
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




Ig III m~ 
,sa ~ ftnl=I 0 

1II11~'~ .;; I~ 
11111: ,~ 13.6 

,.: ':"7]1 

I 1.1 t:~..:: E~ '"'' 2.0 

111111.8 

125 
11111 . 11111 1.4 '"" 1.6 



," f'

b~el,'ii1!~ 
:) STACIE 

Forest 
Service 

Cooperative 
State Research 
Service 

. Technica~ 
BLllletjw 
No. 1696 

Western Spruce 
Budworm and 
Forest-Management 
Planning 

NO, PRINTED .......--'--_ DATE _--'-,_. 


NEW.,v--RPT SL. REV. REV• 
..~~~< 

REEfR E.e ... PRICE ~~ 
.-~--



r . 

In 1977, 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, the CanadalUnited 
States Spruce Budworms Program (CANUSA), aimed 
.\i the spruce budworm in the East and the western 
spruce budworm in the West. The objective of 
CANUSA was to design and evaluate strategies for 
controlling the spruce budworms and managing 
budworm-susceptible forests to help forest managers 
attain their objectives in an economically and 
environmentally acceptable manner. This manual is one 
in a series on the western spruce bud worm. 
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Preface 

Despite extensive aerial spraying, outbreaks of the 
spruce bud worm in the East and the western spruce 
budworm in the West have caused considerable 
damage to susceptible forests and show no signs of 
abating. As many as 900 million acres (365 million ha) 
have been infested in 1 year in the eastern part of the 
continent. About 5 million acres (about 2 million ha) 
are infested annually in the West, and about 247 million 
acres (100 million ha) of western forests are considered 
susceptible. A new approach to bud worm problems 
was clearly needed-one that could include direct 
suppression but would emphasize forest management to 
reduce susceptibility. 

In 1977, the U.S. Department of Agriculture and the 
Canadian Department of the Environment agreed to 
pool the expertise and facilities of both countries; 
together they embarked on a 6-year research and 
development program in 1978. Objectives were to 
design and evaluate economical and environmentally 
acceptable strategies to suppress the bud worms and to 
manage forests susceptible to them. Part of the 
planning was to assure that new information and 
technology would be available for application by forest 
managers as soon as possible. 

So that the information would be in forms most useful 
to forest managers, administrators in the western 
segment of the program (CANUSA-West) appointed a 
working group (see appendix 1) to plan the distribution 
of research results to all appropriate audiences. 
Meeting annually, the group identified the major 
audiences and developed a framework for reaching 
them. A major part of the effort is a series of three 
books. "Western Spruce Budworm" is a synthesis of 
current knowledge about the insect and its hosts. It 
summarizes most of the known information on the 
western spruce budworm and provides background for 
the recommendations contained in two management 
books: "Managing Trees and Stands Susceptible to 
Western Spruce Budworm" and this book. 

Designed for forest phmners and policy makers, this 
book summarizes what has been accomplished during 
the program to provide better protection of forests 
against outbreaks of the western spruce budworm and 
how the results may be used. Because the approach to 
forest protection-integrated pest management-is 
relatively new, procedural, structural, and legislative 
issues and constraints are also discussed. 

For convenience, "budworm" or "western 
budworm" in this book means the western 
spruce budworm, Choristoneura occidentalis 
Freeman. The spruce bud worm, C. fumiferana 
(Clemens), is called "eastern bud worm." 
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Chapter 1 
Forest Conditions and the Western Spruce Budworm 



1.1 Description of Host Forest Types 
Wyman C. Schmidt l 

The western spruce bud worm is a native insect that 
finds a variety of tree species to its liking in forests of 
western North America. Host forests are those that 
provide the conditions needed by the bud worm to 
complete its full life cycle-including sites for feeding, 
pupation, egg-laying, and overwintering. Host forests 
are usually comprised of both host and nonhost species; 
nonhosts can serve as substrate during some part of the 
life cycle, such as for overwintering sites. Forests 
sometimes consist of a single species-often a shade
tolerant species that has advanced well along the 
successional path for that forest type. Seral species may 
have been present earlier in the succession but have 
dropped out because they matGred and died or were 
eliminated by cutting or some other cause. Under some 
ecological conditions, such as the cool, dry phases of 
the climax interior Douglas-fir forests, the bud worm
susceptible Douglas-fir is essentially the only conifer 
that can grow on those particular sites. 

Western forests have been classified several different 
ways over the years. Some classifications, such as the 
Society of American Foresters' cover types (Eyre 
1980), are based on what species actually predominate 
on the site at a given time-others, on what the 
composition is expected to be in the long term. Where 
natural succession has proceeded without any 
significant disturbance for a long time, composition of 
the present forest (cover type) may be about the same 
as that described for the eventual climax vegetation. 
Conversely, a forest may be dominated by seral species 
and classified into a forest cover type that does not 
reflect the understory shade-tolerant species that-left 
undisturbed in the successional process-will 
eventually dominate the site. 

A commonly used broad classification of potential 
natural vegetation in the United States was compiled 
by Kiichler (1964). Daubenmire and Daubenmire (1968) 
developed a more detailed hierarchical vegetation 
classification that, like Kiichler's, is also based on 
potential vegetation. Commonly referred to as "habitat 
types," this widely accepted system has been refined 
and developed for areas beyond eastern Washington 
and northern Idaho, where the Daubenmires did most 
of their work. Hall (1973) developed a plant
community classification for eastern Oregon and 
southeast Washington, and Franklin and Dyrness (1973) 
summarized the habitat classifications used in Oregon 

1Authors' affiliations are given in appendix 2. 

and Washington; Pfister and others (1977) expanded 
and refined the habitat classification scheme to fit 
Montana conditions; Steele and others (1981) 
completed the habitat classification for central Idaho; 
and Steele and others (1983) recently completed it for 
eastern Idaho and western Wyoming. Similar work, 
based on the potential vegetation concept, such as that 
of Krajina (1969) in British Columbia, is completed or 
underway in other regions of both the United States 
and Canada. 

Interior Douglas-fir, the true firs, and the spruces 
account for most of the bud worm feeding substrate in 
western forests (Johnson and Denton 1975). All are 
moderately to very shade tolerant. Shade tolerance is 
generally related to budworm feeding preference-the 
more shade tolerant the tree species, the greater the 
budworms' preference for feeding on its foliage 
(Schmidt and others 1983). The true firs are very shade 
tc1erant and are nearly always climax species in the 
vegetative associations in which they occur. Douglas
fir, intermediate in shade tolerance, plays both seral 
and climax roles, depending on its associations. For 
example, Douglas-fir is a climax species in its 
associations with ponderosa pine but seral when 
growing with subalpine or grand fir. The spruces are 
somewhat more shade tolerant than Douglas-fir but less 
shade tolerant than the true firs. 

Each geographic region of the West that supports 
forests serving as hosts to the budworm has its own 
unique combination of species, but some species serve 
as hosts over extremely broad areas. Douglas-fir grows 
over the broadest area, but the budworm usually 
prefers true firs to Douglas-fir when these two species 
are growing on the same site. 

Although budworms feed on many conifers, six 
species-Douglas-fir, grand fir, white fir, SUbalpine fir, 
Engelmann spruce, and western larch-stand out as the 
primary hosts (fig. 1-1). These six host species occur in 
11 States-Idaho, Montana, Wyoming, Utah, Colorado, 
Arizona, New Mexico, Nevada, California, Oregon, 
and Washington-and 2 Provinces, Alberta and British 
Columbia (Little 1971). A minor portion of the 
subalpine fir range extends into the Yukon Territory 
and Alaska, and Douglas-fir and white fir extend into 
Mexico. The ranges of Douglas-fir, SUbalpine fir, and 
Engelmann spruce are surprisingly similar. On much of 
this area, they occupy many of the same sites; but at 
lower elevations, Engelmann spruce and SUbalpine fir 
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Budworm Defoliation 

Figure I-I-Distribution of the primary host 
species of western spruce bud worm in western 
North America and of bud worm defoliation 
recorded from aerial surveys, 1947-83. 
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Figure 1-2-Douglas-fir climax forests like this are 
hosts of western spruce bud worm over vast areas 
of the West. Although this particular site was 
originally dominated almost entirely by seral 
ponderosa pine, a light partial cutting, little or no 
site preparation, and exclusion of fire accelerated 
the succession toward a stand comprised almost 
entirely of the climax Douglas-fir. 

are usually absent or scarce except in cold, moist 
drainages. White fir and grand fir usually grow in 
association with at least one of these three species, but 
their ranges are more limited and show practically no 
overlap. 

The vegetational succession patterns and resultant 
species mixtures of these western forests largely dictate 
how well they serve as habitats for the western 
budworm. Two factors-effective fire control and 
economic-selection cutting-have done much to create 
the conditions that were conducive to dramatic 
increases in bud worm populations in the early 1950's. 
The nearly complete elimination of light surface fires, 
which had periodically· ..:moved most of the shade
tolerant understory trees, resulted in forests succeeding 

toward a much larger proportion of budworm hosts
the shade-tolerant species (fig. 1-2). Economic-selection 
cuttings in the first half of this century generally 
removed the valuable seral species, such as ponderosa 
pine, western larch, and western white pine, and left 
the less sought-after true firs and Douglas-fir-all 
budworm hosts. In addition, these cutting practices 
often precluded site preparation and other conditions 
needed to regenerate seral species. Thus, the end result 
of these economic-selection cuttings was much the 
same as fire exclusion-a higher proportion of the 
shade-tolerant bud worm host species over extensive 
areas of the West. Even-aged management, used in 
many areas of the West since the early 1950's, has 
begun to reverse these trends. 
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1.2 Effects of Site and Stand Conditions on 
Budworm Outbreaks 
Clinton E. Carlson 

Throughout the West, forest conditions and site 
characteristics are strongly related to the dynamics of 
localized outbreaks and damage to host trees. The 
budworm is a major problem on the more productive 
habitats in most forests. For example, extensive damage 
occurs on grand fir and subalpine fir on grand fir 
habitat types and on Douglas-fir on Douglas-fir habitat 
types. The budworm may not be the only pest of 
concern during the planning process. Dwarf mistletoe 
often occurs with the bud worm on Douglas-fir 
habitats. Douglas-fir tussock moth may be a problem 
on ridgetops and dry sites in other habitats where 
bud worms are a problem. Also, root diseases, such as 
Armillaria, appear to be common in association with 
budworm. Thus, a broad range of pest activities must 
be considered in management planning. 

The factors most closely associated with budworm 
outbreaks are discussed below. These factors are also 
known to influence other pests as well. 

1.2.1 Factors Affecting Susceptibility and Vulnerability 
The interactions between budworms and conifer stands 
may be thought of as the effect the stand has on the 
budworm and the influence that the insect has on the 
stand. Stand susceptibility is the net influence of those 
factors that contribute to the probability of outbreak. 
Thus, susceptibility deals with the influence of site and 
stand conditions on the budworm and persistence of an 
outbreak. Alternatively, stand vulnerability is a relative 
measure of injury that may occur to a susceptible 
stand. Thus, vulnerability expresses the probability that 
the insect will affect stand growth and development. 

The factors affecting stand susceptibility also, in large 
part, regulate stand vulnerability. For this reason, 
susceptibility and vulnerability are discussed together. 
Generally, those events that increase the amount of 
food available for the bud worm increase survival, and 
increasing sites for egg deposition will also increase 
susceptibility and vulnerability. 

Probability of attack and injury are affected by intrinsic 
stand characteristics, such as host phenology, species 
composition, density, structure, vigor, maturity, 
acreage of contiguous host type, and proximity to 
current outbreaks. Extrinsic factors, including climate 
and topographic conditions, interact with stand 
characteristics to modify susceptibility. 

Host Phenology-Synchronization of budburst with 
spring larval emergence is important to the bud worm. 
Generally, host species on which buds break after 
larval emergence are less susceptible than species that 
have earlier budburst. For example, Douglas-fir 
growing in association with grand fir on grand fir 
habitats break buds later than grand fir and are 
relatively nonsusceptible. 

Stand Composition-Stands composed mostly of 
lodgepole pine, ponderosa pine, or other species not 
considered primary hosts of the budworm are seldom 
attacked. In stands composed mostly of host trees
particularly Douglas-fir and the true firs-susceptibility 
increases with the proportion of shade-tolerant species 
present. Pure stands of shade-tolerant grand fir are 
more susceptible than stands composed of a mixture of 
Douglas-fir and grand fir. Shade-tolerant species also 
incur greater injury than shade-intolerant species for a 
given budworm density. Thus, in mixed Douglas-fir 
and grand fir stands, loss of biomass is less than would 
be found in a pure grand fir stand. Similarly, in 
Douglas-fir climax communities, where Douglas-fir is 
the most shade-tolerant species, injury is greatest in 
pure stands. 

Stand Density-Susceptibility to the bud worm increases 
as the density of host species increases. Thick, dense 
stands of true firs or Douglas-fir have a tremendous 
amount of foliage biomass and provide budworm with 
ample substrate of good quality. Larval dispersal loss is 
reduced in dense stands because the nearly continuous 
crown cover prevents larvae from faIling to the 
ground, where they are prey for ants, spiders, and 
other predators. Heavy budworm feeding in dense 
stands can cause significant injury. These stands usually 
are under extreme competition for moisture, nutrients, 
and light. Food reserves for the stand may be limited, 
and any additional stress, sllch as insect feeding, may 
result in severe damage. Heavy defoliation can cause 
extensive top-kill, mortality, and growth loss in 
overstocked stands. 

Height Structure·-Multistoried host stands are better 
habitat for bud worm than are even-aged, one-storied 
stands. Intermediate crown layers tend to reduce loss 
during larval dispersal and increase food available to 
the budworm. During an outbreak, large larvae (fifth 
and sixth instars) often deplete foliage on large trees 
and spin down in search of additional food, frequently 
landing on intermediate crown layers, where they can 
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then complete their life cycle. Further, the lower 
canopies of multi storied stands usually are composed of 
shade-tolerant conifers, the preferred hosts of the 
budworm. 

Stand Vigor-Fast-growing, healthy stands are less 
susceptible than stagnated, stressed stands. Foliage 
quality in stressed stands is more favorable to the 
budworm and tends to promote insect survival. 
Stressed sites are less capable of supplying water and 
nutrients to trees. Nutrient availability and cycling may 
be a major influence in causing stress. Ultimately, 
starch reserves, which are important in postoutbreak 
recovery, usually are limited in stressed stands. 

Stand Maturity-Even-aged stands 1 to 20 years old 
are low in susceptibility because they offer limited 
substrate and very little opportunity for bud worms to 
lay eggs. Larvae that do disperse to developing young 
conifers are easy prey for ants, spiders, and other 
predators. Susceptibility increases as stand age 
increases. Stands 40 to 60 years old tend to have high 
foliage biomass and have developed dominance classes. 
The budworm tends to do well in stands where an 
irregular canopy creates warmer, drier conditions for 

1.00 I 
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developing larvae. Other conditions remaining 
constant, vulnerability generally increases with stand 
age. 

Stand Size-Host stands of small acreage isolated in 
nonhost types are not likely to be infested by 
budworms. Conversely, large, contiguous blocks of a 
host type, such as may occur throughout a drainage, 
can be highly susceptible. Because large acreages of 
host types tend to support increasing bud worm 
populations, injury to infested stands can be expected 
to increase also. Furthermore, stands that in all other 
characteristics would be classified as susceptible may 
really not be subject to attack if they are not near 
substantial acreages of host type. 

Climate and Topography-Stands in geographic areas 
with a relatively warm, dry, spring climate are more 
susceptible and incur more injury than stands in wet, 
cold areas because bud worm larval development is 
favored by warm, dry conditions. Topographic 
conditions that promote warm and dry stand conditions 
also favor the budworm. For example, stands on south
southwest aspects of moder"te slope are much more 
susceptible than stands on north aspects (fig. 1-3). 

I I 

C) 0.75 f-
'. ... Subalpine Fir Habitat Type 

" .'
, ' ,.' 

c " ..... " ..... 
~ ......
CJ ",." o ..... ....en ............ 

'0 0.50 r- 

~ No Budworm 
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~ 0.25 ~'" ~/-
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I I I 

90 180 270 360 
Aspect in Degrees

Figure 1-3-Influence of aspect and bud worm on 
the probability of stocking. The budworm had no 
effect on the subalpine fir habitat types. 
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1.2.2 Altering Susceptibility and Vulnerability 
Stand and forest susceptibility to the butlworm can be 
reduced by manipulating the factors responsible. 
Planning silvicultural activities can be done weI1 in 
advance of action, and activities can be planned so that 
other forest pests are also adversely affected. 
Silvicultural manipulation of long-term forest and stand 
characteristics offers opportunities for aI1eviating pest 
problems. 

In summary, increasing the habitat suitability for the 
budworm will increase stand susceptibility. Increases in 
host-foliage biomass usually result in improved 
conditions for bud worm development and 
reproduction. Large acreages of dense, multistoried 
old-growth stands composed of shade-tolerant host 
species-such as grand fir, subalpine fir, and spruce
are very susceptible to the budworm. But even-aged 
stands optimaI1y stocked with a diversity of shade
intolerant species-such as lodgepole and ponderosa 
pines, western larch, and even Douglas-fir-are 
relatively non susceptible to budworm (but may be 
susceptible to other pests). Budworm damage in the 
form of reduced stand growth or biomass is greatest in 
the most susceptible stands. Climate and topography 
interact with intrinsic stand characteristics to create an 
infinite number of possible susceptibility values. The 
complexity of the interactions notwithstanding, we 
understand enough about them to make management 
decisions detrimental to the budworm and other pests. 
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Chapter 2 
Management Considerations in 
Integrated Pest Management 
R. W. Stark and K. H. Wright 
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2.1 The Forest As an Ecosystem 

For purposes of analysis and management, a forest 
stand may be considered an ecosystem. Whatever the 
defined boundaries, however, the forest ecosystem is a 
complex of plants and animals that interact with one 
another and their immediate environment. Recognizing 
and understanding these interactions is of great 
importance to forest management. Unilateral actions 
against a single pest organism may create conditions 
favorable to another pest. Pest complexes in forest 
stands, therefore, must be viewed as subsystems within 
the forest stand. Four principal properties of an 
ecosystem determine how it responds to change and, 
therefore, how policies affecting it should be designed 
and implemented (Holling 1978): 

1. Ecosystems have a definite structure. Their 
parts are connected but not necessarily strongly. Many 
people believe that everything is intimately connected 
in an ecosystem and disturbance of any part will result 
in dire consequences. In fact, many forest ecosystems 
are remarkably adapted to change (HoIling 1981). This 
adaptibility does not; keep us from sometimes upsetting 
the system, however. For example, if spraying a forest 
with an insecticide is not properly timed, pest 
populations may go up, or a "new" pest may appear 
because its natural enemies have been eliminated 
(Knipling 1979). The implication for management is 
that knowledge of interrelations among key organisms 
is more important than knowing the species and 
number of every organism present. 

2. Components of the ecosystem exhibit a 
definable spatial behavior. For example, dispersal of a 
budworm population is not necessarily uniform from a 
center-and it is affected by the variability of the forest 
structure. Understanding the causes for this spatial 
variation is important in managing both forest and pest. 

3. Ecosystems exhibit variable but not always 
readily definable properties of stability and resilience. 
They are generally regarded as relatively stable (that is, 
persistent) and resilient (capable of returning to their 
original state in spite of what is done to them). This is 
not entirely true-as many world deserts (formerly 
forests) and swamps (formerly productive lakes) testify. 
The extent an ecosystem (or component of it) can be 
changed-and return to its original state-is limited. 

4. Ecosystems vary in time and space. Variability 
contributes to their persistence and self-correcting 
capacities. Outbreaks of forest insects are part of the 
natural cycle of renewal that maintains resilience and 
diversity. If we eliminate such outbreaks without 
substituting a similar mechanism, we may jeopardize 
the process that gave us the resource to manage. For 
example, a rigorous fire-exclusion policy has seriously 
reduced some wildlife habitat diversity, intensified 
some pest problems, and increased the risk of more
destructive fires (USDA Forest Service 1981). 
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2.2 Pest "Control" Versus Pe5t "Management" 

For many years, forest-insect pest control has followed 
the same philosophy as fire control. That is, pests, like 
fire, appeared at unpredictable times; populations were 
assumed to spread like fire unless stamped out; as with 
fire, their destruction of the economic base could not 
be tolerated. Outbreaks were crises, and no alternative 
but immediate action was possible (Rumpf and others 
1982). Early success with chemicals provided the 
means to combat the emergency. But now, for several 
reasons, alternatives to this emergency-action approach 
have become essential: 

• Experience has shown that pesticides are often 
only a temporary solution. They can often be used to 
retain the value of the timber resource until scheduled 
harvest or to preserve high-value trees, but they do not 
resolve the basic problem-the causes of the outbreak. 

• Areas needing treatment may be larger than can 
be treated with available funding. In 1983, for example, 
direct suppression of western budworm was deemed 
necessary for about 1.4 million acres (567 000 ha) in 
eastern Oregon (USDA Forest Service 1983 unpubl.); 
funds to treat only 524,000 acres (212 000 ha) were 
available. 

• Federal financial assistance for spray programs 
on private lands has been reduced-the trend is 
apparently to transmit total costs to owners (Stewart 
1983). In 1982, Federal assistance declined from 75 
percent to 25 percent, to 12.5 percent, and to zero in 
various regions of the country. Suppression costs
unlike those for such alternatives as commercial 
thinning-may be prohibitive for some private 
landowners, especially when timber markets are poor 
and owners have cash-flow problems. 

• Loss of registration of DDT has resulted in a 
limited choice of less effective insecticides. 

• Additional requirements for monitoring 
environmental effects of pesticide applications have 
been imposed in response to public demand that all 
costs of introducing toxic substances into the 
environment be evaluated. 

• An aroused environmental movement and 
increased legal awareness by the public have given rise 
to a plethora of appeals and lawsuits by environmental 
groups and citizens against agencies and industries 
using pf'.sticides in forestry. 

479-397 0 - 86 - 2 QL 3 

• Increased understanding of ecosystems and the 
processes operating within them have led to the 
concept that frequent and severe outbreaks can often 
be prevented through appropriate silvicultural and 
stand-management practices. 
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2.3 Integrated Pest Management 

Over the past two decades or so, the concept of 
integrated pest management (IPM) evolved. This 
strategy emphasizes the use of several approaches (see 
chapter 4) based on thorough analysis of economic and 
environmental concerns. 

IPM has been accepted as Forest Service policy for 
coping with destructive forest insects. It has been 
defined (USDA Forest Service 1982) as: 

A process for selecting strategies to regulate 
forest pests in which all aspects of a pest-host 
system are studied and weighed. The 
information considered in selecting 
appropriate strategies includes the impact of 
the unregulated pest population on various 
resource values, alternative regulatory tactics 
and strategies, and benefit/cost estimates for 
these alternative strategies. Regulatory 
strategies are based on sound silvicultural 
practices and ecology of the pest-host system 
and consist of a combination of tactics such as 
timber stand improvement plus selected use of 
pesticides. A basic principle in the choice of 
strategy is that it be ecologically compatible 
or acceptable. 

IPM permits great flexibility because it seeks the "best" 
strategy that adheres to ecological principles and 
management objectives. The best strategy need not be 
complex-it may be simply to do nothing. 

IPM in forestry has been borrowed largely from 
agricultural experience. But forest protection 
introduces spatial and temporal complexities and also 
policy and management considerations not found in 
agriculture. Forest crops allow the forest and pest 
manager more time to cope with most problems 
(Waters and Stark 1980). 

To be fully effective, forest protection must be 
included in policy and planning, as well as in 
implementation. Under multiple-use management, 
forests can produce many resources or a single 
product, such as visitor-days or timber. Simplistically, 
managers examine the resources available and the 
allocation of land for specific resources, and-within 
existing policy or policies-develop alternative 
objectives and management plans. During this phase, 
IPM specialists analyze the real or potential pest 
situation, and project the impact of the pests on 
resource values. Here, their role is largely advisory, 

based on existing knowledge. IPM specialists can help 
identify critical gaps in knowledge, providing 
guidelines for research and development to provide 
better information for the manager. 

In plan implementation, IPM specialists monitor the 
pest situation and update projections of pest activity 
and impact. IPM specialists are responsible for 
continuously updating pest-management information for 
field managers and technical specialists (such as 
silviculturists) on the most recent technology, so that 
managers can act quickly to consider procedures for 
minimizing or avoiding impacts of insects and disease
particularly the effects that would prevent meeting 
planned objectives. 

