FHP Technology Development Project Proposal

Project status: New, not previously funded.

Project number: R6-97-03

Project title: Testing pheromone-based methods for managing the

Douglas-fir beetle at the landscape scale.

Subject: Bark Beetles; Douglas-fir beetle (Dendroctonus pseudotsugae

Hopkins)

Project objective: The objective of this study is to determine if a

combination of pheromone-based treatments can significantly reduce

Douglas-fir beetle impacts on resource values at the landscape scale.

A secondary objective is to compare the efficacy and selectivity

of pheromone-baited trap-trees with pheromone-baited traps.

Brief description of project: This study will be conducted primarily

in eastern Oregon and/or Washington, although replications may also be

located in Regions l or 4. We will use a paired plot design with at

least four replications. Plots will consist of small landscape units

(>1,000 ha) defined by natural or administrative boundaries. Paired

plots will be selected to be as similar as possible and relatively

close to one another (<50 km). Plots will be selected to include some

high-value, late successional stands as well as general forest areas

designated for timber production. One plot from each pair will be

randomly selected to receive pheromone treatments and the other will

serve as an untreated control.

Both aggregation and antiaggregation pheromones will be used to

minimize beetle-caused tree mortality. The actual pheromone

treatments will be planned in consultation with the local land

managers. High-value stands such as recreational or adminstrative

sites, old-growth reserves, or riparian areas where managers wish to

minimize tree mortality will be identified for treatment with the

antiaggregation pheromone, 3-methylcyclohex-2- en-l-one (MCH).

Pheromone trap sites will be selected in the general forest areas

where managers are better able to tolerate tree mortality. Trap sites

will be chosen to cover the plots as uniformly as possible. Pheromone

treatments will be applied for at least two consecutive years. Plots

will be surveyed to determine beetle populations/damage before

treatment, each year during treatment, and one year after treatment

ends.

Treatment efficacy will be assessed by comparing the amount and

distribution of tree mortality on treated and control plots and

surrounding areas. There is a possibility that pheromone effects will

extend beyond the boundaries of treated plots. To quantify these

larger landscape effects, some sampling will be conducted outside the

boundaries but near both the treated and control plots.

FHP person who will lead the project: Dave Bridgwater, R-6, Portland,

OR.

Justification: The Douglas-fir beetle is continuing to disrupt

management plans in many locations throughout the western U.S. Few

options are currently available for limiting the negative impacts of

this insect on resource values. Thinning prior to an outbreak may

reduce the probability of a stand becoming infested (Williamson and

Price 1971). Sanitation and salvage logging can reduce beetle

populations and potential breeding sites in addition to utilizing the

timber present in dead trees (Lejeune et al. 1961, Furniss et al.

1979) .In most cases, managers either do nothing or rely on salvage

logging where it is consistent with management objectives to reduce

losses. Pheromone-based treatments give managers the opportunity to

take a more proactive approach to management. Aggregation and

antiaggregation pheromones can potentially be used to influence the

amount and distribution of tree mortality that occurs during an

outbreak. When fully developed and tested, these pheromone treatments

can be used in concert with existing silvicultural treatments to more

effectively minimize beetle impacts on resource values.

Urgency: Many parts of the western U.S. have experienced below normal

rainfall in recent years. Additionally, the western spruce budworm

has caused moderate to severe defoliation in many of these areas.

Wildfires have been common, resulting in an abundance of fire-injured

trees in some locations. This combination of factors has weakened

Douglas-fir trees making them susceptible to infestation by the

Douglas-fir beetle. Douglas- fir beetle populations are currently at

high levels in a number of areas where they are significantly

impacting timber, wildlife, aesthetic, cultural, and recreation

values. Forest managers currently have few options for managing this

insect, particularly in stands managed primarily for resources other

than timber. This project will result in specific recommendations for

using pheromones to protect a variety of resource values. The

current conditions provide an ideal opportunity to complete the

development of these technologies. If this project is not undertaken

at the present time, then these management options may not be fully

operational when future outbreaks threaten resource values.

