spray
decisions. In this perspective, techniques se-

lected are those which give the answers wanted;
technilques scem to be inadequate when used for any
other purpose than the initial cbjective of spray
recomnendation,  Frr example, when areas of tree

al defoliation
sed to plan a sal-
sion ig often crivi-

mortaility are reported hv an &
survey and the information i
vage cut, then sawpling precis
cized as inadequate.




2. References in Titerature

R

Techninues used operationally are essential~
ly the same in each province or state and are
devived from an original reference in the litera-

e.  Good examples are the egg mass survey des-
cribed by Morvis, and the caustic soda larval
survey described by Miller and Kettela.

Qver time, these have been improved locally
for more accuracy or adapted to suit local con-
ditions. These modifications are winor, however,
and do not aglter significantly the original tech-
nigua.  Standardizavion of techniques which did
not take inte account the improvements would be
unacceptable and could even be considered as a
step backward,

This brings up the point that the first step
in standardization mugt be an accurate, detailed
description in a scientific publication; some
modifivations could then be introduced but at
least they would be orjented in the game direc-
tipn,  The absence of eareful documentation in
the literature 1s ap invitation to very differ-
ent approaches and the videst variety of data
caltection methods (example~tree mortality eval-

uarionsg’ .

A caretully described survey rechnique, how-
aver, provides the forest manager a tool (guide)
that is sulficlently precise to conduct his ento-
molopical survey, even though such activities are
net the maln part of hils oceupation.

vered and Intoen

Some surveys are done Tor apeciflic needs
Commmple ~ vauatle =oda lareal survey) bat for
many surveys all of the epruce -~ Tir Forests
areler management muct be congidered (erowple -
serial detolintion survey). Facoed with the si
ation of voery larpe tercitory to cover and 1im—
ited funds available, all provinces and states
end up with very intensive (expenzive) methods
tor expevimental s intensive surveys for
high priorvity areng and extensive surveys where
a pesteral ovaluation of the infestation is suf-
ficient,

In low priority arcas, the intensity of sur-
vy wltl wary as o tunetion of sccessibilioy;
Iavpe arens of ten can sot be covered adequately
and get miningl coverage by way of a few very
expensive plots (hellicopter plots),

Thea intention s (o pget epncugh pleces on the
puzzle te get the yeneral plcture of the situ-
hut everybody understands that on sach a
Tecal resolution of the evaluation is
ure no spraving ds usunlly antici-
in these arcos, the information alwavs

seems Lo bhe saffleient.

intenaive surveys, the intensity will

oo 0 resnli of needs and the precision
reguired ve Lime and money available,  On a sta-
tistical hasis, (ntensity itself g hard w

standardize while fluctuating with the stage of
development of the outbreak.

Example -~ patchy

situation of earlv and late
stages of the Infestation needs move samples than
the homogeneous pattern of a wall-to-wall infes-
tation.

Meanwhile, the information required to guide
spray decisions is an index of popularion magni-
tude plug a standard deviation. The standard de-
viation of the mean, at that time, more than
sampling intevsity litself, would be the thing to
standardize to get more uniformity on precision
of evaluations. Sawpling precision 1s now deter-
mined by the money available, allowing for an
acceptable minimum based on experience.

(Uﬂ = 15%)

The reliability of data collected for large
scale spraying programs is considered as accept-
able by jurisdictions to make gond decisions for
spraying, but is definitely not sufficient to ex-~
plain each result at the stand level, such as ex~
perimental blocks with special requirements for
very good statistical precision. (o- = 10%)
Higher precision is always possibla,z$ut that
will not improve the actual resulc., Standard-
ization of precision is not recommended as long
as the minimum acceptable is adequate to meet
needs.

Intensity of sampling in insect development
plots in another story and varies with the tree
phenology and stand composition of the area.
Highly homogeneous areas won't need as many plots
as mountainous ones and the intimate knowledge of
the avea by the field technician will result in
cost and time savings. The same thing could be
sald for stand composition, where insect develop-
ment varies bhetween host species; a pure fir
stand won't need as many samples to time spray
operations as a mixed fir - white spruce stand.
Standardization then has to he subordinated to
the julgement of field personuel which appears to
be the key factor for timing of sampling devel-
opment plots. The practice of dividing the toral
territory into smaller areas, with each smaller
area ve-evaluated by the same person, provides a
lot of advantages and seems to be more and more
pepular in the different jurisdictions.

To standardize intensity of sampling appears
to be sometimes not desirable and sometimes un-—
realistic. The precision of sampling in large
scale spray programs must be considered accept-
able based on a minimum of informatlion required
to make good decisions regarding spraying. No
standardization is recommended as long as the
minimum acceptable precision is attained to meet
needs.

Example -~ Aerial defoliation surveys in New
Brunswick nare flown aleng lines 3-5 km apart,
covering all the province. This is not done in
Ontario or Northern Quebec which present a more
patchy pattern of bost type than in New Brunswick.



4. Timing and Field Procedures

Usually, evalustions are timed according to
development of the insect or phenclogy of the
host tree, except for tree mortality evaluations,
which could be dome at anytime during the year
but preferably not during the "browning” period.

Field procedures are similar from one prov—
ince or state to another, except for the ground
surveys (defoliation and egg masses) where the
long~standing controversy of field vs lab exami-
nation arises. Fvaluations could be done in the
field or in the lab, depending on approaches
taken and the facilities available, without that
much difference, but a central laboratory seems
to be favored when a massive project is required.
The lab then allows for better control and uni-
formiry of results.

5. Data Collection and Cost

Activities such as this meeting, having
people involved in sampling described and ration-
alize their routine operational exercises, is,
per se, very constructive and helps to standard-
ize data collection.

Example ~ Branch measurement for egg masses
survey could be done in various ways when not
described in detail.

Pictures and color slides shared among evalu~
ators doing the same job in different jurisdic-
tions have been found to be a very good tool to
help standardize data collection, especially when
the information required is not quantitative.

Example - Bud index, L, larvae on filter
paper, and insects other thin budworm encountered
on sample branches.

Having techniques well described and 11lus—
trated will improve uniformity, especially when
examinations of sample branches each year are
done with inexperienced workers. In such a situ-
ation, the experienced lab technician will be
able to present things in easily understood
language.

Uniformity of data collection between juris-
dictions can not be complete without considering
representativeness; that is, field techniques
could present an objective local evaluation or a
large-scale subjective evaluation.

Example - Fettes method vs field-glasses
evaluation of annual defoliation.

Both techniques are used, but which one is
the best? Fach of these techniques has its place,
depending upon the goal for the spruce budworm
evaluation. The first one (Fettes) is directly
associated with larval mortality and is needed to
complete the treatment efficacy picture in terms
of branch defoliation, while the latter method
(field-glagses) allows for wider coverage and is
used to validate the aerial evaluation of defoli-
ation.

The degree of conformity between these two
different evaluations will be dirvectly related to
the homogeneity of the area studied and to the
skill of the field technician in finding trees
which are really representative of the area evalu-
ated. Once again, it seems that standardization
must be subordinated to the judgement of the ex-
perienced field technician, who afer must assist
the entomologist with only a minimum of resources.

Survey costs, reported per plot or per km
are in the same way related to facilities avail-
able. As always, cost per plot is reduced when
Targe numbers of plots are examined. (Example ~

L, caustic soda larval survey).
2

6. Interpretation and Use of Data

Comparison of techniques shows that results
are presented using the same categories or same
sample units in all jurisdictiouns.

Example ~ Light, moderate and severe defoli-
ation categories. Number of larvae per 45 c¢m
branch tip.

Still, some differences exist in defining
limits of the categories, where the interpreta-
tion, per se, in terms of impact on the tree is
not documented precisely enough to c¢learly specify
the border lines,

Example - Defoliation is considered moderate
when between 35-70% in Quebec and between 26-65%
in New Brunswick.

On the other hand, the risk rating map, de-
rived from a summation of all data collected, is
based on four categories essentially identical
everywhere and spray recommendations based on
those categories are the same as well: no spray
recommended for the low category, but spray con-
sidered for the others. The only grey area that
persists at this time is the cut-off point at
which time a forest is considered already too
damaged to be sprayed.

Conclusion

We can't expect to have things done (budworm)
sampling) exactly the same way all over northeast
America, but up to a certain degree the approaches
and techniques used are already standard from one
province or state to another. Differences pointed
out are minor and were made to improve the origi-
nal technique or to suit local conditioms; fur—
ther standardization would not be acceptable if
thogse minor improvements were not retained,

Techniques now in use seem to meet the origi-
nal goal for which they were developed. The in-
tensity of sampling sometimes differs, but seems
to meet the needs, considering the money available
and variations in forest composition or geography.
Once again, standardization ic sometimes unaccept—



i

able and sometimes must be subordinated to judge-
ment of experienced personnel {n the field.

In the Tong run though, frequent contacts
hetween pecple invelved in sampling and discus~
sions of problems encountered appears to be the
ideal way for movement toward standardizaticn of
techniques, which has to be considered, as
"Virtue', the long term poal.

Oorais, 1

Law

v G. Rettela, 1982, A review of
entomological survey and assessment techniques
usad in regional Spruce Budworm, Choristoneura
fumiferana (Clem.), surveys and in the assess-
ment of operational spray prograwms. Report of
the Committee for the Standardization of Sur-
vey and Assessment Techniques to the Eastewvn
Spruce Budwoerm Gouncil.
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USING TRAP CATCOH TRENDS TO WARN OF

FUTURE DAMAGE

Gary A. Simmmons and Norman C. Elliott

Assoclate Professor and Graduate Student, respective-

ly, Department of Entomology, Michigan State Univer-
sity, East Lansing, MI 48824-1115

Predicting the timing and occurrence of forest
insect infestations and cutbreaks has long been a goal
of many forest entomologists., Analyses of yearly light
trap catch totals froin Maine showed that population
upsurges of budworm were indicated four to seven
years before defoliation was first observed. In this
paper we discuss how such trend information can help
predict infestations or outbreaks of spruce budworm.

The Idea Behind Trend Information

Spruce budworm populations persist at low den-
sities until the forest ages sufficiently to support
higher populations. These fluctuations occur at irreg-
ular intervals, ranging from 20 to 90 years in individual
stands. Three possible conditions can “release" the
population to high densities: (a) weather conditions
tavoring budworm populations but not favoring natural
enemies of the budworm, (b) migrating budworm
moths laying eggs in numbers such that natural
control factors cannot keep the budworm at low num-
bers, and (c) a combination of the above. Regard-
less of the cause, the population fluctuation for bud-
worm over time follows an "S-shaped"” curve (Fig. 1)
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Figure . Fluctuation in the density of a hypothetical

spruce budworm population over time.

The point on the graph where the curve turns
upward from low density is when the “population re-
lease" occurs. From this peint on budworm populations

will continue 1o rise 1o a high level. Theoretically, this
"population release"” point occurs several years before
budworm populations are high enough to cause notice-
able damage.

By using light traps or pheromone traps {Simmons
1980}, which measure budworm populations, this popu-
lation release can be detected. To do this, place a trap
at the same location over several years; plot catch
totals on a graph. The graph should pinpoint
"sopulation release" for that location.

Analyzing Actual Trap Catch Trends

A plot of yearly light trap catch data, taken at
Eustis, Maine, from 1962 to 1974, is shown in Figure 2.
From 1962 through 1966, no moths were caught—
establishing a trend of very low {undetected) popula-
tions. In 1967, three moths were caught, and in 1968,
nine moths were caught. The 1967-68 period is the
first upward trend in the plot--the "population release"
point. From 1968 onward, all captures exceeded ten
moths per year indicating a rising trend to a high
population. Noticeable defoliation was recorded for
the first time in 197%#. If 1968 is the first year of the
rising trend, there were six years before defoliation was
first observed at Eustis.
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Figure 2. Yearly light trap catch totals, taken at

Eustis, Maine, from 1962 to 1974,

Operational Use of Traps

Actual trap catch information, such as that just
described can be used in regular forest management
operations. One of the first steps would be to organize
the forest area of concem into smaller management
units. In the Lakes States Region, these units are often
termed "compartmenis.” These are parcels of forest
land from 1,000 to 3,000 acres. Within the compart-
ments are usually several timber types, sometimes
innluding a few to several individual stands of spruce-
fir.



The next step js 1o determine w?zﬁ:?‘; COMpart-
ruents have stands of spruce-fir worth managing. Thosc
compartments containing stands of ‘zﬁ)fﬁﬂi(ﬁi\t}'cﬁ}lul‘%‘ to
hee of concern should be located and noted.  Compart-
rents containing no spruce-fir would not be (te;ﬁszciercd.
) Within eac! compariment m:";tzsmzng;sg)ruc;e~! ir c_si
walug, slands should be rated (thazard rating) for their

infestation or outhreak should ongur. Compartinents
contairing high hagard stands w;»u!d be the target of
PEADINg to hwlp predict damaging populations of the
G o hasdworm,

Two appreaches 1o oonitoring low spruce bud-
y populitions conld be employed: {a) a "lower

3

wer
groceion™ approach that moniters only the compart-

ments pf concera and (b} a "higher precision” approach
that muonitors every stand of value at risk within every
compariment of concen. The ”k)jwer precision™ ap-
prosech would use one trap In one high hazard stand in
ecach compattment of concern, providing a general
mnitoring station for the entire compartment. Thf:
“upher precision” approach would use one trap in each
high hazard stand within every compartinent oflmﬁ
terest, tiwe providing  multiple inonitoring  stations
withit a compartioent {unless only one stand was con-
sofered hipgh hazard),

The advantage of the lower precision approach is
that fewer traps are reguired per compartment, thus
reatipcbiyg the cost of monitoring. The disadvantage is
anly one stamd s monitured and that imformation might
et eeprosent what 5 happening i every high hazard
starnt an the compartinent, An alternative is o use one
frap i bomogencous conpartinents  while deploying
sltiple {raps i more heterogeneous compartinents,

When Is This Approach Appropriate?

In areas where budworm is "always a problem™ or
in areas that have been repeatedly sprayed for budwormn
control the methods described herein will not give four
to seven years of lead time before tree damage occurs,
There may be some lead time, but damage could also
occutr within a year or two. This approach works best
when populations of the spruce budworm are usually low
and unnoticeable for many vears, erupt to outbreak for
a few years, then return to low and unncticeable for
TRAny years.

What's Best to Use: Light Traps or Pheromone Traps?

When we conducted our studies, the only long-
term data sets available were from light trap catches.
Assuming that pheromone traps are at least as sensitive
as light traps in detecting population change, phero-
mone traps are probably a better tool than light traps.
They cost less individually, are easier 1o transport and
deploy, and most  importantly, are selective in
attracting spruce budworm moths. Light traps attract
all kinds of insects, requiring the catches 1o be sorted
by entomologists and necessitating the traps being
tended every few days. Pheromone traps can be left
for the entire moth flight season, then retrieved, with
the counting done by non-entomologists,

Qur suggestion--use pheromone traps!

Simmons, Gary A, Use of light trap data to predict
outbreaks of the spruce budworm. East Lansing, MI:
Dept. of Entornol, Michigan State University; 1980;
Mich. Coop. Forest Pest Mgmt. Inf. Rpt, 80-6. 13 p.



SPPLLOATTON ©OF }»n{n:"ROMONE TRAPS TO E¥FECTIVELY
Eal el AL Hy i3y &

MONITOR SpaucE BUDWORM POPULATIONS

; . PURp— Douglas C. Allen and
Lawrenes P, Abrahamsoi. glas G,

Cerald N, tonier
State Universitw of New York, College of Environ-
mental Sefionpe and Forestry, Syracuse, NY 13210

e

Non-saturnt i tYaps baited with synthetic
e ffectively wonitor spruce bud-
worm ponnlat Lons . Presently available traps, and
possibly the lure, need further improvements in
order to provide a commercially available combi-
antion in which [ Leld persormel will have confi-
denee. A standardized protocel will be essential
for fmplement ing @& pheTomone trapping system.

sex pheromone ©an

vrelininary results from extensive field
triala In Canada and the United States during the
past three vears indicate that a non-saturating
vrap bnited with swynthetic sex pheromone offers
forest sunapars and pest survey specialists a
relatively inexpenss ive and reliable way to monitor
populations of sprwuce budworm (Choristoneura
fumiferann (Clemeniss) ).  The sex pheromone used
wiw 4 97:3 to 95:5 blend of E- and Z-11 retra-
decenal (Sanders arnd Weatherston 1976, Ramaswamy
and Garde J9RZ) . The E:7 ratio varies among
commercially available lures. Ample evidence was
accumulated during the last five years to demon—
atrate that traps baited with synthetic sex
pheromone catch male moths in numbers that can he
related to budworm larval density., Research in
Hichlgan (Ramaswamy and Carde 1982, Carde 1983),
Canadn {Sanders 1978, 1981; Sanders et al. 1983
and the CANUSA~Fast field trials in Quebec, New—
foundland, Maine, MNew Hampshire, Vermont, New York
and Michigan, produced meaningful trap catch cor-
relations (r=) of 0O.76 to 0.95 with 3rd (3L) and
4th (4L) instar lawwal counts of the same gemera-
tion and with Znd {2L) inpstar larval counts of
the next generation 4n sparse to moderate popula-
tions. Very promis-ing results have also been
obtained at highey population levels,

If the results of the 1983 CANUSA-East field
trials correborate earlier work, we may he able to
utilize pheromone trapsg operationally in the near
future. It Is antiecipated that a properly de-
ployr?d trzxpy?lng S¥stem will provide an early
warning of Impending outbreaks in low population
areas w’he:‘e‘other forms of sampling are expensive,
time cOnSUling, ox logisrically unreasonable.
Hopefully we may ewven be able to supplement other
sampling procedure g rountinely used in high popu~

fations such as . )
i ; “E8 mass or overwintering (L2)
farval survegs.

The covered— iz

1 "nel trap (CFT), a ~-satura-
ving model developa p ), & non

and s1iehtly med *<l by Ramaswamy and carde (1982)
our standard Z;ml{l&d by us (Fig. 1) is presently
%:n‘c’;‘(: ((‘if;ndmrap‘ A recent trap design by
SARGETS ASANEETS et a1, 1983), called the double



funnel trap (DFT), also performed to the same de-
gree as the CFT trap. Additionally, a commercially
available plastic canister gypsy moth trap, modi-
fied for use in the CANUSA trials, also appears
promising., However, as you will hear tomorrow,
additional improvements will be necessary before

we have a ‘'standardized commercial trap" that

we can recommend with confidence.

Figure 1, Covered-funnel trap (CFT), the standard
non-saturating trap used in CANUSA-
East field trials.