CANUSA has emphasized the development of 
techniques to assist the forest manager in making 
decisions related to budworm management. Program 
outputs are presented in various ways (see chapters 3 
through 5) and are summarized below. In total, they 
comprise what has come to be called a decision-support 
system (Twardus and Brookes 1983 unpub!,). 
Individual components or the entire package can be 
used by the forest manager to reach decisions based on 
the best information currently available. A conceptual 
model of the decision process and decision-support 
system for managing the western spruce bud worm is 
shown in figure 2- L 
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Management Decision Process 
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Figure 2-1-The decision process and the decision
support system for managing the western spruce 

t:;l bud worm (adapted from Coster 1980). 
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2.4 The Western Spruce Budworm and IPM 

The decision-support system for western bud worm 
includes a series of simulation models that can be used 
to project the course of an infestation over 2 or more 
years and the impact of defoliation on forest stands 
over time. Economic models translate bud worm 
impacts into units appropriate to the resource desired. 

The Budworm Model simulates the dynamics of a 
population, beginning at the stage sampled, for that 
generation-and then estimates the size and dynamics 
of succeeding generations. Host-foliage growth is also 
projected; the amount of defoliation over time depends 
on changes in insect population density. 

The Budworm Model is linked to the Prognosis Model, 
which simulates forest growth. The Prognosis Model 
produces growth and yield tables and forecasts stand 
development in the presence of bud worm by simulating 
growth and mortality of individual tree samples. It is 
based on standard-inventory data routinely gathered 
from the forests where it is to be used. This model was 
developed explicitly for forest planning (see chapter 5). 

The combined Budworm-Prognosis Model permits 
estimation and forecasting of the effect of bud worm 
defoliation on tree growth, top-kill, and mortality in 
mature stands, regeneration establishment, and the 
effect on growth and structure of immature stands. 
Routines have been developed that permit combining 
stand projections to provide estimates for entire forests 
or watersheds. 

Methods for managing bud worm-susceptible stands 
have been developed based on do1\ar values for 
alternative thinning strategies and rotation lengths for 
damaged and undamaged trees. The net present value 
of an optimal thinning and harvest regime obtained 
without budworm damage is compared to a regime 
with budworm damage. The difference between the 
two values is the economic impact of the bud worm, 
which can be compared to appropriately discounted 
suppression costs. Multistand impacts of budworm 
damage in the context of a National Forest or private 
forest plan can also be estimated-as well as effects on 
the economy of communities dependent on the forest 
resource. 

The combined models enable the forest manager to 
simulate various treatments for immediate suppression 
or long-range prevention of budworm-comparing 
efficacy, costs, and long-range benefits. The decision
support system improves our ability to estimate 
budworm impact, examine alternative plans for dealing 
with bud worm, and monitor the performance of the 
plan chosen. 
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2.5 Recommendations for Implementing IPM 

To implement IPM strategie~ f~r protecting western 
forests from the budworm, we recommend: 

• National Forests and other federally 
administered forests, large forest industries, and State 
forestry agencies should incorporate IPM into their 
forest-management planning process. Forests containing 
susceptible host types should be rated as to their 
vulnerability to important forest pests. These forests 
should then be classified by management categories, 
such as commercial forest lands, which are critical for 
production as projected by forest planning; acreages to 
be managed for other resources, such as wildlife; 
acreages designated as noncommercial land; and so on. 
These classifications would then be used to rank stands 
for treatment. 

• Although managers of federally administered 
forest lands in the United States have a mechanism for 
implementing IPM plans, the structure varies among 
Forest Service Regions. Logically, procedures should 
be similar regardless of boundaries and should be 
administered by a National Forest silviculturist in 
cooperation with Forest Pest Management (FPM) and, 
sometimes, research specialists. 

In Canada, Provinces have the major responsibility for 
implementing pest management. States and Provinces 
that have extensive forests with recurrent pest 
problems should have a permanent cadre of IPM 
personnel. This staff would work with managers of 
both Federal and private forest lands to develop an 
IPM plan for the insect pests of that State or Province. 

• To assure the use of the most up-to-date 
technology, a permanent mechanism should be 
established for the transfer of IPM-related technology. 
In the United States, although the FPM staff has the 
lead role in technology transfer, all units of the Forest 
Service share this responsibility. In Canada, Provincial 
agencies have the lead role. 

The multidisciplinary nature of IPM systems demands 
constant interaction by the National Forest System, 
Timber Management, Timber Management Research, 
Forest Insect and Disease Research, State 
Governments, at least the large private owners, and the 
Canadian counterparts of all these groups. In each of 
these organizations, representatives should be assigned 
to an IPM technology transfer task force or committee. 
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Chapter 3 
Damage and S!)cioeconomic Impact 
Thomas D. Bible and Daniel B. Twardus 
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3.1 Introduction 3.2 Modeling Economic Impacts 

The effects of the bud worm in western North America 
are generally considered to be losse.; in commercial 
timber volume, but land managers should recognize 
that the bud worm can affect other forest values. 
Recent research results suggest that bud worm losses to 
recreation and esthetic values may also be measurable 
(Agricultural Enterprises, Inc. 1981 unpubl., Buyhoff 
and others 1982, Schroeder and Daniel 1981, Walsh 
and others 1981). Managers should be aware that 
socioeconomic effects of budworm occur for any forest 
use. When they are evaluating economic i;npact, 
managers should also be aware of potential economic 
losses to any group of forest users. 

No matter what resources are affected, the primary 
impacts will be reduced timber yields. The extent and 
value of those losses can be assessed for landowners 
and timber purchasers directly by following the 
procedures outlined below. Methods for evaluating 
further economic impacts linked to local and regional 
employment and economic stability are also described; 
full details for evaluating secondary regional impacts 
may be found in Bible (1983a unpubl., 1983b unpubl., 
1983d unpubl.). 

The methods and suggestions in this chapter are based 
on an important assumption. Specifically, before 
evaluating economic impacts, managers should have 
developed a set of strategies for responding to the 
budworm and ranked them according either to 
implementation cost or administrative preference. 
Typical management strategies are described in chapter 
4 of this volume. Economic-impact assessments are 
made assuming an outbreak was allowed to run its 
course without intervention. The loss attributed to an 
outbreak is then compared to the costs of alternative 
strategies. 

Land managers can calculate expected losses in volume 
attributable to the budworm through the Prognosis
Bl1dworm Model (see chapter 5). But before managers 
can begin an economic-impact evaluation for bud worm, 
the assumptions and model supporting any particular 
evaluation must be clear. The economic-impact model 
is the mechanism through which physical loss in the 
forest stand is translated into economic loss for some 
person or group. 

In any economic-impact analysis, managers should be 
able to identify persons, groups, entities, and 
institutions that might be directly affected economically 
by losses to budworm. Once that constituency is 
identified, managers should obtain information about 
the financial and planning objectives of others who rely 
on timber harvest to meet economic objectives. Of 
equal importance, forest-land managers should also be 
able to define their own economic objectives and how 
the bud worm could affect them. Specific methodology 
and procedures for developing an economic analysis of 
budworm impact can be found in Bible (1983c unpubl.). 

In summary, information about stumpage markets can 
be obtained to help managers evaluate the magnitude 
of economic losses attributable to bud worm. 
Information about stumpage markets can also be used 
to help identify affected entities, as well as provide a 
guide for managers to understand how economic 
impacts are derived from harvest-volume effects. 

Calculation of economic losl'ies attributable to volume 
losses from bud worm can be lengthy and complicated, 
but a complete analysis must be done. Otherwise, land 
managers leave themselves open to criticism from 
forest users who have been left out of the analysis. 
Actual losses and incidence of loss depend on many 
interrelated factors unique to geographic areas, size and 
duration of an outbreak, regional industrial structure, 
and so on. 

Details on applicable methods of analysis can be found 
in the recent papers by Bible (1983a unpubJ., 1983b 
unpubl., 1983d unpubl.). In those papers, responses of 
wood-product producers to changes in harvest levels 
and stumpage prices are explained and evaluated. 
Specifically, potential effects of budworm that might be 
translated into industry profit losses are investigated. 
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3.3 Management Considerations in Evaluating
Economic Impacts 

For the remainder of this chapter, the discussion is 
presented in terms of the development of an 
environmental assessment (EA) or an environmental 
impact statement (EIS). For Federal agencies an 
environmental analysis is required by law (see chapter 
6) before a budworm management plan may be 
implemented; as a consequence, considering 
management evaluation options in terms of EA and 
EIS requirements is logical. 

A common methodology for economic evaluation in 
EA's and EIS's dealing with the budworm is: expected 
volume losses are calculated and valued at a projected 
stumpage price to obtain a total value for bud worm 
effects on timber volume. If necessary, loss values are 
discounted to obtain a present value for losses in a 
particular outbreak. Expected losses are then compared 
to the costs of other management options; the least-cost 
option is usually chosen. 

By law, public-land managers retain discretion to 
choose any option deemed appropriate according to 
their professional judgment and land-management 
objectives. Economic analyses are prepared simply to 
provide managers with the relative costs and benefits 
of various options and aid in developing management 
plans. 

Many economic analyses have relied on benefit/cost 
ratios to display relative economic losses attributable to 
budworm in different geographic regions. Net present 
value, however, carries all the information necessary 
for management decisions in budworm-loss evaluations 
and does not suffer from the shortcomings in benefit/ 
cost ratio or internal-rate calculations. In effect, 
although net-present-value calculations are sometimes 
more difficult to use in decisionmaking, their meaning 
is always unambiguous. Ratios or internal rates, on the 
other hand, may appear to be simpler to use in 
decision making, but they may rank management 
options incorrectly or indicate that certain options are 
feasible when they are not. Further, when ratios or 
internal rates do indicate the correct decision values, 
net-present-value calculations will do so as well. But 
when ratios or internal rates give misleading directions, 
net-present-value calculations will not. And finally, a 
requirement to conduct a benefit-cost analysis is not 
necessarily equivalent to, nor does it mandate 
calculation of benefit!cost ratios (see, for example, 
Zeckhauser and Stokey 1978). 

The USDA Forest Service now requires use of net 
present value as the primary measure of economic 
efficiency. In allocating limited funds in short-term 
analysis periods to implement long-term plans, benefit! 
cost ratios are recommended (see section 1971 of the 
Forest Service Manual). 

Calculation or determination of stumpage prices for 
affected acreages may also pose a problem for 
managers. In many EA's and EIS's, expected stumpage 
prices have been obtained from published sources 
unrelated to bud worm-affected acreages. But most 
stumpage-price projections are developed without 
considering the potential for timber-volume losses from 
budworm to affect stumpage prices. Choosing to 
evaluate bud worm losses with those prices may 
seriously limit the scope of an economic analysis for 
budworm, especially when outbreaks cover large 
geographic areas. Specifically, and as discussed in 
detail by Bible (1983c unpubl.), the economic 
assumptions used for stumpage prices in many recent 
economic analyses imply that economic impacts will 
not affect any person or group other than landowners. 
An economic analysis made by public landowners, 
however, should consider possibilities for local and 
regional economic impacts of budworm management 
versus nonmanagement (management options are not 
limited to insecticide treatment but may include 
silvicultural options). When the principal resource 
affected is timber, the analysis should, for example, 
evaluate harvest volumes as input to the production of 
lumber and wood products. Then, the impact on local 
producers could be investigated as the economic 
impact of changed harvest volumes and prices. An 
important part of an effective economic assessment by 
managers of public land is consideration of the 
possibilities for changes in stumpage prices when 
budworm losses are realized in harvest volumes. 

When changes in timber prices are possible because of 
klss to bud worm, a private landowner's analysis should 
also consider timber receipts. Managers of vertically 
integrated firms must consider the net loss attributable 
to bud worm in all aspects of the firm's operations, 
including losses of timber volume as well as the impact 
of changed production costs (see Bible 1983c unpubl.). 
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3.4 Using Available Data To Evaluate Economic 
Impact of a Budworm Outbreak 

In this section, how to develop an economic evaluation 
of timber volume losses from the budworm is outlined. 
Real data taken from published and unpublished 
sources have been u..<:ed whenever possible. Much of 
the data displayed here has been drawn from an EA 
prepared by the Pacific ~onhwest Region (Region 6) 
of the USDA Forest Service (1982, 1983 unpubl.). The 
demonstration does not constitute a full treatment of 
the Region 6 analysis because only selected parts of 
their data set have been used. References to that larger 
documentation are provided here to give continuity 
and content to a demonstration of analy::;is 
methodology developed under CANL:"SA. 

Before an economic-impact evaluation for the 
budworm is begun, the method described by Bible 
(l983c unpubJ.) requires that relevant price elasticities 
of stumpage demand for the affected regions be 
estimated. Price elasticities are important because they 
give indications about both ~he magnitude of potential 
economic losses, and the entities that \\ill incur the 
losses. For example. if stumpage demand is price 
inelastic for a landowner. volume losses from the 
budworm can actually increase revenue from stumpage 
sales on affected acreage. That is because reduced 
harvest volumes would lead to such a steep increase in 
stumpage pric.es that total receipts would increase, 
Clearly, this would be a "best case" for a landowner 
but would imply cost increases for stumpage 
purchasers. 

On the other hand. if stumpage demand were price 
elastic. stumpage prices would not increa..<:e enough to 
offset reduced harvest volumes and landowners' 
receipts would falL The "worst ca...<:e·· then for a 
landowner would be when stumpage prices did not 
change at all in response to han'est reductions. These 
issues are fully discussed by Bible (l933c unpubL). 
Here. folk wing these methods. best- and worst-case 
analyses will be developed. The seyeriry of a particular 
case win be considered initially from the perspecti"'e of 
the landowner. or from the stumpage supply side. 

The general economic assessment developed in this 
section ll.-.es the volume-loss data calculated tor a 
budwonn outbreak on twO ~ationa1 Forests, Tne basic 
data development is described in the Forest Sen'ice 
EA mentioned above (CSDA Forest Service 1982. 
1983 unpubL). Additional data required 10 demonstrate 
a broader analysis have beendeveIoped hypothetically 
or drawn from other published. sources. as indicated 

below and in the tables. Although the exampJe is 
related to decisionmaking on National Forests. 
application of the methods by private-sector managers 
should be clear. 

Data necessary for the analysis demonstration were 
obtained for the Malheur and Wallowa-Whitman 
National Forests (tables 3-1 and 3-2). Excluded from 
this example are much of the data contained in the 
Region 6 EA. as well as all State and private lands 
included in the original analysis. Stumpage-demand 
data were hypothesized in table 3-1, so that stumpage 
demand was not infinitely elastic for the region 
covered by the EA. The assumed demand para.meters 
mean that decreased harvests would mean increased 
prices which, in turn, could result in changed timber 
receipts for landowners. Funher, stumpage costs would 
be likely to increase for local producers, 

~ote that the elasticity measures derived from the 
hypothesized demand schedules are extreme and used 
only to demonstrate the method. As such. the demand 
slope will be steeper and the calculated demand price 
elasticities much lower than would be expected for 
each Forest indi\'idually. In fact. recent research by 
Adams (1983) indicates that demand for ~arional 
Forest stumpage is much more elastic than indicated in 
table 3-1. Demand is not reponed as infinitely elastic in 
any recent res....~rch. however. although it is usuaIly 
assumed to be so in many EIS and EA calculations. 
~oneth=kss. the broader the geographic region 
considered and the more extensi\'e the \"olume loss 
projected for any han'est period. the more inelastic 
will be stumpage-demand schedules. 

Basic han'est levels are projected for each :":arional 
Forest. along with the estimated yolume lost at han est 
from the Region 6 EA (table 3-2). The projected 
han:est volumes by decade can be obtained from the 
Forest Planning Model (FORPLAX) (Johnson and 
others 1980 unpub!.) or from any haryest schedule 
de\'eloped for the affected acreages. :-"ote. however. 
that han'esr projections should include .all harvest 
within a land managers cumrol or within a. particular 
han'est schedule. not simply han est on budworm
affected acreages alone-because. as suggesred above. 
budworm management depends principally on the 
landowners objeclh'es lor total stumpage re\'enue from 
an affected harvest schedule. 



Table 30 1-Projected stumpage prices (U.S. dollars), estimated slopes of stumpage demand functions, demand price 
elasticities, and percentage price changes projected for the budworm outbreak, Malheur and Wallowa-Whitman 
National Forests 

(I) 	 (2) (3) (4) (5) (6) (7) (8) 
Demand Malheur Wallowa-Whitman Malheur Wallowa-Whitman Malheur Wallowa-Whitman 

Decade slope' price' price 2 e(d)!' e(d)3 % change P' % change P' 

-0.275 70.00 51.00 -0.075 -0.095 12.1 5.9 
2 -.282 75.33 54.90 -.083 -.089 11.0 5.4 
3 -.287 76.39 55.67 -.085 -.092 10.7 5.2 
4 -.293 78.33 57.08 -.089 -.097 14.6 6.9 
5 -.300 79.64 58.04 -.093 -.101 14.0 6.6 
6 -.307 81.33 59.27 -.097 -.105 0 0 
7 -.307 81.33 59.'27 -.097 -.105 0 0 
8 -.307 81.33 59.27 -.097 -.098 0.1 5.1 
9 -.307 81.33 59.27 -.097 -.098 0.3 8.2 
10 	 -.307 81.33 59.27 -.097 -.098 0.3 3.1 

, Source: "Guidelines for Implementation of October 14, 1981, Letter (2124/82)," USDA Forest Service, Appendix D, table 1. 
2 Source: "Environmental Assessment-Western Spruce Budworm Management in Northeast Oregon," USDA Forest Service, page A-4. 
3 Source: Values in columns 4 and 5 are calculated as the slope of the demand function multiplied by the ratio of the prices in columns 2 and 3 
divided by the harvest quantities indicated in table 3-2. Harvest quantities converted to an annual basis by assuming equal harvest each year. 
• Source: Calculated as the ratio of the percentage of harvest loss indicated i, table 3-2 over the estimated price elasticity of demand in columns 4 
and 5 (see Bible 1983c unpubl.). 

Harvest-level projections for the example here were 
obtained from the federally mandated FORPLAN 
AMS Benchmark 2 calculations completed for each 
National Forest. These harvest volumes are 
intermediate calculations used in the FORPLAN 
process but do not represent final planned harvest 
volumes. AMS Benchmark 2 is described in the Forest 
Service document "Guidelines for Implementation of 
October 14, 1981, letter (2/24/82)" as: 

Maximum Present Net Value Based on 
Established Market Price. Estimates the mix 
of resources used and a schedule of outputs 
and cost which will maximize the present net 
value of those outputs that have an established 
market price. Dollar values are to be based on 
actual or simulated market prict..s ("willin.'~ness 
to pay") for timber, range, commercially 
utilized fish, and developed recreation. 

Region 6 policy requires further that AMS Benchmark 
2 be developed with the constraints of nondeclining 
even flow and culmination of mean annual increment. 

AMS Benchmark 2 harvest-volume projections are 
presented in table 3-2, column 1. Estimated total 
volume losses from the budworm for each decade of 
projected harvest were obtained from the Region 6 EA 
dnd are shown in column 2. Finally, the proportion of 
projected harvest volume estimated as lost to the 
bud worm is shown in column 3. 

Estimated volume losses to the bud worm are a small 
proportion of total projected harvest volumes in each 
decade (table 3-2). The largest proportion is 1.3 percent 
of volume estimated as lost to bud worm in decades 4 
and 5 on the Malheur National Forest. All other 
proportions on either National Forest are less than 
percent of total volume expected to be harvested. 

The remainder of the information necessary to 
complete an economic assessment of budworm impacts 
for landowners as suggested here is contained in table 
3-1, columns 1 to 3. Table 3-1 also presents estimates of 
stumpage demand elasticities at the prices and volume 
for National Forest stumpage output projected over the 
next century. Those elasticities were calculated with 
the techniques and data as indicated in the table. 
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Table 3-2-Projected harvest, estimated losses to 
bud worm, and loss 'JS proportion of total harvest by 
decade 1 

Pro- Estimated Proportion 
jected loss to of harvest 
harvest budworm lost 

Decade (I) (2) (3) = (2)/{l) 

Malheur NF: 

1 2,570 23.5 0.0091 
2 2,570 23.5 .0091 
3 2,570 23.5 .0091 
4 2,570 33.3 .0130 
5 2,570 33.3 .0130 
6 2,570 0 0 
7 2,570 0 0 
8 2,570 .17 .0001 
9 2,570 .87 .0003 

10 2,570 .70 .0003 

Wallowa-Whitman NF: 

1 1,480 8.2 0.0056 
2 1,730 8.2 .0048 
3 1,730 8.2 . 0048 
4 1,730 11.6 .0067 
5 1,730 11.6 .0067 
6 1,730 0 0 
7 1,730 0 0 
8 1,860 10.1 .0050 
9 1,860 14.9 .0080 

10 1,860 4.8 .0030 

I All volumes in million board feet. Projected harvest volumes from 
FORPLAN AMS (Benchmark 2A). Estimated bud worm loss from 
"Environmental Assessment-Western Spruce Budworm 
Management in Northeast Oregon." 

Forest Service. The implication is that total revenue to 
the Treasury would be increased during every period 
when harvest volumes arc reduced by budworm 
outbreaks. 

The best-case analysis for the landowner indicates that 
the budworm will increase timber receipts. A worst
case analysis for the landowner conducted under an 
ass~mption of no stumpage-price changes suggests that 
significant economic losses would accrue to 
landowners and that suppression or other management 
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Because, for the example here, the best case for the 
landowner is being calculated according to a 
hypothesized stumpage-demand schedule, stumpage 
demand is calculated as price inelastic for both Forests 
at the price and harvest volumes projected by the 
may be economically justified. As discussed by Bihle 
(1983c unpubl.), the truth is likely somewhere between 
these extremes and, if this example were to support a 
policy, further investigation would seem warranted. 

To complete this example by considering impacts on 
the stumpage-demand side, assume that the best case 
for the landowner would be accurate. Then budworm 
effects in the forest would translate into increased 
stumpage costs for local producers. The issue now is 
how these changes for local producers would affect 
Regional and county economic activity. Estimates of 
the percentage change in Federal stumpage prices 
resulting from the volume losses to the budworm 
projected in the EA are presented in table 3-1. In 
general, volume-loss estimates, when considered with 
empirically determined stumpage-demand parameters, 
can be used in real problems to evaluate changes in 
county level, short-run input share-adjustments made in 
response to reduced harvest volumes . 

Basically, the issue is whether or not a local wood
products industry would be able to adjust its operations 
to offset the economic impact of higher stumpage 
prices. One question then is whether or not stumpage
cost increases would be transmitted, dollar for dollar, 
into profit losses for local industry (Bible 1983d 
unpubl.). 

Although suggested otherwise in certain cases by Bible 
(1983a unpubl., 1983d unpubl.), the example discussed 
here wiII be continued assuming that stumpage-cost 
increases art;! carried dollar for dollar into profit losses 
for local industry. As such, the hypothetical 
calculations representing the best case for landowners 
translate into a worst case for local industry. To 
further simplify the exposition, assumptions in four 
important categories were also made: 

• Disposition of Harvest-All harvest volume 
from the forest flows into a single county; 

\. 

• Disposition of Impacts Over Time-Stumpage

price percentage increases by decade are reflected, 

dollar for dollar, as the price increase for all log 

consumption in the county in the same decade; 




• Input Substitution Pos~ibilities-Stumpage-price mitigating factors that should be considered in potential 
increases are reflected in profit decreases for the budworm economic impacts for a region. 

county's wood products manufacturers, dollar for 

dollar; and, 
 Production-cost data obtained from a single Oregon 

• Technological Offsetting Factors-No new county are shown along with ratios of stumpage to 
technology will be introduced in the county over the total production cost (table 3-3). Data in columns 3 to 

next century. 
 5 were obtained as indicated in the table. Under the 


assumptions here, the total present value of profit loss 

Note that these assumptions are severe and unduly 
 to the sample county over the next century is 

pessimistic. Actual economic analyses conducted for 
 calculated as about $3,920,900 (U.S.). That would 

the budworm must be modified to conform to specific 
 represent the total net present value of the benefits to 

regional characteristics. But, the four categories of 
 initiating a chemical-treatment program on public 

assumptions above constitute a minimum of potentially 
 acreages on the single National Forest assumed to be 

supplying the county with stumpage. 

Table 3-3-Profit losses (U.S. dollars) attributable to a bud worm outbreak for 
wood-products manufacturing in a single county 

Net present 
Stumpage Percentage Change value changeDecade Total cost 1 cost ratio 2 cost change (' in cost 4 in total cost 5

(I) (2) (4)(3) (5) 

17.357 0.3 3.6 624.9 3,012.0
2 17.600 .3 3.3 580.8 602.1 
3 18.047 .3 3.2 577.5 192.8 
4 18.350 .3 4.4 807.4 86.8 
5 18.739 4.2.OJ

'1 787.0 27.2 
6 18.739 .3 0 0 0 
7 18.739 .3 0 0 0 
8 18.739 .3 .03 5.6 * 
9 18.739 .3 .09 16.8 * IO 18.739 .3 .09 16.8 * 

.~--~----.-----.-., -----
Total loss in profits for the county (present value) = $3,920,900 

(sum of column 5 values) 

• Less than S50. 

1 In millions of dollars estimated annual cost. Source: Bible (1983a unpubl., 1983d unpubl.). 

2 Ratio of total stumpage costs to total operating costs for the years 1970-80. Source: Bible (1983a unpubl., 1983b unpubl.). 