A considerable amount of resources have been expended on bark

beetle pheromone research and technology development over the last

several years. Despite these efforts, there are still few tools that

are available for natural resource managers. This project will result

in specific recommendations for operational applications of pheromones

against the Douglas-fir beetle. This will not only provide much

needed alternatives for managing this insect, but it will also provide

an example of the kinds of treatments that can be developed for other

important bark beetle pests.

Scope of application: The results of this project will be applicable

throughout the range of the Douglas-fir beetle in the western U.S.

east of the Cascade Range.

Measure of success: This project will evaluate the efficacy of

aggregation and antiaggregation pheromone treatments for the

Douglas-fir beetle at an operational scale. The project will result

in specific recommendations for the use of pheromones to protect

resource values.

Link to national FHP technology development steering committee

priorities: This project was ranked as the number one priority need

for western bark beetles at the September 24-26, 1996 meeting of the

National Bark Beetle Steering Committee in Cooper Landing, Alaska.

This was the only project in the "very high priority" category.

Research basis: One of the first successful applications of a bark

beetle pheromone for management purposes involved the use of MCH

against the Douglas-fir beetle. A granular formulation of MCH was

shown to be highly effective (at rates of 40-54 g MCH/ha) in

preventing the infestation of wind thrown trees (McGregor et al.

1984).

Research over the past 5 years has demonstrated the potential value of

other pheromone-based treatments for reducing losses caused by the

Douglas-fir beetle. A series of studies from 1992 through 1995 has

lead to the development of an operational treatment for using MCH to

protect high-value, high-risk stands from infestation (Ross and

Daterman 1994, 1995a, Ross et al. 1996) .A study conducted in 1992

and 1993 demonstrated the potential for using pheromone-baited traps

to influence the distribution and possibly amount of beetle-caused

tree mortality occurring during outbreaks (Ross and Daterman, in

Press). Other recent studies have addressed questions related to the

efficiency and selectivity of mass-trapping such as lure composition,

pheromone release rates, trap design, trap placement, and beetle

dispersal (Ross and Daterman 1995b, unpublished data) .These research

results have proven the efficacy of these pheromone treatments at the

stand-level, but they still must be tested in an operational setting

at the landscape scale before they can be widely recommended.

Although tree baiting to concentrate Douglas-fir beetle infestations

has been recommended and practiced for many years (Knopf and pitman

1972, pitman 1973, Ringold et al. 1975, Thier and Weatherby 1991,

Patterson 1992), the efficacy of this treatment has never been fully

evaluated, particularly in comparison to mass-trapping.

Methods: The two primary questions to be addressed by this project

are:

1. Can a combination of pheromone treatments using the best available

technology significantly affect the amount and distribution of

Douglas-fir beetle-caused tree mortality at the landscape scale?

2. Are pheromone-baited traps more efficient and selective than

pheromone-baited trees for managing the Douglas-fir beetle?

As previously discussed, this study will involve at least four

replications of paired plots in areas with active Douglas- fir beetle

populations. One plot from each pair will receive pheromone

treatments and the other will be an untreated control. Plots will be

a minimum of 1,000 hectares in size. Paired plots will be chosen to

be as similar as possible and 20-50 km apart.

Treated plots will receive applications of both aggregation and

antiaggregation pheromones. Specific treatments for each plot will be

developed in consultation with the local land managers. A minimum of

three high-value, high-risk stands in which managers wish to prevent

or minimize tree mortality will be identified for all plots. On the

treated plots, MCH will be applied to these areas at a rate of 25-30 g

MCH/ha using current recommendations (Ross et al. 1996) .On the

control plots, these areas will remain untreated.

