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INTRODUCTION

Place and Purpose of Meeting

The Committee met at Spokane, WA, on April 12-13, 1994, hosted by
Ladd Livingston, to identify and prioritize needs for the FY 95 FPM
Technology Development Program, and to revise the draft of the
Strategic/Tactical Plan for the Management of Western Defoliators.
We were successful in realizing meeting objectives. The committee
enthusiastically pursued discussions of the draft plan and actively
participated in reviewing and finalizing the draft. Meeting call
letter with agenda is enclosed as Appendix A.

Attendees

Dayle Bennett FPM (Albuquerque, NM)

Bob Campbell USFS (Ret.)

Nancy Campbell FPM (Missoula, MT)

Dave Grimble PNW Res. Sta. (Corvallis, OR)

Bruce Hostetler FPM (Portland, OR)

Ladd Livingston Idaho Department of Lands
(Coeur d'Alene, ID)

Amy Onken FHP (Morgantown, WV)

Dave Rising MTDC (Missoula, MT)

Julie Weatherby FPM (Boise, ID)

John Wenz FPM (Sonora, CA)

Jack Barry, Chair WO/FPM (Davis, CA)

Appendices to Report

Appendices A-G are enclosed for information and future reference.
A special thanks to each participant who contributed a report.
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COMMITTEE REPORTS

Sub-Committee Reports

Dick Reardon, Chair of the Non-Target Effects Sub-Committee did not
attend the meeting thus no report. The Committee decided to cancel
the sub-committee as the work falls within the charter of the
National Center for Forest Health (see letter Appendix B). The
Committee supports non-target work and looks forward to cooperating
with the NCFH.

John Wenz, Chair of the Strategic/Tactical Plan for Management of
Western Defoliators, presented an updated draft of the plan. The
draft was reviewed by the committee (see part III, C). A copy of the
plan is enclosed as Appendix E.

Committee Member Reports

Committee member reports are enclosed in Appendix C. These reports
contain important information and readers are encouraged to review
the enclosures.

DISCUSSION

Discussion Notes

Managing western defoliators within context of forest health and
ecosystem management and other discussion topics. (See Chief's
memorandum on implementing ecosystem management, Appendix F.)

1. Julie Weatherby. Field needs capability to predict trees that
are at high risk from Douglas-fir tussock moth. Concerning the
Idaho outbreak, Ladd Livingston was frustrated that last outbreak
wasn't treated earlier. Julie believes the Forest Service might
be more interested in treating next outbreak with the
TM-Biocontrol virus. John Wenz mentioned if outbreak were in
California the approach would be to question the outbreak's
effects on the ecosystem. British Columbia has been successful
in using the virus in the Kamloops area, but its use in the US
Northwest failed - possibly because virus was too weak, but we
don't know. Research has no plans to pursue this question. What
are the impacts of DFTM outbreaks on ecosystem elements and
functions? FPM and FIDR roles need to be defined before we can
address management of western defoliators.
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Bruce Hostetler. R-6 would like to improve the approach in the

future for making decisions about suppression of defoliators. In
some areas, dead trees are looked upon favorably as habitat for
some cavity-nesting birds or mammals or as future down woody
material. Others may look upon the dead trees as an opportunity
for additional harvest. It is more important than ever now to
involve all resource specialists in discussions about the effects
of insects and diseases on forest structure and function. It is
important to evaluate the effects of letting nature, through
insects and diseases, take its course (resulting in an increased
probability of fire) versus the effects of salvage of trees
killed by insects and diseases to reduce the risk of fire. There
may be some conflict between FPM's traditional approaches and
roles, and new ones. FPM needs to sell its talents to other
disciplines and staffs. Our name, Forest Pest Management, is a
real deterrent to communications with some resource specialists.
Not much more to report since our September 1994 meeting.
Forecast for DFIM populations and other defoliators is for low
levels in most areas of the Region. There are several areas with
outbreak levels of WSB on the eastern slope of the Oregon
Cascades and in northern Washington. A western hemlock looper
outbreak is continuing in parts of northwestern Washington.

There is little interest in suppression at this time. WSB larval
data are still being collected from the Meacham Project area
(treated with Bt in 1988) by Torolf Torgersen, PNW.

Amy Onken. Need more environmentally sensitive control methods.
National Center for Forest Health's (NCFH) program of work is in
draft form and your input is invited. NCFH wants to become
involved in biocontrol of exotic weeds. Amy mentioned work on
the growth regulator Mimic for Lepidoptera insects. Several NCFH
program items are those identified by the National Steering
Committee for Managing Western Defoliators. Question - how does
NCFH, FPM's TD Program, National Steering Committees, MAG, and
Davis relate and fit into the national agenda? Editor's note --
this needs to be addressed by Director, FPM and the field FPM
directors.

Bob Campbell. In understanding defoliators we need to look at
past data sets and at larger land areas. Low temperatures in May
and heavy rainfall can reduce survival of western spruce

budworm. See Bob's paper (Appendix C) on understanding budworm
population dynamics.

Nancy Campbell. We need commitments to permanent plots and we
need to make assignments.

