Special Technology Development Program

New Project Proposal

PROJECT NUMBER: R5-2003-02

PROJECT TITLE: The Efficacy of Verbenone for Prevention and Suppression of Western Pine Beetle Infestations in Ponderosa Pine Stands

PROJECT STATUS: New

EXPECTED PROJECT DURATION:  Two

EXPECTED COMPLETION DATE OF THE PROJECT: 2004  

SUBJECT: 


1. Total Suppression/Prevention Technology 100%



a. Total Biological Control




iii. Synthetic hormones/pheromones 100%

STATUS OF SUBJECT SPECIES: native 

PROJECT OBJECTIVES:  

1) To determine the the efficacy of the high-release verbenone pouch for preventing and suppressing  western pine beetle infestations.

2) To develop guidelines for using verbenone as a tool for western pine beetle management.

BRIEF DESCRIPTION OF PROJECT:

FY 2003: To be completed in FY 2003.

1) Implementation of treatments (June, July)

2) Post-treatment evaluations (August)

FY 2004: To be completed in FY 2004.

3) Implementation of treatments (June, July)

4) Post-treatment evaluations (August)

5) Data summary and analyses (September)

6) Final report, peer-reviewed publication initiated (October)

FHP LEAD CONTACT:

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax
Sheri Smith
USDA Forest Service – FHP
530-252-6667 (v)


R5, Susanville, CA
ssmith@fs.fed.us
FHP LEAD INVOLVEMENT:


Role

Time Commitment

1) Preparation and submission of STDP


5 hrs.

2) Assist with field evaluations



20 hrs.

3) Assist with manuscript preparation and review


20 hrs.

5) Technology transfer to end users



40 hrs.

PRINCIPAL INVESTIGATOR (S):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Christopher J. Fettig
USDA Forest Service – Pacific Southwest
530-758-5151 (v)


Research Station, Davis, CA
530-758-5155 (f)



cfettig@davis.com
Robert R. Borys
USDA Forest Service – Pacific Southwest
530-295-4852 (v)


Research Station, Placerville, CA
530-622-2633 (f)



rborys@fs.fed.us
PRINCIPAL INVESTIGATOR (S) INVOLVEMENT:

Name
Role

Time Commitment

1) Preparation of STDP



20 hrs.

2) Conduct field evaluations



160 hrs.

3) Data acquisition and analyses



100 hrs.

4) Manuscript preparation



100 hrs.
COOPERATORS: 

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Steven J. Seybold
USDA Forest Service – Pacific Southwest
sseybold@fs.fed.us

Research Station, Davis, CA

Mike Grimm
USDA Forest Service – R5
530-647-5382


Placerville, CA
mgrimm@fs.fed.us
Dennis Poehlmann
USDA Forest Service – R5
530-926-4511


Mt. Shasta City, CA                                   dpoehlmann@fs.fed.us
COOPERATOR INVOLVEMENT:

Name
Role

Time Commitment

Steven J. Seybold
chemical analyzes


40 hrs.

Mike Grimm
locate suitable study plots


10 hrs.


(El Dorado National Forest) 

Dennis Poehlmann
locate suitable study plots


10 hrs.


(Shasta-Trinity National Forest)

JUSTIFICATION:  The western pine beetle is a major cause of ponderosa pine mortality in the western USA and particularly in California.  Under certain conditions, the beetle can aggressively attack and kill apparently healthy trees of all ages and size classes.  The total annual loss from the western pine beetle ranges from 500 million to 3.5 billion board feet.  The average loss is substantial, and has been estimated at approximately 1 billion board feet annually (Miller and Keen 1960).  Much of the mortality occurs within the large diameter classes.  Typically, under current land management objectives, the large diameter size trees are a desired and critical component of forested ecosystems and retaining them on the landscape is important to meet a variety of habitat requirements, many habitat requirements are associated with threatened, endangered or sensitive wildlife species (TES species).   Currently, the availability of pest management techniques for preventing or suppressing infestations is limited to prevention thinning or preventive chemical treatments.  In many cases, these treatment options are not available for the land managers to implement due to various constraints associated with managing habitat for TES species.  Previous studies have explored the possibility of using verbenone bubblecaps (8 mg/d) as a method of control.  Results were favorable, but inconclusive.   This study is the first to use a high release device (pouch @ 50 mg/d), which is believed to be one of the limiting factors in previous studies.

URGENCY:  This project does not address a crisis situation.  However, we are observing increasing levels of ponderosa pine mortality throughout R5.   Mortality observed in ponderosa pine in California is estimated to be about 500 million board feet annually during protracted drought periods.  Protracted drought periods are common in CA and throughout the West, therefore, elevated levels of tree mortality caused by western pine beetle will continue to be a concern.  Several areas in CA are currently into the third or fourth year of a drought and mortality has increased substantially.

NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY:  
Priority 1: __
Priority 2: X
Priority 3: __
Priority 4: __

The proposed work attempts to develop a technique that will facilitate management of western pine beetle infestations with semiochemicals.

TECHNICAL COMMITTEE DEVELOPMENT PRIORITY:  

Priority 1: __
Priority 2: __
Priority 3: X
Priority 4: __



Priority 5: __
Priority 6: __
Priority 7: __
Priority 8: __

The proposed work attempts to improve techniques available for managing western pine beetle infestations.

SCOPE OF APPLICATION: The results would be relevant throughout the range of ponderosa pine in the western USA.  

RESEARCH BASIS:  

Verbenone (4,6,6-trimethylbicyclo[3.1.1]-hept-3-en-2-one) is the primary antiaggregation pheromone of the mountain pine beetle, Dendroctonus ponderosae Hopkins, southern pine beetle, Dendroctonus frontalis Zimmermann, and western pine beetle, Dendroctonus brevicomis LeConte.  It was first identified in males of the southern and western pine beetles by Renwick (1967), and subsequently in the hindgut of emergent and feeding female mountain pine beetles (Pitman and others 1969).  Verbenone is naturally derived from three sources: (1) the beetles themselves, (2) auto-oxidation of (-pinene and subsequently cis- and trans-verbenol to verbenone (Lindgren and Borden 1989), and (3) auto-oxidation from cis- and trans-verbenol to verbenone by microorganisms (typically yeasts) associated with bark beetle species.  It is assumed that verbenone reduces the negative impacts of intraspecific competition by reducing the overcrowding of developing brood. 

In recent years, verbenone has been evaluated as a tool for mitigating stand losses due to bark beetle infestations.  Most other management techniques incorporate the use of tree felling, insecticides, or both which may not be desirable or applicable depending on the objectives or other limitations (i.e., wilderness designations).  In the southern USA, verbenone is used once a southern pine beetle infestation (termed “spot”) has formed to reduce future spot growth (Clarke and others 1999).  In general, by placing elution devices containing synthetic verbenone on all freshly attacked trees and a suitable buffer of uninfested trees at the active margin (termed “head”) of the spot, emerging and reemerging beetles are forced to disperse in search of unoccupied hosts.  Spot growth is often reduced and sometimes completely suppressed.  Verbenone is now available commercially in a slow-release polyethylene pouch (Phero Tech Inc., Delta, BC) that has received U. S. Environmental Protection Agency (EPA) registration for use in forest stands containing southern pines (EPA Reg. No. 56261-CN-1 (1999)).  Currently, workshops are being conducted to facilitate the technology transfer of the verbenone suppression tactic for southern pine beetle management.  

In the western USA, verbenone has not been registered for operational use, but may be used for experimental purposes on a total of less than 250 acres nationwide per year (59 FR 3681).  EPA is likely to consider adding ponderosa and lodgepole pines to the verbenone label in 2003 (S. Burke, Phero Tech Inc., personal communication).  Research efforts in the western USA have concentrated on using verbenone for small-scale stand protection.  Most field evaluations have concentrated on D. ponderosae populations, and results have often been favorable. Verbenone released from multiple points in stands of lodgepole pine significantly reduced infestation levels in some studies (Amman and others 1989, 1991; Lindgren and others 1989, Gibson and others 1991, Shea and others 1992, Shore and others 1992, Lindgren and Borden 1993, K. Gibson 2001, personal communication), but not others (Gibson and others 1991).  In general, the application of verbenone has been unsuccessful in reducing the number of D. ponderosae-attacked trees in ponderosa pine (Bentz and others 1989, Lister and others 1990, Gibson and others 1991).

In 1970, it was first demonstrated in a laboratory bioassay that verbenone elicited a response on tethered, flying D. brevicomis females (Hughes and Pitman 1970). Bedard and others (1980a) showed that verbenone reduced the number of D. brevicomis trapped at a baited source.  Trap catches were further reduced by higher verbenone release rates (4 mg/d vs. 40 mg/d) (Bedard and others 1980a, b).  In another study, the catch was inversely related to the release rate of verbenone (Tilden and Bedard 1988).  The authors suggested that if released in high enough quantities, verbenone could disrupt the natural process of host finding and colonization by western pine beetle.  The combination of ipsdienol and verbenone was shown to further reduce the aggregation of beetles and mean attack densities on individual trees; however, all trees were attacked (Bertram and Paine 1994a, b).  To our knowledge, no studies have been published on the efficacy of verbenone for prevention or suppression of D. brevicomis infestations in ponderosa pine stands although studies have been conducted by Shea et al. (unpublished data). 

After reviewing previously published studies on the use of verbenone for western bark beetle (mostly D. ponderosae) suppression the following limitations were found:

1) Documentation of temperature regimes: To our knowledge, none of the previous studies has adequately documented temperature within stands.  However, several authors have speculated on the effects of temperature on the limitations of their results.