Trap sites will be identified on all plots, but traps will only

be placed on the treated plots. These sites will be selected to cover

the plots as uniformly as possible and to minimize the chances of

attacks on nearby host trees. Traps will be placed in openings and

non-host type stands as far as possible from host trees. Trap sites

will also be selected so that any "spill-over" attacks on nearby trees

will have minimal impact on management plans. At each trap site,

three 16-unit multiple- funnel traps will be placed at 5-10 m spacing

in a triangular pattern. Each trap will be baited with frontalin,

seudenol, and ethanol releasing at 10, 5, and 88 mgjday, respectively

(Ross and Daterman 1995b) .Hardware cloth with 12-mm openings will

be placed in the bottom funnel of each trap to minimize the catch of

non-target insects (D.W.R. unpublished data) .Other aspects of

trapping will be as previously described (Ross and Daterman, in

press) .Traps will be emptied and maintained at two week intervals

throughout the beetle flight period. Traps will be deployed at a

densityof 1 for every 4-10 hectares of host type with host type

defined as stands containing at least 30% Douglas- fir in the overstory

with a mean dbh greater than 25 cm. All Douglas-fir beetles and

associated natural enemies that are collected in the traps will be

identified and counted. A subsample of Douglas-fir beetles will be

sexed.

In addition to the traps, four locations for trap-trees will be

selected on each treated plot. At each location, commercial

Douglas-fir beetle tree-baits will be attached to 3 adjacent host

trees. At the end of the season, all baited and unbaited trees that

are mass-attacked will be measured. Bark samples will be collected

along the bole of all attacked trees to estimate the density of

Douglas-fir beetles and associated natural enemies contained in each

tree. Subsamples of Douglas-fir beetles will be sexed. Estimates of

Douglas-fir beetles and natural enemies collected in the trap trees

will be compared with numbers collected in the multiple-funnel traps

on each plot.

All plots will be surveyed at the end of the beetle flight

period. The MCH-treated stands and similar high-value stands on the

control plots will receive a 100% survey. The diameter of all

Douglas-fir trees greater than 20 cm dbh will be measured and they

will be examined for beetle attacks. Trees will be classified as

mass-attacked or unattacked based on the presence/absence of boring

dust at the base of the tree (Ross and Daterman 1994, 1995b, Ross et

al. 1996) .Currently infested and one-year-old infested trees will be

recorded separately. Older infested trees will not be recorded.

Basal area of all trees greater than 20 cm dbh will be measured at a

minimum of 4 locations in each stand. Basal area will be recorded

separately by species.

The area around each trap site or potential trap site on control

plots will also be surveyed. The size of the area surveyed will vary

depending on host tree density near each trap site (Ross and Daterman,

in press) .The size of each area will be chosen to include 20-50 host

trees. The diameter of all Douglas-fir trees greater than 20 cm dbh

will be measured and beetle attack status will be recorded for each.

A plot cruise will be conducted in all other host type stands on

treated and control plots. Plots will be located systematically

throughout host type to achieve a minimum of 10% sampling intensity.

Circular plots of 0.5 ha will be used. These plots will be sampled in

the same manner as the MCH-treated stands except that basal area

measurements will be taken only at the plot center.

We will compare the infestation levels in MCH-treated stands to

the infestation levels in untreated, high-valued stands on the control

plots. We will also compare infestation levels around trap sites to

infestation levels at similar locations on the untreated controls.

Finally, we will compare infestation levels in all other host type

stands within the treated and control plots. We will use analysis of

variance and Chi-square tests as appropriate for these comparisons.

Since our treatments may influence beetle infestations in areas

surrounding the treated plots, we will rely on aerial sketchmap data

to compare infestations around treated and control plots (Sheehan

1996) .We will compare infestations the year prior to pheromone

treatment, each year of treatment, and one year after the final

treatment. Infestations within concentric rings around the the

treated and control plots will be compared. The areas to be compared

will be 0-1.6, 1.6-3.2, and 3.2-8.0 km from the plot boundaries.

All data will be subjected to analysis of variance for a

randomized complete block design or Chi-square tests. Prior to

analysis, data will be tested for homogeneous variance and transformed

if necessary. Where F-values indicate significant differences at the

0.05 probability level, means will be compared and separated by

Fisher's protected LSD. All statistical analyses will be conducted in

consultation with statisticians in the Quantitative Sciences Group,

Department of Forest Science, Oregon State University.

