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is one o f  four case studies to develop pest management 

DSS with the assistance o f  Canada’s Green Plan: the other 

studies are on hemlock looper (Lambdina fiscellaria fiscellaria) 

in Newfoundland (Carroll et al. 1995), jack pine budworm 

(Choristoneura  pinus) in Ontario and Manitoba (McCullough 

and Marshall 1992; Power and Gillis 1995), and mountain 

pine beetle (Dendroctonus ponderosae) in British Columbia 

(Shore and Safranyik 1992; Shore et al. 1995). 

The SBWDSS consists o f  a suite o f  models that pre- 

dict spruce budworm outbreak occurrence, effects on  

stands and forests, and vulnerability o f  different stand types. 

Specific DSS tools also assist in planning, including an In- 

ventory Projection System that forecasts forest structure 

as a function o f  user-specified scenarios o f  future bud- 

worm outbreaks and protection (insecticide use), a Protec- 

tion Planning System based on marginal timber supply 

benefits, and a Silviculture/Landscape Design System. 

In this paper, we will describe the Inventory Projec- 

tion System component o f  the SBWDSS, apply it in case 

studies of effects of budworm outbreaks and protection 

on part o f  the Fundy Model Forest in southern New Bruns- 

wick, and discuss the role of forest inventory projection in 

decision support and management planning. 

and a Silviculture/Landscape Design tool to 

minimize forest-level damage. 

4) The graphical user interface FOKIS (Forest 

Knowledge Information System) (Porter et al. 

1 994). 

5) The Inventory Projection System (IPS), which 

allows users to “grow” their forest up to 30 years 

in the future, and examine effects of budworm 

outbreaks and protection decisions on  forest 

structure. 

6) The Protection Planning System (PROPS), 

which determines priority for protection o f  

individual stands based on marginal timber supply 

benefits (m 3 /ha). 

There are two basic approaches to incorporating in- 

formation about the effects o f  spruce budworm outbreaks 

into forest management planning: 

1) Assuming that, historically, the average 

defoliation occurs everywhere at all times, changes 

stand and forest development, and reduces yields 

by the same average levels in all stands (“an 

average o f  history will repeat itself exactly”). 

2) Making explicit assumptions about possible or 

probable future budworm outbreak occurrence, 

and determining the effects o f  these assumed 

scenarios on  stands and the forest inventory 

(“planning based on plausible future scenarios”). 

The SBWDSS project takes the latter approach, be- 

cause budworm outbreaks have occurred regularly in the 

20 th century (outbreaks starting about 1910, 1940, and 

1970); stand-level effects (growth loss and mortality) have 

been consistent from outbreak to outbreak and within stand 

types, and are well-quantified; and outbreaks have dramatic 

effects on timber supply and forest structure (e.g., MacLean 

1980, 1985). Allowing for catastrophic forest structure 

changes or timber supply losses caused by pests before the 

fact (i.e., on  a probabilistic basis) is most important when 

there is a high risk o f  occurrence, a large potential impact 

on forest yield, or a long period between successive itera- 

tions of the planning process (MacLean 1990). 

Spruce Budworm Decision 
Support System (SBWDSS) 

The SBWDSS has been under development by the Ca- 

nadian Forest Service in New Brunswick since 1992 

(MacLean and Porter 1994). A modular approach is being 

followed, with individual tools targeted at specific forest 

management problems and linked under an interactive 

graphical user interface (GUI). The SBWDSS uses harvest 

scheduling and silviculture to minimize the need for insec- 

ticide use, and sets priorities for forest protection (insecti- 

cide use) if desired by the user. The SBWDSS includes 

model projections and rule-based interpretation and the- 

matic mapping o f  forest inventory attributes. It is designed 

as a forest-level planning tool and requires a Unix work 

station and the ARC/INFO Geographic Information Sys- 

tem (GIS) (Environmental Systems Research Institute, Red- 

lands, CA). SBWDSS Inventory 
The SBWDSS was described in detail by MacLean and Projection System (IPS) 

Porter (1994, 1995). There are six categories o f  compo- 

nents, all linked under a GUI: 

1) A defoliation-based stand growth and yield 

model and a yield curve design tool (PC-based, 

running under Microsoft Windows), that facilitates 

using model and sample plot results to estimate 

and validate volume/age yield curves. 

2) A spruce budworm population model. 