3 Estimated percentage price changes for Malheur National Forest from table 3-1 multiplied by the stumpage/cost ratio. 

4 In thousands of dollars on an annual basis. 

5 In thousands of dollars on a decade basis, discounted at 12 percent on an annual basis. 
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3.5 Some Additional Management Considerations 
in Implementing Budworm Programs 

In many economic analyses, entomological or 
treatment units are geographically designed to avoid or 
minimize reinfestations from adjacent, non treated areas. 
Treatment units often encompass mixed ownership and 
different resource values. Logan North, a unit in 
eastern Oregon, treated in 1983, contained 17,963 acres 
(7269 ha), of which 13,156 acres (5324 ha) are managed 
by the Forest Service, 4,5 I 7 acres (1828 ha) managed 
by nonindustrial private owners, 240 acres (97 ha) 
belong to the timber industry, and the remaining 40 
acres (16 ha) belong to communities (fig. 3-1). 

An economic analysis was developed for the entire 
area, using an average net benefit measure for all 
ownerships. The disadvantage of this procedure is that 
high-value parcels influence that average; some parcels 
thus become eligible for treatment when they would 
not if evaluated individually. The converse could also 
occur; low-value sites could bias a total area against 
treatment. 

Bible (l983c unpub\.) distinguished between high- and 
low-value sites influenced enough by the budworm to 
affect stumpage prices. Reductions in harvest volumes 
over all ownerships might differentially affect unit 
stumpage prices, or equivalent percentage changes in 
price might differentially affect timber receipts. In 
extreme cases, total receipts to private owners might 
rise while receipts in the public sector might fall (Bible 
1983c unpub\.). When management objectives are 
considered with respect to timber receipts, strategies 
recommended for various ownerships may be very 
different. 

The point is not that extreme cases will necessarily 
occur but that they may occur. Most likely, outcomes 
will be between the extreme assumptions of no price 
changes and price changes so dramatic that total 
receipts to timber sellers will increase. Managers must 
be flexible enough in their approach to bud worm 
economic evaluations that they consider all possibilities. 

Industrial Ownership 

Nonindustrial 
Ownership 

USDA Forest 
Service 

Figure 3-l-Logan North, a unit in eastern Oregon 
treated in J983, showing the pattern of land 
ownership. 
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Once again, we stress that those economic impacts will 
be directly linked to expected changes in stumpage 
prices as a result of volume losses and all management 
objectives that are affected by the budworm. 

Our demonstration used extreme cases and data 
assumptions to highlight the methods. Actual 
evaluations require careful consideration of local and 
regional conditions as well as consideration of 
management's economic objectives and available 
resource data. Nonetheless, extreme-case analysis can 
provide useful information. Such analyses can often be 
completed for little cost and can be used for policy 
guidance when worst-case results do not justify 
budworm management on economic criteria (Bible 
1983c unpubl.). 
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Chapter 4 
Management Strategies 
s. W. Carter, Jr. 
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4.1 Introduction 4.2 Indirect Management Techniques 

Forest landowners have objectives for managing their 
lands-sometimes described in detail in official 
documents, sometimes unwritten. Publicly owned 
forest lands are managed under objectives set forth in 
laws and regulations, such as the National Forest 
Management Act of 1976 (NFMA), the National 
Environmental Policy Act of 1969 (NEPA), State 
Forest Practices Acts, and State environmental 
regulations. This legislation usually defines both public 
objectives and the planning process or procedural steps 
to be followed to reach them. Generally, public lands 
are managed for multiple benefits. 

Corporate forest lands are usually managed by 
objectives set forth in company management plans. 
These lands can be managed for several uses, but 
generally the main objective is maximum yield of raw 
material over time to supply a mill, produce a product 
or products, and maximize profits for the shareholders. 
Corporate lands may also be managed by regulations 
set forth in operating manuals. Private, nonindustrial, 
forest lands can be managed under written or unwritten 
objectives and for single or multiple benefits and may 
or may not have written management plans. All private 
land must also be managed in compliance with all 
applicable public laws. 

Objectives of the various ownerships could range from 
preservation for solitude to tree farming to sale for 
residential development. Whatever those objectives are, 
however, they must be clearly stated for any 
ownership before management of a pest, such as the 
budworm, can be integrated into forest management. 
Management strategies currently available are 
summarized below. 

4.2.1 Planning and Sequencing Silvicultural Activities 
Management plans specify methods and direction for 
obtaining various resource outputs. Management plans 
specify rate and timing of timber harvest for 
management units, based on a defined intensity of 
timber management. The budworm primarily affects 
the timber resource, so harvest schedules are an 
important consideration. The western, timber
producing States and the National Forests are currently 
working on forest-resource planning. NFMA has 
provided for an integrated plan for each unit of the 
National Forest system, a ••d the States are being 
provided assistance to develop similar plans. Regional 
plans are also required by NFMA to provide standards 
and guidelines for the National Forest planning effort. 
The Forest Plan and accompanying environmental 
impact statement (EIS) will provide documentation for 
each unit, as required by NFMA. 

The resource outputs called for in forest plans will then 
be disaggregated to the Ranger Districts or other units 
where priorities are set for treating specific areas of 
land, prescriptions are developed, and treatments are 
carried out to meet the management objectives. Effects 
of insects and diseases on these objectives should be 
considered in this process. The manager may, for 
example, have an opportunity to improve diversity by 
changing harvest scheduling based on pest information. 

Direct suppression projects are generally administered 
for areas known as '"entomological units," portions of 
the susceptible host type usually defined by physical 
features or stand composition. They mayor may not 
coincide with other treatment areas used in meeting the 
objectives of the forest plan. 

Inclusion of IPM in these plans is essential, particularly 
as it affects harvest scheduling. The plans supply the 
direction needed for National Forests for meeting 
resource objectives while dealing with pest problems. 
Flexibility must be built into them so that harvest 
schedules can be adjusted from decade to decade to 
initiate prevention strategies or in response to 
catastrophic occurrences. The monitoring section of 
plans should include a detection system for pests such 
as the budworm to help managers determine when to 
apply prescribed treatments to land areas and when to 
consider adjusting harvest. Adjustments may be needed 
to avoid perpetuating high-hazard areas and thereby 
prevent a pest problem. Plans can be adjusted while 
they are being developed, and existing plans can be 
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supplemented. Areas rated as high hazard should have 
high priority for prevention treatment or harvest. 
High-hazard timber types can be scheduled for priority 
harvest when a linear program, such as FORPLAN, is 
used to determine optimal harvest. 

Bible and others (1981) have developed a computer 
model (SIMUOPT) that combines a growth simulator 
from the Prognosis Model (see chapter 5) with an 
optimization technique for net present worth of a stand. 
The model applies dynamic programing techniques to 
develop thinning and harvest regimes that minimize the 
economic impact of budworm damage. Harvest 
decisions can be made based on the economic viability 
of alternative thinning strategies and rotation lengths. 
The results can also be used to support the land 
manager's decision on which pest-management strategy 
to use. 

Harvest-site sequencing can also be a problem to 
logging contractors faced with several possible harvest 
sites within a large tract or blocks within a forest. Bible 
(1982) has developed rules and a model-which can be 
run on a hand-held programable calculator-to 
minimize the net present value of harvest costs over 
time. Logging contractors can use this method to 
determine the most cost-effective logging sites. The 
method is particulal'ly well suited to logging plans that 
cover many widely separated sale blocks. 

4.2.2 Silviculture 
Forest managers obtain direction for managing forest 
peflts from management plans. These plans contain 
standards, guidelines, and prescriptions that integrate 
considerations for pests such as the budworm. 

When a bud worm outbreak occurs in a National Forest 
or other area, an Environmental Assessment (EA) is 
generally prepared-after consultation with Federal, 
State, and local officials; industrial managers; small 
woodland associations; professional biologists and 
economists; and others. The EA lists proposed 
alternatives for managing the outbreak, records the 
decision of the responsible official or officials, outlines 
the reasons for the decision, and describes the 
environmental effects of implementing it. An 
Environmental Impact Statement (EIS) mayor may 
not be prepared, depending on the conclusions reached 
in the EA. The pest-management strategy suggested 
may require preparation of an EIS, which describes the 
environmental effects of implemeniing it (see chapter 

6). Silvicultural options for reducing or preventing 
budworm damage are generally considered in the EA 
or EIS. 

Some of the forest-stand characteristics associated with 
high bud worm susceptibility can be modified by 
silvicultural treatments to reduce future bud worm 
hazard (see Carlson and others 1985). Silvicultural 
strategies, therefore, coupled with the use of 
insecticides for protection of selected resources, are the 
basis for an integrated pest-management plan for 
western budworm. On some sites, however, 
silvicultural techniques are impractical. 

Silvicultural guidelines should also include 
consideration of other insect and disease problems, 
such as has been done for the grand fir forest type 
(Twardus and others 1984 unpubl.). The foresl manager 
can further integrate these options into the overall 
management objectives for a forest. 

Demonstration areas have been established in the Lolo, 
Gallatin, Carson, and Payette National Forests to show 
the effects of various silvicultural techniques on 
budworm defoliation. The plots will be used by both 
researchers and managers to evaluate the effectiveness 
of the techniques on various forest types. 

General silvicultural recommendations for IPM can be 
summarized as follows; 

• Use the most appropriate silvicultural system for 
the local community or habitat type in mature and 
overmature forests. 

• In general, convert mature and overmature 
stands of budworm host species to new stands of mixed 
or nonhost species, where possible. 

• Favor even-aged silvicultural systems that are 
ecologically sound and compatible with other 
management objectives. 

• Try to develop a mosaic of age classes and host 
and non host stands. 

• Strive for mixed-species stands through 
regeneration and cultural activities and attempt to 
maintain less than one-third host species. 

• Favor seral species for plantings and as leave 
trees in thinnings, cleanings, and other partial cuttings. 

• In shelterwoods, favor seral species for leave 
trees and remove residual host overstory no later than 
10 years after regeneration is established. 

• Consistent with other management objectives, 
make treatment units as large as possible. 
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• Create a buffer zone by reducing basal area of 
host species in adjacent stands within 330 ft (100 m) of 
the boundary of treatment units. 

• Select against heavily defoliated trees during 
partial cuttings and thinnings. 

• During stand development, maintain vigor 
through such systems as precommercial thinning to 
wide spacings, maintaining a low ratio of host to 
nonhost growing stock (1 to 3 or 1 to 4), and 
commercial thinnings to reduce competition at 
appropriate intervals. 

The amount of tree mortality caused by bud worm is 
rarely extensive and usually occurs in suppressed 
understory trees. The nature of bud worm-caused 
mortality usually makes salvage treatments impractical; 
indiscriminate salvage can also result in future 
problems with other pests. Low volumes removed per 
acre result in high logging costs, access for logging is 
limited in some areas, and most host trees deteriorate 
relatively rapidly. 

Salvage would be an "after-the-fact" treatment applied 
during or after a budworm outbreak. Salvage might be 
used in conjunction with other treatments in a given 
timber sale, however, to e: ,lish a buffer zone or meet 
some other management objective. 

4.2.3 Enhancement of Natural Enemies Through 
Silviculture 
Although parasitism and predation have not been 
effective in preventing outbreaks, they can be helpful 
in maintaining sparse populations and accelerating 
decline of outbreaks. Methods of conserving and 
enhancing habitat for natural enemies of the bud worm 
may be economically feasible in areas with favorable 
microclimates for bud worm development, especially 
over long periods. 

Cutting practices, such as thinning or selective logging, 
may increase avian predation by increasing the number 
of birds relative to the volume of foliage. Current 
USDA Forest Service policy is to leave snags and 
other forest components that are beneficial to wildlife. 

Undergrowth management can enhance habitat for 
birds by altering the understory. The understory layer 
may be one of the most important components 
determining numbers of avian predators; most birds 
select patchy habitats with well-developed shrub 
layers. Nesting boxes will attract insectivorous hole
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nesting species. Several hundred thousand boxes in use 
in Europe have increased both the numbers of birds 
and species diversity. 

Flocking species-such as the evening grosbeak, pine 
siskin, and red crossbill-are the most important avian 
predators of bud worm. Trimming bushes to create 
branch clusters and nesting platforms, and trimming 
thickets to create nest sites are suggested to enhance 
habitat for ground-nesting species. Supplying open 
water sources in areas where seasonal droughts occur 
may increase densities of birds. Supplying salt may also 
be beneficial. 

4.2.4 No Action 
The no-action management technique for bud worm 
means that no effort is made to reduce budworm 
populations to nondamaging levels when an outbreak 
occurs. A budworm infestation will continue until it 
collapses from natural causes. The impacts of bud worm 
defoliation on forest resources are simply accepted. 
The Budworm Model can simulate a no-action decision 
for an outbreak and assist the forest manager in 
evaluating this alternative in an EA or EIS. The cost 
of letting nature take its course could be high for areas 
managed for timber, depending on the length of the 
outbreak. Losses of timber could be substantial for 
some host areas. The value of this lost timber 
production minus the value of salvage opportunities 
would be the primary cost of an unsuppressed 
outbreak. Additional cost might include underplanting 
if it is needed. 

In areas where little or no timber harvest is planned, 
the emphasis would shift from losses of timber to other 
resources, and protection of adjacent lands. but 
associated costs are difficult to quantify. 

The no-action management decision may be 
appropriate for some areas. A wilderness area of mixed 
tree species adjacent to lands with non host species, for 
example, would probably not justify suppression of 
bud worm. On the other hand, highly susceptible 
neighboring stands might suggest some other strategy. 
Another example might be an area scheduled for 
timber harvest within a few years after a bud worm 
outbreak begins. 

To decide the best course of action for a forest or 
region, managers must look at the whole outbreak area 
and consider all management strategies. 



4.3 Direct Suppression 

The use of insecticides remains the only practical 
alternative for immediate reduction of budworm 
popUlations to prevent damage and to protect foliage. 
Two classes of insecticides are operational-biological 
and chemical. 

4.3.1 Biological Insecticides 
Bacillus thuringiensis Berliner CB.t.) is a naturally 
occurring bacterium that has been developed into an 
insecticide. Although past results with it have been 
variable, recent tests with improved formulations and 
application techniques have shown B.t. to he 
comparable in efficacy to chemical insecticides when 
both are applied correctly. Application can be from the 
ground or air. Ground application is generally not 
operationally practical for western spruce budworm 
control except for individual trees or small groups of 
high-value trees, such as ornamentals. 

Costs in U.S. dollars of budworm popUlation 
suppression using B.t. in recent years are from $10 to 
$14/acre ($25 to $35/ha). Although B.t. can produce 
eye irritation, it is generally harmless to humans, other 
mammals, and other nontarget organisms. Its negligible 
toxicity to fish, birds, and mammals makes B.t. 
particularly well suited for use in environmentally 
sensitive areas such as near or around permanent bodies 
of water, fish-producing streams, raptor nesting sites, 
and human habitation. 

Concern for environmental safety continues to 
stimulate work on other biological agents. Use of 
viruses, pheromones, microsporidia, feeding deterrents, 
nematodes, and entomopathogenic fungi have been and 
are being investigated; but none are ready for 
operational use. 

4.3.2 Chemical Insecticides 
Use of chemical insecticides is well established and has 
generally proven effective when they are properly 
applied. Because all existing compounds are to some 
degree toxic to nontarget organisms and several pose 
possible health hazards to human beings, their use is 
frequently challenged. 

At least six compounds and several formulations of 
them are currently registered for use against the 
western bud worm. These include malathion, carbaryl, 
acephate, mexacarbate, methomyl, and naled in the 
United States; acephate, aminocarb, carbaryl, 
fenitrothion, and trichlorfon are registered in Canada. 

Costs of aerial application of chemical insecticides 
(1983 prices in U.S. dollars) range up to $12.50/acre 
($31/ha) depending on the chemical and type of 
aircraft used. New chemicals are being developed, and 
registration status is sometimes changed. Current 
information is available from USDA Forest Service, 
Forest Pest Management units throughout the United 
States and from the Canadian Forestry Service in 
Canada. 

For small stands and high-value trees, spraying from 
the ground and newly developed injection techniques 
can be used. Injection is appealing because the 
insecticides are introduced directly into the trees. A 
single treatment immediately after the trees flower 
adequately protects the foliage and seed crop; repeated 
injections may cause more damage than the pest, 
however. 

4.3.3 Selecting Insecticides 
The forest manager must consider several factors when 
selecting an insecticide for direct suppression of 
budworm. 

Genetic Response-Differences in response to 
insecticides have been noted in forest defoliators. A 
prespray genetic/toxicological survey has been 
suggested as part of the presuppression survey to 
predict budworm response to candidate insecticides and 
dosages. 

Efficacy-Some insecticides have been more effective 
on some operational projects than others. This may be 
because of various factors, such as weather, 
formulations (including additives), differences in 
application equipment (nozzles or spray pressure), and 
insect and host development at time of treatment. A 
thorough review of past operational projects should be 
made to assist in evaluating the effectiveness of 
materials used. 

Cost-The previous sections include an estimate of 
treatment costs per unit area for the registered 
materials. Obviously, the forest manager wants to meet 
management objectives using the most cost-effective 
method or methods. Because costs change over time, 
an updated cost estimate should be made for each 
proposed project to ensure that the most cost-effective 
material is selected to meet management objectives. 
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Environmental Safety-The effects of an insecticide on 
the environment may be the determining factor in a 
manager's selection. For example, carbaryl may not be 
selected for use along streams producing anadromous 
fish because of possible effects on aquatic insects and 
fish. Acephate or B.t. may be the preferred choice for 
specified streamcourses. In addition, specific local 
concerns must be considered by forest managers. A 
municipal watershed or fish hatchery, for example, may 
be within a treatment area and require special 
precautions. 

Human Health and Manufactured Objects-The 
protection of people is of major importance. Following 
label precautions is essential even thrmgh the materials 
registered for bud worm suppression offer low hazard 
to human beings. Safety data are based on registered 
dosages and mixes. 

The label also will generally contain precautions for 
manufactured objects. Malathion, for example, can 
damage some automobile finishes. 
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Chapter 5 
Evaluating Management Options 
Albert R. Stage, S. W. Carter, Jr., and Thomas D. Bible 

Long-range strategic planning is the process by which 
managers choose policies to be followed when, and if, 
some condition arises. Such plans specify schedules of 
management that modulate the flow of goods and 
services from the forest and optimize the allocation of 
resources to produce this flow of goods and services. 
Strategic planning is a necessary precursor to decisions 
about treatments that prescribe for particular stands 
with known pest populations. 

For analyses that span from 50 to several hundred 
years, the smallest unit of time in an optimization 
analysis is commonly no less than a decade. The 
analyses may be able to specify policies for only broad 
classes of land and its vegetation. Structuring the 
planning problem is, and must be, an artful compromise 
between generality and specificity. This compromise 
limits the capability of representing pest-management 
policies and their effects. Conversely, this lack of 
specificity leaves open options for prescriptions that are 
tailored to the actual time and place. The purpose of 
this chapter is to outline how these policies and effects 
can be included within the long-range strategic
planning process. Procedures for implementing the 
plans for stands or projects are presented in Stage and 
others (1985). 

Long-range strategic planning involves weighing 
widely different alternatives on scales that often are not 
commensurable. Indeed, a major part of this process is 
to select and describe management objectives. Political, 
institutional, and social constraints on this process may 
appear so severe that some managers believe they have 
little leeway for rational evaluation of alternatives. We 
believe, however, that better, more comprehensive 
descriptions of effects of management alternatives will 
lead to better plans-although the improvement may be 
slow because political and social forces may be slow to 
assimilate the new information. Indeed, the social and 
political forces may cause new information to be 
created such that plans are modified by the new 
information. 
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" 	 One of the major objectives of the planning process is~ 
~ to determine output for various resources. Timber yield 
~ 	 is usually a major concern for the forest area under 

consideration by a manager. Timber yields are 
generally determined for commercial forest land 
(CFL). CFL is defined by the USDA Forest Service as 
lands capable of producing at least 20 ft 3 of wood per 
acre (1.4 m3 /ha) per year. A company or individual 
might define CFL using different terms. For purposes 
of this chapter, we will use the Forest Service 
definition and consider only budworm host types. 

Budworm outbreaks can affect timber yields. Growth 
loss can be substantial during a given decade. The 
forest manager must deal with this loss when choosing 
strate~ies to determine timber yield. Perhaps the best 
way to illustrate these considerations is to look at 
management prescriptions from forest plans. 

5.1.1 Example One-Timber Production 
The first example is a general forest prescription with 
moderate timber investment. It is an intensive timber
management prescription with future stands typified by 
regular spacing, relatively even age and height, wel1
developed crowns, and low mortality. Stands will be 
harvested and regenerated after culmination of mean 
annual increment. Intermediate commercial harvests 
will occur on about a lO-year cycle. Minimum 
requirements wiII be met for other resources. The 
objective for this prescription is to provide the greatest 
long-term growth and production of commercial1y 
valuable wood products with a moderate investment in 
timber cultural practices. 

Pest management will be aggressive when resource
management objectives are threatened, and prevention 
activities will be intense. A manager has several options 
available to deal with budworm when applying this 
prescription. Chapter 4 describes a range of 
silvi-.:ultural treatments that can be applied when 
harvest entries are made under this prescription. 
Several direct-suppression methods for budworm 
described in chapter 4 could be used to meet 
management objectives. The manager thus has 
considerable flexibility in dealing with budworm. Any 
one or a combination of rPM techniques could be used 
to meet resource-management objectives. Treatment 
costs can be compared to determine the most cost
effective options. An IPM strategy for managing 
budworm under this prescription might be as fol1ows: 

Long-term prevention wil1 be accomplished 
using silvicultural techniques to manipulate 
host stands. This includes using the most 
appropriate regeneration cutting system to 
harvest high-risk mature and overmature 
stands, controlling species composition by 
planting and thinning, and maintaining vigor 
through precommercial and commercial 
thinnings. These indirect-management 
techniques will be reinforced with direct
suppression methods (such as pesticides) as 
needed during the rotation length. Direct 
suppression will be accomplished using the 
most cost-effective and environmentally safe 
material. 

5.1.2 Example Two-Old-Growth Habitat and 
Recreation 
The second example is a prescription with the 
objective of providing habitat for old-growth
dependent species of wildlife and recreatior: To meet 
these objectives, old-growth areas must be 300 acres 
(120 ha) or greater, contain mature and overmatUl'e 
trees in the overstory, contain a multilayered canopy 
and trees of several age classes, have standing dead 
trees and down materials, and not show significant 
evidence of human activities. Budworm-host areas 
would contain overstory trees 100 to 130 years old and 
21 inches (53.3 cm) or greater in diameter, have crown 
cover of at least 70 percent, and be maintained in old
growth condition until the overstory trees are 250 to 
300 years old. 

Timber-management practices will not occur after 
areas reach old-growth conditions. Cultural treatments 
will be used to bring replacement areas to the desired 
condition. Final harvest and regeneration will occur 
when areas deteriorate and no longer satisfy the 
conditions specified for old growth. Pest management 
will ensure protection of old-growth timber and other 
resources. 

In pest management, as in many other technical fields, 
experience in the form of data from past events has 
accumulated to the ;'loint where assimilation and 
synthesis of existing knowledge leaves little time or 
energy for considering the wisdom of choices among 
options. To solve this problem, we need systematic 
ways to organize past experience in forms that can be 
applied to each new situation. Models can be used to 
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organize data and experience relevant to management 
decisions. Freed of the tedious and often complicated 
process of integrating what is known, managers can 
devote their energy and talent to considering the novel 
aspects-the uncertainties surrounding and influencing 
particular decisions. With models to represent 
knowledge of the sytem, what the manager can 
contribute to the decision process is wisdom. 

Because our models and data-collection procedures 
have been designed as part of a decision-support 
system, they do not specify how a forest "ought" to be 
managed. Instead, they are designed to assist in the 
decision process, leaving the real choices to the 
manager. 

This approach contrasts with the decision process for 
stands and projects, as described in Stage and others 
(1985). In that context, choices are more likely to be 
based on optimization of quantifiable outputs. The 
sequence of tasks in the forestwide decision process is 
analogous to the stand-level decision process, but the 
tasks differ markedly in scope and detail. The 
sequence is 
• Sensing the problem-defining issues and concerns; 
e Reviewing objectives; 
• Finding ways to respond to the problem; 
• Assembling information about how the system might 
be affected by the actions; 
• Comparing consequences and choosing the "best" 
alternative; and 
• Monitoring the system to evaluate the plan in action, 
detecting new problems, and thereby starting over 
again. 

Problems are created by change. Decisions about stand 
management will often be responses to biological 
problems (for example, changes in budworm densities), 
but problems in strategic decision making are caused by 
changing social, economic, and political values. These 
changes induce the manager to continually review the 
objectives for which the forest is being managed and to 
review the need for new or different management 
practices caused by the changed circumstances. Once 
these two steps in the process have been completed, 
use of the decision-support system can be considered. 
How to develop and use this system in the context of 
long-range strategic planning is the subject of the 
remainder of this chapter. 