Dayle Bennett. Western spruce budworm levels have been low in
R-3 but came back in 1993. About 8,000-9,000 acres were planned
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for aerial treatment but project cancelled. The Carson NF
treated 14 campgrounds in June 1994 with Dipel 4L to control
western spruce budworm. R-3 is managing 25 permanent plots.
Need to document no treatment alternatives. Red River report is
being printed.

Dave Grimble. Insects are not being considered in forest
diversity studies conducted by PNW. Holsten, Werner, and Mask
are requesting 5K for a permanent plot project. (Dave and the
committee support this request.)

John Wenz. Budworm showing up on 50,000 to 200,000 acres on the
Modoc NF.

B. Issues and Needs

1.

The committee strongly supports the permanent plot program.
There is a perception that management is not committed to
sustaining the permanent plot program. The need for the
permanent plot program is obvious and critical to understanding
the role of insects and diseases in forest health and how they
relate to forest ecosystems. With retirement of researchers the
program is folding.

The committee identified need for base-line studies starting with
developing a bibliography.

C. Strategic/Tactical Plan for Management of Western Defoliators

1.

The committee reviewed the draft plan in detail and made some
additions and rearrangement. It was decided that we would
distribute the plan as a draft as soon as the revisions were
incorporated.

The Strategic/Tactical Plan for Management of Western
Defoliators, was distributed in draft form in September 1994.
The reference is: USDA Forest Service.l1994. Strategic/Tactical
Plan for Management of Western Defoliators (Draft), FPM 94-7.
USDA Forest Service, Davis, CA (Appendix E). The report covers
west-wide management of western defoliators, not just that
supported by the FPM technology development program. The plan
should be useful to those doing research, detection and survey,
technology development, and technology transfer. The committee
believes this is a significant plan and should be used to
coordinate western defollator activities.
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3. Within the background discussion of the plan, the sub-committee
identified the need for further committee work to explore
approaches to gather, sort, analyze, and apply existing
information and data on western defoliator insect biology,
dynamics, impact, management, and data gaps. To initiate action
on this need the sub-committee will evaluate this need, identify
the lead insect (Douglas-fir tussock moth or western spruce
budworm), and develop a detailed contract scope of work for a
contractual effort. The final product of the contract is,
envisioned to be an expert system database or comparable system
which will serve as a resource in pursuing resources management
and technology development activities.

The committee believes that this is an appropriate activity for
considered sponsorship by the NCFH, (see letter, Appendix G).

Priorities for Fiscal Year 1995

The committee identified as listed below ten needs/issues for action
in FY 95. Each is high priority and the list was forwarded to
Director, FPM on August 2, 1994 (Appendix D). The number code
following each need is the applicable paragraph to the committee's
draft strategic/tactical plan (Appendix E).

Evaluate the need to continue monitoring of existing population
plots established by PNW Wickman and Mason. (2-C-1)

Determine the effects of western spruce budworm and Douglas-fir
tussock moth effects on resources and ecosystem structure and
function. (1-B-1)

Analyze and summarize exiéting permanent plot data to evaluate
effects of a current western spruce budworm outbreak. (1-A-1)

Evaluate the efficacy of silvicultural treatments designed to
prevent/reduce unacceptable effects of defoliation on vegetation,
resources, and ecosystems. (3-A-1)

Evaluate the potential for using natural enemies for population
management of Douglas-fir tussock moth and western spruce
budworm. (3-B-5)

Determine the potency of TM Biocontrol-1 with Entotech carrier on
wild populations of the Douglas-fir tussock moth from different
geographical areas including a) laboratory bioassays, and b)
field tests. (3-B-1)
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Validate and calibrate the western spruce budworm damage model.
(1-Cc-1)

Compare, evaluate, and improve risk and hazard rating systems for
western spruce budworm and Douglas-fir tussock moth over
different geographical areas. (1-D-1)

Identify potentially important western hardwood defoliators and
evaluate their roles and effects in western hardwood ecosystems.
(1-A-5)

Pursue and obtain registration of the Douglas-fir tussock moth
pheromone for mating disruption. (3-B-2)

In addition, the committee recommends special funding for R-10 in the
amount of $5,000.00 to evaluate data collected from the first outbreak of
spruce budworm ever reported to occur in white spruce stands of Alaska,
Data have been collected annually during the outbreak (1990 - 1993).
These data include budworm infestation levels; effects on tree growth and
survival, cone and seed productivity, and foliage nutrient content; and
the incidence of bark beetle attack of defoliated trees. The information
from this evaluation would be used to provide guidelines for the
development of management activities. This 1s a cooperative effort
between FHM in Region 10 and PNW.