The CANUSA project used two commercial lures;
the Hercon® (Health-Chem) Luretrap®, a 1/2" square
plastic laminated sandwich impregnated with a 95:5
blend of E- and Z-1ll-tetradecenal and the Conrel®
(Albany International), a white celcon hollow
fiber containing a 94:6 blend of E~ and 7-11-
tetradecenal., Both gave good results in the 1982
CANUSA field tests and in Sanders'® 1982 Lure
evaluations., However, until our 1983 results are
analyzed and compared to those from Canada, we
cannot recommend either one., Our intent is to

1
Personal communication, C.J, Sanders, Canadian

Forestry Service, Sault Ste. Marie, Ontario,

obtain a consistent pheromone release rate and
develop a trapping system that reliably corre-
lates moth catch with larval budworm density.

The present trap, and possibly the lure,
need further improvements in order to provide a
commercially available combination in which field
personnel will have coanfidence.

Results of the 1983 CANUSA-East field trials
will tell us if we are ready to start the de~
velopment of regional budworm monitoring systems
using pheromone-baited traps. Recommendations
for a pheromone trap monitoring system will be
presented tomorrow. One of the most ilmportant
aspects of monitoring with pheromone traps is
standardization of not only the trap and lure,
but also a protocol to implement the system.
Without standardization the system will provide
limited opportunity to apply results and improve
the technique. Careful organization and planning
during the early stages of development will in-
crease the opportunity to produce a monitoring
system that is applied in a standard fashion by
all agencies.

The three years of CANUSA-East field trials
with pheromone traps have shown that data incon-
sistency was due, in part, to the fact that field
crews did not follow standard protocol, This
lack of conformity resulted from inadequate
clarification and demonstration of methods, Part
of the problem can also be attributed to a pro-
pensity for field personnel to "do their own
thing," Following is a basic framework from
which we can develop a standard procedure for
application of pheromone traps within regional
pheromone monitoring systems.

TRAP: A standard non-saturating trap should be
approved by all participants in a monitoring
system. The trap must be commercially available,
durable, and easy to assemble. It must retain
numbers of moths that consistently reflect changes
in population density.

LURE: A reliable commercial lure that releases
pheromone for a specified time at a desired rate
is essential. The lure must be positioned within
the traps in such a manner that pheromone release
is not obstructed (Fig., 2), Lures must be

stored in a freezer within their original wrapping
until taken to the field. Lures are placed in
the traps when traps are deployed, approximately
one week before flight begins. "Aging" is neces-—
sary to avoid field exposure to the adults during
the initial burst of chemical that is character-
istically released when a bait is taken out of
storage.

TRAP PLACEMENT: Traps should be suspended approxi-
mately 1.5 m above the ground and attached to a
branch on a host tree (if possible) (Fig., 3), or

a non~host 1if the latter is more convenient, A
trap should not be closer than 0.3 to 0.5 m to the
trunk of the tree., When placed immediately ad-
jacent to the trunk (Fig. &), air flow is ob=-
structed and traps may become wind battered.
Foliage and branches must be removed from the
vicinity of the trap (0.5 m clearance) so



1in the CFI trap.

Figure 3. A properly placed plastic canister
gypsy moth trap, modifiled for use In
the CANUSA-East trials, correctly
suspended to a host tree branch.

gure 2, A commercial lure properly positioned

Figure 4. A CFT trap placed too close to the tree
trunk where air fleow is obstructed and
the trap could be damaged by the wiad.

that moth flight will not be hindercd, Traps
placed along road corrvidors should be positioned
so that the traps are at Jeast 5 m into the host
Lype.

TRAP PLOTS: A plot consists of one five-trap
cluster, however, a three-trap cluster is adequate
in locations whete interference from bears or
people is not a problem. Traps should be placed
40 m apart, one in each cardinal direction around
a center trap (¥ig. 5). The three-trap cluster
placed in any triangular configuration as
aimum of 40 m o is waintalned between

can be
Tong as a m

traps. Baitad traps should be placed in the field
S=7 days before moth (light begins and rewaliu in

the field until adult activity ceases. The total
duration of the [ield cxposure of traps 5> ke b
wereks .

ot
[
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Plgure 5.  The five~tvap cluster used as a plot
desiqn In the CANUSA-Fust trials,

DATA COLLECTION: Male moths should be counted
soon aftar the traps are collecied,  Small oume
hors (less than 20} can be counted by hand while
quantitics will be estimated by a weighing
procedurs that we are developing this year in
vouperation with Lue Jobin, Canadian Forestry
Service, Quebec,  Math numbers should be recorded
o standard forms and deta sent to centralized
collvetion covters for regional veporting and
apatintical anplysic,

These are some of the more (mportant aspects
of our standardized protocol that must be cone
aidered when pheromone traps are used for regional
survevs of apruce hudworm, We muost o reeopnize
that these pheromons traps are not o panacea, but
they will provide a valuable monitoring and survey
ool within an inteograted pest managewent approach.

Relationships helween phevomone-bai ted

\

&
s and population density of the spruce
budworm.  Tu: Bol. Parker and
{(ede. ). Procecdings 15th Annual Northeast

Forest Insect Work Conference. March 1982,

PoM, thainson
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SEX PHEROMONE TRAPS AND LURES PFOR MONITORING

SPRUCE  BUDWORM POPULATIONS——THE ONTARTO EXPERT-
ENCE.

C.J. Sanders
Research Scilentist,

Great Lakes Forest Research Centre,
Marie, Ontario, Canada, P6A 3M7.

Canadian Forestry Service,
Sault Ste.

Sex pheromone traps for spruce budworm were
originally envisioned as tools for providing an
‘early warning' of outbreaks., While there is no
doubt they will be effective in this role, the
advent of practical, low-cost, “high capacity”
traps raises the possibility that pheromone traps
could replace more costly sampling techuniques,
such as egg sampling. A ‘'home-made' double~
funnel trap design has given correlations between
trap catches and larval demsities with rZ up to
77%. Limited trials with commercial trap-designs
indicate that several designs may be suitable for
operational wuse, but more testing is required
before a long-term program using a standardised
trap design is begun, Similarly, while several
types of lure are adequate for the purpose,
further testing is required to determine which is
the 'hest',

Introduction

Sex pheromones are chemicals released by one
sex to attract the other sex of the same species
for the purpose of mating. Ia the case of the
spruce budworm, as with most other lepldoptera,
it is the female which releases the pheromone,
the male which responds. When ready to mate, the
female spruce budworm everts a special gland at
the tip of the abdomen which secretes the phero-—
mone. The pheromone plume is wafted downwind,
and a receptive male on perceiviang the pheromone,
flies upwind towards the source. On arrival he
searches for the female and mating takes place.

Most, if not all, sex pheromones of the
Lepidoptera are blends of geveral chemicals., In
the right combinations and at the right concen~-
trations, these blends are extremely species—
specific as indeed they must be to prevent female
moths from attracting the wrong males. This is
one of their advantages as a sampling tocl--only
the target species is involved. Pheromones are
also extremely potent; while it 1s probable that
the effective range of the pheromone is less than
100 m, only a few milligrams are necessary to
attract males for weeks, and this 1s a second
advantage~—they are extremely efficient.

The main component of the spruce budworm
pheromone was identified in 1971 (Weatherston et
zl. 1971), but early trapping results were disap—
pointing and it was subsequently found that
a minor component was missing (Sanders and

Weatherston 1976). With the addition of this it
is now possible to produce lures which attract
more males than a virgin female moth can {Sanders

1981). The synthetic pheromone is now readily
available commercially for a few dollars per
gram. This may sound ezxpensive, but when it is

remembered that ounly a few milligrams are neces—
sary to bait a trap, the cost per trap is neglig-
ible.

Now that we have virtually unlimited sup—
plies of the synthetic pheromone, what can we do
with 1t? First, it can be used to disrupt the
natural sequences of wmating behavior to prevent—
ing successful mating, thus regulating populat-—
ious, This has turned out to be a tricky
research problem, but 1is not of concern here.
Second, the pheromone can be used to lure the
male moths to traps, where they can be captured
and counted.

In some ways sex pheromone traps are similar
to light traps, they efficiently attract and
capture individuals of the target species so that
they can be easily counted. The great advantage
of sex pheromone traps over light traps is that
they are species—specific, inexpensive and simple
to operate——no power source is required.

But, before proceeding any further, it is
very important to be quite clear of the objec—
tives of trapping the spruce budworm, since traps
have been used for a variety of purposes with
other inmsects and the optimum trap design varies
with the purpose,

a) Mass Trapping

Traps can be used to catch and remove males
from the population. If the baits are potent
enough and there are enough traps, sufficient
males can be removed to reduce the mating success
of the females. Although this has been demon-—
strated as a practical proposition for some agri-—
cultural insects it is wunot practical for such a
numerous, widespread insect as the spruce bud-
WOIm.,

b) Timing of Control Operations

Since pheromone traps are very efficient,
they can be used to find out when the first moths
fly, and, again in some agricultural situations,
this can be used to determine when insecticides
should first be applied. Also, for some agricul-
tural pests, notably in orchards, pheromone traps
have been used to indicate when it is necessary
to spray-—when a certain threshold nomber is
reached, the pesr has reached economically
serious levels.

¢} Detection
For migratory pests, or introduced pests

which are extending their range, such as the
gypsy moth, pheromone traps are an efficient
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methed of establishing if the pest is present,
indicating whether or not more intengive sampling
is necessary,

d} Menitoring Population Changes

Finally, we cowme to the primary purpose for
which traps are being used for spruce budworm, to
monitor annual changes in populatfon density to
provide an “early warniog” of impending out~
breaks.

For mass trapping, timing of tveatment, and
detection, highly potent baits are required. For
mass trapping, traps must be of large capacity,
and their efficiency is measured by the number of
insects caught. For detection and timing, effi~
ciency is measured by the ability of the traps to
capture the first moths to appear; for detection
numerous low cost traps are required, for timing
of treatments fewer traps are required, so they
can be more elaborate and costly.

For mouitoring population fluctuations high
efficiency of capture 1is not necessary and may
even be a disadvantage~-too many insects in a
trap take too long to count. The chief attri-
butes required for monitoring spruce budworm
populations are:

i) Catch correlated with population deunsity,

i1} Durability over 6-week period,
iii) Convenience,
iv) Cost,
v} Constant capture rate,
a) for 6-week period,
h) from year-to-year.
These attributes sre affected by both the trap
design and by the formuiation of the lure.

Let us first consider the trap design.

Trap Design

a) Early Tests

When development of the spruce budworm sex
attractant  for monitering population changes
began in tho mid-seventies, the traps available
were mostly of a sticky variety. The non-sticky
traps which used an insecticide to kill the moths
were generally too bulky and too expensive.

Comparative tests of the sticky traps avail-
able at this time led to the conclusion that the
Pherocon ICP  (Fig. 1) was most appropriate
(Sanders 1978). Its design kept the accidental
capture of non-target insects to a minimum, and
it proved to be durable enough to remain
effective 12 months. It was recognized early on
that there is a problem of ‘saruration'--the
sticky surface becomes so covered in wmoths and
scales that incoming moths escape—~—hut, it was
hoped tbat this could be overcome hy reducing the
potency of the lure. EHarly tvials with the 10p
traps did in fact give reasonsble correlations
between moth catches and larval densities. Then,
in 1980, the Michigar State University group

degigned a non-sticky trap (Fig. 2) which was no
larger and nco more expensive than the gticky
traps {Ramaswamy and Cardé 1982).

Fig, 1. Pherocon 1CP sticky trap. Only the
inside of the lower half is coated in
sticky material,

Fig. 2. Different designs of 'non-saturating'
traps in which moths are killed by
insecticide wvapor. Top, 1l. to r.
Health-Chen gypsy moth canister trap;
International Pheromones Ltd. Uni-—trap;
Covered-funnel trap. Bottom, l. to r.
Health-Chem gypsy wmoth ‘'milk cartom'
trap; Baker Chemicals "Bag-a~Bug";
Double~funnel trap.

b) 1981 Tests

Tests in 1981 in Ontario, as well as else~
where, demonstrated that these traps gave a good
range of catches over a wide range of population
densities. However, we found the traps incomnven-
ient to assewble and store. Also, water entered
the traps causing the captured wmoths to rot
making counting nearly impossible,



c) 1982 Tests

This led to a new design which we have
called the double~funnel trap (Fig. 2) and in
1982 we carried out a test to compare the effec-
tiveness of the Pherocon 1CP, the MSU covered-
funnel trap (CFT) and the double-funnel trap
(DFT). Twenty-three plots were established in
northern Ontarlo, selected to provide a wide
range of spruce budworm densities.

Pherocon ICP traps were baited with 3 dif-
ferent potencies of lure, At the 2 highest all
the traps were saturated At the lowest also,
many of the traps were saturated, but at densi-
ties below 2.5 larvae/branch tip the correlation
between catch and population density was reason-
able with an r2 = 61.5% and maximum catches of 36
moths/trap (Fig. 3).
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Fig. 3. Relationship between catches in Pherocon
ICP traps baited with low-potency lures
and larval density (Ontario, 1982).

Neither the CFT of DFT traps showed signs of
saturation, even at the highest population den-
sity. For the CFT, r? = 59.0% with catches rang—
ing from 2.6 to 244/trap, for the DFT r2 = 76.6%
with catches ranging from 18.2 to 670/trap (Fig.
4). 1In 16% of the CFT traps accurate counting
was impossible because the moths had rotted due
to the accumulation of moisture which occurred in
spite of the modification aimed at preventing
this. No such problem occurred with the DFTs.

d) 1983 Tests

In 1983 we again tested the DFT traps for
correlations with larval densities. This time we
tested clusters of 5 traps and clusters of 3,
Correlation between trap catch and larval density
gave 2 = 51% and 49% respectively, poorer than
in 1982, but still highly significant. Correla-—
tion between the average catch in the 5 trap
cluster and the 3 trap cluster was excellent
(Pig. 5) rl = 93%, implylng that a 3 trap cluster
is quite adequate. We also tested the correla-
tion between the 1982 moth catches and the 1983
larval density, i.e., the ability of the moth

catches to predict larval density the following
year, and obtained an 12 of 61% which is quite
encouraging (Fig. 6).
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Fig., 4. Relationship between catches in double-
funnel traps and larval density
(Ontario, 1982).
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Fig. 5. Relationship between average catch per
trap in clusters of 3 traps and clusters
of 5 (Ontario, 1983).

e) New Trap Designs

In 1983 we carried out some comparative
tests of other commercial trap designs, these
wvere the International Pheromone Limited, Uni-
trap (IPL), Baker Chemical 'Bag-a-Bug' and 2
Health~Chem products, the gypsy moth carton and
gypsy moth canisters (Flg. 2). The last 2 were
modified by enlarging the openings to make them
conform to other designs.

These traps, along with the DFT and CFT were
placed out in 2 areas, one of relatively low den-
sity (< 2 larvae/branch tip) and the other high
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(ca. 10 larvae/branch tip). At the higher densi-
ties, all designs except the Health-Chem carton
captured reasonable numbers (Table 1). However,
at the lower densities the Bag-a-Bug aod both
Health~Chem designs gave very low catches, low
encugh to make it questionable if they would be
of value for monitoring low density populations,
although higher potency lures might increase
catches sufficiently.

1000
LN ®
= 300F
o
)
g
S 100k
o
!.._.
™
2 30
o)
=
i L I
0 o1 10 10 30
LARVAE / BRANCH(1983)

Fig. 6. Relationship between moth catches in
1982 and larval densities in 1983.

Table 1. Average catches in 6 different trap
designs left out for 1 week during peak
fiight period in high and low popula-
tion densities. The right—-hand column
provides an indication of the variation
among catches in the low density popu-—
lation (each trap replicated 8 tlwes).

Population Density {oefficient
a

figh .. bew o Varfence
International Phevomones Ltd. 135 78 .24
Hea i th-Chem "mitk carten” 96 3 44
Health-Chem plastic canister 2 7 L36
YBaqea-Bua” canister 112 i) V36
Coverad funuel 8 26 4D
fouble turned 134 39 .20

An important attribute of the catch is the
variability among traps. This can be measured by
the coefficients of variance which are shown for
the 6 trap designs also in Table 1. The lowest
values, i1ndicatiag the least varlation amnong
traps was attained by the DFT and IPL traps.

Where then does this leave us? The traps
have four attributes of concern-—an adequate
catch, convenience, cost, and durability. The
six designs are rated for these 4 attributes in
Table 2. S8ince adequacy of catch is of paramount
importance the 2 Health-Chem desligns and the
"Rag-a-Bug' are inadequate unless catches can be
increased by higher potency lures, This is
unfortunate, because their design 1s certainly
the most convenient for assembly and storage. Of
the remaining 3; the covered-funnel «can be

excluded on the grounds that it allows woisture
to enter, and that it is too inconveaient to
assemble and store., The IPL trap is superior in
all attributes except cost.

Table 2. Subjective evaluation of 4 attributes
of pheromone traps. ++ = best, -~ =
WOrst.

Catci\ o

Int, Phare. Lta. + + N +4
Health-Chem Larion .- - + -
Health-Chem Canister - 4+ “ +
Bag-a Buy - T+ + +
Covered funnel + - 3 +

Double funnel + - - ++

Therefore, none of the designs can be
considered the 'perfect solution’. My recommend-
ation is that since the DFT has proven itself now
for 2 vears, it should be used as the operational
trap in 1984, pending testing of other designs
and modifications to existing desigans. A change
cver from one design to another need present no
serious problems. Provided each new design is in
its turn, correlated with larval population
densities, then a continuous integrated monitor—
ing system can be maintained.

Already we have simpler more convenient and
cheaper designs in mind. Also, modifications of
the Health-Chem canister and Bag-a-Bug will be
tried to determine if differet configurations of
entrances, and differeant colors would improve
their catches in low density populations.

Trap Layout

The 1983 results showed that a cluster of 3
traps, 40 m apart in a triangle, gave the same
results as 5, 40 m apart in a star—shaped lay-
out. Therefore it can be argued that 3 traps are
sufficient., However, there is always the danger
that 1 or 2 traps may be destroyed or lost,
Therefore, we recommend the 5-trap layout, with
the reassurance that if 1 or 2 traps are lost,
the remaining catches are still meaningful.

Distribution of Plots

The gquestion of how far apart the plots
should be to obtain an adequate picture of popu-
lation change is difficult to answer. Certainly
the answer must depend upon topography and size
of forest stands. In homogeneous stand types few
plots may be needed. In more broken country
plots will need to be closer.

For seven years l1CP traps were placed out
annually din 30 locations in  northwestern
Ontario. The plots were located at intervals
along a triangular route approximately 400 km
long encompassing an area of about 6500 km2,
Catches throughout the entire area showed a very



good correspondence (Fig. 7), implying that oane
plot could have beeu used Lo represent the entire
5500 km?. In areas such as northwestern Ontaria
where climate and forest fLype are relartively
homogeuveous, 1 plot every few thousand km? may be
adequate. But, in other areas plots should be
located by stratifying the forest by stand type
and climate,
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Fig. 7. Trends in moth catches (sum of 5 traps)
in 8 plots in an area of 6000 km? in
northwestern Ontario, 1973-1979, Solid
circles "Sector 1" traps, squares
Pherocon 1CP traps. (Note similarity of
trends even in lowest line which is for
traps placed in centre of 6000 ha area
burned in 1968.)
Lures

The second component of the trapping system
which influences trap catches and their compara—
bility from year—to—year is the lure.