The forest manager has limited options to manage 
budworm when applying this prescription. Long-term 
prevention using silvicultural treatments will only 
partially be applied for bringing replacement areas to 
the desired condition and not used at all while the area 
is serving as old-growth habitat. Because the objective 
is to develop multilayered canopies with several age 
classes and leave them in place for 150 to 170 years, 
the hazard from bud worm wiII be high. The manager 
can expect several bud worm outbreaks during the 
estimated 200 years these areas are in high-hazard 
condition. The one option available is direct 
suppression using pesticides. The choice is what 
materials to use-considering cost, effectiveness, 
environmental effects, and so on. A strategy for 
managing budworm under this prescription might be 
as follows: 

Long-term prevention will be minimal. 
Direct suppression using pesticides will be 
applied only when tree damage is expected 
to be so high that essential cover wiII be 
lost or when other resources or adjacent 
stands are jeopardized. Biological pesticides 
are preferred over chemical insecticides. 

Another consideration for long-range planning is the 
reduction in timber outputs from the old-growth areas 
coupled with the additional budworm suppression costs 
compared to the yields and costs for a prescription 
such as example 1. One way to mitigate this difference 
in part could be to schedule one or two light 
intermediate cuttings during the 150- to 170-year period 
that these areas are in the old-growth condition. These 
cuttings would increase vigor and prolong the old
growth condition, increase timber yields, and help 
reduce the hazard for budworm outbreaks during these 
long rotations. 

Noncommercial forest lands (producing < 20 ft 3/acre 
[1.4 m 3 /ha] per year) are as important in managing 
budworm populations as adjacent commercial lands. 
These lands are generally contributing to long-term 
resource outputs such as wildlife habitat, recreation, 
and watershed protection. Effectively managing the 
budworm on these lands will infl uence these resource 
values, as well as those on adjacent lands. Strategies for 
prevention, suppression, or both need to be applied to 
these lands also. Timber-harvest activities could 
enhance resource values and help mitigate bud worm 
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impacts-as above-when these lands are accessible. 
Direct suppression using pesticides can also be used. 
The land manager may elect to use a combination of 
strategies for these noncommercial areas to meet 
resource objectives and prevent the budworm from 
reinfesting treated areas. 

On some sites, a history of budworm alone or in 
combination with another pest or pests-such as dwarf 
mistietoe-could have the net result of reducing 
productivity below a commercial level. More intensive 
forest-management practices, including the integration 
of pest management on these sites, could result in a 
shift from noncommercial to commercial status and an 
increase in resource outputs. 

5.1.3 Other Resource Values 
Other resource values generally considered in long
range planning are wildlife cover, primitive recreation 
areas, developed recreation sites, and other special 
areas. Prescriptions for these areas generally have 
limited, programed timber-harvest activities, or none at 
:.11. To manage budworm populations and meet 
management objectives on these sites, prevention 
strategies are limited, and direct suppression with 
pesticides would be used when needed to protect 
resource values. Direct suppression would probably be 
needed several times during a rotation because these 
will be areas of high hazard to budworm. Here again, 
light intermediate cuttings could help meet resource 
objectives and mitigate the impacts of budworm. 
Factors such as crown closure, species mix, tree size 
distribution, maximum tree size, and openings could be 
enhanced to meet resource objectives and reduce 
budworm hazard. Another result may be a reduced 
need for direct-suppression treatments. 

5.2 Responding to the Problem 

Once the general objectives and their attendant 
prescriptions have been identified, the next step is to 
prepare more specific statements of how areas could be 
treated. How specific will depend on how managers 
intend to relate the activity schedule produced in the 
long-range strategic plan to the schedules of treatments 
planned for the next few years. Enough detail about 
treatments should be included that their effects on all 
objectives can be estimated-but no more. For 
example, if several pesticides have the same effects on 
the pests and the rest of the ecosystem, naming a 
particular pesticide would be unnecessary. Some 
treatments may be specified in terms of their effects. 
For example, instead of specifying a chemical 
treatment, the reduction in defoliation achieved as a 
consequence of the treatment could be specified. The 
difficulty with the latter approach is that the specified 
results must be attainable and all correlated effects 
included. 

The repertoire of treatments that can be represented in 
the budworm decision-support system includes a wide 
range of regeneration systems, site preparations, and 
thinnings, as well as pest-suppression treatments. Users' 
guides to system components should be consulted for 
information on treatments that are included (Ferguson 
and Crookston 1984; Moeur 1985; Sheehan and others 
1985; Wykoff and others 1982). In addition, the scope 
of treatments that can be represented is expected to 
increase as new information becomes available. 
Regional experiment stations and Forest Pest 
Management units of the USDA Forest Service in the 
United States and the Pacific Forest Research Centre 
and the British Columbia and Alberta Forest Services 
in Canada can provide information on new 
developments. 
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5.3 Inventory Analysis 

Long-range strategic planning is not a new process. All 
land managers have available a procedure for inferring 
forestwide consequences of their proposed actions from 
the data describing their forests. Seldom have these 
procedures been designed to represent pest effects, 
however. 

Budworm damage, because of its clumpy distribution, 
is usually poorly represented when inventory samples 
are randomly located. And the rather long intervals 
between forest-inventory examinations make 
observation of ephemeral phenomena such as sporadic 
defoliation difficult. Analysis techniques used in 
strategic planning usually require that land areas be 
aggregated into classes that can be treated similarly and 
will respond similarly. Therefore, land classes are 
defined by similarities of productivity, constraints in 
treatment, and present stand condition. 

Unfortunately, such classes may not have similar 
susceptibility to bud worm damage nor similar possible 
treatments to reduce or avoid the damage. The solution 
is not to increase the number of classes, however; most 
planning analyses are already seriously hampered by 
large numbers of classes. Instead, the requirement that 
classes respond similarly to treatment can be relaxed. 
With this requirement relaxed, more variation within 
class in productivity and present stand condition
including pest-related conditions-can be tolerated. To 
permit this increase in within-class variability, the 
sequence of inventory data processing must be 
reordered. 

The sequence commonly used is 
I. Determine variables for each inventory unit, such 
as site index and stand age, that are the basic values for 
yield predictions. 
2. Sort the units into classes defined by these variables 
and by similarity in permissible treatments. 
3. Aggregate the area represented by the samples in 
each class. 
4. Forecast the future yields per unit area for each 
management alternative being considered for the class. 
5. Multiply yields by class area to estimate the 
contribution of this class to the forestwide yield. 

The requirement for uniformity in expected response to 
treatment arises because at step 4 a single forecast 
represents the response of all units in a class to each 
management alternative. If the forecasting step is 
moved up to follow the inventory step, then the 
forecast can be based on all the unique attributes
including pest hazard ratings, past damage, and 
whatever else can be observed about the stand-that 
can refine estimates of response to treatment. 

Criteria for sorting at the next step (2) no longer need 
include attributes related to yield, so the number of 
classes can be reduced or additional classification 
criteria added to improve the geographical specificity 
of the proposed plan. 

The aggregation step is extended to include 
aggregation of yield and area being treated when each 
management policy is applied to the inventory unit. 
Then, step 5 is no longer needed. 

The proposed sequence is thus (fig. 5-1) 
1. Determine for each inventory unit the variables 
needed to forecast yields from that unit, including pest 
effects, condition of surrounding stands, and 
permissible treatments. 
2. Forecast future yields for each policy being 
considered for that unit. 
3. Sort the units into classes defined by permissible 
treatments and other variables significant to the 
planning analysis. 
4. Aggregate the future yield within classes, weighted 
by the area they represent, for each policy applicable 
to that class. 
For analysis of budworm-related strategies, the size of 
the unit should be at least as large as the entomological 
units used in administering direct-suppression projects. 
That is, the boundaries should be defined by 
sufficiently extensive areas of nonhost or other barriers 
that the unit can be expected to function as a closed 
system. 
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Figure Sol-Steps in transforming data from 
inventory units into yields through time for 
alternative policies. Circled Roman numerals 
represent classes of use-emphasis that preclude 
certain treatments. Selection of an optimal mix of 
policies is aided by passing the aggregate yields to 
optimization procedures such as FORPLAN 
(Direct Entry Version). 
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5.4 Estimating Future Yields 

5.4.1 Interstand Effects 
Silvicultural and direct-suppression treatment to reduce 
effects of budworm are seldom applied to single stands. 
And if they were, effects would not be the same as if 
the treatments were applied to large areas. To 
represent the effects of these large-area treatments and 
to represent the contagiou<; nature of budworm 
populations .requires a procedure for representing 
interstand dynamics within the growth and yield 
models for single stands. This need is met by the 
Parallel-Processing Extension to the Prognosis Model. 
In this system, each stand is projected by the same 
functions that make up the combined Prognosis
Budworm Model, except that interactions between 
stands affecting silvicultural treatments and budworm 
population diffusion are also simulated. 

The information required from the user of the Parallel
Processing Extension including the Budworm Model is 
similar to that required for the basic Prognosis Model 
as described by Wykoff and others (1982), for the 
Regeneration Extension (Ferguson and Crookston 
1984), and for the Cover and Shrub Extension (Moeur 
1985). 

Detailed stand inventories required to start the 
Prognosis Model are not likely to be available for each 
stand included in an area as large or larger than an 
"entomological unit." Instead, only a subsample of the 
stands needs to have detailed tree-record information. 
In addition, all stands should be described by variables 
easily obtained from aerial photographs and maps of 
soils, habitat types, and topography. Geographic 
coordinates of the approximate center of each stand 
define the spatial relations among the stands. 

Each stand not a part of the subsample should have 
assigned to it a set of tree records from a subsampled 
stand. In several ways, the subsampled stand can be 
associated with a stand for which only the easy-to
measure variables have been recorded; one is to define 
strata by classes of the easy-to-measure variables. Then, 
subsampled stands within each stratum could be 
assigned at random or in rotation to each stand in that 
stratum but not in the sUbsample. 

Specifying a management policy for each stand is the 
next major task required before starting to calculate the 
forecasts. Management policies can be of two forms. 
The first is a conditional statement of what treatment!> 
wiII be applied when and if some condition or event 

occurs in the stand. For example, a conditional 
thinning policy might be: "If basal area is > 100 ft2/ 
acre (23 m2/ha) and mean d.b.h. is < 4 inche~ (10.2 
cm), then thin from below to a residual of 80 ft2/acre 
(18.4 m2/ha)." Further details of how to specify 
conditional policies are in the user's guide to the 
Prognosis Event Monitor (Crookston, in press). 

An alternative specification of policies uses explicit 
statements of what is to be done and when. The 
disadvantage of this .method is that prescriptions can be 
based on future stand attributes only if a prior 
projection of the stand or collection of stands is 
available. Although these prior runs can be used to 
establish a "no-treatment" base for comparisons, a more 
efficie~t procedure is to use the Event Monitor, 
including no-treatment as one of the policy alternatives 
to be evaluated. 

Results of the simultaneous simulation of stand 
development in the entomological unit are available at 
several levels of detail. The most important output is 
the set of composite yield tables. One composite yield 
table is prepared for each set of management policies 
being evaluated. The composite yield table shows, for 
all the stands, the average volume per acre, the average 
harvested volume, and the acres from which the 
harvest was obtained. In addition, summaries of 
growth, mortality, heights, diameters, and species 
composition are available for the composites, for 
individual stands, and for samples of the tree records. 

5.4.2 Esthetics 
An area of increasing importance to many forest 
managers is the public's perception of budworm 
damage-specifically the visual and esthetic losses that 
accompany a budworm outbreak. Most public concern 
has been expressed by direct users of forest lands, 
especially vacation-home owners and recreation 
visitors. The general public has also expressed concern 
about large areaS of top-killed trees and extensive 
defoliation-and such concern seems likely to gain 
more attention in the future. 

Research into these esthetic dimensions of budworm 
impact has been confined primarily to the Front Range 
of the Rocky Mountains, where harvestable yield losses 
are not as significant as in the Pacific Northwest. 
Esthetic impacts of bud worm have been evaluated in 
combination with pine beetle effects, along general 
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5.5 Incorporating Budworm Yield Effects Into 
Value Calculations 

lines suggested by Schroeder and Daniel (1981). 
Accordingly, assessment techniques involve careful 
selection of representative scenic plots, controlled 
photography of those plots, and later ranking of 
photographs by forest recreation users or other 
interested persons. Differences in sUbjective ran kings 
between budworm-damaged sites and nondamaged, but 
otherwise comparable, sites are then incorporated into 
a visual-perception measure. 

The methodology has been applied to bud worm 
outbreaks in USDA Forest Service Rocky Mountain 
Region (R-2) (Agricultural Enterprises, Inc. 1981 
unpubl., Daniel 1981 unpubl.). More recently, research 
on predicting the value of budworm esthetic impacts in 
the same region has been reported by Buyhoff and 
others (1982). 

As indicated at several points in these chapters, the 
principal economic impacts of budworm can be 
expressed in terms of the value, or "cost" of harvest
yield reductions at final harvest time. Usually, 
budworm outbreaks will cause new or altered yield 
tables to be required by forest managers. That, in turn, 
will usually involve a redefinition of a harvest
scheduling plan, adding new effort and expense to 
forest management. Most discussions of budworm yield 
impacts in these chapters have considered budworm 
losses and management options in stands. Eventually, 
however, these losses and options should be considered 
in terms of their effects on overall forest values and 
objectives. 

5.5.1 Budworm Effects on Harvest Optimizations 
The suggestions here on bud worm effects are based on 
the assumption that a forestwide harvest schedule has 
been developed with a linear programing-type system 
comparable to Timber RAM (Navon 1971), MUSYC 
(Johnson and Scheurman 1977), or FORPLAN 
(Johnson and others 1980 unpubl., see Sheehan and 
others 1985), or with a simulation harvest-scheduling 
system such as TREES. When stand-by-stand 
budworm assessments are made and new yield tables 
are developed as described in Stage and others (1985), 
the existing forestwide harvest plan will likely be 
affected. New yield tables for bud worm-affected stands 
in a forest can significantly affect the timing and 
intensity of harvest schedules forestwide, and those 
effects should be considered in budworm management. 

The simplest and most direct management option 
available would be to recalculate forestwide harvest 
schedules with new information on yield or stand
management intensity. Then forestwide values, 
expressed as the difference between the net present 
value of an existing timber-management plan and the 
corresponding value of a budworm-affected plan, can 
be compared to determine the forestwide value changes 
attributable to bud worm. This method is often the only 
option available to managers and will ensure that all 
harvest-scheduling interactions between bud worm
affected and nonaffected stands would be fully 
considered in the context of forestwide objectives and 
constraints. 

The value of forest "losses" calculated for bud worm 
outbreaks could then be compared to suppression costs 
or the cost of other management options to determine 
the economic viability of proposed alternatives. Finally, 
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5.6 Risk Assessment by Forest Managers 

note that the costs associated with recalculation of 
harvest-schedule plans should be added to the expected 
losses attributable to budworm when management 
decisions are made. Even if budworm suppression is 
not chosen as a forest-management option, harvest 
schedules may need to be recalculated for the reduced 
yields, and that cost is an additional effect of the 
budworm outbreak. 

5.5.2 Shortcuts for Evaluating the Effects of Budworm 
on Forest Values 

In certain cases, discussed by Berck and Bible (1984 
unpubl.), effects of budworm on forests can be assessed 
directly without incurring the additional expense of 
recalculating entire harvest-schedule plans. In general, 
when forestwide harvest schedules are developed with 
linear or nonlinear programing methodology-such as 
that incorporated in Timber RAM, MUSYC, or 
FORPLAN-and when expected volume losses are 
small relative to total yields, a simple calculation will 
suffice to determine forestwide bud worm effects on 
total harvest-plan values. Additional details can be 
found in Berck and Bible (1984 unpubl.) and in Berck 
and Bible (I 984). 

Berck and Bible (I984) provide a method for 
evaluating forest management-options, such as intensive 
forest management and insect suppression, which affect 
harvest yield over time. The method permits more 
constraints to be considered in each forest-optimization 
problem and, at the same time, requires less 
computational time and computer storage than the 
more common formulations of linear programs, such as 
FORPLAN. This method is limited to even-aged 
silvicultural systems, however. 

Budworm-management decisions have been discussed 
in terms of the expected values of alternative scenarios. 
The values that will be developed by the combined 
models to represent bud worm impacts are not 
deterministic. Values are calculated based on sample 
information taken from a forest and on statistical 
distributions built into the combined bud worm models. 
In fact, the values developed by the combined models 
display only one of many possible outcomes based on 
the sampling information. In terms of probability, other 
outcomes (and other values) are also possible results of 
any assumed budworm scenario. Therefore, repeated 
randomized runs must be evaluated. A comparison of 
these runs will show how much variability can be 
expected in the forest-pest systems. 

Managers have been assumed to evaluate alternatives 
by calculating the dollar losses '1ttributable to budworm 
and then comparing that value to the costs of 
management treatment or intervention. The criterion of 
reducing the estimated cost plus loss has frequently 
been recommended as the basis for pest-management 
decisions. That criterion assumes, however, that 
opportunity to make the same kind of decision will be 
repeated. In other words, the criterion is applicable for 
managers with a win-some, lose-some attitude and 
whose critics have the same attitude. When the 
implications of extreme losses can be included in the 
loss function (Hamilton 1979), then the criterion is still 
appropriate. Nevertheless, not all losses can be 
evaluated so neatly. At some point, the risk-taking 
attitude of the manager or managing agency should be 
considered. 

The problem for managers is to combine the statistical 
information provided by the combined models with 
their own expertise to evaluate alternative possibilities. 
Schlaifer (1969) presents a systematic method for 
managers to incorporate the expected values and 
relative likelihood of different outcomes with their own 
management experience and judgment into an 
evaluation of different strategies. Note that managers 
who face identical bud worm problems and identical 
model projections may develop different strategies 
using the methods described by Schlaifer. 

As discussed by Hammond (1967, 1974) and Schlaifer 
(1969), such differences in management plans would be 
the result of different attitudes toward risk on the part 
of managers. For example, suppose that in an outbreak 
the combined models project losses that are less than 
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treatment costs of any treatment option. The 
implication is that the outbreak should not be treated. 
But suppose further that if the larval densities were a 
few percentage points greater, expected losses would 
greatly exceed management costs. Different managers 
could ~asily develop different bud worm strategies, 
depending on their attitude toward the risk of not 
treating the outbreak. 

Different decisions by different managers would be 
well within the acceptable range of management 
proposed in these volumes. That is, it is acceptable for 
managers to take action on the basis of their own 
experience, judgment, and intuition-even when the 
combined models indicate that management action may 
or may not be warranted. The models provide a 
decisionmaking tool; they do not substitute for good 
management judgment. 
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Chapter 6 
Institutional and Legal Factors Affecting 
Management of Western Spruce Budworm 
Shelley K. McIntyre 
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6.1 Introduction 6.2 Public Lands 

This chapter is intended as an introduction to some of 
the laws and legal decisions that may affect 
management planning for forests susceptible to western 
spruce budworm. It is not a legal brief nor a statement 
of official policy. Because interpretation of laws 
evolves over time through legal decisions, it wilI be 
somewhat out of date by the time it is printed. But in 
general, the subjects covered will indicate the kinds of 
concerns managers are likely to encounter. The 
numerous legal citations are numbered in parentheses in 
the text and listed by number at the end of the chapter. 

The context within which planning and managing of 
forest lands operate differs in the United States and 
Canada. The situation in the United States is described 
in sections 6.1 through 6.3; some general principles 
may apply in Canada as well. A summary of pertinent 
Canadian legislation is presented in section 6.4. 

Planning and management are not solely technical, 
objective processes; they operate within a larger 
context, which includes political, institutional, and 
social forces. Constraints on the formulation and 
selection of management alternatives may reflect values 
other than those immediately under consideration and 
can be translated into prohibitions against some 
practices. These constraints are part of the framework 
within which decision makers manage budworm
susceptible forests. 

The major institutional and legal factors affecting the 
formulation and selection of management alternatives 
for a budworm-management plan are statutes, case law, 
agency regulations, and agency manuals. Other 
institutional constraints include budgetary limits and 
public sentiment. 

This discussion addresses public-land managers and 
private landowners separately-some statutes 
applicable to Federal lands are not relevant to private 
lands, and private landowners often have management 
objectives different from managers of public lands. 

Although alI forest-land management agencies are 
guided by numerous statutes, this section discusses only 
those that could affect the selection and 
implementation of a pest-management program. Also, 
although several agencies may encounter budworm 
problems, lands administered by the USDA Forest 
Service comprise the most acreage of forested land; 
this section therefore emphasizes effects on the Forest 
Service. FinalIy, State laws, such as environmental 
protection acts, may affect Federal land managers, 
even though State laws apply primarily to non-Federal 
lands. 

6.2.1 The National Environmental Policy Act of 1969 

The National Environmental Policy Act (NEPA) 
requires Federal agencies to identify and evaluate 
environmental factors relevant to the agencies' 
planning and activities. The objectives of NEPA are to 
identify early and to disclose the environmental effects 
that might result from agency actions and, through 
planning, to reduce any adverse effects. 

NEPA is primarily a procedural mandate under which 
Federal agencies need only consider the environmental 
effects of certain proposed actions. The Act does not 
afford substantive legal requirements that activities 
causing any adverse environmental effect must be 
avoided. The fundamental purpose of the NEPA 
process is to require Federal agencies to take a "hard 
look" at the environmental consequences of their 
actions (1). The process should foster both informed 
decisionmaking and informed public participation. 

One of the procedural directives is found in Section 
102(2)(C) of the Act, which states that alI Federal 
agencies shalI prepare an environmental impact 
statement (EIS) for "major Federal actions significantly 
affecting the quality of the human environment" (2). 
One court has summarized the purpose of an EIS as 
folIows: 

An environmental impact statement serves 
two purposes. First, it requires decisionmakers 
to examine and consider environmental factors 
before acting. Secondly, it acts as an 
environmental "fulI disclosure" statement, 
permitting other officials, Congress, and the 
public to evaluate the environmental 
consequences on their own.... By requiring 
a hard look the Act insures the integration of 
environmental considerations into the 
decision making process. The environmental 
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statement is the "outward sign that 
environmental values and consequences have 
been considered during the planning stage of 
agency actions" (3). 

When a Federal agency proposes action to suppress the 
budworm, the agency must decide whether to prepare 
an EIS and, if so, determine the timing and scope of 
the environmental statement. Regulations of the 
Council on Environmental Quality (CEQ) and of the 
land-administering departments provide procedural 
guidance to Federal officials in deciding whether an 
EIS is required (4). Because NEPA and its 
implementing regulations have been extensively 
interpreted by the courts, agency officials should 
consult with legal counsel on the legality of proposed 
procedures and actions. 

Whether Federal agencies need to prepare an EIS will 
depend on whether the activity would constitute a 
"major Federal action" that would "significantly" 
affect the quality of the human environment (5). 
Generally, unless an activity is within the categorical 
exclusions, an environmental assessment is prepared in 
accordance with the above regulations. The end 
product of that assessment will either be a decision to 
prepare a full impact statement or a finding of no 
significant impact, which will not require a statement. 

Regulations and agency policy establish categorical 
exclusions, under which a proposal does not require 
either an EIS or an environmental assessment (EA) (6). 
For the Department of Agriculture, categorical 
exclusions include activities dealing with personnel and 
administration; program budget proposals, 
disbursement, or transfer of funds; inventories, research 
activities, and studies that are limited in context and 
intensity; educational and informational activities; law
enforcement activities; advisory and consultative 
activities with other agencies and entities; and activities 
related to overseas trade and market development (7). 

Categorical exclusions specifically applicable to the 
Forest Service are "... actions which, based on 
previous experience, have been found to have limited 
context and intensity ... and produce little or no 
environmental effects, individually or cumulatively, to 
either the biological or physical components of the 
human environment" (8). Examples given include 
routine operations, such as posting signs and equipment 
purchases; routine maintenance of existing facilities; 

actions with short-term effects, such as permits for 
gathering firewood or river floating; and actions of 
limited magnitude, such as some thinning and pruning 
projects or range and wildlife improvements (9). 

Under the Forest Service NEPA procedures, an EA 
must be prepared for all actions except those that are 
categorically excluded; specifically and adequately 
analyzed and discussed by an EIS or another EA; for 
which a decision already has been made to prepare an 
EIS; and emergencies (10). 

According to the CEQ regulations, an EA serves to: 
I. Briefly provide sufficient evidence and analysis 

for determining whether to prepare an environmental 
impact statement or a finding of no significant impact. 

2. Aid an agency's compliance with the Act 
when no environmental impact statement is necessary. 

3. Facilitate preparation of a statement when one 
is necessary (11). 

The EA is to include brief discussions of the need for 
the proposal, of alternatives, of the environmental 
impacts of the proposals and alternatives, and a listing 
of agencies and persons consulted (I 2). 