3) A vulnerability rating system that uses inventory 

characteristics to infer probable budworm damage 

Forecasting the future is a fundamental part of man- 

aging a forest. IPS is a tool that allows a manager to visual- 

ize future forest conditions by simulating stand development, 

spruce budworm outbreaks, and forest protection. The idea 

behind IPS is to explore the possible futures resulting from 

various insect outbreak and protection combinations. The 

first version o f  the system has been completed and is im- 

plemented on a part of the Fundy Model Forest, in south- 

ern New Brunswick, Canada (Figure 1). It uses a GIS-based 
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spatial forest inventory, volume yield curves, and manage- 

ment plan information to project the forest up to 30 years 

into the future. 

Its key capability is accounting for the effects o f  spruce 

budworm outbreaks and the effects o f  forest protection 

to combat budworm defoliation. The timing and nature o f  

The system can be used in both update and projection 

modes; updating might involve using actual past defo- 

liation data for a specific region to “grow” old (e.g., 1980) 

inventory data up to the present, whereas projecting 

would be “what i f ”  explorations o f  the results o f  com- 

binations o f  outbreak timing, severity, and protection 

on  future forest structure. Visualization o f  forecast results 

is possible through a combination o f  thematic maps, bar 

charts, and tables. 

IPS consists o f  software modules developed using the 

C programming language and ARC/INFO’s AML (Arc 

Macro Language), and is implemented on a SUN work sta- 

tion platform. The initial version o f  IPS was developed by 

DeMerchant (1 994). 

these events are controlled by the user on a scenario basis. Data Required for Projections 

IPS uses the standard forest inventory data collected 

by New Brunswick Department o f  Natural Resources and 

Energy (NBDNRE) for every stand in the province. This 

includes photo-interpreted (1:12 500 scale) species com- 

position, age class, and crown closure data. IPS also uses 

the yield curves, harvest schedule, and other management 

plan information required for each Crown timber license 

as part o f  the New Brunswick forest management plan- 

ning process. Using data with the same form and content 

Figure 1. View of the SBWDSS Inventory Projection System implemented under ArcView 2.1, with the main viewing 

window displaying projected spruce-fir volume as a theme. The index map in the lower left allows selection o f  

the display area; the outline shows the province of New Brunswick, the grid represents 1:12 500 forest inven- 

tory maps, and the darkened area in southern New Brunswick is the Fundy Model Forest. Most o f  the toolbar 

buttons are standard ArcView features (described by Porter and MacLean 1996); the C and P buttons (upper 

right) allow viewing of current or projected IPS data. 
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as in management plans has two advantages. 

First, it makes the data preparation process for IPS 

very straightforward, because the data already exist in the 

correct format. And, second, it ensures that the projec- 

tions by IPS are consistent with the forest-level wood sup- 

ply projections carried out by the major forest management 

agencies in New Brunswick. An aspatial wood supply model, 

FORMAN+ 1 (Vanguard Forest Management Services Ltd. 

1991), has been used in New Brunswick to perform for- 

est-level wood supply analysis leading to sustainable har- 

vest level and harvest schedule determination. 

Conducting an IPS projection requires that the user 

specify the year to which to project, the base year o f  the 

inventory, the timing o f  occurrence and severity o f  a bud- 

worm outbreak, and whether protection will be applied 

during the outbreak (Figure 2). Protection is assumed to 

limit defoliation to <40% o f  current foliage each year, pre- 

vent budworm-caused mortality, and maintain stand vol- 

ume development at management plan levels. One can work 

separately with each ownership on the land base or treat all 

ownerships together. Running a projection takes about 5 

minutes on  a Sun Sparcstation IPX, or 1 minute and 20 

seconds on  a Sparcstation 20. 

The current forest management planning procedures 

in New Brunswick assemble stands into classes according 

to species mix, stand age, site productivity, and other crite- 

ria. Each o f  these classes is linked to a set o f  volume- 

based yield curves (one curve for each tree species). During 

the projection, each stand is tracked along the appropriate 

set of curves. When a budworm outbreak occurs, the bal- 

sam fir and spruce yield curves are modified by budworm 

impact vectors to simulate the results o f  budworm defo- 

liation reducing tree growth rates and increasing mortality 

rates (DeMerchant 1994). These impacts depend on the 

species, stand maturity, outbreak severity (moderate or se- 

vere), and protection options selected by the user and are 

classified into four species mixes: balsam fir, fir-hardwood, 

spruce, and spruce-hardwood (Table 1). 