The attributes of a good lure are:
i) stability of the pheromone,
ii) a release rate of 10-20 ng/hr,
1ii) a constant release rate for 6 weeks,
iv) a comparable release rate from year-to-~
year.

The major components of the spruce budworm
pheromone are unsaturated aldehydes. Such com—
pounds are notoriously unstable. Fortunately,
the fact that they are in the trap provides
considerable protection from the elements, but
the lure formulation must ensure protection from
chemical and photo-degradation.

The release rate of 10-20 ng/ha is purely
arbitrary. Female moths release the pheromoneg at
approximately this rate, therefore, it is appro-
priate on biological grounds. Furthermore, this
rate has been used for many years and has pro-
duced a good range of catches over a wide

spectrum of population densities. Fortunately,
there appears te be a fairly wide tolerance to
male response, and vates cau vary * 1007 without
affecting capture rate significantly.

Release rates must be as constant as possi-—
ble so that the capture rate is constant. A
6-week figure has been chosen since this allows
time for the traps to be placed out before the
moth flight, and collected up after.

Finally, to ensure that catches are compar-
able from year-to-year release rates must be
constant from year-to-year, which implies that
each batch of luves must be identical.

We have assayed 4 formulations of lure over
the past few years: Hercon plastic laminated
flakes; Albany International (Conrel) hollow
microfibres; Rend plastic capsules, and polyvinyl
chloride (PVC) pellets., The first 3 of thege are
commercial products, the last is a formulation
made 1in our own laboratory which we have been
using since 1973.

In 1982 and 1983, samples of each formula-
tion were ‘pre~aged' by placing them in a fume-
hood for various lengths of time. Lures of dif-
ferent 'age' wevre then placed out simultaneously
to compare theilr rates of capture.

a)y 1982 Results

The PVC pellets had a release rate estimated
by New Brunswick Research and Productivity
Council (RPC) at 10 ng/hr after 10 days, the
Conrel fibres and Hercon flakes were designed by
their manufacturers to have release rates between
10 aod 20 ng/hr. The Bend capsules which were
added to the experiment at the last moment had a
far higher release rate, close to 2 yg/hr. Lures
were 'aged’ from 1-6 weeks and results are shown
in Figure 8. As anticipated from the release
rates, catches with the Bend formulation far
exceeded the others. Catches with the Hercom
flakes were far lower than with either the Conrel
or PVC although release rates were supposed £o be
gimilar. The Bend, Hercon and Conrel showed
little variation in rate of catch with age (a
desirable feature), but the PVC lures did.

b) 1983 Results

Catches with all 4 formulations were wmore
comparable in 1983 than in 1982 (Fig. 9), indi-
cating that release rates were closer, though by
no means equal. The Bend was considerably less
potent than in 1982, while the PVC and Hercon,
relative to the Conrel were lower. As in 1982,
the PVC lures showed a decrease in catches with
age, the Conrel fibres were vrather variable,
while the Hercon flakes showed higher catches
during the first week of age, all undesirable
features. Only the Bend showed a relatively
constant release rate, and so it must be consid-
ered the best of the 4 types of lure.
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Fig. 8. Comparative catches in Pherocon 1CP traps
baited with 4 types of lure aged for dif-
ferent lengths of time (all deployed at
same time) (Ontario, 1982).

Recommendations
Results up to this point in time (September
1943) demonstrate that non-sticky, non-saturating
traps haited with synthetic pheromone of the
spruce budworm are capable of wovitoring fluetua—
tions in low density epruce budworm populations,
therefore of providing early warning of impeunding
outbreaks., It is also apparent that they can be
used to predict larval population densities, from
one year to the next with reasonable accuracy,
and may be suitable for replacing egg sampling.

However, it is iImportant to remember that
such & monitoring system mush be standardised
throughout the areas where the gpruce budworm 1s
g problem, and second, that to provide informa~
tion for predicting year-to-yveayr changes, the
trap and lure must not he changed from year to
year, Therefore, it {s crucial to be sure that
the operational system will stand the test of
time. The curcent ‘hest' trap 1s not suitable
for mass production, while the ‘best' lure has
aot been adequately evaluated yet to be sure of
its performance.

Therefore, it is recommended that there be
a further year of testing, in which the following
tests are carried out:
a) Modified commercial traps are evaluated,
using the DFT as a staodurd.
h) Bend lures are tested over a wide range
of population densities.
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Fig. 9. As for Figure 8, but 1983 data.
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g new
pruce budworm populations,
Further field trials of improved traps and Llures
and acquisition of serias dalfa are mecessary
to improve methods and loterpretation of trap
cateh.  Prelimiuvary results from vecent fileld
tests suggest that phevomone traps can be uged to
> and delineate large-scale moth dispersal,
predict population trend and predict population
density or damage.

Pheromone~baited traps ave a promisi
tool for monitoring

de

At present, Lt is wot possible to unequivo-
cally detine specifications of a pheromone—oricuted
monitering system for gpruce budworm. Turther ree
finements Ln trap desiga, lure charvagteristivs and
interpretation of {rap cateh data require addi-
tional field testing., DPrelivinary results from
extens ive field trials in Canada and the United
States during the past three years, however, indi-
¢ that a monitoring system can be iwplemented
in the near future,

We hope that this asscssment and those pre—
ceding, will stimulate pancl discussion on tech-
niques and tools for monitoring spruce budworm,
Those of us who have been involved with the field
trials recopnize the importance of dislogue be-
tween researchers and practitioners in order to
maximize efficiency and ensure acceptance and
Implementation of a pherowmone~oviented monltoring

system.

Results of the 1983 CANUSA-Fast field trials
will permit an analysis of rthe relationship of
trap catches to a number of forest and budworm-
related varfables. These dala represent 110 For-
est stands that occur ilu five states and four
provinces. Cooperative field trials during the
previous fwo years were belenguered with logisti-
cal problems or inadequate traps and lures. Im—
provements were made during 1983, but additional
work is necessary to assure that lurcs consig-—
tently provide sultable pheromone release rates
and that trap catch will reliably reflect desired
budworm variables.

Need for Time Serics Dota

A major concern that emersed from the 1981~
1983 trials was the influence that local varia-
timas In budworm density, weather and stand con~
ditions had on trapping results. Though it would

be nice to develop a single wmodel to predict spruce
budworm population trend or densiry in wide
separated geographical locations, this may be an un-—
reasonable geal, Preliminary data from the CANUSA
trials and work th spruce budworm in Michigan {(Ram-—
aswamy at al., 1933) and meario (Sanders 1983} indi-
cate that a ily of regional models, as oppused to a
single model, cy to provide reasonshle

may be necessd
confidency wits for predicrions. long ferm ingra-—
regiopal (state or province) trapping surveys that
follow & standard protocol and utilize a system of
permanent plofs are necessary to deveiop and test
this hypothesis.

N

We belleve that tiwe series information from
pheromone-~baited traps will be at least as reveal-
ing as long term light trap date {(Simmons L1980},
withoul the cost or time consuming logistical prob—
lems characteristiv of the latter., Also, the rela-
tively low cost of a pherowoune trappilug system and
its applicability at low budworm deunsitics are ad-
vantages over the standard egg mass or overwinter—
ing larval (1.2) surveys,

Assuming that average trap catch will provide
a consistently reliable measure of budworm popula-
tions or expected duamage, cost becomes a decisive
factor when comparing the advantages of a phercomone
dystem to other types of surveys, A major portion
of the cost of any survey is travel Lo and beoween
plot locations. Placement and recovery of pheromone-
baited traps requires less time and equipment than
other sampling methods. This will allew forest
managers or survey speclalists to implewent the
system while doing other types of field work. In
other words, the major expense of travel can be
minimized by combining the travel nesds of a survey
that uses pheromone traps with nther field acti-
vities.

Management of a Pheromone Monitoring Systen

Maximum effectiveness of a permaneunt, large-
scale survey will be attained only if survey re-
sponsibilities are centralized. Future applica-
tion of a srandard protocel should be closely
supervised and augmented by annual training/review
segsions. Experiences duving the pasc three vears
demongtrated the value of organized review seasions
te obtain input frowm practitioncrs. These inter—
active critiques, followed by on-site inspecticns,
are necessayy to assure uniformity of trapping
procedures., Because ye expect the svstem to
change with experience and technical improvements,
continuation of some degree of control is es—
pecially important, Similarly, centralized data
management, that includes analysis, collation of
resul ts and dissemination of summary information
should enhance opportunities for all agencies to
obtaln maximum value from future monitoring efforts
with pheromone-Laited traps.

Survey Procedures

The appropriate number of plots (one three-
or Liwve-trap cluster = one plot) must be deter—
mined by the agenclics responsible for forest manage—
ment activities or pest surveys. Survey intensity
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will be determined largely by the significance
placed on spruce budworm defolfation (i.e.,

hazard potential, resource value) and funds avail-
able, A few trapping locations may adequately
indicate population trends over large areas
(Sanders 1981).

In order to continually verify or “"calibrate"
the system, especially when alterations are made
in the survey tool (e.g., trap design, lure charac-
teristics), it is important to establish a mini-
mum of 20 intensive plots in stands where another
budworm life stage is annually measured. We en-
vision multiple sets of these intensive plots.
The plots included in each set must be selected
according to similarity of stand conditioms,
climate and other factors. Clustering of relative-
ly homogeneous plots will help to minimize statis-
tical variation and provide more reliable models,
Combining plots into regional sets for anmalytical
purposes can be accomplished by survey management
with help from forest managers, irrespective of
political boundaries. Additional satellite plots
can be established whenever users wish to extend
survey coverage. These satellite plots follow
the regular trapping protocol, but collection of
supplementary budworm or forest stand data will be
ninimized. In order to insure future interpre-
tability of satellite plot trapping data, base line
information on stand composition, defoliation
history and current defoliation is essential, Most
of this information should be available from exist-
ing forest management records, The more extensive
the coverage (plots per unit area of forest), the
better forest managers and survey speclalists will
be able to monitor budworm. The benefits derived
from additional plots must be weighed against their
costs,

Application of Trapping Results

Mean trap catch can be quite useful within a
decision support system for spruce-fir management,
Absence of data limits interpretation of the re-
lationship of catches in traps to long term trends,
but preliminary efforts at short term predictions
are encouraging.

Pheromone-baited traps can detect large~scale
moth dispersal that may precipitate many outbreaks.
This would be especially useful in remote areas
where people are unlikely to observe flight acti-
vity. Trap catch would serve as a "pest alert”
that provides lead time for a concerned forest
manager to make traditional measures of budworm
abundance, such as an overwintering larval survey.
In addition to documenting the presence or ab~
sence of unusual dispersal activity, a network of
trap~clusters will help to delineate the geographic
area that has been invaded. Knowledge of rapid
invasion is especially critical in high value
forests, such as plantations, previously thinned
stands or deer yards, where prompt action may be
required to protect investments or sensitive
areas,

Intra- and inter-stand time series data from
permanently established plots is an inexpensive
way to document and wap budworm population trend.

24

Comparison of trend between stands and years may
also be used to identify areas that warrant addi-
tional evaluation or require immediate silvi-
cultural attention, Similarly, pheromone-baited
traps can be used to detect significant popula-
tion shifts in stands that have historically
served as epicenters, The major contribution of
this application is that reliable time series
information will allow forest managers to antici-
pate problems several years in advance of signi-
ficant defoliation. This advance notice provides
lead time necessary to alter cutting schedules
and plan control activities.

The most sophisticated use of information
obtained from pheromone-baited traps is to predict
population intensity (il.e., number of larvae or
egg-masses/unit of food supply) or expected
damage. Initially, interpretation of trap catch
data may be used to describe population classes
or categories (e.g., expected density low,
medium, or high), or to identify a threshold
above which significant damage may occur. For
some forest managers, this information may be an
adequate basis for making management decisions.
As this survey system is refined, we anticipate
being able to place confidence limits on predic-
tions and, ultimately, to use pheromone-baited
traps in place of other, more costly survey
methods.

Average trap catch may also be applied in
other ways to facilitate short term decision
making by forest managers of pest control
specialists., For example, adult population
monitoring could serve as an index of spray
efficacy or a means of timing other survey acti-
vities.
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FOREST PEST MANAGEMENT EXPERILENCES WITH SPRUCE
BUDWORM PHEROMONE TRAPPING

Dennis J. Souto

Entomologist, USDA Forest Service, Northeasterm

Area State & Private Forestry, Forest Pest Manage-
ment, P.0. Box 640, Durham, NH 03824

In 1982, the USDA Forest Service began a spe-
cial project to correlate trap catches with other
predictions of budworm population levels and de-
foliation in outbreak areas. The 1982 trap catches
were much lower than expected because the lure/
trap combination did not work well and/or spraying
reduced populations drastically, The 1983 trap
catch did correlate with defoliation patterns im
sprayed areas, and indicated that a mass flight
occurred in western Maine. FPM impressions about
pheromone trapping are discussed.

Our involvement with spruce budworm pheromone
trapping began in 1982 when the Durham Field
0ffice, Forest Pest Managemwent, received special
project funding. Also, both the Passamaquoddy
and Penobscot Indians were conducting suppression
projects in 1982. This activity gave us a loca-
tion to work in.

OQur project focused on demonstrating phero-
mone trapping in high population areas. QOur ob-
jective was to correlate trap catches with egg
mass, overwintering larval, large larval and de-
foliation estimates. We provided Doug Allen with
our data to use in the CANUSA pheromone project
analysis. But our project differed from the
CANUSA project in two respects. First, we were
looking to work im high population areas. Second,
we had aerial Bt applications in many of our
clusters.

In each five trap cluster we used covered

funnel traps and Hercon laminated lures in both

" years. Five clusters are located in northern
Washington County on Passamaquoddy land. This
area consists of spruce and hemlock with about 7%
balsam fir. The balsam fir has completely gone by
with only live balsam fir regeneration. Tree con-
dition for spruce and hemlock is fair to poor with
top kill common in hemlock.

Let's look at the 1982 and 1983 data. 1In
1982, populations averaged 13 large larvae/18"
branch. Although this survey was timed for pre-
spray counts, it coincided with third and fourth
instar larvae. These clusters were sprayed with
Bt and our moth catch averaged 23 moths/trap. In
1983, populations averaged 8 large larvae/18"
branch. The clusters were sprayed again with Bt,
and moth catch averaged 20 moths/trap.

I considered the moth catch very low in both
years. In fact, the biggest concern I had before
‘the project began was trap saturation. Why hadn't
we caught more moths? I thought of two possible
explanations. First, our lure/trap combination

does not efficiently ¢apture moths that visit
traps., Second, our spray projects were SG suc-
cessful that only a fraction of male moths were
available to trap.

After our first trapping season, I called
Doug Allen and told him about the poor catch., He
thought the lures may not have worked well imn
1982, but he felt that a correlation with low
moth catch was still possible and maybe a blessing
in disguise.

The 1983 trap catches were correlated with
spray efficacy observations. In the northern
spray block, foliage protection seemed poor
(aerial observations) and traps averaged 30-35
moths/trap. In the southern sprav block where
foliage protection was good, traps averaged about
7-8 moths/trap. These results indicate that trap
cathes and foliage protection {or defoliation?)
are correlated. This relationship deserves more
attention, but these traps did have water in them.
So, I wonder if these results are reproducible.

Fifteen clusters are located in western Maine
on Penobscot land near Alder Stream. This more
mountainous area consists of spruce and fir with
much less hemlock and a large hardwood component.
Budworm defoliated spruce and fir several years
ago, but current tree condition is fair to good.

In 1982, populations averaged 3 large larvae/
18" branch indigating a lower population than in
Washington County. Nine clusters were sprayed
with Bt in 1982. Traps within sprayed areas
caught 3 moths/trap compared to 10 moths/trap in
unsprayed areas. This difference indicates that
spraying does affect trap catches.

In 1983, populations averaged only 0.7 large
larvae/18" branch and this area was not sprayed.
Trap catch increased sharply to 49 moths/trap -
the largest average catch for both years. 1
thought of three possible explanations why the
catch increased so sharply. First, these clusters
were not sprayed in 1983. 1982 trap catch in this
area does indicate that spraying affects trap
catch. However, the very low spring larval popu-
lation level suggests a mass flight occurred. A
third possibility is that the lures performed
more consistently than in 1982, Lures did work
more consistently in 1983 because trap catch
variation between traps in the same cluster was
noticeably decreased.

Let me summarize my impressions of budworm
pheromone trapping after two years experience:

1. Are low trap catches in high population
areas a problem? Is our lure/trap combination
effective?

2. 1982 gave a very poor correlation between
trap catch and egg mass, overwintering larval and
defoliation counts in 1982.

3. The ideal trap will prevent water from

entering traps. Water retention can be a majov
problem.
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4. Pheromone trapping 1s easy to execute
compared to egg mass and overwintering larval
surveys.

5. Not only lures, but insecticide strips,
need to be carefully standardized.

6. Leaving trap hangars in the woods after
trapping is completed 1s a safety hazard. 1 cut
my ear om one.

Although we have not reached our goal of an
operational pheromone monitoring system, we have
made great progress. Don't throw away vour pole
pruners yet, as pheromone monitoring for budworm
is on the way, and, it will be a valuable addi-~
tion to our surveying and monitoring tools.
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SPRUCE BUDWORM PHEROMONE TRAPPING - VERMONT
EXPERIENCES AND PROBLEMS

Ronald S. Kelley

Forestry Protection Specialist

Vermont Department of Forests, Parks and

Recreation, Agency of Envirommental Conservation
RD 1, Box 2300, Morrisville, VT 05661

0f the four different types of traps tested
during the past three years, the covered funnel
trap (CFT) was the most efficient at catching
moths but some problems with water intake and
retention remain despite annual modifications.
Of the two gypsy meth traps tested in 1983, the
canister trap produced the best results.

Introduction

Ideally the field testing of a pheromone
trap as a survey tool should begin with a single
trouble-free trap and lure combination that could
be evaluated for several consecutive years.
Unfortunately, problems with trap design and lure
reliability have meant that we have had to work
with four different traps and three different
lures during the three years that Vermont has
participated in the spruce budworm pheromone
project. The one trap that was used each of the
three years was modified in each successive year.
These factors make it difficult to evaluate the
results from one year to another. Specific
observations and problems will be discussed by
type of trap.

The Perocon 1CP Trap

These "sticky" traps were tested with the
PVC pellet lure during 1981 and 1982. They are
light and easy to use but most ended up with moth
counts at or near the saturation point for the
trap. A lure with a slower release rate might
work well with these traps but with the lures
tested, traps even in very lightly infested stands
became saturated so that moth counts did not vary
much between stands.