A finding of no significant impact (FONS!) is a 
document that stateS the reasons why an actionH ••• 

[other than categorical exclusions] will not have a 
significant effect on the human environment and for 
which an environmental impact statement therefore 
will not he prepared" (13). If the FONSI does not 
include the EA, it must include a summary of it. If the 
EA is included, the FONSI may incorporate it by 
reference. 

The Forest Service NEPA procedures also state that a 
full EIS must be prepared for: 

1. Proposals for legislation recommended by the 
Forest Service which are determined to be a major 
Federal action significantly affecting the quality of the 
human environment. 

2. Regional and forest land and resource 
management plans. 

3. Other major Federal actions significantly 
affecting the quality of the human environment that 
have not been adequately addressed in another [EIS] 
(14). 

Section 1508.18 of the CEQ regulations provides the 
following definitions: 
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"Major Federal Action" includes a.ctions with 
effects that may be major and which are 
potentially subject to Federal control and 
responsibility. Major reinforces, but does not 
have a meaning independent of significantly. 

Section 1508.27 states that "significantly" as used in 
NEPA requires considerations of both context and 
intensity: 

A. Context. The significance of an action must be 
analyzed in several contexts-such as society as a 
whole (human, national), the affected region, the 
affected interests, and the locality. Significance varies 
with the setting of the proposed action. For instance, in 
a site-specific action, significance would usually depend 
upon the effects in the locale rather than in the whole 
world. Both short- and long-term effects are relevant. 

B. Intensity. "The severity of impact must be 
evaluated by consideration of: 

I. Impacts that may be both beneficial and 
adverse. A significant effect may exist even if the 
Federal agency believes that, on balance, the effect will 
be beneficial. 

2. The degree to which the proposed action 
affects public health or safety. 

3. Unique characteristics .... 
4. The degree to which the effects on the quality 

of the human environment are likely to be highly 
controversial. 

5. The degree to which the possible effects on 
the human environment are highly uncertain or involve 
unique or unknown risks. 

6. The degree to which the action may establish 
a precedent for future actions with significant effects or 
represents a decision in principle about a future 
consideration. 

7. Whether the action is related to other actions 
with individually insignificant but cumulatively 
significant impacts .... 

8. The degree to which the action may adversely 
affect an endangered or threatened species or its 
habitat. ..." 

Case law has further defined "major" and "significant" 
and has provided examples of when an EIS is and is 
not required. A Ninth Circuit Court of Appeals case 
reviewed a Forest Service decision to forgo preparing 
an EIS based on its EA and a FONSI report. In 

Foundation for North American Wild Sheep v. Us., Etc., 
the Forest Service decided not to prepare an EIS 
before issuing a special-use permit allowing 
reconstruction and use of a mining road. The road 
passed directly through an area occupied by a herd of 
desert bighorn sheep, a species treated as "protected" 
under California law and classified as "sensitive" under 
Federal law. The court reviewed the EA and its 
appendixes and concluded that the FONSI was 
"plainly unreasonable," even though mitigation 
measures were incorporated into the chosen alternative 
(15). 

At issue was whether granting the permit was an 
action significantly affecting the quality of the human 
environment. The Ninth Circuit's standard for making 
this determination is whether "the plaintiff has alleged 
facts which, if true, show that the proposed project 
may significantly degrade some human environmental 
factor" (16). The plaintiffs need not show the 
significant effects will in fact occur. An EIS must be 
prepared if "substantial questions are raised whether a 
project may have a significant effect upon the human 
environment" (17). 

Because the EA was offered by the agency as 
justification for its decision not to prepare an EIS, the 
court looked at the EA to see if the agency had taken 
the requisite "hard look" at the environmental 
consequences of its action and concluded that the 
agency had not. The EA did not address certain 
fundamental factors, such as the expected amount of 
road traffic, its effect on the sheep, and significant 
questions raised by State fish and game biologists in 
response to the draft EA. It either did not respond to 
other significant questions raised by the draft EA, or it 
"shunted [them] aside with mere conclusory 
statements" (17). Finally, the efficacy of the proposed 
mitigation measures was severely attacked by numerous 
responses to the draft EA. The court concluded that 
lack of scientific data, unresponsiveness to public 
comments, and conclusory statements in the EA added 
up to a failure of the reasonableness test. 

Additionally, the court concluded that under the 
NEPA regulations, the controversy sur:-ounding the 
proposed action required preparation of an EIS. One 
consideration when determining whether a proposed 
action will significantly affect the quality of the human 
environment is "... [t]he degree to which the effects 
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on the quality of human environment are likely to be 
highly controversial" (18). The court stated that 
"controversial" refers "to cases where a substantial 
dispute exists as to the size, nature, or effect of the 
major Federal action rather than to the existence of 
opposition to a use" (19). Numerous critical responses 
from biologists, conservationists, and other individuals 
disputing the EA's conclusions that the proposed 
action would have no significant effect on the sheep 
were, in the court's opinion, precisely the type of 
controversial action requiring an EIS. 

In contrast to the Wild Sheep case, the Washington, 
DC, Circuit Court upheld a Forest Service FONSI and 
decision not to prepare an EIS after imposing 
mitigation measures on a plan of operations for 
exploratory mineral drilling in the Cabinet Mountains 
Wilderness Area of Montana (20). The area supports 
populations of grizzly bears, which are listed as a 
threatened species under the Endangered Species Act. 

The important distinction in this case is that -::he Forest 
Service imposed mitigating measures on the operation 
after preparing a draft EA and receiving comments 
from the Fish and Wildlife Service. The latter 
developed an alternative that would avoid jeopardizing 
the bear population, and the final EA incorporated the 
recommendation. The Forest Service expressly adopted 
the plan devised by the Fish and Wildlife Service and 
then issued a FONSI based on the proposal as 
modified. The court concluded that the agency's 
decision not to prepare an EIS was both "reasonable" 
and "adequately supported" (21). 

The court also stated that the effect of mitigation 
measures may be considered in determining whether 
preparation of an EIS is necessary: 

[A]n EIS must be prepared only when 
significant environmental impacts will occur 
as a result of the proposed action. If, 
however, the proposal is modified prior to 
implementation by adding specific mitigation 
measures which completely compensate for 
any possible adverse impacts stemming from 
the original proposal, the statutory threshold 
of significant environmental effects is not 
crossed and an EIS is not required (22). 

Comparing these two cases shows that the different 
results stem from each court's opinion of whether the 
EA presented enough detail to support a FONSI, and 

whether adequate scientific data supported the 
conclusions about the environmental impacts of the 
proposals. Agency response to substantive comments 
on the proposed action were considered important in 
both cases, as was the factual support for the 
effectiveness of the proposed mitigating measures. 

Tiering and Scope of an EIS-EIS's range in subject 
and scope from broad program or policy statements to 
site- or project-specific analyses. A program EIS is an 
umbrella statement containing a comprehensive analysis 
of an agency program that includes numerous actions 
and looks at their cumulative and long-range effects. It 
is an initial, comprehensive study that can be referred 
to and supplemented by less comprehensive but more 
detailed individual studies for each site or activity. 
With a program EIS, an agency stilI needs individual 
statements as discrete parts of the project unfold. 

The CEQ regulations suggest using program, policy, or 
plan EIS's and "tiering" from statements of broad 
scope to those of narrower scope to eliminate repetitive 
discussions of the same issues (23). Thus, if a program 
EIS is prepared, then subsequent narrower statements 
or environmental analyses can focus on the issues 
specific to the statement being prepared. Forest Service 
NEPA-implementing procedures state that tiering is 
appropriate to EA's as well as EIS's (24). 

Dividing projects into segments and preparing only 
sequential EA's covering separate segments or phases 
of a project as it progresses may not be true tiering. By 
looking at only a portion of the environmental effects 
in anyone EA, the agency would not prepare an EIS 
for full public review that addresses the overall 
impacts. Thus, should a Region or Forest want to 
adopt a general budworm-management plan or policy, 
a program EIS at that level might be appropriate. 
Subsequent documents should be increasingly specific. 
Although doing site-specific assessment of impacts in a 
program EIS may be impossible, analysis at this level 
provides an opportunity to estimate cumulative effects 
or the general direction of impacts resulting from 
myriad site-specific activities. From here, the agency 
can develop more specific guidelines to mitigate what 
it sees as the general trend of impacts. 

For example, if a Region or Forest elects to adopt an 
accelerated harvest schedule for managing infested or 
susceptible stands, the program EIS would discuss the 
large-scale effects that such increased harvest activities 
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\·...ill have on soil disturbance, water quality, wildlife 
habitat. recreation. and so on. Then the manager can 
plan to offset these impacts by site-specific mitigation 
measures, as weB as adjustments of limber harvests 
within the Region or Forest in areas not infested or 
susceptible. 

The detail required in an E1S depends on the nature 
and scope of a proposed action. Thus. site-specific 
impacts need not be evaluated in detail in an EIS 
prepared for a large-scale. multistep project, but such 
detailed site-specific analysis may not be omitted 
because a program EIS is prepared. For example, the 
Forest Service prepared a program EIS for the second 
Roadless Area Review and Evaluation (R.'-\.RE II) 
withom site-specific analysis of individual areas. The 
court ruled that emironmental analysis of both the 
overall program and specific-area designations had to 
be in the program E1S. The agency chose a 
programmatic approach, and it chose to close off future 
site-specific analysis. The coun ruled th,u the agency 
"must either assess the impact of the decision, or, if the 
factual situation will not permit that assessment.... the 
decision must be deferred umil the agency has a 
sufficient factual basis to perform its environmental 
analysis" (25). 

As another example. in a case involving aerial spraying 
of carbaryl to combat gypsy moth in South Salem, OR. 
the ~inth Circuit Court of Appeals ruled that a site
specific EIS was required in addition to a more general 
program EIS (26). The State of Oregon, with the 
financial assistance and support of the Department of 
Agriculture. planned to spray a designated area to 

eradicate a gypsy moth infestation. The Department of 
Agrt-.:u1ture had prepared .a program E1S for its gypsy 
moth spra)ing programs in forested areas of the 
northeastern L'nited States. They also submined a 
three-page EA describing the South Salem project. 

The plaintiffs comended first that the program EIS was 
inadequate. Second, they argued that e\'en if the EIS 
were legally sufficient, a site-specific EiS was 
necessary. The district coun ruled that the program 
EIS could be used as .an EIS for the South Salem 
project because the local project dId not de\'iate 
significantly from the program E1S, a:ld therefore did 
not require a site-specific EIS (27), 

On appeal. the Ninth Circuit found that "the [program] 
EIS and EA did not provide the information 'necessary 

reasonably to enable the decision-maker to consider the 
environmental factors and to make a reasoned 
decision' " (28). The court concluded that the project 
described in the program EIS differed significantly 
from the South Salem project-and the differences 
were too significant for NEPA compliance. 

Alternatives-1'-.'EPA requires a "detailed statement ... 
on .. , alternatives to the proposed action" (29). The 
EIS is a disclosure of how an analysis of the pro's and 
con's of alternative actions was done, Agencies must 
also "study, develop, and describe appropriate 
alternatives to recommended courses of action in any 
proposal ",'hieh involves unresoh'ed conflicts 
concerning alternative uses of available resources" (30). 
The alternatives section is the heart of the EIS. 

CEQ regulations require discm.sion of alternatives to 
define the issues sharply and pro\'ide a clear basis for 
choice among options (31). Alternatives should be 
rigorously explored and objectively evaluated (32). The 
analysis should be sufficiently detailed to reveal the 
agency's comparative evaluation of the em'ironmemal 
benefits, costs, and risks of the proposed action and 
each reasonable alternative. 

The standard of judicial review is well established in 
the Ninth Circuit Court of Appeals as a "rule of 
reason" (33). This requires the agency to present only 
those alrernatives necessary to permit a reasoned 
choice. The court will inquire whether the selection 
and discussion of alternatives "fosters informed 
decisionmaking and informed public participation" (34). 
An E1S does not need to include alternatives that are 
speculative or unlikely to be implemented. 

One requirement important to resource managers who 
take action against bud worm outbreaks is thaL when 
information is incomplete or unavailable, [he agency 
mUSt inclUdE: a "worst-case analysis" and indicate "the 
probability or improbability of its occurrence" (35). 
This directi...,·e, coupled with the requirement of a 
discussion of direct and indirect effects and their 
significance (36), is what some courts mean by 
requiring that the agency take a "hard look" at the 
environmental consequences of their proposed actions. 

Several judicial decisions have required a .....:orst-case 
analysis for application of herbicides (37). Both the 
Forest Senice and the Bureau of Land ~fanagement 
(BLM) ha....e been enjoined from using certam 
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herbicides for vegetation management until the 
agencies prepare adequate EIS's. The courts require a 
worst-case analysis so that the agency can weigh the 
need to proceed against the risks of possible adverse 
environmental impacts (38). The Ninth Circuit also 
stated that the worst-case-analysis regulation applies to 
an EA (39). The BLM uses annual EA's to supplement 
its program EIS. Therefore, the court held that BLM 
must prepare a worst-case analysis before it may 
resume herbicide spraying, and the annual EA is an 
appropriate place to include it. 

In another case, the Ninth Circuit upheld and expanded 
a district court order that halted aerial spraying of 
herbicides in portions of the Siuslaw National Forest 
(40). In Merrell v. Block, the district court enjoined 
spraying because the Forest Service and BLM had not 
done any site-specific research on the health effects of 
using herbicides in the contested area. The agencies 
had relied on the worst-case analysis the 
Environmental Protection Agency (EPA) had prepared 
when it registered the herbicides under the Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA). 

On appeal, the circuit court referred to earlier decisions 
and stated that: 

One agency cannot rely on another's 
examination of environmental effects under 
NEPA. ... "Thus, the mere fact that a 
program involves uses of substances registered 
under FIFRA does not exempt the program 
from the requirements of NEPA" (41). 

The court concluded that the agency must assess 
independently the safety of the herbicides it uses. 

In another district court case, the plaintiffs sought to 
extend prior rulings on worst-case analysis, which 
affected only specific EIS's or EA's on specific forests 
or districts, to the remainder of the Federal lands in the 
region (42). The Forest Service and BLM agreed they 
have not complied with NEPA and its regulations, as 
interpreted by the court. The court ordered the 
agencies to prepare adequate worst-case analyses for all 
of the Forests in Region 6 of the Forest Service and 
the Oregon BLM Districts. The court also issued an 
injunction against all herbicide spraying in those areas 
until the agencies complete a worst-case analysis. 

Finally, at the time of its decision, the agency prepares 
a concise, public record of decision (ROD). The ROD, 

which may be integrated into the EIS or any other 
record prepared by the agency, states what the 
decision was and identifies all alternatives considered in 
reaching the decision (43). An agency is not required 
to select the most environmentally preferable 
alternative, hut it must identify that alternative (44). 
The environmentally preferable alternative is the one 
that causes the least damage to the biological and 
physical environment (45). Therefore, a draft EIS must 
provide enough information for the agency to be able 
to identify that alternative, and for the public and 
reviewing agencies to respond. 

6.2.'2 The National Forest Management Act of 1976 
Although NEPA's requirements are complex, the 
statute has been extensively litigated so that the law is 
relatively settled on many points that were at one time 
unclear. The National Forest Management Act 
(NFMA) is both newer and essentially unlitigated. One 
of its key provisions, forest-resource management and 
planning, has not been fully implemented. Still, 
NFMA's salient feature is integrated resource planning. 
The Act states that the land-management plans shall 
"form one integrated plan for each unit of the National 
Fore~,t System, incorporating in one document or one 
set of documents ... all of the features required by 
[Section 6 of NFMAJ" (46). 

Under the agency's implementing regulations, the 
forest plans constitute the land- and resource
management plans required by NFMA (47). Thus, 
instead of having several different resource
management plans for a particular forest or other unit, 
the agency is directed to integrate resource planning 
into the forest plan. This means that forest-pest 
management should be part of the overall planning 
process, not a separate consideration isolated from the 
integration requirements of NFMA. Furthermore, it is 
an ongoing process. The regulations state that a forest 
plan wilI ordinarily be revised every 10 years, or at 
least every 15 years (48). 

The structure of the National Forest planning process 
is analogous to tiering EIS's under NEPA. The NFMA 
regulations state that management direction shall 
become increasingly specific as planning progresses 
from the National to the Forest level (49). Thus, it is 
appropriate for the Regional guides to contain 
directives to the Forests, for the Forest plans to 
integrate pest management into resource planning, and 
for site- and project-specific EIS's and EA's to be 
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produced when concrete proposals arise in response to 
specific problems. 

NFMA regulations require all administrative activities 
affecting the land addressed in a forest plan to be in 
compliance with the plan (50). Also, management 
planning for fish and wildlife includes consideration of 
the effects of pest and fire management on fish and 
wildlife populations (51). 

Programs and projects affecting the land must be 
consistent with the ;JIan, but most plans have built-in 
flexibility so that some changes can be tolerated 
without amending the plan. The Forest Supervisor may 
amend the forest plan and also determine if the 
proposed amendment is "significant." If so, then the 
supervisor follows the same procedures as required for 
developing and approving a forest plan. If not, then the 
supervisor may implement the amendment "following 
appropriate public notice and satisfactory completion 
of NEPA procedures" (52). If the forest plan does not 
consider budworm and a program EIS is prepared for 
budworm management, then the record of decision 
signed by the Regional Forester may include an 
amendment to the forest plan. 

Some additional key items in pest management and 
forest planning are departure from even flow, 
preservation of old-growth ecosystems, exceptions to 
harvesting at culmination of mean annual increment, 
and exceptions to size-of-opening limitations. For 
example, the NFMA regulations state that size limits 
on openings created for even-aged management do not 
apply to areas harvested "as a result of natural 
catastrophic condition such as fire, insect and disease 
attack" (53). 

The regulations also allow timber sales and harvest to 
exceed the planned volume for stands that are 
"substantially damaged by fire, wind throw, or other 
catastrophe, or which are in imminent danger of insect 
or disease attack ...." (54). Managers would need to 
analyze the relation of budworm to these catastrophic 
occurrences to justify the departure or other 
exceptions. 

Management of budworm and other forest pests should 
be incorporated into forest planning. NFMA requires 
integrated resource planning to avoid fragmented 
decision making in the same way that NEPA requires a 
hard look at the environmental consequences of a 

proposed action. The point of both statutes is to avoid 
too narrow a focus. 

6.2.3 The Endangered Species Act 
The Endangered Species Act of 1973 as amended in 
1978, declares 

(1) ... all Federal departments and agencies 
shall seek to conserve endangered species and 
threatened species and shall utilize their 
authorities in furtherance of the purposes of 
[this Act]. 
(2) ... Federal agencies shall cooperate with 
State and local agencies to resolve water 
resource issues in concert with conservation 
of endangered species (55). 

The Act authorizes the Secretary of the Interior to 
enter into a cooperative agreement with any State 
having a conservation program (56). The purpose of 
the agreement is to assist in the implementation of the 
State program. Also, the Secretary may provide 
financial assistance to a State to aid in developing a 
conservation program (57). 

The Act protects species of fish, wildlife, and plants 
that are "endangered" or "threatened." As defined, this 
includes species that are, or are likely to become within 
the foreseeable future, in danger of extinction 
throughout all or a significant portion of their ranges 
(58). Federal agencies are required to "insure that any 
action authorized, funded, or carried out by such 
agency ... is not likely to jeopardize the continued 
existence of any endangered species or threatened 
species or result in adverse modification of [critical] 
habitat of such species ... unless such agency has been 
granted an exemption for such action by the 
[endangered species] Committee ...." (59). The Act is 
concerned not only with protecting the specific animal 
or plant-for example, from hunting or exporting-but 
also with the critical habitat. Protecting habitat is the 
consideration most important to managers concerned 
with budworm. 

As with many of the statutes, some overlap occurs 
between the Endangered Species Act, NEPA, and the 
NFMA. NEPA indirectly protects wildlife habitat 
through the broad mandate given to Federal agencies 
to consider environmental effects of proposed actions 
and to consult with other Federal agencies before 
issuing an EIS. NEPA lists among its purposes " ... to 
promote efforts which will prevent or eliminate 
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damage to the environment and biosphere ... ," of 
which wildlife is a part (60). Because the NEPA 
process serves as the means of assessing the 
environmental impact of proposed agency actions, it 
serves as one means for protecting endangered species 
and their habitat. To this end, the Forest Service's 
NEPA regulations state that effects on threatened and 
endangered species must be considered for all 
alternatives (61). 

NFMA also indirectly provides for protection of 
endangered species and their habitat. The Act 
incorporates several restrictions on timber-harvesting 
practices (62). These restrictions resulted, at least in 
part, from concern about the impacts of timber 
harvesting on fish and wildlife populations and habitat. 

The regulations implementing NFMA require 
consideration of fish and wildlife resources in the forest 
plan (63). The regulations further state that the habitat 
will be managed "to maintain viable populations of 
existing native and desired non-native vertebrate 
species." To estimate the effects of each planning 
alternative, management indicator species will be 
selected, which may include identified endangered and 
threatened species. Planning ClJternatives will be 
evaluated in terms of the indicator species' habitat and 
population trends. Finally, the NFMA regulations state 
that "... habitat determined to be critical for 
threatened and endangered species shall be identified, 
and measures shall be prescribed to prevent the 
destruction or adverse modification of such habitat" 
(64). 

6.2.4 r·'ederal Duty Relative to Pest Suppression 
In a case filed in the Federal district court of Idaho, 
Boise Cascade Corporation sought to force the Forest 
Service to suppress bud worm on Federal lands 
contiguous to Boise Cascade lands. The company 
argued that under the Cooperative Forestry Assistance 
Act of 1978 (65), the Multiple Use-Sustained Yield Act 
of 1960 (66), and the Organic Act of 1897 (67), the 
Forest Service has a duty to use available measures to 
control insect infestations in the National Forests. The 
plaintiffs alleged that the agency had breached its duty 
by failing to use such measures to bring the current 
budworm infestation under control. The plaintiffs 
specifically contended that the agency erred in 
choosing to treat the infestation silviculturalIy, 
primarily through an accelerated harvest program. The 
plaintiffs argued that the statutes required the agency 

to use chemical insecticides because it was the only 
method to control the infestation. 

The district court concluded that none of the above 
statutes "mandate that the Secretary of Agriculture, 
whether acting alone or in cooperation with state and 
private landowners, implement a particular treatment 
program [!Jor a particular insect or disease problem, so 
long as the evaluation of whether to treat any such 
problem is based on the Secretary's informed and 
reasoned judgment" (68). Thus, under this case, the 
agency's options to act or not to act are very broad. 

6.2.5 Judicial Review of Agency Actions 
The Administrative Procedures Act (APA) allows 
parties adversely affected by agencies allegedly acting 
contrary to law to sue the Government (69). The APA 
limits judicial review of agency action in several ways. 
For example, some underlying Federal statute must be 
present for review (70). Only a "final agency action" is 
subject to review (71). Also, review is unavailable if 
review of agency action is precluded by other law (72). 
Courts have allowed review, however, "unless 
Congress has forbidden review in unmistakable terms" 
(73). Mere silence in a statute does not preclude 
judicial review under APA. Thus, even though the 
Federal Insecticide. Fungicide, and Rodenticide Act 
(FIFRA) does not contain a provision allowing 
citizens' suits, the Ninth Circuit has ruled that private 
organizations can sue under APA for alleged violations 
of FIFRA (74). 

Matters "relating to public property" are exempt from 
APA's requirements (75). Therefore, the old land-use 
plans prepared by the Forest Service were not subject 
to provisions of APA requiring public notice and 
opportunity for public comment on proposed plans and 
policies. With the passage of NEPA and NFMA, 
however, most agency actions involving pest 
management are reviewable. NFMA provides that the 
promulgation of regulations shall be in accordance with 
the rule-making procedures set forth in APA (76). 
Agency action under NEPA is now considered within 
the scope of judicial review under APA (77). 

The term "scope of review" refers to the degree of 
scrutiny that a court will give to agency actions. The 
APA section on scope of review sets out a spectrum 
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ranging from little to close scrutiny. The pertinent 
wording is 

... the reviewing court shall 

* * * * * * 
(2) hold unlawful and set aside agency action, 
findings, and conclusions found to be

(A) arbitrary, capricious, an abuse of 
discretion, or otherwise not in accordance 
with law; 

* * * * * 
(D) without observance of procedure 
required by law (78). 

Subsection (2)(A) refers to substantive decisions 
committed to the agency, and the scope of review in 
such cases is narrow. The court cannot substitute its 
judgment for that of the agency. Some courts apply 
this standard when agency compliance with NEPA is 
challenged. 