2) Documentation of stand conditions: To our knowledge, few studies have adequately documented stand structure and composition, as well as topographic features that likely influence pheromone plume concentrations and distributions within stands.  Semiochemicals released from any given point source diffuse outward passively into a three dimensional airspace.  Concentrations rapidly decrease with increasing distance from the point source.  Variations in stand structure (i.e., density, crown closure, presence or absence of under and mid-stories), as well as topographic features (i.e., slope, aspect, etc.) cause changes in microclimate and air-flow that may explain some of the variation observed among different studies (i.e., chimney effect).  For instance, in areas of direct sunlight, verbenone may be photoisomerized to chrysanthanone (Kostyk and others 1993), a compound with no known behavioral effects on scolytid bark beetles.  The addition of a UV stabilizer to the new verbenone pouch is thought to greatly reduce or eliminate the potential for photoisomerization to occur.  

3) Sample sizes: Positive efficacy trends appear common among studies, however, due to the inherent variation encountered in these types of studies many were not found to be statistically significant (e.g., Lister and others 1990).  To that end, most of the previous studies suffer from inadequate samples sizes, at both the replicate and plot-size level, that do not permit the authors to make sound, statistical conclusions.

4) Beetle populations: Several studies have failed to adequately evaluate verbenone presumably because of a lack of beetle pressure.  Amman and others (1989) suggested that baiting is essential to creating a robust and rigorous examination of the verbenone suppression technique, and before any such technique should be adopted for operational use.  Furthermore, beetle populations tend to be cyclic and none of the previous studies were repeated during consecutive years in the same location.     

5) Release devices/technologies: In a recent study conducted in British Columbia, verbenone pouches proved superior to verbenone bubble caps for prevention of D. ponderosae infestations in lodgepole pine (D. Wakarchuk, Phero Tech Inc., personal communication).  The pouches (+16/-84) release at 50 mg/day at 30 (C, and have an approximate field life of 40 days.  Bubblecaps (+16/-84) release at only 8 mg/day at 30 (C, and have an approximate field life of 30 days (Bruce Thompson, Phero Tech Inc, personal communication).  In a preliminary report, Ralph Their, FHP, Boise, ID, also reported promising results using the high release pouches.  We suggest that the higher release rates afforded by the verbenone pouch will be important in western pine beetle suppression.  

METHODS:

The following treatments will be evaluated:

1) No verbenone pouches (control)

2) Verbenone pouches deployed in a gridded configuration at 125 pouches/ha

This study will be conducted over a period of two years at two locations.  The experimental design will be a randomized complete block with two treatments and six replicates (3 reps/treatment/block).  Blocking will occur on the basis of location (df = trt1, block1, blockXtrt1, error2, total5).  Plots will be 2 ha, square or rectangular in shape, and predominately (> 60% BA) ponderosa pine.  Adjacent plots will be separated by at minimum of 400 m.  Three replicates of each treatment will be evaluated on the McCloud RD, Shasta-Trinity National Forest, and three on the Placerville RD, Eldorado National Forest.

Verbenone pouches (Phero Tech Inc., Delta, BC) will be deployed twice annually (June 1, July 1) on a grid, approximately 9.1 by 9.1 m (30 by 30 ft).  Pouches will be stapled at approximately 2 m in height on the bole of 250 trees per plot at the northern aspect.  Pouches from the June application will be removed when the second application is made in July.  A random subsample of pouches will be immediately removed followed receipt of shipment, and stored in a deep freeze for verification of chemical purity by GC-MS analysis.  On weekly intervals, one verbenone pouch per plot (n = 6) will be removed, and stored in a deep freeze for verification of chemical purity and determination of release rates.  Each pouch that is removed for analysis will be immediately replaced with a fresh pouch.

Western pine beetle tree baits (Phero Tech Inc., Delta, BC) consisting of aggregation pheromones exo-brevicomin and frontalin, and the host volatile myrecene, will be placed annually in the center of each plot (control and verbenone-treated) to create additional beetle pressure and a robust examination of this treatment (Amman and others 1989).  One tree bait will be attached to each bole of three trees closest to plot center at approximately 2 m in height at the northern aspect.  Application will coincide with that of the verbenone pouches.  Verbenone pouches and tree baits will be removed from each plot on August 1 of each year.

One HOBO data logger will be placed in each plot for accumulated of temperature data.  This data will later be used to describe the general temperature regime (i.e., maximum, minimum, mean) within each of these stands.   