The Covered Funnel Trap (CFT)

The covered funnel trap (CFT) was the primary
trap used in the project. It was used with the
PVC pellet lures in 1980 and with both the Hercon
and Albany International lures in 1981 and 82.
This is a non-saturating trap that has been the
most efficient trap at catching spruce budworm
moths. It has the advantage of being easily
constructed out of materials that can be
purchased locally but the disadvantage of being
time-consuming to assemble and bulky to deploy
and retrieve.

Most of the problems encountered with this
trap relate to water intake and retention. The
moths congregate in the bottom of the funnel and
any water retention leads to partial decomposition
of moths and attracts undesirable insects such as
carrion beetles. Holes drilled through the bottom
of the funnel just above the cork did not allow
sufficient water drainage during the initial 1931
trials once moths were caught and began to
congregate at the bottom of the funmnel.

In 1982 corks were replaced by a wire screen
plug placed inside the bottom of the funnel. This
provided better drainage but it appeared that the
air outlet may have reduced the effectiveness of
the Vapona strip. This, along with release-rate
problems with both commercial lures used, may have
been responsible for erratic moth catch numbers
within plots in 1982,

In 1983, the plastic cover plate was replaced
by one of larger diameter to provide more overhang
to shed water. The cork of 1981 was again used,
with the addition of the wire screen plug above
the drain holes. In making these modifications,
we had to drill our own holes through the funnels
and above the corks of traps first used in 1982.
When traps were collected, it was discovered that
if these holes were not flush or just below the
top of the cork, water retention remained a
problem. And in some plots with large moth counts
(L.e. 100+), even correctly modified traps contio~
ued to have some moth decomposition problems
because large numbers of moths congregated in the
bottom of the wire plug and impeded water drainage.

The Gypsy Moth Canister Trap

The gypsy moth canister trap was compared teo
the CFT trap and the gypsy moth milk carton trap
in 5 stands in Vermont in 1983 - four lightly
infested stands and one that had become moderate.
The trap is light, easy to use, and retains moths
in a dry condition. It has the added advantage
in that one is able to see if it is catching moths
by looking up through the translucent bottom or
down through the transparent top. It caught moths
as early in the flight season as did the CFT trap.
Height of lure suspension varied slightly from one
trap to another because everyone bent their own
lure~holding wires, but this did not noticeably
affect the results. Generally, moth counts were
much lower than with the CFT traps except for the
moderately infested stand where the canister traps
caught more moths. This trap caught more than
four times as many moths in the moderately infested
stand than in any other stand compared to about a
two-fold difference with the CFT and gypsy moth
milk carton traps. If this relationship holds
true for other locations, this could be an
advantage of this particular trap.

The Gypsy Moth Milk Carton Trap

The gypsy moth milk carton trap was tested in
1982 4n the same stands where the gypsy moth
canister traps were placed. It is the lightest



and simplest trap yet tested and also retains
moths in a dry conditlion. It generally caught
fewer mothe than the canister trap and was not as
efficient at catching moths early in the flight
season as the canister trap. Even though these
traps are made of wax-coated cardboard, they do
absorb moisture over time. A couple of them were
found hanging by only one wire at the end of the
season because the sides became spongy and bent
inward, slipping loose from the holding wire on
one side. Bending the ends of the wires upward
slightly would probably alleviate this problem.

General Observations and Discussion

Both commercial lures worked well in 1983
without the erratic within-cluster results from
one trap to another that occurred in 1982. The

lbany Internationmal lure consistently caught
more moths in 1983 than the Hercon lure except
when the two were compared in a moderately
infested stand. The Hercon lure resulted in a
noticeable difference in trap catch between the
moderate and light stands that was not apparent
with the Albany Internatiomal lure. If this
difference 1s significant and remains consistent
in other locations and other years, it could be
an advantage of the Hercon lure.

Northern and central Vermont received a mass
flight of spruce budworm moths in July, 1983. It
is not known to what degree this influenced wmoth
trap results but it could make it difficult to
correlate trap results backwards with data such
as numbers of third and fourth Instar larvae.
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Any trap is subject to windfall damage and
animal attacks, In 1983, one CFT trap was downed
by a windblown tree early in the season and two
gypsy moth milk carfon traps were attacked by
bears ~ one of these was completely demolished,
and the funnel end of one CFT trap was chewed off
by a squirrel. In 1981, one Pherocon trap caught
a bird which reduced the numbers of moths that
could be collected in that trap. A cluster of
traps should be maintained for future monitoring
so that data can be obtained even iIf 1 or 2 traps
in a stand is lost. Whether the number of traps
per cluster can be reduced depends upon the
variability of the trap-catch data, but it is
almost as easy and fast to use a five-trap cluster
as it would be to use a smaller cluster.

Of the traps used in Vermont, the gypsy moth
canister trap tested in 1983 was preferred by
field personnel. It is light, easy to use, keeps
the moths dry, and appears durable enough to last
for several seasons. More testing of this trap
with both commercial lures is recommended. The
method of lure placement with this trap should be
standardized, possibly by providing all users with
pre-bent wires that would ensure that all lures
are suspended at the height of the trap openings.
It might be desirable to modify the lure suspension
system so that it resembles that used in the CFT
traps. But for consistency of results, it is
suggested that any modifications be used in
conjunction with a five-trap cluster and Hercon
lures as used in 1983,



FOREST PEST MANAGEMENT CONCEPTS OF

A GOOD SPRUCE BUDWORM PHEROMONE TRAP

Daniel R. Xucera

Methods Application Coordinator

Forest Pest Management, USDA Forest Service
Northeastern Area, 370 Reed Road, Broomall,
PaA 19008

Many agenciles and organizations in both
State and Federal governments have experienced
recent budget and personnel cuts. Consequently,
many of us have had to restrict or limit our
budworm monitoring activities. The pheromone
trap has the potential of replacing more labor
intensive spruce budworu surveys. More ilmpor-
tant, however, the pheromone trap is an
additional tool to supplement existing survey
techniques.

The characteristics of a good trap are
that it should bhe weather proof, lightweight,
portahle, easy to construct, commercially avail-
able, and consistent in trapping performance.
Pest Managers want a trap that is species
specific to spruce budworm, a trap that acts as
an attractant and not a confusant, They prefer
a simple protocol or a simple set of instruc—
tions which covers systematic trap placement
and allows for uniformity in data collection
and compilation. Imstructions should be
presented in such a manner that data cam be
compared from province to province or state to
state.

The sample design should be one that will
allow trap placement in a minimum number of
points or sites to get a vepresentative readout
on moth activity and potential defoliation for
the coming year. Later, after eggs have been
laid, more intensive larval sampling points can
be set out for fine—tuning population levels.
These two augmentative survey tools can then
serve as basic data when evaluating the need
for intervention or silvicultural management.

Pheromone traps will be useful in estab-
lishing baseline data during light infestations.
Data collected from previous years will indicate
whether or not a population is building.

Traps will also serve to identify pockets
of heavy infestation for additiounal surveys and
to provide a more concise analysis. As the
population reaches epidemic proportions, other
survey techniques will come into play. Their
most efficient use will be in determining light
to building populations.

Wow that FPA has exempted pheromone
attractants from FIFRA requirements {August 24,
Federal Register), the door has been opened
for much quicker implementation of new, more
efficient trapping systems. This new ruliag
covers not only pheromones, but also synthetic
compounds substantially similar to those
actually produced by an arthropod.
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IXPERIRNCE AND PROBLEMS WITH PHER(MONE TRAPS
Jervy R. Willians
Coordinator, Spruce Budworm Silviculture,

Incternational Paper Cowpany, Northeast Region,
9 (reen Street, Augusta, ME 04330

A phevomone monitoring system of spruce
budworm moth activity may be useful to identify
areas where more costly and labor intensive
monitoring is justified. The =ystem needs to he
simple, non~labor Intensive, nud provide a
volumetric classification. »More research is
needed te predict future outbreaks.

Early detection of changes in population
levels of damagling insects {s an essential
clement of forest management. As land managers,
we have utilized the light traps to monitor
moth activity and egg mass of L-TT survevs to
predict the next vear's feeding, or population
levels. Fach of these three activities have
unique points; both good and bad. UBecause other
speakers are addressing the alternative activ-
iries to pheromone use at this workshop, T will
skip lightly over thewm. However, T will attempt
to briefly classify how I perceive thase to he
useful in our Company's progranm.

L. Tight Traps. Incur a moderate monitor-
ing cost, but require specific artifi-
cial energy sources to provide
illumination. This activity is
generally limited to Tow intensity
samp] ing when used in wildlands or
remote areas. Trap catches can ipdi-
cate the possible severity of next
vear's insect activity aund possibly
identify a future change from endemic
to epidemic populations.

2, Egp Mass and L-11 Surveys. Require a
highly labor intensive sampling and
processing activity, with resultant
high cost per sample unit, These pro~
vide valuable predictive levels for the
severity of expected defoliation and
ingecct activity. During epidewics or
periods of known high infestations, the
cost of the sampling is justifiable.

In areas of endemic levels, it is very
difficult to justify the high costs
for monitoring individual stands.

What is needed is a moth activity monitor-~
ing program that ig not labor intensive, does
not require outside energy source, and docs not
require expensive processing or analysis. Use
of such a system would be twofold:

1. To identify sampled stands that exper—
ience a level of moth activity that
justifies more costly inteunsive

sampling or some other managenont
activicy,

2. Yo identify changes in historic levels
of moth activity that would provide an
early warning of a future outbreak. This
carly warping would allow managers to
adjust forest management plans accord-
ingly.

It has been assumed by many that pheromone
traps may provide such a monitoring tool and
research has been conducted as part of the CANUSA
program.

My experience usging pheromone traps is
minimal and limited to participation as a
cooperator in the CANUSA project led by Doctor
Douglas Allen, S.U.N.Y. CESF, Syracuse. Indi~
cations ave that pheromones will be useflul in
monitoring the high value or sepsitive areas, but
not necessarily the toral forest. I believe
that the traps will identify those specific
locations where additlonal sampling is necessary
and will result in a less costly monitor system
overall than is currently in place.

The traps ace easy to handle and distribute,
and could be established and picked uvp (with the
catch) by foresters, rechnicians, road crews,
or temporary labor when they are working in or
passing through the arca. The catch should bhe in
some sort of holding unit that allows classifi-
cation on a volumetric basis. Absolute pumbers
I do not believe are meaningful or necessary if
we are to use this method to simply identify
areas where moth activity is substantial enocugh
to conduct more Intensive surveys. Furthermore,
there is potential for pheromene trap catches to
be used in identifying changes in trend and
predict timing of future outhreaks which possibly
may require a more specific count, hutr addirional
research is pecded for this objective. T doubt
that field personnel will extensively utilize
pheromone traps for general surveys if the
catches need to be hand counted.

The experimental traps bave been easy to
use and I expect that commercial gypsy moth
traps of similar size, construction, and material
ro those wsed in the 1983 CANUISA test should be
acceptable., The rraps should be available for
purchase through outside suppliers and be
durable enough for several vears use. The
pheromone bait and the valpona strips should be
readily available and easy to install.

One possible weak point in relying on
pheromone trap catches to ideatlfy problem areas
is the porential of fall or spring invasion of
1~TT layvae by wind drift. This wrakness also
oxigtrs for areas sampled in carly Tall by eps
maas or L-IT survey.

In gummary, while my cxperiences with
pharomone traps is minimal, T believe the out-
look is good that a pheromone monitoring svst
of spruce budworm moth activity wmay be developed
into a useful low cost tool to wmoniver high value




stands and identify where additional more costly
monitoring is justified. The sampling method
should not be labor intensive, Traps should be
left in place four to five weeks during the
moth activity period and then collected along

with the cartch by designated workers. The catch

will be volumetrically classified by a manage-
ment forester, technician, or entomologist at
the of fice or lab following collection.

Finally, before pheromone traps can be used
operationally in spruce budworm monitoring to
identify potential outbreaks while in endemic
situations, more research data and effort is
necessary to signify the importance of trap
catches.

Thank you.

Rasponse to Program Discus

1. In Maine, the Maine Forest Service conducts
the peperal statewide monitoring system.
Our use of pheromone traps would be to
supplement the State's program. The selec—
tion of stands to be monitored by us would
not necessarily be pavt of a State moni-
toring system hut would be restricted to
those high value or sensitive stands where
prompt protection or other action is
warranted: this would concur with the objec~
tive referred to by Doug Allen as a "pest
alert system."

2. Iwplementation - We would expect to use this
toel in low population arcas of the current
epldemic, but primarily we see this being
most useful following the Tull collapse of
the present epldemic, in sanpling low popu-
Jations prior to the next outbreak. We wust
remember that during the period following
the collapse of this epidemic, foresters and
those involved with daily field work mayv not
have had ficld experience during high
population levels of spruce budworm and most
of their koowledpge about the spruce budworm
will be through the literature only,

History has indicated that when populatioos
dare low and ins a are pot a prohlem, the
overall concorn for monitoring diminishes as
well as the funds available to conduct
mondtoriag., Thus, T believe a low cost
pheromone monltoring system not requiring
high labor costs or bighly technical labor
involvement will be more readily acceprable
as an operational tool.

3. A comment was made that 1t may be necessary
for two special field trips to place and
remove the traps and that this cost may
result in pheromone systems belng more
expensive to operate than the L-I1 or exg
mass programs which require only one field
trip. Our intentions are to possibly use
pherumones where pevsonnel ave travelling in
the area on nther assignments and the estab-
lishment or collection of traps would incur
only minimal costs and effort. However, if
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we found 1t necessarw make special trips,
we would consi se of other alterna-
tives, selecti efficient and cost-
effecrive,

In response to the gquestion of how uvseful a
phercmone trapping system would be without
having absolute counts, again I state that
our primary use of this monitoring system
would be as a pest alert where absolute
numbers are not necessary but an index would
be the output. The index could indicate
areas of no concern, areas where additional
surveys should be conducted before fall, or
perhaps where levels of activity is such that
some treatment activity should definitely be
copsidered and supplemented with an L-I1T or
L-1V verification prior to implementation of
the treatment,

Dennis Suoto's presentation included the
objective to ecvaluate spray treatments. Yes,
1 assume one could use this to supplement
the post treatment surveyvs and determination
of efficacy. We often find larvae present
after the spray treatment and at times we
find that these larvae do not complete their
development to the adult stage. Thus,
efficacy surveys of treatment areas might
include measured mortality plus reduced moth
activity as compared to unsprayed areas.



WAYS TO REDUCE ERRORS AND IMPROVE EGG
MASS SURVEYS
Gary A. Simmons, Gary W. Fowler and Norman C. Elliot

Associate Profesor, Dept. of Entomology, Michigan
State Ulversity, E. Lansing, MI 48824~1115; Professor,
School of Natural Resources, University of Michigan,
Ann Arbor, MI 48109; and Graduate Student, Dept. of
Entomology, Michigan State University, E. Lansing, MI
488241115,

When estimating egg mas density, two kinds of
errors usually occur: those from random chance and
those from human sampling and counting errors.
Random chance errors cannot be avoided, but human-
caused errors can be decreased by taking certain
precautions. This paper offers guidelines to minimize
human-caused errors.

Egg mass surveys are comronly used to gain a fix
on spruce budworm populations and expected damage.
Errors, however, can creep into these surveys and
possibly influence reliability. To begin with, egg mass
density estimates are highly variable, often deviating
from "true" populations densities by 100% or more.
These deviations result from the small samples we take
compared to all the branches that could be sampled in
a forest. The resulting "random" estimating errors are
unknown to us and cannot be controlled by what we do.

Other errors occur from the way we sample and
count. These usually occur when we

a) sample one host species in stands containing

multiple host species,

b) sample too low or too high in the tree crown,

¢} use small branches as the sample unit,

d) make rough estimates of surface area when

calculating egg density,

e} assume egg masses do not vary in size from

one generation to the next.

f) do not distinguish between new and old egg

masses when examining foliage, and

g) make counting errors when searching for egg

masses,
In the following, we discuss each source of potential
error and provide guidelines for taking precautions to
minimize such error.

One Tree Species in a Stand of Mixed Host Species

Surveys often concentrate on sampling balsam fir
even though white and red spruce may also comprise
stands. Our studies show that in white spruce/balsam
fir stands, egg densities are 2 to 4 times higher on
white spruce than on balsam fir. Restricting sampling
to fir trees could result in underestimates. To counter
this error, include fir and spruce in rough proportion to
basal areas of each in a stand.

Branch Location

Branches selected from the upper third of the live
crown of a free tend to overestimate populations, and
estimates tend to be highly variable. Branches selected
from the lower third of the live crown tend to
underestimate populations, and again estimates are
highly variable. Sample branches taken from the
middle third of the live crown tend to slightly
overestimate population densities, but the variability is
much less than the other areas of the crown. To
minimize error, sample from the middle third of the
live crown.

Branch Size

Egeg mass sampling schemes have used 15-inch
branches, 18-inch branches and full-length branches.
Qur studies show that when using full-length branches
estimates vary the least compared to all other branch
lengths.

Surface Area Measures

Egg mass surveys sometimes report number of egg
masses per unit surface area (10 £t2 or m? or 1000
cm?).  Ways to estimate surface areas include (a)
measuring the length of the branch and multiplying by
the width at the midpoint, and (b} cutting up the branch
into small segments and placing on a grid. We have
found the grid method is the most consistent measure
of surface area.

Old and New Egg Masses

A small percentage of egg masses are retained on
*foliage for more than one year. Consequently, densities
may be overestimated because both old and new are
counted. Here are some guidelines that may help
distinguish between old and new egg masses.
(a) If egg masses are found on current year's
foliage, they are definitely new egg masses.
{b} Color, shape, and condition of egg masses can
be of some help; the tendency is as follows:
New: bright white, bulgy, intact
Old: brownish-gray, flat, deteriorated

Size of Egg Masses

Egg mass densities are usually reported as
"number of egg masses per square it of foliage." This
implies that the number of eggs in a mass is the same
from mass to mass and year 1o year. Our studies have
illustrated that the average number of eggs per egg
mass varies from year to year and locality to locality.
We suggest taking a sample of egg masses and
determining average egg mass size each year to correct
for these differences.

Epgg Mass Searching

While all counters will underestimate egg mass
numbers, the extent to which individuals overlook egg
masses varies widely. In addition, counting accuracy

tay



for a ygiven individual may vary with time, egg mass
density {low, redium, or high), or trec species being
examined.

We have developed a simple method for adjusting
egg mass density estimates for accurate counts and
therefore wmore accurate conclusions based on the
resulting data (Fowler and Sirmons 1980). Four steps
are involved in applying a blas adiustment to counts
obtained by examining tree foliage for egg masses:

(a) determine the range of egg mass densities

expected in the survey,

(b} check the accuracy of each individual

involved in counting,

{c) caleulate the average counter accuracies for

each examiner, and

(d) use the accuracy estimates to adjust counts

for each examiner.