Subsection (2)(D), however, allows a court to set aside 
agency action if the court finds that the agency used 
improper procedure. The Ninth Circuit has applied this 
section to NEPA because NEPA is essentially a 
procedural statute (79). The court explains that review 
under subsection (2)(A) may be applicable when the 
plaintiff claims that the agency has ignored conclusions 
or considerations in the EIS in deciding whether to 
proceed with a project (80). The arbitrary and 
capricious standard entails a balancing and weighing of 
alternatives already studied. But because NEPA is 
essentially a procedural statute, 

... the courts will better perform their 
necessarily limited role in enforcing NEPA if 
they apply section 706(2)(D) in reviewing 
environmental impact statements for 
compliance with NEPA than if they confine 
themselves within the straight jacket of 
section 706(2)(A) ... [T]he courts can, and 
should, require full, fair, bona fide compliance 
with NEPA (81). 

Therefore, judicial review of NEPA compliance will 
be under subsection (2)(D). 

Several courts have advanced yet anothf:r standard of 
review for the threshold determination of whether or 
not to prepare an EIS. These courts have decided that 
the initial determination should be tested under a rule 
of reasonableness (82). The Ninth Circuit has adopted 
this standard (83). The court's reason is that the 

decision to prepare an EIS is not committed to agency 
discretion. The mandatory nature of the directive to 
prepare an EIS for actions that may significantly affect 
the quality of the human environment makes the 
reasonableness standard the more appropriate standard 
of review (84). 

The Ninth Circuit also uses a "rule of reason" to 
decide under section 706(2)(D) whether the EIS is 
adequate. Thus, the court will inquire "whether an EIS 
contains a reasonably thorough discussion of the 
significant aspects of the probable environmental 
consequences" (85). 

Thus, the administrative record is very important, 
especialiy if an EIS is not prepared. As was discussed 
above in the NEPA section, the court will look to the 
administrative record to see if the agency decision is 
reasonable and adequately supported. 
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6.3 Laws Applicable to Private Lands 

Private landowners face several constraints imposed by 
State and Federal law. Statutes control pesticide use 
and application, and both statutes and common law 
assign liability to landowners for damages caused by 
aerial spraying if the chemicals invade adjacent 
properties. 1n addition, some States have enacted 
statutes making owners of timberland responsible for 
forest-pest suppression, and if landowners do not take 
appropriate measures on their own, the State Forester 
may take action and assess charges to the landowners. 
In the following sections, applicable statutes are 
summarized and theories of liability discussed. 

6.3.1 Federal Law 
The Federal Insecticide, Fungicide, and Rodenticide 
Act-FIFRA is the law under which pesticides are 
regulated by the Federal Government. It controls the 
application of pesticides through registration and 
labeling requirements. The Act requires pesticide 
registration with EPA as a precondition of sale (86). 
An applicant for registration of pesticide must file with 
the Administrator of EPA certain information in 
support of registration, including complete labeling and 
directions for use (87). The Administrator may classify 
a registered pesticide for general use, restricted use, or 
both. A general-use pesticide may be purchased and 
applied by any persons on their own land without any 
permit or license from any Federal or State agency. A 
restricted-use pesticide is one that poses a hazard to 
human health or has high environmental risk. Such a 
product can be applied only by or under the 
supervision of a certified applicator or with other 
restrictions provided by regulations (88). 

If a user chooses a restricted-use product, State laws on 
applicator certification may apply. FIFRA requires the 
EPA Administrator to prescribe certification standards, 
but under the Act, States may certify pesticide 
applicators on approval by EPA of a State plan that 
meetll limited Federal standards. Under this option, a 
designated State agency administers the plan 
throughout the State (89). 

All Western States except Colorado now have 
approved State plans for applicator certification, and 
the departments of agriculture for each State 
administer the program. 

Under FIFRA, the requirements stated on the label are 
controlling. Any person using a registered pesticide in 

a manner not permitted by the label is in violation of 
Federal law (90). 

The Clean Water Act-Sections 303(e) and 208 of the 
Clean Water Act (91) require State and designated 
areawide-planning agencies to develop plans for 
maintaining water quality and implementing programs 
for both point-source and nonpoint-source pollution. 
Section 208 specifically addresses non point sources of 
water pollution. The States are given the responsibility 
for developing and implementing water-quality 
management plans (208 plans) for all land and water of 
the State (92). 

For nonpoint-source pollution, the Act requires the 
States to identify and evaluate all measures necessary 
to produce the desired pollution control by applying 
"best management practices" (BMP's). BMP means a 
practice that is determined by a State to be the most 
effective, practicable (including te~hnological, 
economic, and institutional considerations) means of 
preventing or reducing thf' amount of pollution 
generated by non point sources to be compatible with 
water-quality goals. 

In Oregon, Washington, and Idaho, the regulations and 
administrative procedures under the States' respective 
forest-practices acts were adopted as BMP's. In 
Oregon, the forest-practices regulations were submitted 
to EPA as part of its silviculture plan, and forestry was 
identified as a major soil-disturbing activity. In Idaho, 
silviculture was identified as a top-priority pollution 
source, and in Washington, silviculture was included in 
the top five water-quality problem areas. The State 
forest-practices acts contain rules for chemical 
applications as well as timber harvesting and 
regeneration. Private landowners with questions on 
compliance with the various State laws should contact 
their State department of forestry. 

Forest-Pest Control Statutes-Some States have 
enacted laws declaring forest insects and diseases to be 
a public nuisance and making timberland owners 
expressly responsible for their suppression (93). 
Typically, these statutes designate a State agency as 
administrator of an insect-suppression program and 
give the agency the power to declare zones of 
infestation, to prescribe remedial measures, and to 
compute costs of suppression measures and allocate 
them among landown~rs. 
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Oregon's law is representative. It declares pests and 
diseases harmful to timber to be a public nuisance, and 
states that owners of timberlands or timber "shall 
control and destroy forest insect pests and forest tree 
diseases, or provide for the same to be done" (94). The 
State Forester is authorized to determine the presence 
and extent of harmful insect pests, and to determine 
whether suppression measures are needed and available 
(95). With the approval of the State Board of Forestry, 
the State Forester is to designate an "infestation 
control district," which may include timberlands 
threatened by the infestation as well as lands already 
infested. The State Forester then must notify all 
owners within the district to proceed to destroy the 
pests. If an owner fails, refuses, or is unable to comply 
with the requirements of the notice, the State Forester 
is to apply measures of infestation suppression 
approved by the State Board of Forestry (96). If the 
State engages in such a program, the suppression costs 
can be paid for with State funds or other agency 
contributions, with the balance of the expenses being 
charged against the timberlands involved (97). 

6.3.2 State Law 
Environmental Protection Statutes-Many States have 
forest-practices acts that govern forest- and pest
management activities. In addition, NEPA has been 
emulated by several States. The State statutes usually 
focus on an impact-statement requirement, and courts 
have entertained private suits challenging omission or 
adequacy of an environmental impact statement or 
report. The requirements differ from State to State, but 
some statutes have been interpreted to apply to private 
activities requiring State or local governmental 
regulatory or zoning approval (98). Again, private 
landowners with questions should consult with the 
local department of forestry, which will know the 
applicable requirements. 

Several other Western States have similar measures. 
Idaho's statute focuses on the tussock moth and was 
enacted as an emergency measure during a period of 
tussock moth infestation (99). The act declares, 
however, that the policy of the State is "to adopt 
measures to control, suppress and eradicate" outbreaks 
of "other destructive forest insects" as well as the 
tussock moth (100). The State Director of the 
Department of Lands is given authority to declare a 
zone of infestation whenever an infestation is 
determined to be "of such a character as to be a 
menace to the timber or forest growth of this state" 
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(101). Once a zone of infestation is declared, the 
director has the power to enter land within the zone 
and suppress, eradicate, and destroy "in the manner 
approved by the state board of land commissioners" 
(101). 

Washington, California, Montana, and Nevada also 
have similar statutes specifically addressing forest pests 
(102). The other Western States do not have provisions 
expressly directed towards forest pests, but they do 
have statutes for agricultural pests, pesticide application 
in general, abandonment and disposal of containers, and 
other laws that might apply to a bud worm infestation 
or management program. Again, individual landowners 
should consult with the State departments of forestry 
or agriculture to see what applies to them. 

Liability Associated With Pest Management-Private 
entities may be liable for personal injuries and property 
damage caused by aerial application of chemicals. 
Liability most often extends to the applicator, but it 
may also include landowners who arranged to have 
their property sprayed. Some States have guidelines for 
applying chemicals as part of their fnre.l-practices acts, 
and some have independent statutes solely on the use 
of agricultural and forest chemicals. Some statutes 
specifically assign liability, and some absolve the State 
of any liability for damages incurred in the process of 
treating an infested area (103). But even if no statutory 
liability is imposed, individuals who suffer damages 
caused by aerial spraying have recourse to common 
law. 

Liability for damages caused by aerial spraying usualiy 
results from chemicals invading adjacent properties and 
resulting in damage to crops, animals, other insects, and 
human beings (104). Usually, cause is not relevant. The 
invasion may result from wind drift, human error, or 
mechanical failure. Several legal theories impose 
liability. They often overlap, so which theory the court 
has applied when it awards damages may not be clear. 
The basic theories are nuisance, trespass, negligence, 
and strict liability. 

Nuisance theory usually applies to a continuing or 
recurring rdation between the parties, and therefore is 
not used frequently in a suit for damages from aerial 
spraying of pesticides. When it is used, the courts often 
assign liability because engaging in an activity classifed 
as a nuisance is sufficient to create liability for any 
resulting damage. That is, if land is being used in such 
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a way as to deprive neighboring landowners of the full 
use and enjoyment of their land, then an actionable 
nuisance may be created. A landowner may be held 
liable even if an independent contractor was hired, and 
regardless of the amount of care exercised. 

Trespass involves a physical invasion of a plaintiffs 
land. Although the law of trespass usually requires 
intent on the defendant's part to bring about the 
physical invasion, most courts treat pesticide spraying 
as an unusually hazardous activity, so liability for 
damages may be imposed even if entry onto another's 
land is unintentional. The trespass may be any physical 
invasion of the plaintiffs land, including the airspace 
above it. Thus, trespass may result from the aircraft or 
from the spray itself. Liability for trespass includes 
cases where the spray was applied as a result of 
innocent mistake, such as where the applicator honestly 
believed that the plaintiffs land is the land intended to 
be sprayed. 

More commonly, the courts treat chemical applications 
under either strict liability or negligence theories. Strict 
liability is liability without fault. It is liability based on 
the activities involved, and the defendant's intentions 
are irrelevant. Some courts apply the doctrine of strict 
liability for abnormally hazardous activities. An 
activity is characterized as ultrahazardous or 
abnormally dangerous if, considering the location 
where it is carried on, it involves a substantial risk of 
serious harm to person or property, regardless of how 
much care is exercised (l05). Thus, although an 
operation is conducted according to regulations and 
accepted methods, if damage is incurred, the defendant 
can be held liable without regard to fault (106). 

Negligence theory usually requires proof of fault or 
failure to conform to a specific standard of conduct, 
but some courts may ignore fault and rely on such a 
high standard of care that they are in fact using a strict 
liability theory. 

If the court requires a showing of causation-that is, 
that the defendant's act caused the damage-often the 
plaintiffs evidence of observable harm close in time to 
the spraying will be sufficient, if the harm is of the 
type expected from the sprayed pesticide. 

Negligence may be established by showing a violation 
of statutes or departure from regulations governing 
pesticide use. State statutes and regulations contain 

many explicit standards of conduct and other 
provisions, such as registration of aerial applicators, 
financial responsibility laws, and procedures for 
reporting damage. Also, although FIFRA does not 
give a private right of action (107), negligence itself 
can be established by showing a violation of 
registration, labeling, or other provision of law. 
Therefore, violation of FIFRA could give rise to a 
cause of action by a private party if damages result 
from the unlawful act. At the same time, conformity 
with labeling requirements will not necessarily be a 
complete defense. Some labeling requirements are so 
broad that violations are highly probable. For example, 
the label for Db7.inon 4E, EPA Reg. No. 100-463 AA, 
reads in part "a\·oid contamination of food and feed." 

USU:1l1y an employer is not held liable for damages 
caused by ap independent contractor. Because the 
courts view pesticide spraying as an intrinsicalIy 
dangerous activity, however, the landowner may be 
liable as well as the applicator. 

In summary, courts have imposed liability for damages 
without the necessity of proving fault or, if fault must 
be shown, on the basis of a very high standard of care 
that amounts to absolute liability for all damages shown 
to be caused by the spray. Chemical-risk insurance may 
limit liability in such cases, however. 
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6.4 Canadian Regulations Affecting Pest 
Management 
R. W. Stark 

Primary responsibility for forest-pest management rests 
with Provincial Governments, but several Federal Acts 
deal with pests and pesticides. Canada has no Federal 
legislation equivalent to NEPA or NFMA; Provincial 
regulations covering broader aspects of forest 
protection vary by Province, and the appl0priate 
forestry agency should be consulted. Legislation 
applying in British Columbia is presented here as an 
example. Information in this section is derived from 
Miller and Craig (1980). 

6.4.1 Federal Legislation 
The Pest Control Products Act-Every pesticide must 
be registered with the Department of Agriculture 
before it can be sold in Canada. The manufacturer must 
provide proof that the pesticide meets the claims made 
on the label and is safe when used as directed. An 
assigned registration number must appear on the label. 
Pesticides may not be sold or used for purposes other 
than those authorized on the label. Sale and use of 
unregistered pesticides may be permitted under 
exceptional circumstances with the approval of the 
British Columbia Ministry of Environment, Pesticide 
Control Branch. 

The Plant Quarantine Act-To prevent the introduction 
or spread of insects, plant diseases, and other pests that 
may be destructive to agricultural and forest crops, 
entry of plant material and soils from certain countries 
into Canada is prohibited, and the movement of some 
plant species and soils between Provinces is restricted. 
All imported plant materials that could harbor such 
pest organisms are inspected. If a serious pest 
infestation is discovered, the shipment may be 
destroyed or fumigation may be required before its 
release. 

The To'Isheries Act-Persons responsible for fish kills 
through use of pesticides can be prosecuted under this 
Act. 

Migrating Bird Regulation-The introduction of any 
substance harmful to migratory birds into or upon 
water used by them is prohibited. 

The Food and Drugs Act-The Health Protection 
Branch of the Health and Welfare Department has 
established legally permissible amounts of pesticides 
(tolerances) that are considered safe in food intended 
for human use. Crops found to have residues in excess 
of the allowable tolerance are subject to seizure. 

The Pesticide Residue Compensation Act-Farmers 
whose crops have been seized under authority of the 
Food and Drugs Act may be compensated under this 
Act, provided the pesticide was applied strictly 
according to label directions. 

6.4.2 Provincial (British Columbia) Legislation 
The Pesticide Control Act-Regulations included in this 
Act provide for the sale, distribution, application, 
transportation, and storage of pesticides. The Act is 
administered by the British Columbia Ministry of 
Environment. Copies may be obtained from the 
Queen's Printer, Parliament Buildings, Victoria, BC 
V8V IX4. Most pesticides can be sold only to licensed 
pesticide vendors. Personnel of the vendor must be 
certified through examination as pesticide dispensers. 
Pesticides are ranked in five schedules ranging from 
most to least hazardous. Only those in the least 
hazardous schedule may be sold without a pesticide
vendor license or applied without a pest-control service 
license. The strongest requirements relating to storage 
and display are for the most hazardous pesticides. A 
purchase register, signed by the customer and the 
vendor, must be maintained for the most hazardous 
pesticides. 

The Act also stipulates that no person sell or make 
available pesticides for use or application or apply 
pesticides to public lands without a Pest Control 
Service License. Licenses require successful completion 
of an examination and must be renewed annually. For 
all Government agencies, as well as for private 
companies and individuals, one or more persons must 
be certified in categories appropriate to their mission. 
A Pest Control Operation Record must be maintained; 
each pesticide application must be recorded at the time 
of application. Permits must be obtained to use or 
apply a pesticide on public land or a body of water. 

The Plant Protection Act-Regulations can be 
implemented under this Act to prevent the spread of 
any insect, disease, or other pest disturbance to 
vegetation. 

The Wildlife Act-Use of "poison" to hunt, trap, 
wound, or kill game is prohibited. 

The Weed Control Act-Unorganized and municipal 
districts can be formed for enforcement of weed 
control. 

56 



The Grasshopper Control Act-"Cooperative area 
control" of grasshoppers can be carried out in legally 
defined control zones. 

6.4.3 Municipal and Regional District Legislation 
Several regional districts, municipalities, and towns 
have enacted laws specifying the control of insects, 
plant diseases, weeds, and rodents. Existence of such 
regional and local bylaws and their relevance to 
proposed use in forest-pest management should be 
determined. 
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6.5 Legal Citations 

I. 	 State of California v. Berglalld, 483 Federal Supplement (F. Supp.) 465, 469 (E.D. Cal. 1980), affd ill part, rev'd 
ill part sub nom, State of California v. Block, 690 Federal Reporter 2d Series (F.2d) 753 (9th Cir. 1982). 

2. 	 42 U.S.C. 4332(2)(C). 

3. 	 State of California v. Bergland, 483 F. Supp. 465, 482 (citations omitted). 

4. 	 The CEQ regulations are found at 40 Code of Federal Regulations (C.F.R.) Parts 1500-1508, and the Forest 
Service's Implementing Procedures are found in the Forest Service Manual (FSM) Chapter 1950 and the 
Forest Service Handbook (FSH) 1909.15. These procedures were published in the Federal Register on 
Thursday, November 19, 1981 (46 Fed. Reg. 56998). 

5. 	 See 40 C.F.R. 1502.3 and cross-references therein to determine when an EIS should be prepared. 

6. 	 40 C.F.R. 1501.4. 

7. 	 FSM 1951.1. 

8. 	 FSM 1951.2. 

9. 	 Id. 

10. 	 FSM 1952. 

II. 	 40 C.F.R. 1508.9. 

12. 	 !d. 

13. 	 40 C.F.R. 1508.13. 

14. 	 FSM 1953. 

15. 	 Foundation for North American Wild Sheep v. U.S., Etc., 681 F.2d 1172 (9th Cir. 1982). The Ninth Circuit 
Court of Appeals is the appellate court for the following States: Alaska, Oregon, Washington, California, 
Idaho, Montana, Arizona, Nevada, Hawaii. 

16. 	 !d. at 1178, quoting Columbia Basin Land Protection Ass'n v. Schlesinger, 643 F.2d 585, 597 (9th Cir. 1981) 
(emphasis in original). 

17. 	 !d. 

18. 	 40 C.F.R. 1508.27(b)(4). 

19. 	 Foundatioll for North American Wild Sheep v. u.s., Etc., 681 F.2d 1172 at 1182, quoting Rucker v. Willis, 484 
F.2d 158, 162 (4th Cir. 1973). 

20. Cabinet Moulltains Wilderness v. Peterson, 685 F.2d 678 (D.C. Cir. 1982). 

21. 	 The D.C. Circuit's standard of review for NEPA cases is whether the agency decision was "arbitrary, 
capricious or an abuse of discretion." Id. at 681. This is a stricter standard than the "reasonableness" standard 
used in the Ninth Circuit because it gives greater deference to the agency. It is stricter in the sense that it is 
more difficult to reverse an agency decision. The D.C. Circuit actually used the same basic criteria as the 
Ninth Circuit, however, including whether the agency took a "hard look" at the problem, whether the agency 
identified the relevant areas of environmental concern, whether the agency made a convincing case that the 
impact was insignificant, and whether the agency convincingly established that mitigation measures would 
substantially reduce the identified impacts. !d. at 682. Also, the court stated that "NEPA's EIS requirement is 
governed by the rule of reason," Id., which is similar to the Ninth Circuit's "reasonableness" language. In 
essence, the court did use a reasonableness standard of review. 
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22. 	 ld. at 682. 

23. 	 40 C.F.R. 1500.4(i); 1502.20; 1508.28. 

24. 	 FSM 1950.3(7); FSH 1909.15,22.3 & 35.1. 

25. 	 State of California v. Bergland, 483 F. Supp. at 480. 

26. 	 Oregon Environmental Council v. Kunzl,wn, 714 F.2d 901, 904 (9th Cir. 1983). 

27. 	 Oregon Environmental Council v. Kunzman, 12 Environmental Law Reporter (ELR) 20766, 20768 (D. Or. 
April 29, 1982), aff'd ill part, rev'd in part, 714 F.2d 901. 

28. 	 Oregon Environmental Council v. Kunzman, 714 F.2d at 904, quoting Westside Property Owners v. Schlesinger, 
597 F.2d 1214, 1217 (9th Cir. 1979). 

29. 	 42 U.S.C. 4332(2)(C). 

30. 	 42 U.S.C. 4332(2)(D). 

31. 	 40 C.F.R. 1502.14. 

32. 	 40 C.F.R. 1502. 14(a). 

33. 	 State of California v. Block, 690 F.2d 753, 767 (9th Cir. 1983) and cases cited therein. 

34. 	 ld. 

35. 	 40 C.F.R. 1502.22(b). 

36. 	 40 C.F.R. 1502. 16(a) & (b). 

37. 	 See Citizens Against Toxic Sprays, Inc. v. Bergland, 428 F. Supp. 908 (D. Or. 1977) (C.A.T.S.) (Forest Service's 
EIS for vegetation management in the Siuslaw National Forest was inadequate because it failed to acknowl
edge the existence of reasonable scientific opinion that raised the question of some of the herbicides' car
cinogenicity or mutagenicity. Also rejected Forest Service's argument that NEPA requirements are met by 
relying on EPA's registration of herbicide under Federal Insecticide, Fungicide, and Rodenticide Act 
[FIFRA]); Southern Oregon Citizens Against Toxic Sprays v. Watt, No. 79-1098 (D. Or. Sept. 9, 1982, Oct. 20, 
1982) (S.O.C.A.T.S.), afl'd sub nom. Southern Oregon Citizens v. Clark, 720 F.2d 1475 (9th Cir. 1983) cert. 
denied 53LW3366 (Nov. 13, 1984) (Challenge of BLM's spray program in the Medford District under new 
NEPA regulations requiring a worst-case analysis); Save Our Ecosystems v. Wall, No. 83-6090 (D. Or. May 6, 
1983) afl'd in part, rev'd in part sub nom. Save Our Ecosystems v. Clark, 747 F.2d 1240 (9th Cir. 1984) 
(Challenge of BLM's worst-case analysis for the vegetation-management program for the Eugene District); 
Merrell v. Block, No. 81-6138 (D. Or. Apr. 18, 1983), afl'd in part, rev'd in part sub nom. Save Our Ecosystems I'. 

Clark 747 F.2d 1240 (9th Cir. 1984). (Sequel to C.A.T.S. challenge of Forest Service and BLM vegetation
management program in Siuslaw National Forest. Enjoined spraying in portions of the forest because Forest 
Service and BLM relied on the worst-case analysis EPA had prepared when it registered the herbicides under 
FIFRA.) 

38. 	 In Southern Oregon Citizens v. Clark, 720 F.2d at 1479, the appeals court ruled that "The possibility that the 
safe level of dosage for herbicides is low or nonexistent creates a possibility of 'significant adverse effects on 
the human environment.' 40 C.F.R. 1502.22. This potential calls for a worst case analysis." In addition, the 
agency must indicate to the decisionmaker "the probability or improbability of its occurrence." Id. (quoting 40 
C.F.R. 1502.22). See also Sierra Club v. Sigler, 695 F.2d 957, 974 (5th Cir. 1983). 

39. 	 720 F.2d 1475, 1480. 
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40. 	 Merrell v. Block, supra, note 37. 

41. 	 Save Our Ecosystems v. Clark, 747 F.2d 1240. 1248 (9th Cir. 1984) quoting Environment Council v. Kunzman, 
714 F.2d. 901, 905 (9th Cir. 1983), quoting Citizens Against Toxic Sprays, Inc. v. Bergland, 428 F. Supp. 908, 
927 (D. Or. 1977). See also Southern Oregon Citizens v. Clark, supra note 38. 

42. 	 Northwest Coalition for Alternatives to Pesticides (NCAP) v. Block, No. 83-6272-E (D. Or. Jan. 6, 1984). 

43. 	 40 C.F.R. 1505.2(a) & (b). 

44. 	 40 C.F.R. 1505.2(b). 

45. 	 Forty Most Asked Questions, 46 Federal Register (Fed. Reg.) 18026, 18028. 

46. 	 16 U.S.C. 1604(f)(1) (1976). 

47. 	 36 C.P.R. Part 219 (1983) contains the revised regulations implementing NFMA. 

48. 	 36 C.F.R. 219.IO(g); 16 U.S.C. 1604(f)(5). 

49. 	 36 C.F.R. 219.4(a). 

50. 	 36 c.F.R. 2 19.IO(e). 

51. 	 36 C.F.R. 219. 19(a)(5). 

52. 	 36 C.F.R. 219.1O(f). 

53. 	 36 C.P.R. 219.27(d). 

54. 	 36 C.F.R. 219.27(c)(2). 

55. 	 16 U.S.C.A.1531(c) (1983 Supp.). 

56. 	 16 U.S.C.A.1535(c)(I) (1983 Supp.). 