SUMMARY

The National Steering Committee for Management of Western Defoliators

met at Spokane, WA, April 12-13, 1994. The primary purpose of the
meeting was to prioritize FPM Technology Development Program needs and to
revise draft of the Strategic/Tactical Plan for Management of Western
Defoliators. The meeting was highly productive with the members reaching

consensus on all elements and actions of the plan. The Committee

expresses its appreciation to Ladd Livingston for hosting the meeting.
The 1995 meeting of the committee will be held at Portland, OR hosted by
Bruce Hostetler, R-6.
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United States Forest Washington 2121 C Second Street
Department of Service Office Davis, CA 95616
Agriculture PH (916) 551-1715

FAX (916) 757-8383

Reply To: 3400 Date: January 14, 1994

Subject: Meeting - National Steering Committee
for Management of Western Defoliators

To: Members

The 1994 meeting of our Western Defoliator Steering committee will be held at
Spokane, Washington on April 12-13, 1994, hosted by Ladd Livingston. The
purpose of the meeting is to update the 1993 technology development program
recommendations and priorities for the Director, Forest Pest Management
(WO/FPM), and to advance the draft of the "Strategic/Tactical Plan for
Management of Western Defoliators.” I suggest we spend one day on the former
and another on the latter as shown on the draft agenda.

The strategic/tactical plan draft is awaiting the rationale statements for each
of the action items. 1It's important that these be completed before the meeting
otherwise we could get "bogged down" with this effort. Assignments are
indicated on the September 8, 1993 draft: John and I appreciate the
contributions that have been submitted by three of our members. The next step
will be to develop strategies under each of the Actions, contingent upon
receipt of your rationale statements.

A block of 15 rooms has been reserved at the Sheraton Spokane Hotel, 322 North
Spokane Falls Court, Spokane, WA 99201-0165, (800) 325-3535, fax (509)
455-6285, for 3 nights, 11 April - 13 April. The government rate is $55.00
single occupancy and $70.00 double occupancy, including taxes. Please use the
enclosed card to make your reservations by March 21. Public transportation is
available from the airport to the Sheraton, and complimentary parking is
provided for guests registered at the hotel.

Please give me a call if you have any questions or suggestions. I look forward
to meeting with you in Spokane.

JOHN W. BARRY
Chairperson

Enclosures
Reservation Card
Draft Agenda

cc: Mel Weiss, WO/FPM
Jesus Cota, WO/FPM
Nancy Lorimer, WO/FPM
Max Ollieu, R-6/FPM
George Shoemaker, Sheraton



DRAFT AGENDA
(31 -January 1994)

National Steering Committee for
Management of Western Defoliators

Spokane, WA

12-13 April 1994

April 12

0800 Introduction
Welcome
Announcements and Schedule
Meeting Objectives
FPM Technology Development Program
0830 Review 1993 Recommendations
to Director, FPM
Open Discussion - Managing
Western Defoliators in Forest
Health and Ecosystem Management
Sub-Committee Reports
Committee Member Reports
Retrospective on the Western Spruce

Budworm and other Related Matters

1630 ADJOURN

Discussant
Leader

Ladd Livingston
Jack Barry
Jack Barry

WO/Representative

Jack Barry

Julie Weatherby

Chairs
Members

Bob Campbell
(State U.of NY)




April 13

0800 Strategic/Tactical Planning

Review and Update Draft

Action Items and
Rationale Statements

Develop Strategies under Actions

Update Strategic/Tactical Plan

Technology Development
Recommendations

Place, Dates, and Host
Next Meeting

1630 ADJOURN

John Wenz

Contact Scientists

Contact Scientists

Members

Jack Barry

Members
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United States Forest Washington . 2121 C Second Street

f¢-”§ Department of Service Office Davis, CA 95616
‘»Wi Agriculture PH (916) 551-1715

FAX (916) 757-8383

Reply To: 3400 Date: April 15, 1994
Subject: Non-Target Effects
To: Dick Reardon

At the Spokane meeting of the National Steering Committee for Managing Western
Defoliators it was decided to cancel the non-target effects sub-committee. It
was felt that this committee was a duplication of a goal announced on the
National Center for Forest Health Management (NCFHM). The committee is
supportive of work that furthers our understanding impact of control agents on
non-target organisms. The committee members look forward to working with the
NCFHM on this important issue.

~, B
J W. BARRW

Commiittee Chair

S T On B B s s =

cc: Steering committee members

G
& J

Caring for the Land and Serving People
FS-6200-28b(4/88)
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Committee Member Reports

Dayle Bennett, R-3
Bob Campbell, USFS (Ret.)
Dave Grimble, PNW
Bruce Hostetler, R-6
Roy Mask, R-10

Amy Onken, NCFH
Dick Reardon, NCFH
Lonne Sower, PNW
Julie Weatherby, R-4
John Wenz, R-5
Richard Werner, PNW

Ed Holsten, R-10




Dayle Bennett, R-3
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R-3 REPORT TO THE WESTERN DEFOLIATOR STEERING COMMITTEE
APRIL 12, 1994
DAYLE BENNETT

The status of defoliators in the Southwestern Region is unchanged from our
previous report of August, 1993. Western spruce budworm (WSB) populations
increased throughout northern New Mexico in 1993, causing light defoliation on
the Carson, Cibola, and Santa Fe National Forests (NF) and on the Navajo Indian
Reservation. High WSB egg mass counts have prompted a proposal to conduct a
ground application of Bt in 1994 to protect foliage within 14 campgrounds on the
Camino Real Ranger District, Carson NF. FPM specialists will be assisting
Carson NF personnel in conducting this project.