Quantification o f  the impact vector was based on over 

15 years o f  research in eastern Canada (Baskerville and 

MacLean 1979; Maclean 1980; Piene 1980; MacLean and 

Erdle 1984; MacLean and Ostaff 1989; Piene 1989; 

Maclean 1990; Steinman and MacLean 1994; Ostaff and 

MacLean 1995; Su et al. 1996). Volume reductions result- 

ing from 10-year moderate and severe spruce budworm 

outbreaks ranged from 19-69% and 46-85%, respectively, 

with losses for balsam fir > balsam fir-hardwood  >  spruce 

> spruce-hardwood  (Table 1). 

The structure o f  the IPS projection engine allows the 

specification o f  any volume-related impacts and is not re- 

stricted to spruce budworm. The dynamic nature of a for- 

est stand results in species composition changes over its 

lifetime. During natural stand development this happens 

very slowly, but after an insect infestation, the change can 

be quite dramatic. These changes are modelled in IPS. 

IPS Graphical User Interface (GUI) 
The user interacts with IPS through a point-and-click 

GUI. The initial version o f  the IPS user interface was pro- 

grammed using ARC/INFO AML (DeMerchant 1994), but 

it has since been ported to ArcView 2.1. A menu bar gives 

access to all system functions, while a main viewport pro- 

vides a “window on the land base” for thematic map and 

bar chart display (Figure l).  A button-bar and tool-bar give 

push-button access to several o f  the most commonly used 

utilities, allowing the user to zoom-in, zoom-out, change 

to a specific mapping scale, select a point or region of 

interest via an index map or screen selection, pan the view- 

ing window over the land base, link to customized scripts 

based on  the Avenue programming language, and annotate 

via text or drawing tools (Figure 1). Use o f  ArcView 2.1 as 

a DSS interface was  discussed by Porter and MacLean 

(1996). 

After a projection, both the initial and future invento- 

ries can be displayed, via the SBWDSS themes menu (Fig- 

ure l),  using a series of thematic maps showing species 

mix, age class, maturity class, total volume, fir-spruce vol- 

ume, hardwood volume, spruce budworm susceptibility, 

and stand ownership. Maps and charts provide a powerful 

way for a user to comprehend simulation results, but the 

specific data associated with a stand must also be easily 

accessible. The query utility (Figure 3) provides an interac- 

tive means o f  viewing all initial and projected data for a 

specific stand, as well as viewing the change in stand data 

between the beginning and end of the simulation. Graphic 

charts that show area and volume by species composition 

Figure 2. IPS dialog box showing user-selectable 

options for projecting a forest inventory under 

spruce budworm outbreaks and protection 

(insecticide use). The user must specify the 

final (end) year o f  the projection, starting year 

and severity class o f  the budworm outbreak, 

whether or not to apply protection (which 

limits defoliation to <40% o f  foliage each 

year), and the base year o f  the inventory data. 
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Table 1. Spruce budworm impact matrix used in IPS to specify volume reduction, by year, resulting from moderate and 

severe spruce budworm outbreaks, as a function o f  stand species composition and maturity. 

Budworm 

outbreak 

severity Species class Maturity classa Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 

Volume remaining since start of budworm outbreakb 

(%) (%) (%) (%) (%) (%) 

Moderate Balsam fir Immature 44.4c 30.7 32.2 32.6 34.1 34.1 

Mature 59.8 40.6 38.3 36.7 34.3 34.3 

Balsam fir - hardwood Immature 54.4 40.7 42.2 42.6 44.1 44.1 

Mature 68.8 50.6 48.3 46.7 44.3 44.3 

Spruce Immature 74.4 60.7 62.2 62.6 64.1 66.1 

Mature 88.8 70.6 68.3 66.7 64.3 64.3 

Spruce - hardwood Immature 84.4 70.7 72.2 72.6 74.1 74.1 

Mature 98.8 80.6 78.3 76.7 74.3 74.3 

Severe Balsam fir Immature 32.9 14.8 15.0 17.1 18.9 18.9 

Mature 43.6 14.2 11.7 9.7 5.7 5.7 

Balsam fir - hardwood Immature 42.9 24.8 25.0 27.1 28.9 28.9 

Mature 53.6 24.2 21.7 19.7 15.7 15.7 

Spruce Immature 62.9 44.8 45.0 47.1 48.9 48.9 

Mature 73.6 44.2 41.7 39.7 35.9 35.9 

Spruce - hardwood Immature 72.9 54.8 55.0 57.1 58.9 58.9 

Mature 83.6 54.2 51.7 49.7 45.7 45.7 

a Immature < 5 0  years. Mature >50 years. 
b Volume reductions were calculated assuming a 10-year budworm outbreak, with growth loss and mortality in immature and mature balsam fir and 

spruce following data from MacLean and Erdle (1984) and Erdle et al. (1984). I t  is also assumed that losses in mixed fir-hardwood and spruce-hardwood 

stands were 10% less than in pure fir or spruce respectively (MacLean 1980, Su et al. 1996). 
c For example, this indicates that in an immature balsam fir stand sustaining a moderate budworm outbreak, 44.4 and 30.7% of the prc-outbreak spruce- 

fir volume will be living 5 and 1 0  years after the start of the outbreak. 