57. 	 16 U.S.C.A.1535(d)(1) (1983 Supp.). 

58. 	 16 U.S.C.A.1532(6), (20) (1983 Supp.). 

59. 	 16 U.S.C.A.1536(a)(2) (1983 Supp.). 

60. 	 42 U.S.c. 4321. 

61. 	 FSH 1909.15, 12.6(4). 

62. 	 16 U.S.c. 1604(g)(3). 

63. 	 36 C.F.R. 219.19. 

64. 	 36 C.P.R. 219. 19(a)(7). 

65. 	 16 U.S.C. 2104. 

66. 	 16 U.S.C. 528, 529. 

67. 	 1.6 U.S.C. 475,551. 

68. 	 Boise Cascade Corp. v. Laviiz, Nos. 81-1357, 81-1389, 81-1433 (D. Id., May 9, 1983), slip op. at 16-17. 
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69. 	 5 U.S.C. 702. The Act states, "A person suffering legal wrong because of agency action, or adversely affected 
or aggrieved by agency action within the meaning of a relevant statute, is entitled to judicial review thereof." 

70. 	 Hill v. United States, 571 F.2d 1098, 1102-03 (9th Cir. 1978). 

71. 	 5 U.S.C 704. 

72. 	 5 U.S.c. 701(a)(I). 

73. 	 Sierra Club v. Peterson, 705 F.2d 1475, 1478-79 (9th Cir. 1983). 

74. 	 Id.; see also Oregon Environmental Council v. Kunzman, 714 F.2d 901, 903 (9th Cir. 1983). 

75. 	 5 U.S.c. 553(a)(2). 

76. 	 16 U.S.C. 1604(g); 43 U.S.C. 1740 remoVf:S from 5 U.S.c. 553(a)(2) the rule-making under the Federal Land 
Policy and Management Act of 1976. 

77. 	 See, e.g., Life of the Land v. Brinegar, 485 F.2d 460, 469 (9th Cir. 1973), cert. denied 416 U.S. 96l. 
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Glossary! 


Abietoideae: Subfamily of the pine family (Pinaceae) 
that includes all the hosts of budworm. 

Adfrontals: In caterpillars, a pair of elongated, 
hardened plates on the front of the head extending 
from the base of the antennae to the top of the head 
where they meet, forming two sides of a triangle. 

Adult: Fully grown, sexually mature stage of an 
insect-in bud worm, the moth. 

Adt'ancf> it:gent:ration: Young trees that have become 
estabHsJ-.:d naturally before regeneration cuttings are 
begun. 

Ad;rentitious foliage: Shoots arising from buds 
produced by conversion of mature tissue into 
meristematic tissue. 

Aggregated distribution: Clumped distribution of a 
population in space. 

Allele: One of a pair of genes, or of multiple forms of 
a gene, at the same locus of paired chromosomes. 

Allelochemics: Secondary compounds produced by 
plants that affect the behavior of organisms feeding on 
or associated with them. For example, many plants 
produce toxic compounds that deter insect feeding. 

Allopatry: Geographic separation of species or races 
sufficient to prevent gene exchange. 

Anal shield: In caterpillars, a hardened plate on the 
upper surface of the last body segment. 

Analysis of variance: Statistical procedure typically 
used to separate the variation (sum of squares of 
differences from the mean) into portions, each 
attributable to a defined source. 

Apical dominance: The growth of the terminal bud at 
the expense of lateral buds whose development is 
inhibited while the terminal bud is actively growing. 

Arthropods: Invertebrate animals with segmented 
bodies and paired, jointed appendages-for example, 
insects and spiders. 

ITerms are defined as used in this book. 

Bark beetles: Common name applied to the family 
Scolytidae, a group of beetles whose adults bore 
through the bark of host trees to lay their eggs, and 
whose larvae tunnel and feed under the bark. 

Basal area: The area of the cross section of a tree 
inclusive of bark, at breast height (4.5 ft, 1.37 m). 

Benefit-cost analysis: An economic appraisal 
technique used to rank alternatives based on expected 
return on investment. 

Benefit/cost ratio: A financial measure obtained by 
dividing the anticipated gains from a project by its 
anticipated costs. 

Billion International Units (BIU's): The International 
Unit (IU) is an expression of the potency of B.t. 
formulations based on that of a particular strain of 
Bacillus thuringiensis used as a reference standard; strain 
HD-I-S-1971 is currently used as the reference 
standard in the United States. 

Bioassay: Determination of the relative strength or 
specificity of a substance-for example, sex 
pheromone-by comparing responses of test organisms. 

Biomass: Total quantity at a given time of living 
organisms of one or more species or tissue per unit 
area. 

BIU's: (See Billion International Units). 

Board foot (foot; board measure, ibm): Unit of 
measurement represented by a board 1 ft long, 1 ft 
wide, and 1 inch thick. 

Bole: The trunk or stem of a tree. 

Budburst: Opening or flushing of vegetative buds; 
beginning of shoot and foliage growth. 

Canopy: The more or less continuous cover of 
branches and foliage formed collectively by the crowns 
of adjacent trees and other woody growth. 

Canopy closure: In a stand, the progressive reduction 
of space between crowns as they spread laterally, 
increasing the canopy density. 

63 



Chemosystematic (chemotaxonomic): Pertaining to the 
use of chemical characteristics for the separation and 
classification of organisms. 

Chi-square test: Test of the mathematical goodness of 
fit of a hypothesized frequency to an observed 
frequency. 

Chi orogenic acid: An organic acid found in the foliage 
of conifers which, in high concentrations, inhibits 
browsing by deer. 

Cholinesterase inhibitor: A chemical that interferes 
with the normal transmission of nerve impulses. 

Clearcutting: Removal of the forest stand completely 
in one cut. 

Climax species: Species capable of perpetuation under 
the prevailing climate and soil conditions; the 
culminating species in plant succession in a given 
environment. 

Clinal variation: Gradation in measurable characters 
of a species or other group of related organisms 
associated with changes in environmental conditions
for example, changes in latitude, longitude, or 
elevation. 

Cluster analysis: A statistical tool for segregating 
individuals into groups based on similarities of 
measurable characteristics. 

Clypeus: In insects, a hardened plate on the lower 
front of the head located just above the upper lip. 

Codominant: Trees with crowns at or near the top of 
the canopy. In silviculture, one of the four main crown 
classes, recognized on a basis of relative status and 
condition in the stand. 

Cold hardiness: The ability to survive exposure to 
below-freezing temperatures. 

Color morphs: Different colored forms of an insect 
species occurring in the same population. 

Community: An assemblage of populations of plants 
and animals in a given place. 

Copulation: Mating. 

Covariance analysis: Statistical procedure used to 
separate the variation in a response variable that is 
systematically related to another variable (covariate) 
from the variation related to treatment. For example, 
budworm weight gain may be related to several test 
diets and to starting weight. The test diet is the 
treatment and the starting weight is the covariate. 

Cover type, forest: Forest vegetation type now 
occupying the ground, with no implication as to 
whether it is seral or climax. 

Crown height (base of live crown): Of a standing tree, 
the vertical distance from ground level to the base of 
the crown, measured either to the lowest live branch 
whorl (termed upper crown height) or to the lowest 
live branch (lower crown height). 

Crown kill: Portien of crown with foliage killed by 
defoliation or secondary causes. 

Crown length: The distance from the top of the tree to 
the base of the live crown. 

Crown ratio: The ratio of crown length to tree height 
of a standing tree. 

Damage: Any effect of insect feeding deemed 
deleterious to some management objective or 
objectives. 

Decision tree: A systematic way of illustrating 
alternatives and their outcomes over time. 

Defoliation: Reduction in the amount of foliage 
through actions of insects, fungi, or other agents, as 
distinct from natural leaf fall. 

Defoliation prediction model: A model or algorithm 
used to predict amounts of defoliation. 

Degree-day: A measure that accounts for both time 
and temperature during that time; 24 hours at a 
temperature that is 10 above a specified threshold 
temperature equals I degree-day CD). 

Dendrology: The science of the identification and 
systematic classification of trees. 
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Dependent variable: A variable whose value is 
determined by the value of one or more other 
independent variables in a function. 

Detection: Procedure used to discover outbreaks ')f 
forest insects and diseases; detection surveys may be 
made by observations from aircraft or the ground. 

Diameter breast high (d.b.h.): Diameter of a tree at 
4.5 ft (1.37 m) above the ground. 

Diameter inside bark (d.i.b.): Diameter of a tree less 
the bark thickness. 

Diapause: Condition of suspended animation or 
arrested development during the life cycle of an 
organism-for example, overwintering bud worm larvae 
undergo diapause. 

Dieback: Progressive dying from the extremity of any 
part of a plant. 

Discriminant analysis: A special case of multiple linear 
regression where the dependent variable is a class or 
group-for example, low, medium, and high. 

Dispersal: The act or result of dispersing or 
scattering; usually refers to the distribution of adults or 
to the redistribution of larvae .after eggs have 
hatched-for example, dispersal of early instars. 

DNA: Deoxyribonucleic acid; hereditary material 
found in the chromosomes that stores and transmits 
genetic information. 

Dominant: (1) A plant species within a community, or 
more narrowly defined asser'blage of components, that 
exerts the greatest influence because of its abundance 
or activity; (2) a tree or group of trees occupying the 
uppermost layers of the forest canopy and that are 
largely free growing. 

Dormant (latent) bud: A bud in a resting state with 
growth and development suspended until triggered by 
some environmental cue. 

EA: (See Environmental Assessment.) 

Early larvae: Larvae that have recently issued from 
eggs; usually first and second instars. 

Ecology: The study of plants and animals in relation 
to their environment. 

Economic-selection cutting: Logging only of the 
highest value trees from a stand; exploitation cutting, 
often called "high grading." 

Ecosystem: An assemblage of living plants and 
animals and their environment. 

Ecotone: Transition zone between two adjoining 
communities-for example, a forest edge forms an 
ecotone between forest and meadow. 

Efficacy: Effectiveness, as of an insecticide; ability of 
a product to control the specified target pest or to 
produce the specified action. 

Egg mass: Eggs deposited in a group by a single 
female. 

EIS: (See Environmental Impact Statement.) 

Elastic demand: (See also Price Elasticity of Demand.) 
Demand is elastic if a decrease in price results in a 
greater than proportional increase in demand. 
Similarly, increase in price results in decrease in total 
revenue. 

Electrophoresis: Movement of suspended particles 
through a fluid under the action of an electromotive 
force; compounds can be separated based on 
differences in the rate of movement. 

Entomological unit: Portions of the susceptible host 
type usually defined by physical features or stand 
composition. 

Entomopathogenic: Refers to microorganisms and 
viruses capable of causing disease in an insect host. 

Environmental Assessment (EA): Public document 
providing results of environmental analysis of the 
impact of a proposed action; used to determine the 
need for an Environmental Impact Statement. 

Environmental Impact Statement (EIS): Public 
document, required by Federal law, which documents 
the significant environmental effects of any major 
action on federally owned land that may alter the 
quality of the human environment. 
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Epicormic branching: Growth of foliage and branches 
long after normal laterals have elongated; originating 
from buds that may have been suppressed for many 
years. 

Esterase: An enzyme that mediates or promotes 
synthesis and hydrolysis of an ester. 

Evaluation survey: A survey in which the current or 
potential significance of an insect or disease outbreak is 
appraised. 

Even-aged: The condition of a forest or stand 
composed of trees having no or relatively small 
differences in age. 

Fecundity: Productivity (numbers of offspring) of an 
organism. The fecundity of the bud worm is measured 
in numbers of eggs produced per female. 

Fixed-size plots: Sampling method using plots of a 
predetermined and fixed size. 

Foot board measure (fum): Measurement of lumber 
(see Board Foot). 

Formulation: Packaged active ingredient plus various 
other materials that a manufacturer of pesticides 
produces. 

Frass: Waste product of insect digestion. 

Free thinning: A thinning to favor only the trees 
considered most suitable to form the final crop, in 
whatever layer of the canopy they may be found. 

Gene frequency: The proportion of individuals in a 
population carrying a given gene. 

Genetic polymorphism: Existence in the same 
popUlation of genetically different forms. 

Genitalia: Sexual organs and related structures. 

Genotype: Genetic constitution of an individual or a 
species. 

Granulosis virus (GV): Virus causing disease of insects 
characterized by minute granular inclusions in infected 
cells. 

Gravid: Pregnant. 

Group selection: A modification of the selection 
system in which trees are removed in small groups. 

Guild: A group of organisms that share a definable 
ecological trait-for example, conifer-gleaning birds Or 
larval parasites of western spruce budworm. 

Habitat: The place occupied by a pI.mt or animal 
considered in relation to all the environmental 
influences affecting it. 

Habitat series: ::-ollection of habitat types that share a 
common overstory climax species. 

Habitat type: The units of land capable of producing 
similar plant communities at climax. 

Hazard: Probability of attack or damage by a pest. 

Hazard rating: An index of relative likelihood of 
attack or damage by a pest. 

Head capsule: The hardened portions of the larval 
head that form a rigid compact case, which is shed 
with the skin at each larval molt. 

Height-class structure: Stand structure expressed in 
terms of variation in tree heights. 

Hemolymph: Body fluid of an invertebrate organism 
having an open circulatory system. 

Hibernaculum (pl., hibernacula): Silken shelter spun by 
a budworm larva and in which it overwinters. 

Host: Any organism on or within which another 
organism lives. 

Host type: Forest composed primarily of tree species 
that are hosts for bud worm. 

Hybridization: Mating between members of different 
populations of the same species with different gene 
complexes, or between members of different species. 

Hyperparasite: A parasite that lives in or on a primary 
parasite. 
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IGR's: (See Insect-Growth Regulators.) 

Impact evaluation survey: (See Evaluation Survey.) 

Implant (technique): Method used to introduce 
chemicals into tree tissues by drilling a hole into the 
woody tissue and implanting the chemical in a solid 
form. The chemical is slowly absorbed and translocated 
by the tree (see also Injection). 

Independent variable: A variable whose value 
determines that of one or more other variables. 

Inelastic demand: (See also Price Elasticity of 
Demand.) Demand for a product or quantity is inelastic 
if a change in unit price causes a change in the same 
direction of total revenue-that is, if unit price 
increases, so do total revenues and vice versa. 

Infectious: Able to produce infection-that is, able to 
enter into a susceptible host, to multiply, and to 
produce disease; said of certain microorganisms and 
viruses. 

Infestation: In bud worm, presence of insects in 
sufficient numbers to produce visible defoliation. 

Infinitely elastic demand: (See also Price Elasticity of 
Demand.) Demand is infinitely elastic if changes in 
quantity offered by producers do not affect product 
price. 

Injection (technique): Method used to introduce 
chemicals into tree tissues by injecting a liquid 
formulation of the chemical into the wood. 

Insect-growth regulator: Insect hormones, hormone 
mimics, or molt inhibitors that affect the ability to 
develop normally, survive, or reproduce. 

Instar: Period or stage between molts in an insect 
larva. 

Internal rate of return: The interest or discount rate 
that equates the present value of a project's benefit and 
costs. 

Internode: The part of a stem between two adjacent 
nodes. 

Intolerant species: A kind of plant that grows poorly 
or dies in competition with other plants (as for light, 
moisture). 

Isoenzymes: Functionally like enzymes with similar 
amino acid sequences; may be separated 
electrophoretically or by chromatography. 

Isomer: Chemical compound that contains the same 
number of atoms of the same elements as another 
compound, but differing in structure and properties. 

Kairomone: A chemical compound produced by one 
species that affects other species. 

Larva: The immature form of an insect that undergoes 
complete metamorphosis: a caterpillar, maggot, or 
grub. 

Late (large) larvae: Mature larvae near the end of the 
feeding period, usually fifth and sixth instars. 

Leader: Terminal, topmost shoot. 

Life table: Tabulation of mortality factors acting on a 
population that displays the relative importance of each 
factor and permits estimation of survival; the 
information on survival, coupled with a knowledge of 
fecundity, allows estimation of the size of the 
succeeding generation. 

Lignification: Hardening of the cell walls in a woody 
plant by conversion of cell-wall constituents to lignin. 

Linear function: Any relation between variables 
which when graphed yields a straight line. 

Linear regression: A statistical modeling technique in 
which a response (dependent) variable is assumed to be 
a linear function of independent variable(s) plus an 
associated normal error. 

Locus (gene locus): Fixed position of a gene in a 
chromosome. 

Loss function: Relation describing how cost of making 
an error changes with the size of the error. 

Lower crown: That portion of the tree crown whose 
main branches originate from the lower third (usually) 
of the tree crown. 
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Maturity: Loose term for the stage at which a tree 
has attained full development, particularly height, and 
is in full seed production. 

Meristematic tissue: Undifferentiated tissue capable of 
further division and specialization. 

Mesic: Pertaining to relatively moist habitats. 

Metamorphosis: The process of change in which an 
organism passes through several developmental stages; 
for example, bud worms develop from eggs to larvae to 
pupae to adults. 

Midcrown: Portion of the tree with branches 
originating from the middle third (usually) of the 
crown. 

Model: Formal description that represents a system or 
process. 

Molt: Shedding of the larval integument, a process 
that allows for growth. 

Molt inhibitor: Chemical that interferes with the 
process of molting. 

Monomorphic: Existing in only one form. 

Monoterpene: A hydrocarbon in the terpene group 
composed of one unit of the basic terpene structure 
(see Terpene). 

Morph, color: (See Color Morphs.) 

Net present value: Value of an investment measured 
by discounting all future returns minus associated costs. 

Node: In plants, the part of a stem where leaves and 
axillary buds arise; in decision trees, the point on a 
branch that gives rise to two or more branches. 

Nomenclature: System of terms or names used to 
describe organisms. 

Nucleopolyhedrosis virus (NPV): Virus causing disease 
of insects, mainly larvae of certain Lepidoptera and 
Hymenoptera, characterized by the formation of 
polyhedra in the nuclei of infected cells; usually fatal. 

Operational suppression: Use of biological or chemical 
compounds for tll'; iarge-scale suppression of insect 
populations. 

Outbreak: Period of high insect (bud worm) numbers 
during which conspicuous defoliation occurs. 

Overstory: The portion of trees, in a forest of more 
than one story, forming the upper or uppermost 
canopy layer. 

Parameter: A quantity that is considered constant for 
a particular situation, although it may differ in other 
situations. 

Parasite: An organism that develops in or on a host 
organism at the host's expense. 

Phenology: Observational science dealing with the 
time of appearance of periodic events in the life cycle 
of organisms, particularly as t"ese events are influenced 
by local conditions. 

Phenotype: Expression by visible characters of an 
organism of the interaction of genotype and 
environment. 

Pheromone: A chemical compound produced by an 
organism that affects others of the same species. 

Photoperiod: Variation in light and dark periods (day 
length), which affects plant development. For example, 
flowering in many plants will occur only under certain 
photoperiods. 

Photosynthesis: Process in green plants of conversion 
of carbon dioxide and water to carbohydrates and 
oxygen by the energy of sunlight. 

Phytophagous: Feeding upon plants. 

Pilot test: A test of the efficacy of a pesticide against 
its target organism over a fairly large area before the 
pesticide is used operationally. 

Pistillate bud: Structure that forms the female cone in 
conifers. 
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Pole: A still young tree from the time its lower 
branches begin to die up to the time when the rate of 
height growth begins to slow down and crown 
expansion becomes marked. 

Pole pruner: Sectional pole with cutting shears and a 
basket on the upper end for collecting branch samples 
from the tree crown. 

Pollen cones: In conifers, male (staminate) structures 
that produce only pollen. 

Polymorphism: (See Genetic Polymorphism.) 

Population dynamics: The study of changes and the 
reasons for changes in population numbers. 

Predator: A free-living organism that feeds on other 
organisms-for example, birds and ants that feed on 
budworm. 

Pretreat;nent, posttreatment: Before and after 
treatment with insecticide. 

Price elasticity of demand: For any quantity being 
sold, the percentage change in quantity divided by the 
percentage change in price. 

Primary parasite: A parasite that establishes itself in 
or on a host that is not a parasite. 

Prothoracic shield: In caterpillars, a hardened plate on 
the upper surface of the first body segment behind the 
head. 

Provenance: Original geographic source of seed, 
pollen, or propagules. 

Pupa: The resting, intermediate stage of an insect 
between the larva and the adult. 

Race: (See Subspecies.) 

Refoliation: Regrowth of foliage after defoliation. 

Regeneration cutting: Any removal of trees intended 
to assist regeneration already present or to make 
regeneration possible. 

Regional climate: Long-term weather averages over 
an area, such as western Montana or the northern 
Rocky Mountains. 

Reproductive isolation: The prevention of mating 
between potentially interbreeding organisms by 
physical, temporal, or behavioral mechanisms. 

Residual life: Length of time that a pesticide remains 
effective against its target organisms after application. 

Residual properties: Ability of pesticides to remain 
efficacious for some time after application. 

Residual pupae: Budworm pupae that survive 
predation by predators such as ants and birds but are 
subject to other mortality factors such as parasites. 

Risk: Probability of an undesirable event occurring 
within a specified interval. 

Salvage cutting: Harvesting of trees that are dead, 
dying, or deteriorating before their timber becomes 
worthless. 

Sapling: Loose term for a tree no longer a seedling 
but not yet a pole; in the United States, a tree 2 to 4 
inches (5 to 10 cm) d.b.h., in Canada, one-half to 3 
inches (1.3 to 7.6 cm). 

ScIerotization: The hardening of the body wall of an 
insect. 

Seed cones: In conifers, female (pistillate) structures 
that bear seed. 

Seedling: In general, a young tree grown from seed 
from its germination up to the sapling stage. 

Seed-tree cutting: Removal in one cut of the mature 
timber from an area, leaving a small number of seed 
bearers singly or in small groups. 

Selection cutting: Periodic removal of trees 
(particularly mature trees), either singly or in small 
groups. 

Sequential sampling: Sampling with a variable sample 
size, in contrast to conventional sampling procedures 
that require a fixed number of sample units. 
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Sera) species: A plant species characteristic of a stage 
in the development of forest communities (see 
Succession); not permanent (see Climax). 

Setal areas: In caterpillars, areas of attachment on the 
body of stiff erect hairs (setae). 

Severity index: An index of the severity of previous 
budworm defoliation based on the magnitude of 
growth reduction. 

Sex pheromone: Insect-produced chemical that 
stimulates a specific sexual attraction response by the 
receiving individuals. 

Shade-tolerant: Said of plant species capable of 
growing and reproducing in shade. 

Shelterwood cutting: Regeneration cutting in a mature 
stand designed to establish a new crop under the 
protection of the remaining stand. 

Significance: Referred to generally as the significance 
level; when a statistical hypothesis is tested, it cannot 
be rejected if a calculated probability exceeds a given 
value. 

Silvicultural system: A process whereby forests are 
tended, harvested, and replaced to result in production 
of crops of distinctive form; systems are classified by 
methods of felling that remove the mature crop with a 
view to regeneration. 

Silviculture: Theory and practice of controlling the 
establishment, composition, constitution, and growth of 
forests. 

Simulate: To use models to represent real systems. 

Single-tree selection: Removal of individual, usually 
high-risk, mature trees from an even-aged forest to 
realize the yield and establish a new crop of irregular 
constitution. 

Site climate: Regional climate modified by the slope, 
aspect, elevation, and edaphic characteristics at a 
particular site. 

Site index: A measure of the relative productive 
capacity of a site based on the height of dominant trees 
in a forest stand at an arbitrarily chosen age. 

Site potential: The potential productivity of a site. 

Socioeconomic model: A collection of computer 
programs used to translate the volume of timber, water, 
and other factors into dollar impacts of a simulated 
outbreak. 

Sparse population: A population at low density; sparse 
populations of budworms cause little or no visible 
defoliation. 

Staminate bud: Structure that forms the male, pollen
producing cone in conifers. 

Stand composition: The representation of tree species 
in a stand. 

Stand density: Quantitative measure of tree stocking, 
usually expressed as number of trees, basal area, or 
volume per unit area. 

Stand vigor: An expression, usually not quantitatively 
defined, of Lhe general health of a stand. 

Stereoisomer: (See Isomer.) 

Stocking: In a forest, a more or less subjective 
indication of the number of trees as compared to the 
desirable number. More precisely, a measure of the 
proportion of the area actually occupied by trees as 
distinct from their stand density. 

Strobilus (pl., strobili): Male or female inflorescence in 
most conifers; cone. 

Stumpage: Harvested tree volumes, considered with 
reference to their quantity or marketable value. 

Subclimax: The stage in plant succession immediately 
preceding climax. 

Subspecies: Geographically defined group of 
popUlations of a species with different characteristics. 

Succession: Replacement of one kind of community 
by another; the progressive changes in vegetation and 
animal life that may culminate in the climax. 

Suppression: In pest management, reduction of pest 
populations below economically damaging levels. 
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Susceptibility: The probability that a stand will 
become infested by western spruce budworm. 