The accuracy of each counter on the crew can be
determnined by carefully checking individual branch
samples that already have been counted by a member of
the crew. The supervisor or the most experienced
counters should conduct the checking process, Fifty or
more branches per counter for cach density class should
be checked (Fowler and Simmons 1980). Checking
should be done periodically and without the counter
knowing when a branch is going to be checked,

Once the checker has re-examined the branches
for egg mnasses, the average counter accuracy can be
dotermined. Estimates  of accuracy should he
deterinined for each counter {or each egg mas density
fevel encountered during the survey. If time and
resources permit, other {actors can be considered when
determining accuracy estimates for cach counter.

Onee acturacy estimates have been determined
they can be used o develop more wecurate (loss biased)

estirnates of egg mass density, Readers interested in
the details of this blas adjustment technique should
consult Simmons and Fowler {1982). For a more in
depth understanding ot the derivation of the techniques
see Fowler and Simmons (1980).
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Reviews the design ard development of an
automated egg mass counter. The counter scans
foliage samples, detects egg masses based on
their characteristic fluorescence, and counts
the egg masses electronically.

Egg masses of the jack pine budworm
{Choristoneura pinus pinus Freeman), the spruce

spruce budworm (C s

fluoresce when excited by longwave ultraviolet
(UV) light. 'The excitation wavelength extends
from 300 to 400 mm. Early tests demonstrated
that both accuracy and efficiency of egg-mass
examinations can be increased by inspection of
foliage illuminated with UV light (Jennings 1968;
Acciavatti and Jenmings 1976).

A study was initiated at the University of
Maine, Departments of Physics and Electrical
Bugineering, in collaboration with the
Northeastern Forest Lxperiment Station and the
Department of Entomology, to determime: 1) the
fluorescence properties of spruce budworm egg
masses; 2) the fluorescence properties of
associated compornents on balsam fir foliage; and
3) the feasibility of using these properties to
scan foliage, detect egg masses, and count the
egg masses electronically.

Spectral analyses indicated that egg masses
of the spruce budworm have a characteristic
violet and green fluorescence that is
distinguishable from most other fluorescing
components on balsam-fir foliage (Carniglia et
al. 1977). Egg mass flurovescence is
predominately viplet light, but the ratioc of
green to violet fluorescence is also important.
By measuring fluorescence levels together with
ratios of green to violet fluorescence, egg
masses of the spruce budworm can be distinguished
from most other flucrescing objects on host tree
foliage.

A Prototype I egy mass countor was designed
and built at bthe University of Maine. Basic
components of the counter include: an
electro-optical scanner, beam splitter,
photomultiplicr tubes, and electromic signal
discriminator. Preliminary tests of Prototype T
vs., manual counts indicated that, when calibrated,
manual counts can be predicted (rR% = 0.97, @ =
0.01) from electronic counts (Turner et al. 1980).
Electronic counting showed a highly significant
reduction in processing time; electronic % = 8,6
min./branch vg. manual X = 29.5 min./branch, n =
477 branches,

A Prototype 11 egg mass counter is being
designed and developed at the USDA, Forest
Service, Missoula Bquipment Development Center,
Fort Missoula, MT. New design features include:
a variable optical scanning system to detect egg
mass fluorescence of both spruce budworm and
western spruce budworm egg masses on 5 host tree
species (balsam fir, spruce, Douglas-fir, white
fir, and grand fir); a stepper motor-variable
belt drive system; and a programmable computer
{microprocessor) with terminal for operation and
maintenance. The new Prototype 1T includes an
"egg hunt" routine for scanning foliage until an
egg mass is found, stopping, and then allowing
the operator to look at vhat the counter "sees".
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Ly SURVEYS - SOBA WASH

FOR NEW AND IMPROVED TLOHNIQUES FOR MONITORING
AND EVALUATING SPRUCE BUDWORMS

Henry Trial, Jo.

Divectror, Burvey and Assegssment

Maine Burcau of Forestry, Uepartment of Conservation
P. 0. Box 4135

0ld Town, ME C4468

This paper is a discussion of work done in
the winter of 1982-83 by the Maine Forest Service
(MF3) to evaluate and improve the over-wintering
larval sampling method (L-2 merhod). The MFS
has used the caustic soda larval extraction
method developed by Miller et al (1971) since the mid
70's as a supplement to the egg mass population
prediction survey. This paper will also include
a brief discussion of evaluations conducted from
1978 to 1983 designed to test the predictive
power of the L-2 method.

The desire to evaluate and improve the over-
wintering larval extraction method in Maine was
motivated by two factors. First, egg mass sampling
conducted in the late 70's proved to be erratic
and resulted in several erronecous predictions.
Egg assessments both overestimated and under-
estimated populations in those years. Second,
the L~2 method seemed to present an excellent
opportunity to reduce survey costs by reducing
the time required for laboratory assessment.

Even when relatively crude methods were employed
in the late 70's, 2 or 3 laboratory workers using
the L-2 method could evaluate as many samples per
week as an 8 person egg mass laboratory. When
spruce is included in the survey method, the L-2
method has an even greater laboratory advantage.

Much of the work summarized here is ongoing,
but was used in the 1983 Maine population pre-
diction survey. It has nct been published, but
two publications are expected. One publication
will deal with the predictability of the L-2
method and the second with L-2 laboratory and
field procedures.

Funding for this work has been provided by
the Maine Forest Service and Maine forest land-
owners through the Maine budworm excise tax.
Several useful suggestions on method development
have been provided by the Eastern Spruce Budworm
Council, Committee for the Standardization of
Survey and Assessment Techniques.

Methods
To contrast the new techniques discussed,
the method used by the MFS through the 70's will

be described.

The original technique employed was that of
Miller et al (1971) and involved collecting 4,

throe (oo branches from a collecrion site,
cutting eac ranch into 3-4 inch sections,
bagging the foliage from each branch separately
and transporting it to the laboratory for
processing.

The foliage from each branch was placed in
a pail, approximately 1/3 cup of lye (NaDH) added,
and the bucker filled with hot tap water from a
garden hose. Water temperatures varied from
120Y ro I80°F. These buckets were set on the floor,
manually stirred every 15-20 minutes, and the foliage

allowed to soak for &4 to 6 hours.

Following soaking, the foliage and contents
of each bucket were poured and washed through
progressively smaller sieves and the remaining
substrate collected on filter paper for larval
counting. Larval counts were extrapolated to 100
square feet of foliage.

In the early years of the survey, few samples
were processed annually. Admittedly, the original
laboratory techniques and the laboratory facilities
were quite primitive. As the size and importance
of the survey grew, mainly due to problems with
the egg survey, it became apparent that improve-
ments both in extraction methods and in the lab-
oratory facilities were necessary,

Changes were made in the L-2 method and
facilities to accomodate the expanded scale and
importance of the survey. First, a facility was
designed and built specifically for the L-2
process. A 22' x 18 building was renovared for
the laboratory. Significant changes from former
facilities were:

1. A mechanical, 4 shelf, vented, shaker box
designed to provide constant sample agitation and
to maintain water temperatures longer

2. 1Installation of an unlimited hot water supply

3. Segregation of the "washing' and "counting"
rooms

4, A metered and temperature regulated water
supply

5. 4An efficient, self-contained washing table
which makes all chemicals available at one
location

6. Multiple filtering and counting stations with
vacuum regulated through a vacuum pump

Changes in the field procedure involved a
change from 4 fir branches per point to 3 fir
and 3 spruce branches per point.

Several facets of the laboratory method were
evaluated to determine the optimum NaOH concen-—
tration and water temperaturc. Soaking time, the
agitation system, the rvrinsing system, and total
larval extraction were algso tested. Regimes
tested are as follows:



Treatment

Ha0 Tomp. oF,

1.5 100, 120, 140 2 hrs.e? hrs.,2.591200
2.5 100, 120, 140 2 hraor2 hrs., 2. 591209
3.5 160, 1206, 140 2 hrse12 hrs.,2.091200
3.5 120 1 rinsc vs. 2 rinses
2.5 120 3w2 hr.e soaks

120 2 hre. shaken vs. 4 hrs.

on fioor

All tests were done with a standard 6.0
Liters of water at carcfully regulated tempera-
ture. Buckets were stirred manually every 30
minutes while still in the shaker box.
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water was adopted for the 1983 survey.
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analysis.  Past evaluation of ecpy couny corrvel-

ations to -3 values have yielded much lower
corrolat ions (r2 - 6%),  In general terms, the

Maine L-2 method is an accurare predictor, about
20% more often than the Maine ogg mass survey.

Tests have shown that 1-2 samples taken in
September and October corvelare very well with
mid-winter sampies (v2 = .90). This information
allows the MFS to conduct the general L-Z survey
in a time trame which allows landowners to make
management decisions based on thig data.

Tt i encouraging that the apparently good
population prediction survey using L-2 costs loss
than rhe egg survey. Field costs are equal, but
Lithoratary costs are about 30% less with the L-2
method,  Potential for L-2 method improvements
is atso significant. A sequential counting system
for the laboratory could be developed., The L-2
method has much porential tor mechanized counting
using technology similiar to that used to count

spray dreplets.  The present and fuiure useful-
ness of the L—-2 merchod will some day lead to its
use as Maine's sole populstion prediction method,
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EVALUATING PARASTTISM IN SPARSE SPRUCE BUDWDRM
POPULATIONS
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Current techniques used for sampling
spruce budworm populations are discussed in
light of the intrinsic difficulties presented
by low pest densities. Methods of recovering
parasitolids are reviewed, The need for
continued observation of natural control
factors through endemic periods is stressed.

Sampling Sparse Budworm Populations for

Parasitoids

The eastern spruce budworm parasitoid
complex has been relatively well-studied in
epidemic populations (Dowden et al. 1948,
Wilkes et al. 1948, McGugan and Blais 1959,
Blais 1960, Miller 1963). Like many other
host-parasitoid communities, only limited data
have been obtained at eademic or sparse
population levels, largely because of the major
effort associated with finding sufficient
numbers of spruce budworm (Miller and Renault
1976). Sampling to obtain valid estimates of
the degree of parasitism in moderate to heavy
populations of spruce budworm presents a
difficult problem (Lewis 1960). 1In endemic
situations, establishing population size of the
host alone is onerous {(Miller and Macdonsld
1961). Dowden and Carolin (1950) found that
determining the number of spruce budworm in an
area is probably the most difficult research
problem associated with this insect, and that
it is not possible to present the true value of
mortality percentage figures unless data on
density of spruce budworm populations are
available.

Spruce budworm sampling procedures have
been reviewed recently (Sanders 1980).
Procedures are grouped according to the stage
of the insect's life cycle being sampled: egg,
second instar larva, large larva, pupa, or
adult. While gross estimates of population
dengity are possible with many sampling
methods, it is difficult to define the
relationship between low deasity and required
sample size (Miller 1964).

Egg mass sampling, a procedure for
assessing and predicting spruce budworm
population trends, has traditionally been
tedious and time consuming, and some egg masses
are missed even by experienced workers (Morris
1951). When populations are low, egg masses
are too scarce to be sampled efficiently
(Grimble 1981). Even when populations are in

he outbreak stage, an adequate sample requires
laborious searching of foliage te locate egg
masses. To eliminate this problem, 2
conveyor-belt system for a prototype spruce
budworm egg mass counter has been developed
which detects and counts egg masses thgt
fluoresce as they pass under s black lighr™.
Large amounts of foliage can be searched with
increased accuracy and efficiency.

The "wash out" procedure for overwintering
second instar larvae (Miller and McDougall
1968, Miller et al. 1971) is applicable to
sparse populations, but, again, large amounts
of foliage must be examined to attain
precision. Both the automated egg mass
counting procedure and the second Instar larval
counting method help to reduce inaccuracies due
to human oversight. Predictive values derived
from these new methods must change to reflect
this greater precision. Factors like egg mass
size variation resulting from different host
tree species also need to be considered in the
development of predictive tables and regression
equations (Washburn and Brickell 1973).

Miller and Macdonald {1961) suggested that
indirect sampling wethods, such as the analyses
of bird gizzard contents, might be useful in
population work since birds are efficient
samplers of large larvae. Although the
inherent population Iimitation of birds
prevents them from increasing eaough to check
outbreaks, they may be valuable when the
budworm population is low (Graham and Orr
1940). The analysis of the gizzard comtents of
four species of warblers from the Green River
Watershed in New Brumswick showed 0.5 larvae/
gizzard in 1959 and 0.27 in 1960, or a
population reduction of 46 percent (Miller and
Macdonald 1961). Actual population counts
showed a reduction of 70 percent (0.275 to
0.082 larvae/m” foliage). For more exact
predictions at these low levels, some
refinement of tezchnique is necessary.

The effect of killing birds to ascertain
low spruce budworm populaticns can be
detrimental. This was verified by Dowden et
al. {(1953) who found a far greater reduction in
budworm populations in check areas where birds
were unmolested than in areas where their
numbers were reduced by shooting.

Certain species of birds show limited
numerical response to increasing spruce budworm
densities although they do net contribute
significantly to the regulation of the spruce
budworm at high densities (Morris et al. 19538).
Sanders {(1970) suggested that the reduction in
nunmbers of certain bird species known to
respond numerically to spruce budwors increase
can be predictive of the population trend of
the spruce budworm.

1/

— Jennings, D.T., 1983, personal
communication.

o~

—t



The use of phevomone traps for monitoring
adults in low level spruce budworm populations
is curreuatly being evaluated (Allen and
Abrahamson 1982). Field experiments are in
progress in New England and the Lake States to
gather trap-catch data for correlation with
subsequent counts of egyg masses, estimates of
larval density, and defoliation. Researchers
are also trying to determine the most effective
placement aad spacing of traps iu such a
monitoring system. The use of light trap data
for assessing changes in endemic spruce budworm
populaticns is being evaluated (Simmons 1980).

Some techniques useful in spruce budworm
epidemics are not reliable when densities are
low. For example, although reasonably accurate
estimates of tree defoliation can he wmade by
trained obsecvvers from aircraft when budworm
populations are woderate to heavy (Waters et
al. 1958), the absence of discernible
defoliation is a weak guarantee that the spruce
budworm is absent. Similarly, methods
curvently in use toe evalulate and classify
defoliation from the ground (Fettes 1950,
Dorais and Havdy 1976) may not work as
indicators of population levels when
defoliation is negligible.

When removing foliage for subsequent
counting and classification, the number of
sampling units required, it.e., 4% cm branch
tips, whole-branch sample, or other units,
increases rapidly as population densities
decreasce (Sanders 1980). Life tables becoms
more difficult to construct because low pest
dens it ivs discourage attempts to procure fixes
at more than one or two of the insect's
developmental stages. Consequently, vear—to-
vear changes in one developmeatal stage, rarher
than survival within each age-interval, are
analyzed (Miller and Macdonald 1961).

The difficulty in collecting sufficient
numbers of itodividuals 1s reflected in the
rarity of concrete assessments of mortality
factors in endemic population studies. Blais
(1959) and Fye (1963, 1965) investigated
endemic ponlations in the Gaspe Peninsula of
Guebee and Ontario, respectively. Miller and
Renagult (1976) conducted parasitoid studies (n
endemic spruce budworm populations in New
Brunswick,

Our investigations of the parasitoid
complex assoclated with endemic populations in
Vermont began in 1980. Spruce budworm
population criteria for establishment of study
plots wgre 1) that overwintering larval counts
be <3/m” of foliage and 2) that the previous
year's defoliation was <30%. Degree days
accumulated above a base temperature of
5.56"C were usad to predict the development
of post-diapause budworm (Miller et al. 19713,

Spruce budworm larvae and pupae were

collected from six plots at four periods of
development. Collection periods (described

42

below) represented optimal times to assess the
incidence of certain species of parasitoids
{(McGugan and Blais 1939, Leonard and Simmons
19749,

1. Predicted mean of third instar., The
best estimate of population densiry may
be provided by third instar population
(Greenbank 1963). Because mortality
due Lo parasitoids 1s considered almost
nil at this stage (Morvis and Miller
1954) and because of rearing
difficulties associated with the tiny
larvae, few have undertaken collection
of this instar in parasitoid studies.

2. Predicted mean of fourth instar., The
abuodance of eatly larval parasitoids
and au indication of the sequence of
attack of the late larval parasitoids
can be derived from fourth instar
budwor.

3. Predicted mean of sixth instar. This
timing should coincide with the maximum
abundance of late larval parasitoids.

4. Predicted mean of pupation.
Incidence of pupal parasitoids can be
neasured from this collection.

The speed at which spruce budworm develop
necessitates a concerted sampling effort to
ensure that all samples are taken within the
desired degree-day range.

Branch samples were clipped with pole
pruners from random positions in the midcrown
of sample trees. As larvae maturvre, the
probability of their dropping off branches when
disturbed increases (Sanders 1980). Therefore,
basket attachments or branch holders on pole
pruners were used for sampling large larvae.

The nuymber of branches sampled during any
collection depends on the number of insects
present and the objectives of the survey. 1t
is extremely important to record the number of
branches sampled to find the desired number of
spruce budworm.

Methods of Detevxmining Parasitism

Several wethods have been employed for the
measurement of spruce budworm parasitoid
activity. These range from indirect methods,
such as trapping of adult parasitoids (Nyrop
and Simmons 1982) and sampling foliage for
parasitoid cocoons (Simmons and Chen 1974}, to
direct recovery of parasitoids from spruce
budworm hosts.

Recovery of parasitoids is accomplished in
two wavs. They can be obtained by dissecting
field-collected host larvae and pupae, or they
can be reared from collected eggs, larvae, and
pupae in the laboratory.



frequent occurrence in high density spruce
budworm populations {Mcleod 1977).

Thirty species of parasiftoids, represent-
ing five Hymenoptera and one Diptera family,
were reared from the spruce budworm during the
course of this study. Most abuundant were
members of the Apanteles complex, then
Glypta fumiferanae {(Vier.), Meteorus
trachynotus Vier., undetermined species of
Encyrtidae, Charmon gracilis (Prov.), and
Apechthis ountario (Cresson). Several
hyperparasites were identified. Aggregate
percentages of parasitism ranged from 89-98% in
the study plots.

Forecasting Spruce Budworm Infestation
Intensity and Damage

At a given time, some members of the
spruce budworm parasitoid complex are
relatively rare while others are comnmoan
(¥McGugan and Blais 1959, Miller and Renault
1976). They may act singly, in combination, or
in gsequence. Some respond to changing host
densgity, and their effectiveness varies as the
population size grows (Knipling 1979).

it is not unusual for endemic host insects
to have large complements of parasitoids (Force
1974). For the spruce budworm, 10 or wmore
spacies of parasitoids may be associated with
just one tarval instar. Some ecologists
attribute this degree of species packing to the
extreme specialization of parasitoids (Force
19723. Where more than one species is
exploiting rthe same host during the same or
differeat life stages, methods of partitioning
host resources are necessary (Price 1972).