A Technology Development Project has been funded for FY94-95 to develop,
calibrate and validat a usuable hazard rating system for WSB in northern New
Mexico. Ann Lynch, Rocky Mountain Station, and myself will be conducting this
project.




Bob Campbell, USFS (Ret.)



UNDERSTANDING BUDWORM POPULATION DYNAMICS
THROUGH HISTORICAL RECORDS

Abstract -- A study on the population dynamics of the western spruce budworm was
based on historical records from nine population-scale projects (Campbell 1993). The
study yielded a description of the equilibrium structure of the population system
(including systematic spatial and temporal variants in that structure), as well as
budworm responses to insecticides, forest conditions, interstand relations, and weather.
The results of the study provide a solid empirical basis for modifying several hypotheses
about the population dynamics of the pest, and yield information that supplements and
modifies guidelines to managers who must deal with budworm-susceptible forests.

The total mass of historical records that have accumulated on the North American
needle-eating budworms dwarfs the records I was able to assemble for the above study.
In fact, existing data could provide a useable data base on the major budworm species.
that would include information from states and provinces from the Atlantic coast to the
Pacific, and from Alaska to New Mexico. Using budgetary data presented in Stipe and
others (1983) and Dohrmann (1988) to estimate the costs of budworm-related data
acquisition in Montana and Oregon as a guide, 1 estimate that about $200,000,000 (in
1988 dollars), as well as at least 50 years of sampling work, would be required to
acquire an equivalent data base. To my knowledge, a population-scale data base this
massive would be completely unprecedented.

INTRODUCTION

Many authors (for example, Carolin and Coulter 1975, Harris 1977, Morris 1955,
Schmid and Farrar 1982) have noted that budworm densities differ among parts of their
forest universe. Multicrown sampling (Morris 1955) provides an effective, albeit
expensive way to deal with such differences. As an alternative, a largely retrospective
study on numerical behavior of the western spruce budworm, Choristoneura occidentalis
Freeman, hereafter called "western budworm," began when we realized that larvae,
pupae, emerging moths, and egg masses of this species all exhibit distinct and rather
precise intratree patterns of occurrence (Campbell and others 1984). These results
imply that samples drawn from a single crown stratum can provide reliable estimates of
density on the whole tree. Consequently, the study described in Campbell (1993) was
accomplished by assembling, analyzing, and comparing historical records that were
collected primarily from midcrown branch tips. The data were collected between 1959
and 1988. during nine unrelated projects in six western states (Washington, Oregon,
Idaho, Montana, Colorado, and New Mexico).

More specifically, a variety of graphic, tabular, univariate, and multivariate techniques
was used to produce projection capabilities for both defoliation and each of four
budworm densities (eggs per mass, nominal fourth instars, emerging moths, and egg
masses). Within limits set by the data, each projection capability summarized relations
found between one of these variables and influences in each of the following seven




categories: prior budworm density, temporal shifts in survival, spatial differences,
insecticide treatment, site and stand conditions, interstand relations, and weather.

In Campbell (1993), I also compared relations between density and age-interval survival
in the three major North American needle-eating budworms (the western budworm, the
spruce budworm, C. fumiferana (Clem.), hereafter called "eastern budworm," and the
jack pine budworm, C. pinus Freeman). Descriptions of numerical behavior of the
eastern and jack pine budworms were extracted largely from publications that document
patterns found in small plots; primarily using results in Crawford and Jennings (1989),
Foltz (1969), Mott (1963), Royama (1984), and Watt (1963). Many similarities were
found among the three species in density-survival relations; just as equivalent similarities
are evident between eastern budworm data derived from the midcrown samples of
MacDonald (1963) and the multicrown-based sample data of investigators such as Mott
(1963) and Watt (1963). These many similarities provide strong support for the idea
that samples drawn from midcrown branch tips can yield an acceptably precise
sequence of density estimates for many studies on the population dynamics of these
three species. '

INDICES OF ENVIRONMENTAL INFLUENCES

With rare exceptions, historical records will not provide an adequate basis for
developing explicit, empirically based models of the processes that are important in
budworm dynamics. Rather, the strength of such records lies primarily in two areas:
the uniquely broad bases they provide to evaluate existing population-related
hypotheses, and the clues they provide about population-related processes.

Prior Budworm Density

In all the needle-eating budworms, stage-specific rates of numerical change are often

related to density at the start of the stage. More precisely, prior density entered first or

second in every one of the 22 stage-specific multivariate models tested against the
western budworm by Campbell (1993). For example, Figure 1 shows mean apparent
survival rates for three stage-specific intervals (eggs to fourth instar, fourth instar to
emerging moths, and egg masses per emerging moth) in three projects (IDAHO,
MONTANA, and NEW MEXICO A). In the figure, the data were stratified into low,
medium, and high density categories, and survival rates were calculated for each project
and category. In all three projects, both mean survival from eggs to fourth instar and
‘the number of egg masses found per emerging moth decreased as density increased.
Conversely, density and mean survival from fourth instar to adults increased together.
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Figure 1 - Mean survival rates in plots where densities were categorized as low,
intermediate, and high in IDAHO, MONTANA, and NEW MEXICO A.