Susceptibility index: A number representing the 
relative susceptibility of a stand to western spruce 
budworm. 

Sustained yield: Continuous production; balance, over 
time, between net growth and harvest. 

Sympatry: Overlap in the geographic ranges of related 
species. 

Synonomy: A chronological list of all the scientific 
names assigned to a particular taxonomic group, such 
as a species. 

Taxonomy: The orderly classification of plants and 
animals according to their presumed natural 
relationships. 

Technology transfer: Communication of research and 
development information to potential users that results 
in a change or improvement in procedure. 

Terpene: General name of hydrocarbons having the 
formula CIOH 16, many of which occur in volatile oils of 
plants. 

Thermoperiod: Effect of cyclic alternations of 
temperature between day and night on plant processes. 
For example, plant growth is increased in some species 
when cool night temperatures alternate with moderate 
daytime temperatures. 

Thinning: A felling made in an immature crop or 
stand primarily to accelerate diameter growth; also, a 
selection made to improve the average form of the 
trees that remain. 

Threshold development temperature: Critical 
temperature above which some biological process, such 
as growth, begins. 

Tolerant species: A kind of tree that grows well under 
specific conditions, most commonly in the shade of or 
in competition with other trees. 

Top-kill: death or dieback of the leader and more or 
less of the upper part of the crown. 

Toxicity: Poisonous quality, especially its degree or 
strength. 

Toxicology: Science dealing with poisons and their 
effects on specific organisms. 

Translocation: Movement of dissolved substances 
through the vascular tissue of a plant. 

Tribe: A category in the Linnaean classification 
system between family and genus; a group of genera. 

Understory: Generally small trees and woody species 
growing under the main tree canopy. 

Uneven-aged: Said of a forest, crop, or stand 
composed of intermingling trees that differ markedly in 
age. 

Unit elasticity: (See also Price Elasticity of Demand.) 
Demand for a quantity or product relative to its selling 
price is said to be of unit elasticity if a change in price 
is counterbalanced by a change in demand so that total 
revenues remain unchanged. 

Variable: A quantity that may assume anyone of a set 
of values. 

Vegetative buds: Buds that give rise to roots, stems, or 
leaves, and not to reproductive parts such as flowers. 

Virus isolate: A virus that has been isolated from 
contaminants and associated microorganisms. 

Vulnerability: Probability that damage will occur in a 
stand, given an infestation of western spruce bud worm. 

X-ray energy spectrometry (XES): An x-ray technique 
whereby elements and their relative amounts in insect 
tissues are determined. 

Xylem: Woody tissue of higher plants, which 
functions in support and water conduction. 
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Index 


Abies 
COl/c%r, see Fir, white. 
graJl(/is, see Fir, grand. 
/asioC(lI7}(/, see Fir, subalpine. 

Acephate, 31 .. 32 

Adjacent stands, 5, 6,24,35,37,51 

Administrative Procedures Act (APA). 51-52 

Aerial application of insecticide, costs, 31, 


48-49 

Age, stand, 4, 5, 6, 7, 29, 34 

Alaska, 2 

Alberta, 2, 36 

Aminocarb, 31 

Alternatives, management, 11,29.33,39, 


40, 41, 44, 48-49 

Alternatives section, EIS, 48-49 

Ants, 5, 6 

APA, see Administrative Procedures Act. 

Arizona, 2 

Armillaria, 5 


Bacillus lhuringiellsis (B.L), 31-32 

Benetit-cost analysis, 19 

Benefit/cost ratio, 19 

Best-case analysis, 20-23 

Best management practices (BMP's), 53 

Biological insecticides, 31 

Biomass, foliage,S, 6 

Birds, 30 

Boise Cascade Corporation, 51 

BLM, see Bureau of Land Management. 

BMP's, see Best management practiccs. 

British Columbia, 2, 36, 56-57 

B.t., see Bacillus rliuringiellsis. 

Budburst, 5 

Budworm model, 14, 30, 39 

Budworm, western spruce, 


Density, 14 

Feeding, 2, 5 

Growth and development, 7 

Hosts, 2-4 

Life history, 2, 5 

Natural enemies, 5, 6 

Oviposition, 2, 5 

Population dynamics, 14 

Pupation, 2 

Reproduction, 7 

Response to insecticides, 31 

Survival, 5, 6, 7 


Bureau of Land Management, 48-49 


Cabinet Mountains Wilderness Area. 47 

California, 2, 46, 54 

Canada. 2. 15, 31, 36, 44. 56-57 

Canadian Forestry Service. 31 

Canada/United Statcs Spruce Budworms 


Program, see CANUSA. 

CANUSA, 12, 20 

Carbaryl, 31, 48 

Carson National Forest. 29 

Categorical exclusions, .1) 


CEQ, see Council on Environmental Quality. 

Chemical control, II. 23,31-32,35,36,51 

Clean Watcr Act, 53 

Climate, effects of, 5. 6, 7 

Climax vegetation, 2, 4, 5 

Colorado, 2, 53 

Commercial forest land, 15, 18,21,34,35.36 

Commercial thinning. II, 30, 34 

Communities affected by budworm, 14. 22-23 

Competition. host, 5 

Composition, stand,S, 7, 29, 34, 36 

Constraints on pest management, 33, 37, 


40,44-57 
Contagious nature of budworm popUlations, 5, 

6,24,35,37,51 

Control, fire, see Fire, control. 

Control. insect, see Direct suppression. 

Cooperative Forestry Assistance Act, 51 

Costs 


Aerial application, 31, 48-49 

B.t., 31 

Chemical insecticides, II, 31 

Damage by budworm, 12, 18-23, 24-25, 


34, 35, 40-42 

Thinning, II 

Treatment, 11,12,14,18,30,31, 


34,35,40-41,48,53-54 

Council on Environmental Quality (CEQ), 45-48 

Cover and Shrub Extension, 39 

Cover types, forest, 2-4 

Crown-class structure, 5, 6, 7,34, 35, 36 

Cutting, 34 


Economic-selection, 4 

High-grading, see Economic-selection. 

Intermediate, 36 

Partial, 2, 29, 30 

Sheltcrwood, 29 


Damage to host, 5-7, 12, 18-25,37, 39-40,50 

DDT, II 

Decision-support system, 12-14, 29, 33-42 
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Decision-support system, conceptual model, 13 
Defoliation effects on 


Growth,S, 18-23, 24-25, 34, 40-42 

Mortality,S 

Timber production, 18, 19-23 

Top-kill,S, t4, 39 

Tree defect,S 

Volume, 18, 19-23 


Defoliation, modeling, 14 

Demonstration areas, 29 

Density, budworm, 5, 14 

Density, stand,S, 7 

Detection, 28 

Deterrents, feeding, 31 

Dibrom, see Naled. 

Direct suppression, 10, II, 12, 14,28, 


29, 31-32, 34, 35, 36, 37, 39, 

40,41,51,53-54,56,57 


Disease, in hosts,S, 12, 29, 50 

Dispersal, larval,S, 6 

Distribution, host, 9, 10, I I, 12 

Dominance, 6 

Do-nothing option, 12, 30, 39 

Douglas-fir, 


Aspect, 6 

Ecology, 2, 4, 5, 6, 7 

Geographic distribution, 2, 4 

Habitat typcs, 5, 6, 7 

Site and stand influences,S, 7 

Stocking, 6 


Douglas-fir tussock moth,S, 35-36 

Dwarf mistletocs, 5, 35-36 

Dylox, see Trichlorfon. 


EA, see Environmental Assessment. 
Economics, II, 12, 18-25, 34-35, 53 


Control alternatives, 14-30 

Impacts, 14, 18-23, 29, 30, 40-41 

Modeling, 14, 18-25,29,40-41 

Economic-sclection cutting, 4 


Ecosystem, forest as, 10 

Effectivcness of direct supprcssion, 14 

Efficacy of treatment, 14, 31, 35 

Egg-laying, 2, 5, 6 

EIS, see Environmental Impact Statement. 

Elasticity, pricc, 20-21 

Emergence, larval, 5 

Employment, impacts on, 18 

Endangcred Species Act, 47, 50-51 

Enemies, natural,S, 6, 30 

Entomological unit, 24, 28, 38, 39 


Entomopathogcnic fungi. 31 

Environmcntal Asscssment, 19-23, 29, 30, 45-49 

Environmental considerations, 10-12, 19. 34, 


35,44-57 

Environmental Impact Statcment, 19, 28-30, 


44-50,52 

Environmcntal monitoring of insccticides. II, 


23 

Environmental protcction statutes, Statc, 54 

EPA, see U.S. Environmental Protcction Agency. 

Esthetics, 18, 39-40, 50 

Evaluation, 


Economic impact, 18, 19. 20-25 

Environmental impact, 19, 44-52 

Management strategies, 19, 33-42 


Even-aged management, 4, 29, 41, 50 

Even-aged stands,S, 6, 7, 29 

Extensions to the Prognosis Model 


Cover and Shrub, 39 

Parallel-Processing, 39 

Regeneration, 39 


Federal Insccticidc, Fungicide, and Rodcnticide 
Act (FIFRA), 51,53 

Fecding 

Dcterrcnts, 31 

Prefercnccs, 2, 4 


Fcnitrothion, 31 

F!FRA, see Fcderal Insecticidc, Fungicide, 


and Rodenticide Act. 

Finding of No Significant Impact (FONSl), 45-48 

Fir, grand, 


Ecology, 4, 5, 7, 29 

Geographic distribution, 2, 4 

Habitat types, 5, 7, 29 

Shade tolerance, 2, 7 

Site and stand inlluence~, 5 


Fir, subalpinc, 

Aspect, 6 

Ecology, 2, 5, n, 7 

Geographic distribution, 2 

Habitat typcs, 5, 6, 7 

Shade tolerance, 2, 7 

Sitc and stand influcnccs, 2, 5, 6 

Stocking, 6 


Fir, Pacific silver, II 

Fir, white, 


Ecology, 4 

Geographic distribution, 2, 4 

Habitat types, II. 12 
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Fire 

Control. 4, 10. I I 

Effects. 4. 12. 50 

Planning and. 49 


Firs. true. 2. 4. 5. 6. 7, II. 12. 29 

Fish, 21. 31, 32. 33.46.47.49.50.56 

Fisheries Act, 56 

Foliage 


Biomass. 5, 6. 7 

Feeding preference. host species. 2. 4 

Growth. 14 

Light. effects of. 5 

Nutrient content,S. 6 

Phenology, 5 

Quality. 5. 6 

Starch in, 5 


FONS!. see Finding of No Significant Impact. 

Food and Drugs Act. 56 

Food quality. see Foliage quality. 

Food reserves,S 

Forecast yields. 74 

Forest as ecosystem, JO 

Forest cover types, see Cover types, forest. 

Forest inventory. 14. 37 

Forest Pest Management. USDA Forest Service, 


15,31. 36 

Forest pest-control statutes, 53-54 

Forest Planning Model (FORPLAN)' 20. 28-29, 


38,40-41 

Forest protection. 25 

FORPLAN AMS Benchmark 2. 20-21 

Foundation for North America Wild Sheep 

v. U. S .. Etc .. 46-47 

FPM, see Forest Pest Management. 

Front Range. 39 

Fungi. entomopathogenic. 31 


Gallatin National Forest, 29 

Genetic variation, budworm. 31 

Geographic distribution, host, 2, 3 

Grasshopper Control Act. 57 

Grosbeak. evening. 30 

Ground application of insecticide, 31 

Gypsy moth. 48 


Habitat types, 2, 5, 29, 39 

Harve~t, II, 14, 18, 19,20-23,24,28,29, 


30, 34, 35, 36. 39,40,47-48, 

50,51,53 


Harvest scheduling, 29. 40-41. 47 

Hazard, 29, 35, 36, 37 


Hazard-rating, 5. 15. 29 

Herbicide spraying. 48-49 

Hibernaculul1l (overwintering). 2 

High-grading. 4 

Host. 2 


Competition, 5 

Ecology. 2 

Feeding. preference on. 2. 4 

Forest types. 2-4 

Food reserves. 6 

Geographic distribution. 2-3 (map) 

Growth, 14 

History. 4 

Injury. seC' Damage. 

Mortality. 14. 30 

Phenology. 5 

Shade tolcrance. 2. 4. 5. 7 


[daho, 2,51,53.54 

Impacts. budworm. 


On recreation. 18. 21. 34-35, 36, 

39-40.47 


On timber production, 18. 19-23. 29. 

30. 34, 35. 36. 40-41. 47. 50, 54 


Implants, insecticide. 32 

Industry. forcst, 15. 18-19.22.24.28.34 

Injection. insecticide. 32 

Injury, see Damage. 

I nsectic ide 


Biological. 31-32. 35 

Chemical. 11,23,31-32,35,36,51 

Costs, II, 31 

Efficacy, 14.31. 35 

Monitoring. II, 23 

Response to. genetic dilTerences, 31 

Safety. II. 31, 34 

Toxicity, II. 31-32 

Treatment, 10.11.12,14,19.28.31-32. 


34, 35. 48. 53-54 

Instars. 5 

Institutionai considerations. 33. 44. 53 

I ntegrated pest management. 10-15. 28, 29. 


34-36 

Defined. 12 

Recoml1lendations. 15 


Intermediate cuttings, 35. 36 

Interstand effects,S, 6. 24. 35. 36. 38, 51 

Inventory analysis. 37-38 

Inventory. stand. 14. 37 

IPM, see Integrated pest management. 
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Judicial review. 102, 111-115 

Juxtaposition. stand. 5. 6, 24, 35, 37.51 


Land classes. 73 

Lannate, see Methomyl. 

Larch. western, 4. 7 

Larix occidelltalis. see Larch, western. 

Larvae. 5, 6 

Laws, affecting budworm management. II. 28 


Agency manuals. 44 

Agency regulations. 44 

Canadian. 44. 46-49. 51-52 

Private land. 28. 53-55 

Provincial, 56-57 

Public lanel. 28. 44-52 

State. 28. 44, 54-55 

Statutes, 44-57 

United States. 2S. 44-55 


Leaf. see Foliage. 

Liability for pest management, 54-55 

Life history. budworm. 2. 5 

Lolo National Forest. 29 

Ly/llalltria dispar. See Gypsy moth. 


Malathion, 31. 32 

Malheur National Forest, 20-23 

Management, 


Alternatives. II. 29. 33. 39, 40, 41. 

44, 4S-49 


Evaluation. 19. 44-52 

Even~ged. 4, 29, 41, 50 

Objectives. 12, 15. IS, 19, :W. 24-25, 


28, 29, 31, 33, 35, 36, 40, 44 

Silvicultural. 28-30 


Matacil, see Aminocarb. 

Maturity, stand. 5, 6, 13, 34 

Merrell v. Block. 104-105 

Meteorological effects, see Climate. 

Methomyl, 31 

Mexacarbate, 31 

Mexico, 2 

Microsporidia, 31 

Migrating Bird Regulation, 56 

Mistletoes, dwarf. 5. 35-36 

Models, 34 


Budworm, 14, 30. 39 

Cover and Shrub Extension. 39 

Decision-support system. conceptual. 13 

Defoliation. 14 

Economic. 14, 18,29 

Harvest-site ~equencing, 29, 40-41 


Models-Colitililled. 
Parallel-Processing Extension. 39 

Prognosis, 14, 18, 29, 39 

Prognosis-Budworm, 14. 18 

Prognosis Event Monitor, 39 

Regeneration Extension, 39 

SIMUOPT,29 


Moisture. 4, 5. 6. 30 

Monitoring 


Environmental effects of insecticides, 

II, 23 


Insect popUlations, 12. 28 

Plans, 14. 35 


Montana, 2, 47, 54 

Mortality, host, 14, 30 

Mosaic of stands, 5, 6, 24, 29. 35, 37, 51 

MUltiple use, 12, 28 

Multiple Usc-Sustained Yield Act. 51 

Multistoried stands, 5. 7. 35 

MUSYC.40-41 


Naled. 3 [ 

National Environmental Policy Act (NEPA), 28. 


44-49, 50, 51, 52 

National Forest Management Act (NFMA), 28. 


49-50, 5 [ 

National Forest, 14. 15, 20-23. 28-29, 49, 51 

Natural enemies, 5, 6, 30 

Needles, see Foliage. 

Negligence theory, 55 

Nematodes. 31 

NEPA. see National Environmental Policy Act. 

Nesting boxes, 30 

Net present value. [4, 19, 21, 23, 29. 40 

Nevada, 2, 54 

New Mexico. 2 

NFMA, see National Forest Management Act. 

Ninth Circuit Court of Appeals, 46-47, 


48-49, 51-52 

No-action alternative, 12, 30. 39 

Noncommercial forest land, 15, 35, 36 

Nonhost, 2. 6, 29, 30 

Northwest CoalitiOIl for Alternath'es to Pesticides 

v. Block. 105 

Nuisance theory. 54 

Nutrients, 5, 6 


Objectives, management, 12, 15, 18, 19.20, 

24-25, 28, 29, 31, 33. 35, 

36,40,44 


Old growth, 7, 34, 35, 50 
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Oregon, 2, 24, 48-49, 53-54 

Organic Act, 51 

Orgyia pselidotsligata, see Douglas-fir tussock 


moth. 
Orthene, see Acephate. 
Outbreak, 

History, 4, 10, 11 

Prevention, 6, II, 14, 28, 29, 34, 35, 36 

Probability, 5, 35 

Proximity to, 5, 6, 24, 35, 38, 51 

Site and stand effects on, see Site, 


Stand. 
Suppression, 11, 14 


Overstory, 29, 34 

Overwintering stage, 2 

Oviposition, 2, 5, 6 

Ownership, mixed, 24 


Pacific Forest Research Centre, 36 

Pacific Northwest, 39 

FJcific Northwest Region (R-6), 19-23 

Parallel-Processing Extension, 39 

Parasitism, 30 

Payette National Forest, 29 

Pest Control Products Act, 56 

Pesticide Control Act. 56 

Pesticide Residue Compensation Act, 56 

Pesticides, II, 12, 35, 36, 49, 53-55, 56-57 


Certification for applicators. 53, 56 

Registration, II, 31, 53 


Pest management, 10-15 

Phenology, 5 

Pheromone, 31 

Picea enge/lIIanllii, see Spruce, Engelmann. 

Pine 


Lodgepole, 5, 7 

Ponderosa, 2, 4, 5, 7 

Western white, 4 


Pine beetles, 39 

Pinlls 

cOlltorta, see Pine, lodgepole. 
l1lolltico/a, see Pine, western white. 
ponderosa, see Pine, ponderosa. 

Planning, 5, 6, 10-15,28-32, 33-42,44,49-50 

Plant Protection Act, 56 

Plant Quarantine Act, 56 

Political considerations, 33-35, 44 

Planting, 29, 34 

Precommercial thinning, 30, 34, 35 

Predation, 5, 30 


Predators, 

Ants. 5. 6 

Birds, 30 

Spiders. 5, 6 


Preference, feeding, 2 

Preparation, site, 4, 36 

Prevention, 6, II, 14, 28. 29, 34, 35, 36 

Price elasticity, 20-21 

Private ownership, II, 14, 15. 19,20, 24, 


28, 34. 44. 53-56 

Profit losses, 18, 22 

Profits, 28 

Prognosis-Budworm Model, 14, 18 

Prognosis Event Monitor, 39 

Prognosis Model, 14, 18, 29, 39 

Provincial (British Columbia) laws, 56-57 

Pseudotsliga lIIen;:.iesii, see Douglas-fir. 

Public ownership, II, 19, 23, 24. 28. 34, 


44-52, 56 

Pupae. 2 


RARE II, see Roadless Area Review and 
Evaluation II. 

Recommendations, 

IPM, 15 

Silviculture, 29 


Record of decision (ROD), 49 

Recreation, 18,21,34-35,36,39-40,47 

Regeneration, 4, 14, 29, 34, 36 

Regeneration Extension, 39 

Region 2 (Rocky Mountain), 39 

Region 6 (Pacific Northwest), 19-23, 49 

Resilience, ecological, 10 

Risk, R3 

Roadless Area Review and Evaluation II, 48 

Rocky Mountain Region (R-2), 39 

Rocky Mountains, 39 

ROD, see Record of decision. 

Root rots, 5 

Rotation length, 14, 29, 34 


Safety, insecticide, 61 

Salvage cutting, 30 

Schedule, harvest, 29,40-41,47 

Seasonal development, 5 

Selection cutting, 12 

Seral species, 2, 4, 5, 29 

Sevin, see Carbaryl. 

Shade tolerance, 2, 4, 5, 7 

"Significantly," defined by NEPA, 46 

Silvicultural demonstration areas, 29 
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Silvicultural recommendations, 29 

Silvicultural management, 6, II, 19.28. 


29-30. 34, 35. 38. 51 

SIMUOPT,29 

Siskin. pine, 30 

Site 


Aspect. 6 

Climate. 2.4. 5. 6 

Drought, 5 

Moisture. 2.4. 5. 6 

Preparation. 4. 36 

Soil. 6. 39 

Slope. 5. 6 

Temperature. 2. 4. 6 

Topography, 5 


Siuslaw National Forest. 49 

Size, stand. 5. 6. 29. 39 

Snags, 30 

Social considerations. 33, 35, 44 

Soil disturbance. 47, 53 

Socioeconomic impacts. 18-25, 34-35, 44 

SOl/them Oregon Citiz.ens v. Clark. 103-104 

Species composition. see Stand composition. 

Spiders. 5. 6 

Spray programs. II 

Spruce. 2, 7 


Engelmann. 2 

Stability. 


Ecological. 10 

Economic. 18 


Stand 

Age, 4. 5, 6, 7. 29. 34, 35 

Composition. 5. 7. 29, 34. 36 

Crown-class structure. 5. 6. 7, 34. 35. 36 

Density, 5. 7. 36 

Juxtaposition. 5, 6, 24. 35, 37. 51 

Maturity, 5, 6, 7, 29, 34. 35 

Proximity to outbreak. 5. 6. 24. 37, 51 

Regeneration, 4, 14, 29 

Size. 5, 6, 29, 39 

Species composition, 5, 7, 29. 34, 36 

Shade, 2, 4. 5. 7 

Stocking, 5. 7 

Structure, 5, 6, 7, 34, 35, 36 

Vigor, 5, 6, 30, 34 


State environmental regulations. 28 

State Forest Practices Acts, 28 

State forestry agencies. 15 

Statutes, 44 

Starch content. 6 

Strategic planning, 63 


Stress, nutrient. water. 5, 6 

Structure. crown-class. 5. 6, 7. 14. 34. 35 

Stumpage. 19-23. 24-25 

Stumpage market. 18 

Succession, 2, 4. 5 

Suppression. 10. II, 12. 14. 28. 29. 31-32. 


34.35,36.37.39.40.41. 

51. 53-54. 56-57 


Susceptibility. 5-7 


Technology transfer. 15 

Temperature. 2. 4. 6 

Thinning. 14. 29. 30. 34. 35. 36. 39 


Commercial. II. 30, 34 

Precommercial. 30. 34. 35 


Tiering. 47-48 

Timber production, 12. 15.24. 28 


Budworm impacts on. Ie. 19-23. 29, 30. 

34.35.36,40-41.47.50.54 


Maximizing. 34 

Timber RAM. 40-41 

Tolerance, see Shade tolerance. 

Top-kill. 5, 14. 39 

Topography. 5, 6. 7 

Toxicity. insecticide. II 

Treatment evaluation. ! I. 19, 23. 33-42 

Treatment schedules. 36 

TREES. 40 

Trespass. 54-55 

Trichlorfon, 31 

True firs. 2. 4, 5. 6. 7, II. 12.29 

Tussock moth, Douglas-fir, see Douglas-fir 


tussock moth. 


Understory. 2.4. 30 

Uneven-aged management. 12 

Uneven-aged stands, 12 

U.S. Environmental Protection Agency. 49. 53 

U.S. Fish and Wildlife Service. 47 

USDA Forest Service. 12. 19-23. 24-25. 30. 


31, 36, 44-52 

Utah. 2 


Vigor, stand, 5, 6, 30, 34 

Virus. 31 

Volume loss. 18-23, 24-25. 34. 35, 40-42 

Vulnerability. 5-7. 12. 18-25,37.39-40.50 


Wallowa-Whitman National Forest, 20-23 

Washington. DC. Circuit Court, 47 

Washington, 2, 53. 54 
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Waler qualily. 31. 47, 50, 53. 56 
Water. see Moisture. 
Watershed. 14. 33, 35 
Weather, see Climate. 
Weed Control Act, 56 
Wilderness. 30 
Wildlife. 10, 15, 30, 32, 34. 35. 36, 45. 

46-47.49,50-51,56 
Wildlife Act, 56 
Windlhrow. 50 
Worsl-case analysis. 20-23, 48-49 
Wyoming. 2 

Yield, timber. 14,28,33, 34,37,39-40,51 
Yield, reduction, 12, 18-23, 24-25, 34, 35, 40-42 
Yukon Territory, 2 

Zcctran, see Mexacarbate. 
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