On the other hand, a parasitoid that is
capable of adapting to changing conditions or
controlling hosts over broad geographical
ranges has certain advantages (Graham and
Kaight 19653). The ability to feed on more than
one host is beneficial duriang the collapse
period. Then, the polyphagous parasitoid would
anot suffer from food shortage and higher
population levels could be maintained. This
advantage enables the parasitoid to retard the
subgsequant multiplication of the original host
at a later time. Clearly, this ability can be
modified by other variables, including the
reproductive potential of the parasitoid.

Mazjor differances in the abundance and
diversity of parasitoids attacking epidemic and
endemic budworm populations have been recorded.
While the important species of the parasitoid
complex associated with epidemic populations
appear superficially similar throughout the
range of the pest {(McGugan and Blais 1959),
data from endemic studies indicate that the
complex is less predictable when gpruce budworm
populations are low (Fye 1963, Miller 1963,
Miller and Renault 1976).

Contianuved observation of pavrasitoid
fluctuations through endemic periods can yield

insight and knowledge that may some day foster
a managewsnt practice that can delay or prevent
the next oputbreak. Pavasirtnids could be a
power ful predictive tool, providing an index to
the sprace budworm population cycle.

Literature Cited

Allen, D.C.; Abrahamson, L.P. Pheromone-baited
traps for survey and IPM purposes--spruce
budworm. In: Proceedings of the 15th
Annual Northeastern Forest Insect Work
Conference. %d. Parker, B.L.; Hanson,
P.M,; Teillon, H.B. Vt. Agri. Exp. Sta. MP
108, Burlington, VT: Univ. of Vermont;
1982: 18.

Blais, J.R. Incidence of overwintering
parasites in post—outbreak populations of
the spruce budworm ia Gaspe. Can. Dept.
Agric., For. Biol. Div.; 1959; Prog. Rep.
15: 1.

Blais, J.R. Spruce budworm parasite
investigations in the lower St. Lawrence
and Gaspe regions of Quebec. Can. Entomol.
92: 384-396; 1960.

Blais, J.R. Parasite studies in two residual
spruce budworm (Choristonesura

fumiferana (Clem.)) outbreaks in Quebec.
Can. Entomol. 97: 129-136; 1965.

Dorais, L.; Hardy, Y.J. Methode d'evaluation de
la protection accordee au sapin baumier par
les pulverisations aerieenes contre la
tordeuse des bourgeons de l'epinette. Can.
J. For. Res. 6: 86-92; 1976.

Dowden, P.B.; Carolin, V.M, Natural countrol
factors affecting the spruce budworm in the
Adiroundacks during 1946-1948. J. Econ.
Entomol. 43: 774~783; 1950.

Dowden, P.B.; Jaynes, H.A.; Carclin, V.M. The
role of birds in a spruce budworm outbreak
in Maine. J. Ecoun. Entomol. 46: 307-312;
1953.

Fettes, J.J. Investigations of sampling
techniques for population studies of the
spruce budworm on balsam fir in Ontario.
In: Aun. Rep., For. Insect Lab.; Sault Ste.
Marie, Ont.; 1950.

Force, D.C. r- and K~-strategists in endemic
host-parasitoid communities. Bull.
Entomol. Soc. Am. 18: 135-137; 1972.

Force, D.C. Ecology of insect host-parasitoid
communities. Sci. 184: 624-632; 1974.

Fye, R.E. The status of the spruce budworm in
the Black Sturgeon Lake region of Ontario.
Can. Dept. Agric., For. Biol. Div.; 1963;
Bi-mon. Prog. Rep. 19: 2.



Fye, R.E. Mortality ian artificial populations
of spruce budworm under field conditions,
Dept. ¥For, Lan.; 1965; For. Entomol.
Pathol. Br.; Bi-mon. Prog. Rep. 21: 3.

Graham, S.A.; Knight, F.B. Principles of forest
entomology. New York: McGraw-Hill; 1965.
417 p.

Graham, S.A.; ¥night, F.B,; Orr, L.W. The
spruce budworm iu Miunmesota. Univ. Minn.
Agric. Ext. Sta.; Tech. Bull. 142; 1940;
27 p.

Greenbank, D.0. Climate and the spruce budworm.
In: The dynamics of epidemic spruce budworm
populations. Ed. R.¥. Morris. Mem. Entomol.
Soc. Can. 31: 174-180; 1963.

Grimble, D.G. CANUSA Mid-Program Report. U.S,
Dept. Agric.; Northeast. ¥or. Expt. Sta.;
Broomall, PA; 198B1. 13 p.

Hanson, P.M. Parasitoids in endemic spruce
budworm (Choristoenura fumiferana

(Clem.)) populations in Vermont. M.S,.
dissertation, Univ. of Vermont; 1982. 85 p.

Jaynes, H.A.; Drooz, A.T. The importance of
parasites in the spruce budworm
infestations in New York and Maine. J.
Econ. Entomol. 47: 255-256; 1952.

Kemp, W.P.; Simmans, G.A. Field instructions
for dissection and rearing of spruce
budworm larvae and pupae for parasite
identification and determination of
parasitism rates. Life Sci. Agri. Exp.
Stn. Misc. Rep. 180; Oromno, ME: Univ, of
Maine. 1976.

Knipling, E.F. The basic principles of insect
population suppression and management,
Agric. Handbook 512. U.S. Dept. Agric.;
1979. 623 pp.

Leonard, D.E.; Doane, C.C.; Simmons, G.A. The
effects of Zectran on the parasitoids of
the spruce budworwm, Choristoneura

fumiferana (Lepidoptera: Tortricidae).
Can. Entomol. 106: 545-554; 1974,

Lewis, F.B. Factors affecting the assessment of
parasitization by Apanteles fumiferanae
Vier. and Glypta fumiferanae (Vier.) om
spruce budworm larvae. Can. Entomol. 92:
881-8%1; 1960.

McGugan, B.M. Needle mining habits and larval
instars of the spruce budworm. Can,.
Eatomol. 86: 439-454; 1954,

McGugan, B.M.; Blais, J.R. Spruce budworm
parasite studies in northwestern Ontario.
Can Entomol. 91: 758-783; 1959,

McLeod, J.M. Distribution of ovipositional
attacks by parasitoids on overwintering
larvae o0f the spruce budworm
Choristoneura fumiferana {Lepidoptera:
Tortricidae). Can. Eatomol. 109: 789-796;
1877.

Miller, C.A. The interaction of the spruce
budworm, Choristoneura fumiferana
(Clem,) and the parasite Apanteles
fumiferanae Vier. Can. Entomol. 91:
457-477; 1959.

Miller, C.A. Parasites and the spruce budworm.
In: The dynamics of epidemic spruce budworm
populations. Ed. R.F., Morris. Mem. Entomol,.
Soc. Can. 31: 228~244; 1963.

Miller, C.A. A ssmpling plan for endemic
population of the spruce budworm. Can. For,
Serv., Fredericton, New Brumswick; 1964,
Int, Res. Rep.

Miller, C.A.; Eidt, D.C.; McDougall, G.A.
Predicting spruce budworm development., Can,
Dept. For.; 1971; Bi-mon. Res. Notes 27:
33-34.

Miller, C.A.; Macdonald, D.R. The Green River
Project——spruce budworm studies. Can. Dept.
Agric., For. Biol. Div.; 1961; Bi-mon.
Prog. Rep. 17: 1.

Miller, C.A.; McDougall, G.A. A new sampling
technique for spruce budworm larvae. Can.
Dept. For.; 1968; Bi-mon. Res. Notes 24:
30-31.

Millexr, C.A.; %ettela, E.G.; McDougall, G.A. A
sampling technique for overwintering spruce
budworm and its applicability to population
surveys. Can. For. Serv. Inf. Rep.,
Fredericton For. Res. Lab.; 1971. M-X-25.

Miller, C.A.; Renault, T.R. Iucidence of
parasitoids attacking eandemic spruce
budworm {(Lepidoptera: Tortricidae)
populations in New Brunswick. Can. Entomol.
108: 1045-1052; 1976.

Morris, R,F. One source of error in budworm
population work. Can. Dept. Agric., For.
Biol. Div.; 1951; Bi-mon. Prog. Rep. 7:
1-2.

Morris, R.F.; Cheshire, W.R.; Miller, C.A.;
Mott, D.G. The numerical response of avian
and mammalian predators duriang a gradation
of spruce budworm. Ecology 39: 487-494;
1958.

Morris, R.F.; Miller, C.A. The development of
1ife tables for the spruce budworm. Can. J.
Zool. 32: 283-301; 1954,

Nyrop, J.P.; Simmons, C.A. Measurement and
analysis of the activity of adult spruce
budworm parasitoids. Mich. Cooperative
Forest Pest Management Program; 1982; Tech.
Rep. 82-12. 78 p.




Odell, T.M.; Godwin, P,A.,; White, W.B.
Radiographing puparia of tachinid parasites
of the gypsy moth, and application in
parasite-release programs. USDA Forest
Sve.; 1982; Research Note NE-194. & p.

Price, P.W. Parasitoids utilizing the same
host: Adaptive nature of differences in
size and form. Ecology 52: 587-596; 1972.

Robertson, J.L. Rearing the western spruce
budworm. Can./U.S, Spruce Budworms Program;
U.S. Dept. Agric., For. Serv., Washington,
DC; 1979, 18 p.

Sanders, C.J. Populations of breeding birds in
the spruce-fir forests of northwestern
Ontario. Can. Field-Naturalist 84: 131-135;
1970.

Sanders, C.J. A summary of current techniques
used for sampling spruce budworm
populations and estimating defoliation in
eastern Canada. Great Lakes For. Res. Ctr.,
Sault Ste. Marie, Ontario; 1980. Rep.
0-X-306. 33 p.

46

Simmons, G.A. Use of light trap data to predict
outbreaks of spruce budworm. Mich. State
Univ., Dept. Entomol.; 1980; Inf. Rep. 80.
13 p.

Simmons, G.A.; Chen, C.W., Estimatiag a
mortality proportion when it is impossible
to count the host insect and the mortality
factor at the same tiwmwe. Ann. Eant. Soc. Am.
67: 987-988; 1974,

Washburn, R.I.; Brickell, J.E. Western spruce
budworm egg mass dimensions--an influence
on population estimates. U.S. Dept. Agric.
For. Serv. Res. Paper, Intermt. For. Range
Expt. Sta.; 1973; INT-138. 20 p.

Waters, W.E.; Heller, R.C.; Bean, J.L. Aerial
appraisal of damage by the spruce budworm,
J. For. 56: 269-276; 1958,

Wilkes, A.; Coppel, H.C.; Mathers, W.G. Notes
on insect parasites of the spruce budworm
Choristomeura fumiferama (Clem.) in
British Columbia. Can. Entomol. 80:
138-155; 1948.




SILVICULTURAL PRACTICES OF SPRUCE-f{R STANDS TO
MINIMIZE IMPACT OF SPRUCE DUDWORM QUTBREAKS
Kepneth F. Lancaster

Field Representalive, Forest Management, North-

ecastern Area State and Private Forestry, USDA
Forest Service, P. 0. Box &40, Durham, NH 03824

A discussion of the silvicultural practices
that can be employed in managing spruce~fir tin-
ber type Lo increase its resistance to the spruce
budworim. The silvicultural options identified as
being most effective include: shortening the
rotation, reducing the fir component, Loévart§ng
to non-host species, and developing a patchwork
of age classes.

introduction

It is well documented in the literature that
the application of chemicals as a spruce budworm
management tool has its limitations and cannot be
viewed as being entirely effective in controlling
the insect. Silviculture also fits into this cat-~
eqory. Silvicultural practices have long been
recognized as a mechanism of reducing Tousses from
a budworm attack, but not as the final answer to
contral. With the intensification of forest man-
agement of the spruce-fir timber type, the poten-
tial exists to successfully compete with the in-
sect for the resource.

Essentially, we have reached the point of
recognizing the spruce budworm as onc of the peren-
nial problems of the spruce fir type that must he
shared with regeneration failures, overstocking,
deteriorating stands and low-growth rate. Westveld
(1953) alluded to this issue when he stated, "All
the standard practices that form the repertoire of
the practicing forester, ranging from cutting
methods to stand Improvement and protection mea-
surcs, must be brought to bear on the problem(s)
if the overall (production) goals are to be real-
ized in a reasonablc period.’

Standard Silvicultural Practices

Uneven~ayed Management

The spruce-fir timber type is well-suited for
either uneven-aged or even-aged management. There
are standard silvicultural practices established
for both systems. Spruce and fir are tolarant
species capable of regenerating in the shade of an
averstory of brush or trees, or in the opening of
clearcut areas. O0Of the two species, Fir by far
the most aggressive. Fir seoeds auch more prolifi-
cally than spruce. Fir seediings develop more
promptly, have more rapid root development and
seedling height growth. Spruce i5 weaker, more
fragile, and grows slower than fir during the
sced!ing establishment period.

Secquse fir ham ThiS faherent capability of
wedling establt s hment and develiopment and
: the spruces, special forest-

rapid

the fragile noture of 4
ry mee required tO increase the spruce

srand over and above what was
rand. Under unever-aged man-
agement | these al forestry practices are
built ipts the svs +o favor spruce. By main-
taining s f‘.or“»,t_im{)ou. rall tree cover, removing

the fir in periodic tharvest operations and provid-
ing a guod source of Spruce seed, the management
system holds fir seedl inQ development in check
and compensates For the slow seedling growth of
Spruce.

component |
preseant in

Even-aged Management

Under even-aged management, the regeneration
mothod s the lnstallation of aclearcut at the
end of the rotation. The success of rhig practice
is dopendeat upon the abundance of advanced regen-
eration of spruce and Fir. 1 advanced regenera-
tion is not present, inwading hardwoods and shrubs
such as mountain maple, hazel, and raspberries
take over the site temporarily. 1t usually takes
10 1o 15 vears for the softwoods to overcome this
brush stage and became fully established. Clear—
cutting without advanced regeneration favors fir
and less desirable hardwood tree species such as
red maple and poplar. in many cases, the site
develops inte a mixed stand of hardwonds and soft-
wouds rather than a pure stand of softwood. In
some instances, this can be o desirable change
ially if the mix of species includes a repre-
: ‘ation of the more desired hardwoods such as
white and vellow birch, white ash, and sugar maple
on the upland secondary sites.

One of two harvest ing methods can be used to
corvect a deficiency of advanced regeneration:
(1} a two or a threc cut shelterwood, or {2) a
strip cut with strips at leasst as wide as the
tallest trees or up to 150+ feet wide. Both meth-
ods provide excellent site conditions for regen-
ararion and result in @ high representation of
spruce in the new stand—-up to a 30% increase.
Additionally, a time loss of 10 to 15 years to the
brush stage 13 avoided for the most part.

Silvicultural Guide

Prescription guidelines for managing stands
of spruce~fir are well established in the silvi-
cultural quide (Frank et al 1973). Specifically,
garly thinning is recommended in sapling stands
when they are about 10 feet in height. These
early thinnings or cleanings in stands developed
afrer a shelrerwnod cut can have the greatest im-
pact on composition change. Experimental trials
on the Peoobscor Experimental Forest, Orono,
Mzine, hove deronstrated an increase in the spruce
compnent of aver 58%. Although this degree of
chande not be expectead in all cases, it does
PHusirate the Importance of the measure in alrer-
Tng conposition.  Uvan with
ever, cleaniay young

its potential, how-

; tands is a prectice rarely
insvalled, mainly becavse of rhe high cost of the
measure, o ? e

N
=4



in pole and sawtimber stands, commercial
thinning is recommuended when stocking is above
the halfway mark, between A and B levels, of the
stocking chart {see Appendix). The chart identi-
fies stands between the A and B levels as ade-
quately stocked. Stands above the A lavel are
overstocked; those at the { level are under-
stocked, but represent a point where ten yearsg
of growth should raise the stand to the B level.
B level represents wminimum stocking for maximum
individual tree growth. Since the intent of
thinning young even-aged stands is Lo foster
rapid growth of the individual crop trees while
fully utilizing site capacity, reducing the stand
to the B level is the intended thinning goal.

Silvicultural Options To Reduce Yulnerabhility

These clearly defined management strategies
are dirccted toward timber production of the
spruce-fir timber type without the interference
of the spruce budworm. To compete with the bud-
worm, however, adjustments must be made in these
practices with the expectation that these altera-
tions will not seriously reduce timber produc~
tion, The intent here is to identify silvicul-
tural options that are considered most effective
in growing the resource at the lowest passible
level of vulnerability, with the main thrust
being to: shorten rotation, reduce the fir com~
ponent in spruce-fir stands, convert to non-host
species where the opportunity arises, and develop
a patchwork of age classes,

Unaven-aged Management

Uneven~aged management of spruce~fir has
many attributes that are highly appealing to the
non-industirial private landowner., It is a system
that provides periodic income, maintains a con-
tinuous tall tree cover and provides a minimum
amount of disturbance during harvest operations,
Acsthetic values are protected throughout the
entire period of management.

Even with all these paints in its favor,
uneven-aged management needs a critical evalua-
tion as to its effectiveness in reducing vuiner-
ability. The system is man-made, requiring a
high degree of professional input and a lengthy
time span to develop the uneven-~aged structure,
Additionally, severe infestations have converted
many uneven-aged stands to even-aged in a matter
of a few years, undoing the professional work of
many years. These are factors which tend to
cause the system to be looked on by many profes-
sionals with disfavor, Baskerville (1975) ad-
dressed this issue., He stated, "The net result
of the practice of selection forestry would he
the preservation of large areas of mature {or
near mature) forest which would be ideal for
budworm survival, 1t would appear that the con-
cept of the selection forest has no place in
management for control of the budworm." With
these points considered and the degree of uncer-
tainty that exists, it would indicate that re-
search in this area would rate top priority.

Even-aged Managemeant

Although less appealing aesthetically, even-
aged manag Lt is without thess critical limita-
tions. 1t is easy to apply and has proven to be

most effective in reducing vuinerability. The sys-
tem provides the landowner with Lhe best options
such as converting to pure stands of hardwoods or
mixed stends, or converting to white pine, black
spruce, and other non-host species by planting.

it is the opportunity to breakup sopruce~fir
stands into a patchwork of age classes rendering
each subunit of the stand to a lower level of vul-
nerability. Even-aged management provides for the
rapid development and growth of each age class
unit--seedlings, saplings, poles and sawtimber,

Conversely, uneven-aged management favors
rapid sawtimber growth, with less than maximum
growth of many of the smaller size classes. This
is because the saplings and poles are below the
main crown canopy and many of them are not free to
grow and under competition stress, causing them
to be less vigorous, This subjects the smaller
size classes to greater danger of loss by the
spruce budworm.