Temporal Shifts

Many investigators agree that systematic temporal shifts in the survival rate of large
larvae are important in budworm dynamics (Blais 1985, Campbell 1993, Morris 1963,
‘Royama 1984). In the western budworm, for example, density-related phenomena in
any given area often differed systematically from one year to the next. In fact, after
prior density, an index representing systematic year-to-year differences was usually the

second variable to enter the multivariate western budworm models (Campbell 1993). In

populations of this pest, three of these differences -- defoliation, survival from eggs to
half-grown larvae (fig. 2), and survival from half-grown larvae to emerging moths (fig. 3)
-- systematically declined across the course of extended outbreaks. Interestingly, survival
- from half-grown larvae to emerging moths was remarkably similar in eastern and
western budworm populations, at least from about 1 to 20 half-grown larvae per m?,
and during the late phase of this particular western budworm outbreak (fig. 3).

“Spatial Differences

Under apparently identical conditions, trends in budworm numbers may still differ
systematically among areas. For example, comparison among the western budworm
data sets suggests a systematic west-to-east decline in early instar survival during
prolonged outbreaks (Campbell 1993). Here are some projected values for both
westerly populations (OREGON and IDAHO) and those further east (MONTANA,
NEW MEXICO A, and NEW MEXICO B).

Survival rate from eggs to fourth instar projected from:

Area 100 eggs per m? 400 eggs per m?
OREGON (1985-88) 0.222 ' 0.070
IDAHO (1980-81) - 0228 : - 0.088
MONTANA (1981-83) 0.041 0.019
NEW MEXICO A (1977-79) 0.079 0.047
NEW MEXICO B (1979-84) 0.082 0.035

These results, which are compatible with a mortality-causing process described by Perry
and Pitman (1983), are postulated to reflect a west-to-east increase in the inherent
ability of interior Douglas-fir to respond to budworm outbreaks. -
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Insecticides

In projects involving insecticide treatment, the third variable to enter most of the
multivariate western budworm models tested by Campbell (1993) was an index
representing differences between treated and untreated plots. Surprisingly, perhaps,
western budworm survival rates and defoliation both tended to be higher in control
plots than in treated ones during posttreatment years (fig. 4). These results, together
with information in papers such as Dimond and Morris (1984) and Fleming and others
(1984), suggest that the timing (year) of a pesticide application during a multi-year
outbreak can influence subsequent budworm survival rates and defoliation intensity.

Site and Stand

In recent years, interest in managing forest pests has often shifted from controlling
outbreaks to preventing future ones through judicious forest management (Blum and
MacLean 1984, Carlson and Wulf 1989, Mason and others 1989). For this reason, a
central purpose of Campbell (1993) was to examine relations between budworm
numbers and attributes of sites and stands. Unfortunately, only weak correlations were
usually found between the western budworm and such attributes. Further, these
correlations were often both inconsistent among areas and unstable within any given
area. In contrast, the positive relations between the proportion of Douglas-fir in the
overstory and the number of egg masses found per emerging moth (fig. 5) leave little
doubt that gravid western budworm adults gravitate to stands with a high proportion of

this host.

Interstand Relations

Relations between the density of emerging western budworm moths and the subsequent
density of egg masses are shown for each of two years or an area in northern New
Mexico (fig. 6). Enormous variability occurs in this relation in the western budworm,
both from year to year in an area (fig. 6) and among areas (fig. 7). For comparison
with the western budworm, Figure 7 also shows the projected relation between
emerging moths and subsequent eggs found per moth in some eastern budworm
populations in New Brunswick. In both species, egg production per emerging moth
clearly varied inversely with the density of emerging moths.

Greenbank and others (1980) used radar to conclusively demonstrate that mass flights
of gravid eastern budworm females are rather commonplace, and a summary of results
(fig. 7 and Campbell 1993) suggests that this phenomenon is common in all three
budworms. These and similar results led me to suggest that planners for forest-wide
budworm-related management should make coping with such interstand ftlights a
linchpin in developing their strategies (Campbell 1993).
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Unfortunately, although several authors have touched on the need to develop a regional
‘management strategy for budworm-susceptible forests (for example Blum and MacLean
1984, Campbell 1993, Clark and others 1978, Mattson and others 1988, Sippell 1984),
only a few rather preliminary tools related to budworm dynamics have been developed
to meet this need. For example, two indices of interstand influences in western
budworm population dynamics are shown in Figures 8 and 9. In the first (fig. 8), fourth
instar density in year (n) is shown as a function of the distance to visible defoliation in
year (n-1). In the second (fig. 9), egg mass density is shown as a function of an index
of outbreak size. These indices and other methods, such as a variety of geostatistical
techniques (Isaaks and Srivastava 1989) should be used in evaluating similar historical
data sets.