Cooperators: Drs. Darrell Ross and Gary Daterman of Oregon State

University and USDA Forest Service Pacific Northwest Research Station,

respectively, will be the principal investigators with primary

responsibility for conducting this project. A modest amount of

financial support has been committed to this project from the PNW

Research Station. Furthermore, Drs. Ross and Daterman expect to

devote about 15-20% of their time to this project over the next

several years. Laboratory space and equipment from both organizations

will be used in support of this project. Both Region 1 (Ken Gibson)

and Region 4 (Steve Munson) FHP offices have expressed a strong

interest in cooperating on this project. If funds allow, this project

may be expanded to include these regions and some responsibilities

will be shared by their representatives.

We expect to have several National Forests, states, or private

companies as cooperators depending upon the final study locations.

Products: Specific recommendations for the application of aggregation

and antiaggregation pheromones to protect resources from the

Douglas-fir beetle. Preliminary recommendations will be available by

spring 1998 and final recommendations will be available by the middle

of 1999.

Publication: Results of this project will be published in an

appropriate refereed journal such as the Canadian Journal of Forest

Research, Forest Science, The Canadian Entomologist, or Journal of

Economic Entomology. The results will also be included along with

results from related projects in a technical guide(s) for forest

managers on the use of aggregation and antiaggregation pheromones to

protect resources from the Douglas- fir beetle.

Technology Transfer Plan: The results of this project will be

reported annually to forest entomologists and pest management

specialists at the National Bark Beetle Steering Committee Meeting,

Western Forest Insect Work Conference, and possibly the Entomological

Society of America Annual Meeting. Results will be published in

refereed journals as well as technical guides for managers on how to

use the technologies. By working with land managers in the treatment

design and plot installation, we will have a head start on technology

transfer. Those managers participating in this project will have the

opportunity to see the results firsthand and, hopefully, they will

communicate their observations to their peers.

Project duration: The study will be installed in the spring of 1997.

We plan to apply the pheromone treatments for a minimum of two years.

Sampling will continue for one year after the last pheromone

application. Preliminary results will be available by early 1998.

Data analyses and preparation of a final report will be completed by

the middle of 1999.

Long-term budget:

FHP

 PNW 

Station 
OSU Total

FY 1997 
67,918 
57,416 
44,520 
169,854

FY 1998 
50,000 
42,000 
33,000 
125,000

FY 1999 
12,000 
15,000 
20,000 
47,006

Total 

129,918 
114,416 
97,520 
341,854

FY 97 budget request:

 FHP 

PNW Station 

OSU

Salaries:

PI (Ross) 






10,941

PI (Daterman) 



10,000

Grad. Res. Asst. 


23,616

Classified temp. 
17,048

Student help 

8,960 

   8,000

FHP 

PNW Station 

OSU 

Other Payroll Expenses:

PI (Ross) (39%) 






4,267

PI (Daterman) (14%) 



1,400

Grad. Res. Asst. (1%) 


236

Classified temp. (25%) 
4,262

Student help (5%) 

448 

400

Other:

Supplies 


10,500 
5,764

Travel 



14,000 
8,000

Total Direct Costs 

55,218 
57,416

Indirect Costs 


12,700 



29,312

(41.5% total, 23%

requested from FHP)

Total FY 1997 request
 67,918 
57,416 

44,520

STDP PRODUCTION FUNCTION

PROJECT NUMBER: R6-97-03

PROJECT COST: $341,854

PROJECT OBJECTIVE: The intent of this project is to determine if a

combination of pheromone treatments can be used effectively at the

landscape scale to reduce Douglas-fir beetle-caused tree mortality

and, thus, negative impacts on resource values. A secondary objective

is to compare the efficacy and selectivity of pheromone-baited traps

to the more commonly employed method of baiting live trees. Based

upon previous experience, we expect .this project to demonstrate that

pheromone treatments can significantly reduce Douglas-fir

beetle-caused losses by influencing both the amount and distribution

of tree mortality during an outbreak. Furthermore, we expect to show

that the impact of pheromone-baited traps on Douglas-fir beetle

populations is greater than that of baited trees based on the numbers

of bark beetles and natural enemies that are killed by each

treatment. This project will result in a much wider application of

these pheromone-based treatments than would occur if the project is

not implemented.