Rotation Age

Most spruce-fir stands are presently being
managed rather extensively on a 70-90 year rota-
tion or longer. The literature suggests that the
most important step to reduce vulnerability is to
shorten the rotation to age 50 (Hatcher 1960).
This requires the intensification of forest man-
agement practices so that trees are free to grow
without competition throughout the entire rota-
tion,

The most critical first step in intensifying
management of natural stands is cleaning young
sapling stands, With this practice, followed by
a thinning of pole stands, the growing of a crop
of pulpwood and small sawtimber in 50 vears is
within the realm of possibility, Without the
cleaning measure, it Is questionable whether
trees can be grown to sawtimber size in this
short period of time,

Conversion To Non-host Species

Conversion to hardwoods is an option that
should be considered, particularly on the best
upland sites. If desirable hardwoods are present
in the stand or in the surrounding stand, this
is a promising, viable option. To avoid the in-
vasion of less desirable hardwoods, red maple
and aspen for example, a two cut shelterwood can
be employed to bring about the conversion to
more desirable hardwoods--sugar maple, vellow
birch or white ash. 1{f paper birch is present
and paper birch is desired, clearcutting the
area leaving behind birch seed trees would be
the appropriate method. [f desirable hardwoods
are not present, the obviocus choice would be to
manage for spruce-fir,



Planting of non-host species such as white
pine, red pine or black spruce is a strategy that
needs to be employed to a greater extent. Planta-
tions can serve as buffer strips to breakup large
continuous areas of spruce-fir forests., Over a
period of 50-60 years, plantations can make a sig-
nificant contribution to the forest industry with-
out any need of protection from the spruce budworm.

Patchwork Of Age Classes

The breakup of spruce-fir stands into a
patchwork of different age cliasses is a management
strategy ‘most Vikely to succeed’ in reducing vul-
nerability {Baskerville 1975}, Even though it is
more appropriate and effective on a regional basis,
the starting point is the individual landowner.
This is a concept that is easily understood by
the landowner and easily sold to him. Alsc, the
strategy has the potential of serving as the key
te implementing forestry practices. !f each wood-
fot is approached with the intent of breaking it
down into smaller units, then the forestry prac~
tices needed for each unit would be within the
grasp of the landowner. The large job would be
reduced to several small jobs.

To illustrate, assume a landowner has 40
acres of an even~aged sawtimber stand of spruce-
fir. This tract can be broken down into four 10-
acre units with a long-range goal of: 10 acres in
regeneration stage; 10 acres in seedling and sap~
ling stage; 10 acres in young poles; and 10 acres
in large poles and smsll sawtimber. The immedi-
ate prescription towards meeting this goal would
be to clearcut a i0-acre block. [f advanced re-
generation is not present, plan on planting. On
another 10 acres, install the first cut of a two
cut shelterwood to increase the spruce component
or to convert to sugar maple. On the remaining
20 acres, thin to the B level favoring spruce.

The next entry into the stand in 10 or 1§
years can include: [0 acres of cleaning in sap-
ling stands; 10 acres of shelter trees can be re-
moved; 10 acres-—-the first cut of a shelterwood
can be applied; 10 acres--can be thinned again.
In a period of about 30 vears, this 40-acre tract
can have a well-balanced age structure that can
be maintained indefinitely.

This concept can be applied to all existing
condition classes, including pure stands of pole
timber or stands made up of scattered patches of
seedlings and saplings, poles and sawtimber. In
each case, it is essential to break the area down
into smaller units, possibly no smaller than 5
acres in size, followed with the removal of trees
to create the even-aged structure for each unit.

Harvest Methods

As the intensification of forest management
activities is essential in developing less vulner-
able spruce-fir stands, harvest methods of clear-
cut areas must be adjusted to accommodate forestry
efforts. The planting of clesred sites or the
cleaning of young stands requires ease of access
and movement of personnel and equipment on the

site immediately after the harvest, or long be-
fore the logging slash has decayed. Whole tree
harvesting methods applied to clearcut areas
would remove the accumulated litter of rops and
branches, making the site much easier to work on
and at less cost.

Such a method of harvest requires the piling
of slash at the landing site, but this material
can be easily disposed of by chipping or burning.
Certainly, this method is preferred to leaving
the tops on the site where they hinder work and
increase cost of accomplishment for many vears.

Protection

The foregoing are the silvicultural tools the
land manager has in diminishing the impact of the
spruce budworm., They are designed to develop
fast, vigorous growing trees capable of producing
an acceptable crop in 50 years or less, to produce
stands with more spruce than fir, and to provide
the encouragement to convert to non-host species
where conditions permit. The closer the landowner
comes to matching these conditions, the greater
impact can be expected in favor of the resource.
The resource is conditioned to withstand and re-
cover from a budworm attack. Additionally, in
this situation, the landowner is provided a choice
of spraying or not spraying, without the complete
loss of his resource if he chooses the latter.

As protection must be an integral part of
management, 1t is essential that field foresters
be trained to identify stands that need protec~
tion, stands that need to be salvaged, stands
that need no protection, and made aware of the
implications of not applying protection measures.
Hazard indicators, such as top kill, should have
some meaning as to risks involved and management
action necessary. Only through this basic knowl-
edge of the spruce budworm's actions, along with
silvicultural skills, can the field forester be
effective in growing spruce—Tir timber in competi-
tion with the budworm and offer the landowner the
best technical advice.

Conclusion

It is generally agreed that as more of the
spruce-fir timber type comes under management and
a diversity of age classes has been created on a
wider scale, a more resistant forest will be cre-
ated. Presently, there is a critical shortage of
reliable data that can pave the way of removing
many uncertainties in managing the timber type

continuously being exposed to the spruce bud-
worm. A concentrated long-range research effort
to evaluate various silvicultural practices is
jong overdue.
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Stocking chart for even-aged spruce-fir,
based on the number of Lrees in the main
canopy, average dianeter, and basal arca
per acre. The area above the A-level
represants overstocked stand conditions.
Stands between the A- and B-lavels

are adequately stocked., Stands between
the B- and C-levels should be adequately
stocked within 10 years or less. Stands
below the C-level are understocked. ({(Frank
et al 1973).

To use the chart, obtain from cruise dara
the average number of trces and basal area per
acre.  Plot the two values on the stocking chart
to determine the recommended level of management
(B level). For an exawple, a stand of spruce-fir
averaging 550 trees and 130 square feet (ft2)
of basal area intersects vn the stocking chart
below the A Tine. From this point, follow
diagonally, parallel to Lhe nearest broken
line of mean stand diameter and mark the paint
at which the 8 line is intersected. From this
point, draw a horizontal line to the vertical
ordinate for the basal area at this level
{190 sq ft). The mean stand diameter is about
7.7 inches DBH or the point at which the A Tine
5 intersected.



MINIMIZING IMPACTS OTF FUTURE SPRUCE BUDWORM
OUTHREAKS
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expericncing extreme levels of spruce budworm
populations which are impacting balsam fic,
eastern hemlock and the spruces. Pest management
strategies are discussed which will minimize both
the presenr and future impacts of spruce budworm
populstions.

St. Regis rimberlands in Maine are prescntly
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HOW DO QULBREAKS START?
Yvan Hardy

Dean, Universite Laval, Vaculte
Geodesie, Quebec, Canada GIK 7P4

Petween 1976 and 1974, the known epicenters
from which the current spruce budworm outbreak
originated in Quebec were studied and compared.
One of the major conclusivas derived from that
study, and reported by Hardy et al. 1983, was
that the outbreak gained its initial momentum in
meridional forest associations where host-species
were outnumbered by non host-species and non
boreal species. The epicenters were further char~
acterized by severe ecological perturbation which
promoted the establishwent of pioneer species and
ultimately an abundance of fir and spruce. The
same wethodclogy was later applied to areas out-
side Quebec where spruce budworm infestations are
a major concern. Manitoba, Ontario, New Bruns-
wick and Maine were included in this portion of
the study.

Methodology

Assistance was first sought from local pro-
vincial and state authorities in ovder to pinpoint
the year and location(s} of appearance of new out-
breaks in each state or province. Thus, the ex-
pertise of Mr., Hildalh, (Manitoba) G. Howse
(Ontario), E. Kettela (New Brunswick), and H,
Trial (Maine) supplemented the use of defoliation
maps. To be considered an epicenter, an incipient
infestation had to be distant from any ongoing
outbreak by at least 150 km, or known as a lasting
residual outbreak, such as those of Chatham and
Nashwaak, N.B. and Oxbow, Me. The epicenters
were further expected to expand geographically
from year to year. A total of 22 such epicenters,
including 7 from Quebec, were identified. Among
those, four were to the same general area in
Ontario and later called Cobden T, I, I1IT and IV.
A control plot, where no sign of advanced budworm
activity had been recorded, was added in a red
spruce association in Southern Quebec, to compare
the vegetation types. This was later referred to
as Quebec Sud. A vegetatiom survey was carried
out in each epicenter according to the methodology
described by Brawn-Blanket (1932) and Hardy et al
(1983), to provide a qualitative and quantitative
description of the vegetation of the various
strata. A total of 617 1/100 ha sample plots
were thus established. A map showing the major
climactic forest associations was alsc prepared
by integrating the various forest classifications
available for the area under study.

The mean annual and summer (April te August)
temperatures of each epicenter were determined
by reference to nearly meteorological stations in
similar situations. From these data, the mean
annual and summer temperatures were calculated

for the whole regivn and the smallest variance
which included the warmest and coldest eplcenters
was used Lo construct annual and summer isotherms
for the yegion.

Results

The buffering effect of the sea on the
climate of the maritimes is appareant [n Figure 1,
where the mean annual isotherm of 1.27C swings
deeply north along the north shore of the St.
Lawrence river and the gulf of St. Lawrence. The
opposite effect 1s observed in more continental
western Ontaric and Manitoba. 1In this case, the
summey temperatures isotherm, converted into day-
degrees above 37C, goes deeply north in response
to the high summer temperatures observed in these
longitudes, while cold winter temperatures bring
the anmual Isotherm to a more southern location.
Since the physical conditions prevailing during
both summer and winter are equally important for
budworm survival, both extremes were limiting.
Budworm survival was limited in the east by in-
adequate summer heat and in the western part of
the range by extremely low winter temperatures.
The result is shown in Figure 2 which, in our
opinion, best describes the preferential thermal
zone of the spruce budworm.

On the other hand, when we consider the
position of the epicenters by reference to forest
associations, it can be seen that the vast major-
ity belong to a northern hardwoods association,
with a configuration almost identical to that of
the isothermic corridor previcusly defined
(Fig. 2). A closer look at the vegetation re-
corded in the epicenters (Table 1), confirms the
universal presence of meridional species along
with numerous picmeers species and an abnormal
amount of host-species.

These findings suggest that the current out—
break gained its initial momentum in a rather
clement physical environment normally occupied by
meridional forest associations, which had been
gradually invaded by host-species in reaction to
various forms of perturbation such as, harvesting,
forest fires, and mnatural reforestation of aban-
doned farw lands. Although our data on forest
composition are minimal, changes in the forest
composition should not be underestimated since
they are confirmed by various other sources. For
example, Bonner (1982), in a synthesis work of
Canada's most recent forest inventory, shows that
the better part of the maple associations of
eastern Canada are now typed as mixed wood, sug-
gesting the recent invasion of these hardwood
associatlons by softwood species. Similar indi-
cations were also given by recent vulnerabllivy
ratings of New Brumswick and Nova Scotia forests,
as well as Quebec (Mac Lean 1%82; Blals et
Archawbaelt 1982), which indicate that the most
vulnerable forests are those of central N.B. and
the St. Lawrence valley in Quebec. The abundance
of host-species being the major factor along with
general climatic condition to determine vulner-
ability, it appears quite clear that host-species
have become more abundant in those predominately
hardwood associations of central N.B. and southern
Quebec.
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Table 1.

Relative Abundance of the Principal Tree Species Found in the Epicenters,

X: abundant species .1 Ppresence 1: Host species
2: Meridional species 3: Other species #*: Pioneer species
Tree Speciles Manitoba Ontario Quebec Nouveau-Brunswick Maine
]
v 9 ]
£ & ] —
el o [o] —t 0 4
© ~2 -t W ¥ O v 9 9 o o -
o e D [ RS B - o ¢ 3 @ W
= ~3 e R e Q W ©w © £ w 9 9w X0 >
~ Q g€ » Lo 0 © o u € wmw £ -
v Y o4 g B B8 g w S 3 = o o v U 8 % m @ o
3] B . T I T I ¥ (S = - T .. - > T~ S . §
p=) (ST = T o M e o T v T = = 4 u W, .0 P =] o £
5 5238383 Ef 388a.55F lesuyg £
) @5 0588 & 33332888 &3623 &¢
1 Abies balsamea X X X X X . X X X X X X X X X X X X X X X X
1 Picea glauca X .O0xX X X . X . X . X X X . X . . .
1 Picea mariana X X X . .. . . .
1 Picea rubens .. . . X . X x . % X X X x X
2%Acer rubrum . X X X . X . X . X X X X A S
2%Acer pensylvanicum .. .. . -
2 Acer saccharum . X X . X X X X A X . ..
2 Betula alleghaniensis . - X . .OX X XX . X . ..
2 Fagus grandifolia . . . . .. X
2 Fraxinus americana X . X X .
2 Ostrya virginiana X X X . X . .
2 Pinus strobus . - . X X X .. X . .
2*Quercus macrocarpa x
2*Quercus rubra . X . X .. X
2 Tilia americana . X X% .
2 Tsuga canadensis PN .ox . . PN P
2 Ulmus rubra R
3*aAcer spicatum .. .o . . . . X .
3*Betula papyrifera . X X . X X X X X X X X X X X X ., N x .
3%Populus tremuloides X X X . X . X X X X LOX . . . .
3%Populus sp. . X X . X . ... . .
3%Prunus sp. . N . . .
3Thuja occidentalis X . ¥ . . %X X PN . X . X x ..
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fectly to the zone of normal abundance. Favorable
climat e conditions and velative scarcity of food
are intrinsic to this zone, while a high biolag
ical activity could he inferved by the dive
of this environment. The southern boreal f¢
which containe the white spruce~fir-birch a
ation is, for it's part, closely linked to the

wone of occasional abundance. These assncintions
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spond almost

provide an almost inexhaustible source of {ood.
Climate has often been reported as responsible
for the collapse of ocutbreaks In this area and
parasitic activity has always been considered
mariinal with respect to its influence on the
course of an outbresk. Finally, the black =apruce
assoclations of the northern boreal forest would
QOrT ond to the zone of possible abundance,
atong with the meridional hardwood associatinns
where bickory is a normal component of the forest

aanaciat fons.,

Cone b

This analvsis scrongly sug s that the
chanpes in the species composition of Lthe merid-
ionat forests are responeible for the tragic
budworm situation that is experienced throughout
wistern Canada and Maine, By favoring the estab-
ishment of host-species in an already favovable
environment, a new and powerful source of infes-
tation has been created in addition te those
already in existence. This phenomenon can «
plain the rapid succession of more widespread
outbreaks of Tonger duration and even the chronic
outbreaks observed in parts of Maine and New
Brunswick.

Forest management practices should be re-
viewed accordingly and a hard leok mild b

given to ouv current harvesting and reforestatlion
practices which tend to lncrease the spruce and

fir content of the meridional forest. [f drastic
steps are not taken in this divection, the future
will follow the trend of the past fifty years and
apruce budworm ocutbreaks will become an integral
part of the bictic balance.
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YPLANNING NOW TO REDUCK, POSTPONWE OR PREVENT THE

NEXT SPRUCE RUDWORM OUTBREAK

W. Lloyd Sippell

Research Scientist, Department of the FEnviron—
went, Canadian Forestry Service, Great Lakes

Forest Research Centre, Sault Ste. Marie,
Ontario, Canada P6A 57

Ten characteristics of ocutbreak patterns
are recognized in Ontario infestation maps for
the periocd 1947-1983, for which explanations are
available 1in recent scieuntific literature. A
related long-term strategy of outbreak prevention
is proposed for implementation internationally
(Canada, U.S.A.) over the next decade.

Introduction

Recently 1 have had the opportunity to up=
date my knowledge of the scientific lirerature om
the spruce budworm and to step back after 35
years of close association with research and sur~
veys to analyze and describe changing patterns of
infestation (infestation dynamics) reported in
the Province of Ontario.

Yet this assigned topic was approached with
a degree of apprehension for three reasons.
Firstly, because the insect has created such an
array of sensitive, chronic and firmly emtrenched
problems in North America. Secondly, my main
source of information consists of pooled monitor-
ing data with a heavy mix of associated observa~
tions not regarded as sound proof. My data are
much more than anectodal but on the other hand
they are not strictly speaking thoroughly scient-
ific. Thirdly, the original approach for dealing
with spruce budworm emergencies in Canada in-
volved both research and coordinated survevs, and
most conceptual models concerning system function
seem to have emerged from theorerical research
rather than from observed conditicns. As a con-
sequence, L have a great deal to cover in a
single presentation.

The literature update has confirmed wy
opinion that so far man's approach to the spruce
budworm problem has of necessity been largely
defensive in nature, i.e., responding to develop-
ments without influencing the dynamics of infest-—
ations in positive ways. There are numercus
examples: monitoring and evaluating situations,
protecting vulnerable forests of high value,
establishing biological relationghips, measuring
impact, learning how to live with the budworm,
ntc.; all essential pest management activities—~
hut reacting to events more than influencing

them.

So far only two attempts have been made to
deactivate outbreaks and the results were of
qualified success in both instances. The first
was in the Redgwick Lake area of Quebec (Rlais
1963) and the second was begun near Burchell
Lake, Ontario (Sippell, et al. 1969) and con-

tinued over 9 years before being abandoned in
1977 {(Howse, et al. 1979). In other instances,
spruce budworm infestation was virtually elimi-
nated from stands in part of an operational spray
program {(Dimond, 1976), but the objective was
different.

The research community is continually being
challenged to wore ably express its genuine
interest 1in controlling the spruce budworm by
discovering and promoting more effective ocutbreak
prevention strategies.

This paper introduces to this workshop some
new entomological concepts, based on 37 years of
intensive surveys and infestation history, and
asks as well as suggests how they may be used to
develop an international strategy to reduce,
postpone ov perhaps even prevent future outbreaks
from occcurring through at least part of the range
of the spruce budworm in North America. 1t
introduces more of the "learn by doing" approach
to outhreak prevention. Hopefully it will also
change the focus of our wmind's eye in thioking
about and discussing a more influential plan of
future action in managing this major forest pest,

Materials and Methods

Beyond cited literature references, the
information presented on infestation patterns and
change is taken from the reports and files of the
Forest Insect and Disease Survey (FIDS) project
at the Great Lakes Forest Research Centre in
Sault Ste. Marie. Liberal use is made of their
maps published annually in numerous reports such
as Meating, et al. (1982), Howse et al. (1083),
and Applejohn and Howse (1982). Observations of
field conditions throughout the province were
acquired through contact with and the assistance
of many staff members of the Centre, mainly those
associated with the FIDS project for which the
author was project leader for 25 vears.