Figure 3. IPS query dialog box displaying current and projected characteristics for one stand. The user can select any 

stand on the computer screen using the mouse, and determine current, projected, or net change (projected 

minus current) characteristics. In this example, a 75-year-old spruce-fir stand was projected for 15 years, with a 

severe budworm outbreak starting in year 1; this reduced primary (spruce-fir) volume from 96.5 to 46.6 m3/ha. 

and age class structure are available to illustrate the cur- 

rent and future forest structure, or ArcView charting tools 

can be used to create custom graphs. A tabular reporting 

capability summarizes the simulation results numerically 

in formats suitable for both the screen and the printer. 

Under ArcView, IPS also offers a multiple map dis- 

play capability that allows the user to create several win- 

dows, each o f  which can display a different theme or chart. 

The tool bar functions and legends are displayed for each 

window independently. This is a powerful tool for deci- 
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sion support that allows simultaneous viewing o f  different 

themes o f  current and projected data. 

worm feeds only on  conifers and, for all practical purposes, 

only on  spruce and fir. 

Under simulated protection, by the year 2006, there 

were 4 and 5% decreases in the area of spruce-fir and mixed 

spruce-fir/hardwood stands, and an increase of 3% in the 

area o f  hardwood stands (Figure 6). These changes resulted 

from the harvesting, planting, and silviculture operations 

included in the forest management plans for the study area, 

as well as natural stand development. With no  protection 

and a severe budworm outbreak simulated to start in 1996, 

the areas of spruce-fir and mixed spruce-fir/hardwood 

stands decreased by 3 and 9%, while the area o f  hardwood 

stands increased by 12% (Figure 6). The major change in 

forest structure resulting from a severe outbreak was the 

mortality of the spruce-fir component o f  mixed stands, 

and their conversion to hardwood stands (Figure 6). In this 

analysis, unprotected spruce-fir stands were assumed to 

cycle back to stands with similar species composition but a 

younger age class, similar to results of Baskerville (1 975) 

and MacLean (1988). Likely, this is correct for some stand 

types but not others; definition o f  successional patterns 

following spruce budworm outbreaks is an area that needs 

further work. 

The protected scenarios presented in Figures 4-6 are 

undoubtedly over-optimistic, because it is unlikely that the 

whole area would be protected during a spruce budworm 

outbreak, nor would all protected areas meet the 60% foli- 

age retention target. A reasonable estimate might be that 

70% o f  susceptible forest in New Brunswick has been pro- 

tected during severe outbreaks, and that 70% o f  targeted 

protection zones actually meet foliage retention targets. 

Work is ongoing to determine such values, so that more 

realistic scenarios can be simulated. One of the strengths 

o f  IPS is that it allows users to examine effects of possible 

management decisions, protection scenarios, and timing o f  

future budworm outbreaks on  forest species composition 

and productivity. 

Case Study: Application of IPS 
to the Fundy Model Forest 

To demonstrate the use o f  IPS, we conducted a case 

study analysis o f  the effects of spruce budworm outbreaks 

and protection (insecticide spraying) on  the forest inven- 

tory and timber supply for a portion of the Fundy Model 

Forest in southern New Brunswick. The test area consisted 

of nine 1:12 500 map sheets, comprising 5791 stands and 

32 500 ha (Table 2). About 14% o f  the area consisted o f  

spruce-fir stands, 32% was mixed spruce-fir/hardwood 

stands, and 28% was hardwood stands (Table 2). The cur- 

rent forest included a total growing stock o f  about 1.4 mil- 

lion m
3 

o f  timber, with 39% spruce-fir, 56% hardwood 

volume, and the remainder other species. Existing forest man- 

agement plans for this area included harvesting, based on sus- 

tainable future volume yield; these were incorporated in 

simulations, 

IPS simulations were conducted to examine the ef- 

fects o f  moderate and severe budworm outbreaks occur- 

ring at four different times—1996, 2001, 2006, and 

2011—with and without protection (Figure 4). There was 

no  attempt to alter harvest queues to capture budworm- 

caused mortality. In comparison with protected scenarios 

(assumed to retain 60% of current foliage on  spruce-fir 

trees over the entire test area, which prevented budworm- 

caused mortality and maintained volume yields at planned 

levels), moderate and severe outbreaks resulted in 37 and 

53% reductions o f  spruce-fir volume over a 10-year pe- 

riod (Figure 4). 