ASSUMPTIONS: We assume that MCH will be registered for operational

use by EPA sometime during 1997. The use of aggregation pheromones in

traps or on trap trees does not require EPA registration. Therefore,

all of the treatments that will be used in this project should be

available for operational use by the end of 1997.

We estimate that this project will lead to an increase in

MCH-treated areas from 1% to 5% and mass-trapping from 0% to 25% of

the total infested area. MCH treatment is assumed to result in

complete protection and mass-trapping to result in a 60% reduction in

infestations.

Our calculations are based on no salvage logging of beetle- killed

trees. Although this is likely to be the case in some high-value

stands, there may be some amount of salvage logging in other areas.

If salvage logging does occur, the benefit of this project would be

reduced by the value of the timber removed depending upon the primary

value of the trees for timber versus non-timber uses.

BACKGROUND DATA:

The following are conservative estimates of average annual

Douglas-fir beetle infestations throughout the western U.S. based on recent USDA Forest Service publications (Hofacker et ai. 1991, 1992, 1993) :

Number of infested hectares = 80,000

Number of trees killed = 400,000

Volume of trees killed = 100 million bd. ft. Estimated treatment

costs including supplies, pheromones,

and labor :

Cost for MCH treatment: 
$125/ha

Cost for mass-trapping: 
$50/trap or

$5/ha @ density of 1 trap/l0 ha

The current value of Douglas-fir timber is estimated to be

$425/mbf. All of the following calculations are based on the value of

lumber in trees killed by the Douglas-fir beetle with and without

various treatments. However, the Douglas-fir beetle generally infests

the larger and more mature trees in the forest. In many cases, these

trees are far more valuable for social, cultural, and ecological

values than they are for lumber at the present time. Therefore; all

of our calculations actually underestimate the value of resources that

are saved as a result of this STDP.

CALCULATIONS:

CASH FLOWS (EXPENDITURE & OUTPUT VALUES) WITHOUT STDP

MCH treatment

Area treated annually with MCH: 80,000 ha x 0.01 = 800 ha

Expenditure: 800 ha x $125/ha = $100,000

Output values: 5 trees/ha x 800 ha = 4,000 trees

4,000 trees x 250 bf/tree = 1 mmbf

1 mmbf x $425/mbf = $425,000

Mass-trapping

No treatment occurs

Summary

Annual savings = Output -Expenditure = $425,000 -$100,000

= $325,000

Savings over a 5-year period (discounted @ 4%) = $1,504,716

CASH FLOWS (EXPENDITURE & OUTPUT VALUES) WITH STDP

---~

,

MCH treatment

Area treated annually with MCH: 80,000 ha x 0.05 = 4,000 ha

Expenditure: 4,000 ha x $125/ha = $500,000

Output values: 5 trees/ha x 4,000 ha = 20,000 trees

20,000 trees x 250 hi/tree = 5 mmbi

5 mmbi x $425/mbi = $2,125,000

Mass-trapping

Area treated annually with mass-trapping:

80,000 ha x 0.25 = 20,000 ha

Expenditure: 20,000 ha x $5/ha = $100,000

Output values: 5 trees/ha x 20,000 ha x 0.6 = 60,000 trees

60,000 trees x 250 hi/tree = 15 mmbi

15 mmbf x $425/mbf = $6,375,000

~

Summary

Annual savings = Output -Expenditure

= ($2,125,000 + $6,375,000) -

($500,000 + $100,000)

= $7,900,000

Savings over a 5-year period (discounted @ 4%) = $36,576,172

BENEFIT (CHANGE IN CASH FLOWS) ATTRIBUTABLE TO STDP

B/C: $36,576,172 -$1,504,716/ $341,854 = 102.6

BENEFIT ATTRIBUTABLE TO STDP: $341,854 x 102.6 = $35,074,220

PNV: $35,074,220 -$341,854 = $34,732,366
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