The total area to which historical cbserva-
tions apply (Ontario) covers 891,000 km? (343,000
sq. mi.) of which alwmost half 430,000 km?
(165,000sq. mi.) are forested. In the interest
of simplicity, the term "infestation' as applied
to this large land wass refers to the condition
in which populations of spruce budworm are or
have been of sufficient numbers in any year to
cause detectable feeding damage when viewed from
the air.

Analysis

General 1information is availtablie 25 to
where infestation has occurred ecach year iu
Ontario since 1920 or so. But each vyear since

. 1947 the Canadian Forestry Service through the

cooperation of the Ontario Ministry of Natural
Resources [formerly Untario Department of Lands
and Forests) obtained complete and detailed
information on areas affected. The series of 37
annual infestation maps being flashed on the
screen for each of the vears 1947-1983 have beon
viral to this general and long—term study of
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Extremes of unusual abundance, on the other
hand, are o much better known that illustration

is unnecessary,

C~2, Infestation is present every year somewhere
in Omtario or inm adjacent provinces or
states.

The 37 annual infestation maps dating back
to 1947 in themselves substantiate this claimed
characteristic, The vears 1964 to 1966 show only
minor points of infestation in Ontario, however,
when the hroader situation is applied to include
adjoining provinces and states {(Fig. &), this
sacond characteristic emerges clearly. Before
1947, despite the less precise definition of
infestation boundaries, continuous infestation in
Ontario can be predated to at least 1922 (Brown
19700, In other words, infestation has been
present in Ontario or adjacent provinces Of
atares for at least the past 62 vears.

Lo sippels, W.L. 1949. Monitoring low or

incipient levels of spruce budworm populations
in  eastern Canada. Mimeographed report.
Forest Research Laboratory, Box 490, Sault
Ste. Marie, Ontario, 4 pp. (available wupon
request.)
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Figure 4, Infestation map for 1966 including
northern Minnesota and western Quebec,
C-3. Between outbreaks, numbers generally wvary

inversely with distance from infestation.

Evidence is becoming overwhelming that the
emigration and immigration of moths carrying a
partial complement of eggs as described by Green-
bank, Schaefer and Rainey (1980) are influential
forces in infestation movement and change during
an outbreak. Sanders (1977) reported that the
dispersal of egg-bearing females takes place only
at high population densities. Because moths bio-
logically cannot differentiate the size of infes-
tation of which they are a part, it must be
assumed that moth populations behave in a similar
manner whether they represent a small heavy
infestation between outbreaks or part of a major
outbreak.

The results of the m® beat ing-tray sampling
done 1in northwestern Ontario between 1969 and
1973 (rig. 3) show that, in general, population
levels decrease with increasing distance from
areas of infestation which in this instance were
located in the wvicinity of the International
Border between Thunder Bay and Fort Frances,
However it should be pointed out that determina-
tions of population tremds influenced by wind
direction can be expected to be imprecise
especially when moth flights take place after
dark and cannot be substantiated by direct obser-
vation. :

C~4, Forests show a degree of natural resistance

to low levels of moth invasion.

The influx of moths from infestations to
spruce—-fir forests which are supporting very low
numbers of spruce budworm must occur from time to
time. Evidence of such occurrences and the sub-
sequent result is available again in the me
beating tray samples, Table 1. Marked increases
in numbers collected in 1971 at four locations in
the Kapuskasing District following 2 years of nil
returns reflects a probable influx of wmoths

Table |. Numbers of spruce budworm collected in beating tray samples,

2 per each of 10 trees, 196973, in Kapuskasing District, Ontario.

Locationi Year 1969 1970 1971 1972 1973"
Bill Twyp. 0 o 7 2
Fergus Twp. 0 0 7 1 2
Howells Twp. 0 0 2 2 0]
Tenton Twp. 4] 0 14 8 0

* year of spring frost

in 1970 from extensive infestations 80 km (50
mi,) or more to the south. Resistance is evi-
denced by a consistent decline in numbers for the
subsequent 2 years. Eventually however a large
part of Kapuskasing District did become infested,
presumably as the result of repeated inflows
associated with a northward advancing front. The
resistance indicated is prebably more in the form
of predacious birds and arthropods rather than
insect parasitoids specific to spruce budworm,
because before 1971 hosts upon which parasitoids
depend for survival were rare, Populations that
surge upwards as the result of wmoth influx in
circumstances of this kind can be expected to
show particularly low incidences of parasitism
since the parental stock of parasitoids is left
behind during dispersal--a hypothesis currently
being tested.

C-5. New infestations appear to be the result of
moth influx from active infestationm.

Two characteristics are common to new
infestations originating by moth influx. During
the first yvear, noticeably greater damage occurs
on white spruce in stands where both white spruce
and balsam fir are present, followed in subse-
quent years by damage on both species, Secondly,
defoliation patterns indicate an abrupt rise in
damage levels, i.e., markedly higher levels of
defoliation on the current new shoots than on
shoots of previous years.

Observations of the initial stages of new
infestation are all too uncommon but when made
usually provide evidence that points to moth in-
flux as being the source. Over the 37-year his-
tory since 1947 omly three valid case histories
of outbreak eruption were detected, all three of
them in 1967 (Fig. 5). All three showed evidence
of dependence on active infestation located else-
where: the northwestern Ontario infestation
western Ontario infestation linked by association
with infestations in northern Minnesota; the
Ottawa valley possibly associated with the 150
kml (60 sq mwi.) infestation near Grand Mere,
Quebec (Martineau and Oulette 1967) located some
290 im (180 mi.) to the east, or some other
unknown source; and the Chapleau infestation from

what appeared to be surviving remnants of a
previous outbreak in the form of small active
infestations.
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Figure 5. 1Infestatiom map for 1967.

So far we have considered the initiation of
outbreaks since 1947, In the 15-year period
previous to 1947 only two outbreaks erupted
namely, the Lake Nipigon and Lac Seul outbreaks.
A third outbreak had occurred continuously in
northeastern Ontario since 1921. Recent
enlightenment concerning the considerable
distances over which moths can disperse, such as
from New Brunswick to Newfoundland {(Dobesberger
et al, 1In press), a dispersal distance of 600 km
(370 mi,), will not permit me to rule out the
suggestion that both earlier outbreaks (Lake
Nipigon and Lac Seul) could have originated
through moth dispersal, The probable source
would have been the older northeastera Ontario
outbreak which in 1943 (Fig. 6) had reached its
peak and lay approximately 320 km (200 mi,) from
Lake Nipigon and 560 im (350 mi.) from Lac Seul.

,4' ,/"\vf\/ ]
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Figure 6. Infestation map for 1943,

C-6., Infestation once initiated tends to spread,

and give rise to new infestation in the

direction of the prevailing winds.

Historically the tendency for infestation
to spread eastward and southward has been well
known. This trend has been evidenced both in the
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extension of infestation boundaries, and in the
appearance of separate new infestations beyond
the boundaries of current infestation. The
infestation maps for 1949, 1952, 1955 and 1958
illustrate the results of this trend in north-
western Ontario in the direction and magnitude of
infestation development as shown in Figures 7, 8,
9 and 10. In contrast, the spread of an outbreak

"'""“,L',' Ty

1PROVINCE OF ONTARIO
‘IIDIIKI SUWORE WSTATION
-

1949

¥
1
1

Figure 7. Infestation map for 1949.

'

IPROVINCE OF ONTARIO

:i"“(! BUWODRM INFESTATION
w

'

1952

t
'
i

Figure 8. Infestation map for 1952.

i1

{PROVINCE OF ONTARID

'| SPRUCE SUWORM IRTESIATION
~

1

' 1955

'

.

Figure 9. Infestation map for 1955.




PROVINGE 03¢ ONTARIO

| PTRACE quwest asestareu

13, TInfestation map for 1958,

towards rhe northwest has usually been slower and
involves shorter distances. 1t has long heen
assumed thast this southeastward shift wse the
influence of prevailing N winds on the dispersal
of both small larvae and woths.
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C~8, 'The intensity of infestation once initiated

is governed by stand character and climate.

A vulnerability index system devaloped by a
Canadilan Forestry Service Working froup led by
J.R. Blais and of which the author was a member
uses inventory data and climate ratings. The
vulnerability ratings were applied successfully
to forest management umnits in Quebec (Blais and
Archambault 1982) and in New PBrunswick-Nova
Scotia (MacLean 1982), The system could aot be
extended to Onrario because data on stand age
were unavailable, vet there is clear substanti-
ated evidence that infestation intensities reach
their highest levels where mature balsam consti-
tutes the major stand component, and that a rela-
tively small area of undesirable stand character
and climate for outbreaks exists in Ontario where
infestation has declined prior to the onset of
appreciable tree wmortalitv. Cenerally these
areas are located north of 50°N Latitude across
northeastern Ontario and north of 52°N Latitude
in northwestern Ontario as depicted by maps of
cumylative arecas of host tree mortality, Sippell
(1983), see also ¥igure 13,

C-9. Ceneral collapse of an outbreak is fully
denendent on the development of host tree
movEality.

Past outhreaks have suffered major setbacks
hy late spring snowstorms, at the time of year
when controlling reces such as parasitoilds would
be litbtle affected. This kind of event occurred
north and east of Chapleau in late May, 1973 when
snowstorms  and  freezing temperatures destroyed
virtually all the anew shoots of balsam fir and
directly or indirectly eliminated & large propor-
tion of spruce budworm populations. A reduction
of infestation resulted ag shown by the defolia-
tion mape for 1977, Figure 14, cempared to 1973,
Figure 15, Biologically the expected result
would be a major shift of numerical advantage in
favour of parasiteids over hosts with accompanv~
ing collapse of populations. Yet, infestation
intepsities rebounded rapidiv over the subsequent
2 years and the outbreak continued almost un-
abated as shown in Figure 16,

Historically the single circumstances under
which outbreaks have begun a general collapse in
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Figure 16, Infestation map for 1975.

vulnerable forest is the occurrence of extensive
and continuous balsam fir mortality. The extent
of mortality associated with three collapses as
depicted in Figure 13 ranged from 400,000 ha (1
million acres) in 1948 through 640,000 ha (1.6
million acres) in 1976 (Howse et al., 1977) to 2
million ha (5 million acres) in 1956.




C-10. Small remnants of infestation persist fol-

lowing outbreak collapse.

Infestation subsequently occurs within the
same genevral area as an outbreak has collapsed.
The condition tends to shift location from year
to year, disappearing in one area and reappearing
in another. Other small areas of infestation may
linger in stands at much the same irtensity for
many vears, The area east of Sault Ste. Marie
where a major outbreak collapsed in the late
1940s is wused to illustrate this point. Here
heavy infestation was discovered in 1966 in the
apper crowns of mature balsam fir trees in one
stand southeast of Sudbury. This infestation was
reported only in 1 year. Another infestation in
Parkinson Twp. near Thessalon persisted at low
levels for at least 10 years, 1959-68, with
little change in inteasity vear after year.

These small lingering infestations appear
to have an important rvole in outbresk eruption
and upon discovery, some of them show clear—cut
budworm caused tree mortality somewhere within
their boundaries. The presence of tree mortality
in a newly discovered infestation signifies pre-
viously wundetected and unrecorded defoliation.
In reality these small pockets of tree mortality
could be overlooked in the flurry of concern over
the development of new infestation. Furthermore
they could be miscoastrued by those unaware of
mapping programs to represent survey omissions on
the part of field staff. However, it must be
recognized that intensive aerial mapping during
interoutbreak periods when numbers are very low
have been considered (a) until now largely un-—
necessary and (b) ineffective for the specific
purpose of detecting small infestations.

The role of small persistent infestations
occurring during periods of endemism has not been
studied in depth. However biologically these
infestations represent a natural state from which
dispersing adults could be expected to emigrate
on a regular basis.

Summary of Ten General Characteristics of Spruce
Budworm Infestation in Ontario

C-1. Over the long term, the extent of infesta—
tion fluctuates to the extremes.

C-2, Infestation is present every year somewhere
in Ontario or in adjacent provinces or
states.

C-3. Between major outbreaks, numbers generally
vary inversely with distance from
infestation.

C-4., VForests show a degree of natural resistance
to low levels of moth inmvasion.

C-5. Wew infestations appear to be the result of
moth influx from active infestation.

C-6,. Infestation, once initiated tends to spread
and give rise to new infestation in the
direction of the prevailing winds.

C-7. 1Infesrations that develop in forest types
of low vulperability tend to be short—
lived.

C~8. The intensity of infestation once initriated
is governed by stand character and climate,

C~9. General collapse of an outbreak is fully
dependent on the development of host Lree
mortality,

C~10. Remnants of infestation persist following
outbreak collapse.

Discussion

Greenbank, Schaefer and Rainey (1980)
determined through the use of canopy observa-
tionms, radar and specially equipped aircraft in
New Brunswick that moths, including a proportion
of females with up to half of their complement of
eggs regularly make vertical exits from infested
stands during evening hours usually between about
1930 and 2130 hours, under a fairly broad range
of conditions. They subsequently orient their
flight downwind and displacement distances of
upwards of 450 km (280 mi.) were considered
feasible over 7-9 hours of flying.

Potential for the spread of infestations is
being further elucidated by Dobesberger, Lim and
Raske {In press) who describe the premature
appearance in July, 1982 of moths in central New-
foundland before local moths had begun to emerge
and who provide evidence that these moths origi-
nated from mainland Wew Brunswick.

These new concepts eminating from research
provide a sclentific basis for interpreting
numerous ohservations made over past decades
relating to patterns of infestation. Whereas
previcusly most of the 10 characteristics des—
cribed could not have been explained without
speculation, now new hypotheses can be struc—
tured.

Proceeding from the more obvious and dis—
tinct to the less apparent and interrelated of
the characteristics, new hypotheses are herewith
offered. C-6 concerning the shift of infesta-
tion, in the direction of prevailing winds,
though widely recognized and described over many
years, had remained largely wunexplained. The
hypothesis can now be readily developed that moth
dispersal governed by accompanying wind dir-
ections greatly influence infestation dynamics
particularly in relatiom to the speed and dir-
ection of spread.

Likewise concerning (-7 relative to short-
lived infestations in stands of low wvulnerabil-
ity, new insight leads naturally to the hypothe-
gigc that infestation of this kind is the direct
result of moth influx from active infestations
elsewhere,

Tn the general collapse of outbreaks (C-9)
it can be postulated that provortiocns of egg pop~
ulations may be wasted when moths disperse into
extensive areas of continuous host tree mortal-
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tv, an event that would further debilitate al=-
readv declining populations and contribute to
outhreak demise.

Several other characteristics (C-2, (~3 and
C-10) when viewed in the perspective of long-
range dispersal, provide a backdrop for formu-
lating many new and exciting hvpotheses on the
hiological mechanisms involved. Similariy, char-
acteristics C-& and (-5, concerning the response
of the farest to low lrwels of influx and Lo the
initiation of wew infestatioun, also broaden the
background upon which new hypotheses can  bhe
advanced,

To illustrate, it may be postulated that
numbers of moths emigrating from a persistent
haavy infestation of limited size would disperse
in a variety of directions. The result would bhe
an influx of small numbers over a large area,
Dwing  to  the natural resistance of stands
affected, C-4, the rvesult might be expected to be
negligible, Wowever, according to (~9 the origi-
nal infestation could be expected to persist and
sventually throush single or repeated chance dis-
persals, moths will become concentrated, at which
time new infestation could develop.

Unfortunately improved new hvpotheses
taking into account our new appreciarimn of moth
disporsal have heen alow to develop., Hopefully
the above set of general infestation character-
istice will assist., However, additional informa-
tion is urgently required concerning the precise
conditinns wader which moth dispersal occurs, and
does not occur, as well as derails of dispersal
necurrences  and their fmplications in terms of
infestation dvnamics on a broad cscale,

Collectively the warions new  hypoltheses
emerging from infestation characteristics -1 to
C-10 lead me to a general control strategy, which
it applied offeasively could conceivahly have
major ifmplications in wmanaping Future outbreaks.

Proposal
AR RS

Characteristics of infestation based on 37
yvoars of intensive surveys comhined with recent
findings on moth dispersal reveal a togical long~
term outheenak control strategy that aims simply
at the rewoval of gource infestation, The con-
cept has heen develaped that in the absence of
infestation a widespread outbreak wight not
develop, The keyv question iLs: Could the next
autbreak he avoided in Ontario (f during a period
of history when the extent of infestation was
extremely low, all infestations including those
in adjoining aveas within the range of moth
dispersal were eliminated or retained at levels
below which morh dispersal would occur? A more
gonaral and futuristic wvargion of the aame
question might be: could the next outbreak bhe
aveided in North America? Recognizing oxisting
civcumstances o which re  jurisdictions are
applying a 50+ vear projection to an assumed
continuous infestation (Baskevviile 1983) it is
unrealistic to contemplate the elimination of
infestation throughout the range of spruce
budworm at  this time. However, it might be
appropriate to consider outbreak prevenrion for
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the western sector of 1ts rvange over the next 10
vears., This would requive detailad and coordi-
nated wonitoring  including  the derection and
evaluation of all infestations over a large area
crossiug the International Border, followed by
international action against centers that consti~
tute a source of dispersal,

4 major limitation in such a suggestion is
the narrow windnw in the extensive time frame
through which man could effectively influence
infestation development, nawely, subsequent to
the decline of one outbreak and before rhe start
of another.

Beyond the enormous economic advantages
success would have, the concept also offers the
challenge of applving integrated comntrol merhods
aver limited forest areas. 1Lt is unlikely that
any intense infestation discovered on either side
of the International BRorder could be allowed to
develop unimpeded while the forces of integrated
control took hold. However, abatement treatments
begun immediately could be {ollowed by integrated
methods to reduce populations further. The con~
cept offers alternative strategies for forest
management on a grand scale and provides for
managerent action cowmensurate with Thistorical
reality.
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Presents new or improved methods available for monitoring and
evaluating spruce budworm populatiocns.
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Headguarters of the Northeastern Forest Kxperiment Station are in
Broomall, Pa, Field laboratories are mainiained al;

® Amherst, Massachusetts, @ conperation with the Undversity of
Massachusetts,

@ Berea, Kestucky, in cooperation with Berea College.

# Burlingion, Yermont, in cooperation with the University of
Vermont.

® Delaware, Ohio.

® Durham, MNew Hampshive, in conperation with the University of
New Hampshire.

& Homden, Connecticot, in cooperation with Yale University.

& Morgantown, West Virginda, in cooperation with West Virginia
University, Morgantown.

& Crono, Maine, in cooperation with the Unévérsity of Maine,
Orono.

® Parsons, West Virginga,

& Princeton, West Virginia,

® Syracuse, New York., in cooperation with the State University of
New York College of Environmental Sciences and Forestry at
Syracuse University, Syracuse, .

€ University Park, Pennsylvania, in cooperstion with the
Pennsylvania State University.

@ Warren, Pennsylvania,