Weather

Some of the reported correlations between weather phenomena and budworm survival
reflect relations that operate directly on the budworm (for example, Fellin and Schmidt
1973, Lucuik 1984). Other correlations reflect cause-and-effect relations that operate
primarily through their influerice on the host (for example, I. Campbell 1989, Clancy
1991, Mattson and Haack 1987). Whatever the causal pathways, in each of the
budworm life systems biologically significant and, occasionally, drastic changes in
budworm numbers have been correlated with particular temperature or moisture
conditions (Campbell 1993, Greenbank 1956, Hard and others 1980, Kemp 1985, Pilon
and Blais 1961, Volney 1988). In any case, there is a need for a data base that will
allow an analyst to examine differences in age-interval survival among many places and
budworm generations as a function of relevant weather phenomena. For example, a

- close correlation was found in Montana between mean May temperature and
subsequent budworm egg-mass density (fig. 10). Further evaluation would reveal
whether such correlations could provide reliable indices of budworm trends.

USEFULNESS OF HISTORICAL RECORDS

Recently, Volney (1989) labeled the eastern budworm "the most destructive pest of
living trees on the continent." Thus, it is not surprising that this insect is one of the
world’s most studied organisms (Knight 1981). Nevertheless, information on the
population dynamics of the pest "... is far from complete, and some of it is
controversial" (Blais 1985). In particular, Blais noted that conclusions derived from one
region and during one outbreak "...do not necessarily apply at large. It is dangerous to
generalize on studies limited in time and place." Recent results (Campbell 1993)
extend this advice to the western budworm. For many species, in fact, it may not be
enough to describe system behavior either through time at any one piace, or in many
places during a single gradation. Rather, meaningful insights into relations between a
species and its environment may only come when its population dynamics ... is known
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for different competitive situations under different ecological conditions throughout its
geographic range" (Organ 1961). .

In a critique of several research and development programs on major forest pests, Allen
and others (1982) noted that "fiscal constraints and public demands for accountability
indicate that researchers can no longer either pursue ’hobbies’ or devote many years to
every detail of a pest’s ecology.”" Also, as Gilbert (1976) pointed out, ascertaining that
an outbreak may occur is not enough. Projections are also required on both likely
outbreak-related effects and the efficacy of possible controls. Despite all these
concerns, managers must have several packages of budworm-related information to fully
implement integrated pest management in budworm-susceptible stands. First, to make
intelligent budworm-related decisions, managers need a working knowledge of the
processes that dominate year-to-year changes in budworm numbers. Second, to derive
optimal results from management activities, managers need to be able to project the
likely consequences of these activities on the numerical behavior of subsequent
budworm generations. Third, managers need a device that will allow them to put
budworm-related activities in a larger planning context. More generally, a clear
understanding of how naturally-occurring population control processes work is of
fundamental importance in our efforts to solve problems ranging from controlling insect
pests and setting harvest limits to conserving endangered species. Information obtained
by assembling and analyzing the magnificent data base that appears to be available on
the North American needle-eating budworms could provide important guidelines for
many of our efforts to understand and use the natural processes that control animal
numbers.
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If the only alternative to an overly simple model is an elaborate frame-
work of guesses, nothing much has been gained.
—From “Mathematical Ecology”
.T by E.C. Pielou (1977)

IPM implies a compatible blending of three elements: management practices, the natural
processes of pest control, and uncertainty. Unfortunately, in attempting to develop IPM,
the element of uncertainty has often been managed badly. What starts out as a plau-
sible hypothesis may soon be perceived as established truth, a mistake that can block

the very paths that would lead to better management. in short, an investigator must be
willing to say “I don't know."

A major body of untapped information is undoubtedly contained in the records that ,
continue to accumulate about our forest pests. Currently, investigators who propose to
use such records in retrospective studies may be frustrated by the following problems:
(1) identifying studies that contain relevant information: (2) finding stored and ignored
records; (3) coping with the lack of a subset of variables common to several data sets,
preventing full use of otherwise valuable records; and (4) specifying realistic objectives,
which may be impossible until after the available records have been identified, acquired,
assembled, and evaluated. A few suggestions follow.

* Many studies that contain potentially valuable information are not identified in the
published record. To alleviate this problem, | think that an annotated catalog should
be assembled for each of our major North American forest pests that identifies and

describes the records that document all population studies, pilot control projects,
damage assessments, and related work.

* The loss of most of the gypsy moth-related Melrose Highlands records during a disas-
trous fire at the Forest Insect and Disease Laboratory in New Haven, Connecticut, is a
reminder (Campbell 1967) that records can be lost even when they are known to be
worth saving. Both to minimize such losses in the future and to make the information
broadly availabie, | think that forest management organizations should publish more of
their data and not just summarize results. Model publications include the sequence of
annual reports on the New Mexico Control Project, which begins with Parker and others

(1978), and the report by Stein and McDonnell (1982) on the New Mexico Damage
Assessment Project.

A lot of money is spent to obtain reliable estimates of pest population density. Fre-
quently, however, a sampling technique developed in one area may be modified to
accommodate conditions, objectives, or constraints in ancther area (Allen and others
1984). To ensure that these estimates will be fully usable, | think that North American
forest research and management organizations should agree on a common minimal
subset of variables for each major pest and include estimates of these common
variables in all subsequent population studies and projects.