Scenarios o f  moderate and severe outbreaks with no  

protection resulted in losses o f  286 000 and 406 000 m3 

o f  spruce-fir timber respectively, but no change in the hard- 

wood volume (Figure 5). This was because spruce bud- 

Table 2. Description of the case study landbase, a 32 000-ha portion o f  the Fundy Model Forest in southern 

New Brunswick. 

Volume 

Stand type Stands Area Spruce-fir Hardwoods Total 

(no.) (ha) (m
3
) (m

3
) (m

3
) 

Spruce-fir 953 4 461 232 723 37 335 310 701 

Mixed spruce-fir / hardwood 2 002 10 430 391 368 416 867 852 853 

Hardwood 1 580 9 212 102 826 605 273 715 430 

Other (mainly pine) 124 598 7 165 1581 14 483 

Total 5 791 32 558 734 082 1061 056 1 893 467 

Cuts / plantations 1132 7 857 0 0 0 
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Year 

Figure 4. Results o f  a series o f  IPS simulations for a 32 000-ha portion o f  the Fundy Model Forest in southern New 

Brunswick, showing spruce-fir volume development from 1996-2026 under four different timings o f  spruce 

budworm outbreaks (outbreaks starting in 1996, 2001, 2006, 201 1) and three levels of damage (protected using 

insecticides; unprotected, severe outbreak; and unprotected, moderate outbreak). 

sae Hopk.) are dominant factors that determine forest age- 

class structure, species composition, and productivity. In 

these and other forests, landscape management must con- 

sider pest effects on forest structure and function. 

In our opinion, one of the key requirements for forest 

management decision support relates to examining the for- 

est development consequences o f  various possible future 

scenarios, for both management decisions and natural events 

such as insect epidemics, forest fires, or climate change. 

Even if the future cannot be foretold with any certainty, a 

Role of Forest Inventory 
Projection in Decision Support 
Natural disturbance from insects, disease, and fire is 

an important factor that shapes Canada’s forests. Deple- 

tions to insects and disease in Canada are about one-half 

o f  current harvest levels and about four times the timber 

losses to fire. In eastern spruce-fir and western lodgepole 

pine (Pinus contorta Dougl.), periodic outbreaks o f  spruce 

budworm and mountain pine beetle (Dendroctonus  pondero- 
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Year 

Figure 6. IPS-simulated effects of a severe spruce 

budworm outbreak starting in 1996, with and 

without protection, on distribution o f  three 

broad stand types—spruce-fir, mixed spruce- 

fir/hardwoods, and hardwoods/other spe- 

cies—in a 32 000-ha forest in southern 

New Brunswick. 

range of possible or probable scenarios can be defined 

and the resulting forest development can be simulated. 

“Worst case”, “best case”, and “most probable” scenarios 

can be very useful. If stand-level changes can be quanti- 

fied, modelled, or even guessed at, then forest-level results 

can also be projected. Under uncertainty, simulations can 

be treated as “if. ..then” scenarios: “if this set of assump- 

tions occurs, then these will be the results”. If a political 

decision such as prohibiting the use of insecticides is made, 

it should be with knowledge of the probable effects on 

forest structure and productivity, and stand/forest yield 

expectations should be consistent with such expectations. 

Otherwise, stand yields, timber supply, and sustainable har- 

vest levels will all be overestimated. IPS is a useful tool for 

examining the consequences, costs, and benefits of man- 

agement strategies. 

Year 

Figure 5. Total volume, spruce-fir volume, and hard- 

wood volume development from 1996-2026 

projected by IPS, under three levels o f  

budworm damage, for 32 000-ha of the Fundy 

Model Forest. The spruce budworm outbreak 

was assumed to start in 1996. 