The following pre-treatment data will be determined for each plot by established 9 – 0.2 acre subplots::

1) Number of trees per hectare

2) Mean DBH

3) Basal area per hectare

4) Ponderosa pine basal area per hectare

5) Non ponderosa pine basal area per hectare 

6) Percent crown cover    

7) Mean slope

8) Aspect

A 100% cruise will be conducted pre- and post treatment on each plot in 2003 and 2004 for the purpose of locating bark beetle infested trees.  Post treatment evaluations will begin immediately after the removal of verbenone treatments on August 1.  For all ponderosa pine >15 cm DBH, the number of D. brevicomis-attacked and -unattacked trees, pitch-out trees (i.e., trees that were unsuccessfully attacked), and D. valens-attacked trees will be recorded.  Any trees containing bark beetle attacks will be tagged, and the tree species, DBH, and crown position recorded.  At each location, one plot will be randomly selected, and immediately re-cruised following completion of initial cruises for quality insurance.  All trees with evidence of bark beetle activity will be geo-referenced by UTM coordinate.    

The primary variable of interest is the number of D. brevicomis-attacked trees occurring per unit area during the 60 day period.  Furthermore, we will determine whether the application of verbenone significantly affects the number of trees containing pitch-outs (i.e., sublethal attacks), and the attack frequency distribution within diameter class.   

In an adjacent area 1000 m from any plot (at both McCloud and Placerville RD), a series of three 12-unit Lindgren funnel traps will be placed for quantifying flight periodicity within each area.  Traps will be separated by a minimum of 400m and will be baited with western pine beetle lures that are to be replaced monthly (Phero Tech Inc., Delta, BC).  Catches will be removed biweekly, placed in vials, and returned to the laboratory for identification and tally.  

MEASURES OF SUCCESS:

Standard of Success:  Success of the project will be measured by the completion of a final report that details the results, and development of a verbenone suppression tactic for western pine beetle management.  The final report will also serve as a manuscript for publication in a scientific outlet.  

Expected Outcomes:  We expect to find statistically significant differences between treatments.  We anticipate that the verbenone treatment using the high release pouch will result in the least amount of western pine beetle-caused tree mortality, and that the control plots will have significantly more mortality. We also expect to see a difference in the effectiveness of this technique based on stand composition, structure, and topographic features that will likely prompt further investigations and refinement of the technique.  Based on these results, we expect that we will be able to provide sufficient guidelines based on sound, scientific data for managing western pine beetle populations with the high-release verbenone pouch. 

PUBLICATIONS AND PRESENTATIONS:

· Western Journal of Applied Forestry (forest manager/scientific)

· Western Forest Insect Work Conference, Bark Beetle Technical Working Group, Entomological Society of America

TECHNOLOGY TRANSFER:  This technology is being developed in collaboration with silviculturalists on two districts (Mike Grimm Placerville RD, El Dorado NF; Denis Poehlmann, McCloud RD, Shasta-Trinity NF).  These cooperators will be included in all facets of the study.  Research findings will be delivered to these cooperators in a timely manner in both verbal and written formats.  Technology transfer will be sustained through training sessions, consultations with FHP Entomologists, presentations at regional and national meetings, and subsequent publications.

PRODUCT LEVERAGING:  Yes, previous studies documented that western pine beetle responded to verbenone (Hughes and Pitman 1970, and that it could reduce trap catches (Bedard and others 1980a,b; Tilden and Bedard 1988).  Shea et al. (unpublished data) demonstrated that verbenone bubblecaps showed promised for suppression of western pine beetle infestations in the field.  

LONG-TERM BUDGET REQUEST: 

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	FY  2003
	
	
	
	

	Administration
	Salary
	
	$ 32,000.00
	PSW

	
	Overhead
	
	
	

	
	Travel
	$ 2000.00
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	
	$ 2,575.00
	PSW

	
	Supplies
	$ 20,580.00
	
	

	YEAR TOTALS
	
	$ 22,580.00
	$ 34,875.00
	PSW


	FY 2004
	
	
	
	

	Administration
	Salary
	
	$ 33,600.00
	PSW

	
	Overhead
	
	
	

	
	Travel
	$2000.00
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	
	$ 2,575.00
	PSW

	
	Supplies
	$20,580.00
	
	

	YEAR TOTALS
	
	$22,580.00
	$ 36,175.00
	PSW

	
	
	
	
	

	PROJECT TOTALS
	
	$ 45,160.00
	$ 71,050.00
	


LONG-TERM BUDGET REQUEST EXPLANATION: Travel budget includes cost of transportation, lodging, and per diem from Placerville, CA to Shasta City, CA for Principal Invesigators and one seasonal technician.  Supplies include the cost of 3100 verbenone pouches ($6/unit), 25 western pine beetle tree baits ($8/unit), and 35 western pine beetle lures ($8/unit).  Other costs such as salaries, equipment, overhead, etc. will be covered by PSW 4502. 

BENEFITS:  This project will provide a new technique for managing western pine beetle populations using semiochemicals.  The technique is likely most applicable to protecting high value stands, and will benefit land managers at all levels.
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