* Several time-consuming steps may have to be completed before realistic objectives

can even be specified for a retrospective study. First, the study may have to begin with
a seaich for relevant records. Second, once identified, the records have to be acquired
and assembled. Third, the assembled data have to be evaluated to get a preliminary
idea about their strengths and their shortcomings. Sadly, research managers do not
smile on projects that require such a long gestation before the investigators can even

163



62 :
Budworm Population
Dynamics

8.2.1

. Population Processes
" and Environmental

Influences

- 164

specify what they hope to achieve. To alleviate this problem, | think that major retro- l

spective studies could be authorized in a sequence of two or more parts. For example, |
authorization to identify, acquire, and assemble relevant historical records should B
provide a basis for subsequent decisions about the assembied data. . |

In a critique of several research and development programs on major forest pests, Allen

and others (1982) noted that °...fiscal constraints and public demands for accountability Ji
indicate that researchers can no longer either pursue ‘hobbies’ or devote many years to
every detail of a pest's ecology.” Also, as Gilbert (1976) pointed out, ascertaining that an
outbreak may occur is not enough. Projections are also required on both likely outbreak-
related effects and the efficacy of possible controls.

Despite all of these problems, managers must have several packages of budworm-

related population information to fully implement the pest management philosophy of the
USDA Forest Service in budworm-susceptible stands. First, to make intelligent budworm-
related decisions, managers need a working knowledge of the processes that dominate |
year-to-year changes in budworm numbers. Second, to derive optimal results from . i
management activities, managers need to be able to project the likely consequences of @ '
these activities on the numerical behavior of subsequent budworm generations. Third,
managers need a device that will allow them to put budworm-related activities in a larger
planning context.

The results in this paper suggest several studies that will be required to fully implement g
pest management in budworm-susceptible forests. These recommended studies support /l
and extend Mitchell's (1987) recommendations for further work on the population ecology

of the western budworm. In addition, the decision-support system projected earlier for ,
this pest (McFadden 1979, Twardus and Brookes 1983, Wickman 1976) has now incor- l
porated many untested hypotheses about various aspects of budworm population dynam-

ics, including several hypotheses that are not supported by the resuits of this study— for
example, elements in Carlson and others (1985a), Sheehan and others (1989), Stark and
Wright (1987), and Wulf and Cates (1987). The recommended studies provide a basis

for testing and modifying many of these elements, and for developing and testing
components for an improved IPM system. '

" In addition, the results of this study strongly suggest that the principal differences among

budworms arise from differences among their host sites, stands, and communities of

natural enemies, together with systematic differences in weather among the three pest
distributions. Thus, the interspecies patterns and comparisons displayed in figures 43,

46, 48, 51, and 54 suggest many opportunities to optimize the value of individual study
results through a deliberate series of comparable studies on the population dynamics of

all three pests. In particular, continent-wide trends in components of the budworm life
systems, across a wide range in densities, could provide an effective way to monitor '

the dynamics of the genetically similar populations of the western, eastern, and jack pine '

northern and alpine terrestrial environments for possible changes in ecosystem resil-
ience. Realistically, some of these studies will require a coordinated interregional effort.
Here are some suggested objectives for such an effort and a procedural framework for

_reaching them. .

Tre dynamics of the budworm populations reported here exhivited several major
attributes that refute commonly accepted notions. To ensure that appropriate budworm-~ |
related management decisions will be made in budworm-susceptibie forests, further ’
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information is needed on certain population attributes and processes known to be impor-
tant and on more precise ways to project the consequences of these attributes.

Objective 1: Evaluate the roles of predation, macro-parasitism, and disease in the
dynamics of sparse populations.

Background—Some process or processes commonly maintain populations of both the
eastern and western budworms at sparse densities. In the Northwest, exclosure trials
show that predation by birds and ants provides a low stable equilibrium density. In
eastern forests, stomach analyses of feeding birds also suggest that birds play a major
role in sparse populations, but exclosure trials have yielded equivocal resuits. In the
Southwest, only fragmentary studies have been conducted on these processes.

Recommendation—Conduct standardized exclosure trials and acquire standardized
estimates of density and mortality-by-cause on about 12 sites in each of five regions
(Pacific Northwest, northern Rockies, southern Rockies, Lake States, and Maine). In
Canada, equivalent regions might be British Columbia, the Prairie Provinces, Ontario,
Quebec, and the Maritime Provinces.

Objective 2: Assemble a basis for projecting within-generation survival in sparse
populations as a function of both resident budworm density and characteristics of sites
and stands.

Background—in both eastern and western forests, susceptibility to budworm outbreaks
and vuinerability to subsequent damage are determined by some processes that are
identical and some that are very different. Thus, attempts to deduce causes of suscepti-
bility from observations of outbreak phenomena (such as defoliation) can be misleading.
Unfortunately, such attempts currently provide most of the basis for recommended
silvicultural treatments of budworm-susceptible forests.

Recommendation—Acquire standardized estimates of both density and site and stand
characteristics on about 30 sites in each of the five specified regions. Note: In each
region, 12 of these sites could also be used to achieve objective 1.

Objective 3: Evaluate the roles of interstand migration by gravid moths in the release of
sparse populations to outbreaks, the year-to-year maintenance of outbreaks, and
declines from outbreaks to sparse populations.