“Protected” simulations limited defoliation to 

<40% o f  current foliage each year; damage 

from moderate and severe outbreaks are 

defined in Table 1. 
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Future Direct ions of I. DeMerchant and M. Budd in developing IPS, T. Moore 

for evaluating the use o f  Tcl/HSG for inventory projec- 

tions, W. Emrich for assisting with Fundy Model Forest 

data, and J. Kerr and M. Reeves for assisting with the IPS 

Fundy Model Forest case studies. 

There are several deficiencies in the current version 

o f  IPS that we plan to correct or improve upon, including: 

1) Expanding the spruce budworm impact matrix 

loss values (Table 1) for a greater range o f  stand 

stand growth model runs, using the model 

STAMAN, for plot data from different forest 

classes. 

2) Improving the successional development 

algorithms, both with and without protection. 

3) Incorporating realistic salvage harvesting 

mechanisms, within a given time limit, during 

unprotected budworm outbreak scenarios. 

4) Evaluating and possibly improving the efficiency 

o f  the projection algorithms. 

We also plan to place more emphasis within the 

SBWDSS project on determining landscape-level forest at- 

tributes and the development o f  landscape design tools. 

These tools will be used, in conjunction with other land- 

scape planning tools, to evaluate the effects o f  manage- 

ment actions on future pest outbreaks (occurrence, duration, 

severity), impacts, and forest structure. DSS tools will be 

developed to: 

1) Improve the accuracy o f  forest landscape 

planning by incorporating effects o f  natural insect 

outbreak disturbances. 

2) Use landscape management to reduce the 

occurrence and severity o f  outbreaks. 

3) Reduce reliance on insecticide use. 
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Abstract 

A decision support system for the mountain pine bee- 

tle has been designed and is nearing completion. This sys- 

tem integrates a number o f  tools for improving 

management decision-making in stands affected by the 

mountain pine beetle. These include beetle and resource 

databases, a geographic information system, a risk rating 

system, infestation and impact model, an expert system for 

recommending management strategies and tactics, a litera- 

ture database, and a map viewer. Most o f  these tools can 

be utilized as stand-alone products. 

The principal advantages o f  a decision support sys- 

tem such as this are that it allows for more consistent deci- 

sions among forest districts and it is based on the advice 

o f  experts in mountain pine beetle biology and manage- 

ment. In addition it provides repeatable and justifiable 

records o f  the decision making process. 

host tree’s resistance mechanism based on resin produc- 

tion. Blue stain fungi, carried by the beetles, rapidly colo- 

nize the sapwood o f  the tree causing blockage o f  

conductive tissue and death of the tree within a matter o f  

weeks. The female beetle lays eggs along the sides of ver- 

tical galleries in the lower bole o f  the tree. Following egg 

hatch there are four larval stages, often interrupted by win- 

ter. In spring the insect pupates and matures by mid sum- 

mer (Safranyik et al. 1974; Amman et al. 1977). 

In BC, the principal host of the mountain pine beetle 

in BC is lodgepole pine Pinus contorta Dougl. var. latifolia 

Engelm., although other pines-including P. ponderosae 

Laws., P. flexilis James, P. alb icalis Engelm., P. monticola 

Dougl., and P. banksiana Lambert—are suitable hosts 

(Safranyik et al. 1974; Cerezke 1995). 

Tree mortality caused by the mountain pine beetle cre- 

ates a number o f  management problems such as: 

1) Disruption o f  management plans - Redirection o f  

cut to salvage beetle-killed or  beetle-infested trees. 

2) Disruption and reduction o f  timber supply. 

3) Reduced product quality - Checked and 

stained wood. 

4) Increased fire hazard. 

5) Alteration of wildlife habitats. 

6) Alteration o f  water flow patterns. 

7) Reduction o f  scenic values. 

Introduction 
The mountain pine beetle, Dendroctonus ponderosae 

Hopkins, is a major insect pest to the forest industry in 

western North America. Adult beetles attack and kill mil- 

lions o f  mature pine trees over vast areas during epidemic 

years. In British Columbia (BC), annual tree mortality caused 

by mountain pine beetle was estimated at over 2 million 

m
3 

between 1988 and 1992 W ood and Van Sickle 1994), 

which was a relatively low cycle for the insect. 

The mountain pine beetle usually has a one-year life 

cycle in which adult beetles emerge from host trees and fly 

and attack new trees in midsummer. The beetles use a mass- 

attack behaviour, induced by pheromones, to overcome the 

As a result o f  large infestations, and few operational 

forest pest specialists in BC in the 1970s and 1980s, moun- 

tain pine beetle management consisted largely o f  increas- 

ing and redirecting the allowable annual cut towards recently 
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