Background—In both eastern and western forests, immigration of gravid moths com-
monly exceeds the combined effects of emigration.and on-site moth mortality. In west-
ern forests, several documented outbreaks would almost certainly have declined without
occasional massive migration. In both eastern and western forests, however, the role of
moth migration in budworm dynamics continues to be in dispute.

Recommendation—Acquire standardized estimates of density, including moth catches
in pheromone-baited traps, from about 25 sampie points in each of 12 sites (6 sparse
and 6 outbreak) in each of the five specified regions. Note: In each region, the six sparse
sttes used here could also be among those used to achieve objectives 1 and 2.

Objective 4: Assembie a basis for projecting sources and sinks for gravid moths as a
function of bath site and stand characteristics and interstand attributes.
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Background—Site and stand attributes have a major influence on where female moths
deposit their eggs. In the West, at least, some areas appear to be chronic "sinks" for

gravid moths. Conversely, some evidence suggests that even a chronic sink may ‘
occasionally be the source of a massive outflight. ’

Recommendation—Acquire standardized data on defoliation, site and stand character-
istics, and interstand influences from each of the specific sampling points, sites, and |
regions used to reach objective 3. :

Objective 5: Evaluate the role of host responses induced by defoliation in budworm
population dynamics. . I

Background—in the West, the survival rate of small larvae changes from a relatively
high and constant rate at the start of an outbreak to a relatively low, density-dependent.
one as the outbreak progresses. This pattern is consistent with findings that some host ™"
foliage becomes toxic to the pest as an outbreak progresses. Declining values of both
defoliation and large larval survival also occur during outbreaks and appear to be func-
tions of declining foliage quality. Apparently, defoliation activates some sort of defensiv
responses by the host trees. Some of these patterns also appear to occur in the life
systems of both the jack pine with jack pine budworm and the balsam fir with eastern i

e

" budworm.

Recommendation—Acquire and freeze foliage samples from each site used to reach
objectives (3) and (4). Depending on population trends, bioassay these samples for l
insights into underlying processes.

To select appropriate management tactics and develop optimal total strategies, manag
ers need a quantitative basis from which to project the budworm-related consequences

of various possible management actions. Much of this quantitative basis still remains to

be developed.

Objective 6: Evaluate the efficacy of various silvicultural options in maintaining budworm
populations at sparse densities. ’

Background—Unlike the standardized protocols used to evaluate insecticides, no !
equivalent protocols exist for evaluating the efficacy of silvicultural treatments in modify-
ing budworm dynamics. Further, in both eastern and western forests, the vast majority

of current silvicuttural guidelines for keeping populations sparse have been extrapolatedlf
from studies based on outbreaks.

S

Recommendation—Acquire standardized estimates of both density and within-geners
tion survival in sparse populations on at least three replicates of each silvicultural treat- ~
ment widely used in budworm-susceptible forests in each of the five specified regions. .
Note: In each region, data accumulated to reach objective 2 could provide baseline .
survival rates for untreated stands.

Objective 7: Evaluate the role of host responses to defoliation in determining insectici
efficacy during posttreatment years.

Background—In Montana, New Mexico, and ldaho, western budworm survival duringy
posttreatment years was consistently lower in blocks that had been treated with an .

'
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insecticide. This difference in budworm survival between treated and untreated blocks is
thought to arise from defensive responses to defoliation by the host trees. Similar but
weaker posttreatment responses atter insecticide treatment have also been noted in the
life system of the eastern budworm. To my knowledge, insecticide applications have
never been deliberately timed to complement such host responses.

Recommendation—Conduct standardized insecticide trials in a new outbreak (3 treat-
ment blocks and 12 check biocks) in each of the specified regions. Assuming that the
outbreak persists, treat  three of the check blocks each year for each of three subsequent
years. Maintain density and defoliation records on all blocks for six years. In addition,

accumulate and freeze foliage samples from each block. Depending on resuts, bioassay
these samples for insights into underlying processes.

Decision-support systems that provide managers with the ability to test a variety of
management alternatives in a model of the ecosystem have become “the heart” of IPM
(Berryman 1986). Because of their central position, the models imbedded in these
decision-support systems must yield reasonably accurate projections.

Objective 8: Validate and improve current models for DEF, EG,N,, N,, and N,,, and
calibrate them for each of the specified regions.

Background—in this work, | have described projection capabilities for both defoliation
and four successive western budworm densities (eggs per mass, fourth instars, emerg-
ing moths, and egg masses). Within limits set by the data, each projection capability
summarizes relations found between one of the above dependent variables and influ-
ences in the following categories: attributes of sites and stands, density dependence,

interstand influences, weather, systematic year-to-year differences, and influences of
insecticide treatment.

Recommendation—Ensure that objectives 1 through 7 are met, Together, they provide
the information needed to reach this objective.

Obijective 9: Develop and field-test a regionally calibrated and management-oriented
mode! of budworm population dynamics.

Background—At present, western managers can either use a model that “...simulates
the processes that affect budworm Population dynamics in great detail” (Sheehan and
others 1987), or they can virtually ignore budworm dynamics, assume a particular
outbreak duration, and use their best guess about expected defoliation.
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