
    Special Technology Development Program
 Progress Report

PROJECT NUMBER:  R4-2001-02

PROJECT TITLE:  Development of a Monitoring and Management Tool for the Central Rocky Mountain Populations of Mountain Pine Beetle, Dendroctonus ponderosae. 
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STATUS OF SUBJECT SPECIES: Native

BRIEF DISCRIPTION OF PROJECT:

Development, publication and technology transfer of geographically specific pheromone blends for use in the management of ponderosa and lodgepole stands in the Rocky Mountain region.  Our goal is to utilize these compounds to monitor and manage mountain pine beetle populations.  Developing a successful attractant will contribute to reducing impacts that negatively effect management objectives in Rocky Mountain forests such as  recreation, wildlife, aesthetics, and timber production.

BRIEF DESCRIPTION OF THE PROJECT: Through laboratory and field studies we propose to substantially improve our ability to detect and manage populations of the mountain pine beetle in stands of ponderosa and lodgepole pine in the Rocky Mountains. Through an already established collaborative network at three locations with previously constructed rearing facilities (Ogden, UT; Gunnison CO; & Rapid City, SD), mountain pine beetles will be reared, population-specific blends of semiochemicals will be determined, and field responses will be assayed.  Trap catch data will be matched with succeeding aerial mapping data to establish an early warning tool to forecast population trends in this region of the US.  An improved mountain pine beetle attractant will also be used to bait trap trees for suppression treatments.  Management guidelines utilizing the geographically specific monitoring and tree-baiting tool will be developed and published for widespread use by land managers throughout the central Rocky Mountain area.


Primary Activities---Year 2001:
· In FY2001, field evaluations of the commercially available bait for MPB were conducted simultaneously at four locations in the Rocky Mountains (two lodgepole pine and two ponderosa pine stands).

· In FY2001, seven monoterpenes were tested as potential geographically specific additives to the commerically available bait.  Terpinolene appears to be the optimal additive.

· In FY2001, Research Associate, Elizabeth Vaughan, was hired at the University of Minnesota to sort, count, and curate the trap catches from the four field evaluations.

· In FY2001, nearly 40 semiochemical extracts of variously treated MPB were prepared at the University of Minnesota for chemical analysis.

· In FY2001, quantitative analyses of semiochemical extracts from MPB collected in lodgepole pine near Stanley, ID revealed that exo-brevicomin (males), trans-verbenol (females), and cis-verbenol (both sexes) were frequently occurring semiochemicals.  Frontalin was also present in the males.  In FY2002 and FY2003, additional chemical analyses need to be conducted—particularly stereochemical analyses.  Other analyses include more extracts from populations in CO and SD and more extracts involving feeding on pine phloem and juvenile hormone treatment from all three locations.

Primary Activities---Year 2002:
· In FY2002, professional contact was made with Dr. John Bailey, Research Director, Millenium Speciality Chemicals, Jacksonville, Florida to distill and isolate -phellandrene (the principal monoterpene of lodgepole pine oleoresin) for use in testing as a synergist with the MPB pheromone.

· In FY2002, lab evaluation of 2001 trap catches revealed that replacement of myrcene with terpinolene significantly improved the efficacy of the MPB bait by 7.2X (Stanley, ID), 14.3X (Forbes Gulch, SD), 12.5X (Vail, CO), and 87.7X (Buena Vista, CO).
· In FY2002, lab evaluation of 2001 trap catches from early July through early September revealed that peak flight activity occurred during mid-July (Buena Vista, CO), early August (Vail, CO and Forbes Gulch, SD), and late August to early September (Stanley, ID).  The sex ratio of responding MPB was female-biased. 
· In FY2002, field evaluations were conducted that compared the responses of MPB to the Standard Phero Tech commercial MPB bait (eB+tV+myrcene); the Improved Rocky Mountain MPB bait (eB+tV+ terpinolene); and the Improved bait with two different different release rates and enantiomeric blends of trans-verbenol.  The evaluation also included a treatment that contained a lodgepole pine pulping byproduct that is enriched in -phellandrene.  This evaluation ended in September 2002 and results are pending.
· In FY2002, in an effort to broaden the applicability of our monitoring and management activities, the Improved Rocky Mountain MPB bait was also evaluated on the North Kaibab Ranger District, of the Kaibab NF, north of Flagstaff, AZ. 
CHANGES TO ORIGINAL PROJECT SCOPE OR OBJECTIVES:  The scope and objectives of our project have not changed.  
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PRODUCTS AND DUE DATES:  Initial evaluations have been directed toward the development of regionally specific aggregant formulations that significantly increase mountain pine beetle trap catch (2001-2002). This project would help to establish monitoring and treatment guidelines using the new aggregants (2003).   Examples of management guidelines include:  “Monitoring of mountain pine beetle populations using pheromone baited traps” and “Use of pheromone baited traps for managing mountain pine beetle populations.”  The monitoring and treatment protocols will be disseminated through resource manager’s workshops, FHP training sessions and “How To” guides in hard copy and posted on the Internet (2003). 
STATUS OF PRODUCTS/PRESENTATIONS:  Initial evaluations of semiochemical production and response have proceeded as planned (see below).  Development of guidelines and training sessions will follow in succeeding years.

ACCOMPLISHMENTS TO DATE:  


Products:



FY2001--Semiochemical Production:  Populations of MPB were collected during the summers of 2000 and 2001 from three Rocky Mountain locations (Stanley, ID, Salida, CO, and Rapid City, SD).  The ID populations were collected in lodgepole pine, Pinus contorta, while the CO and SD populations were collected in ponderosa pine, Pinus ponderosa.  To induce pheromone production, adults from each population were treated by exposure to pine monoterpenes (e.g. alpha-pinene and myrcene) or through topical application of juvenile hormone (Table 1).  These insects were dissected and abdominal tissue extracts were made in pentane:ether.  With the ID population, adults of each sex were also fed on lodgepole and ponderosa pines and then semiochemical-laden volatiles were trapped from the adults over a ten-day period.  The samples were collected on Praia Q and extracted with pentane.

Table 1.  Semiochemical Samples Prepared from Three Rocky Mountain Populations

  of Male and Female Mountain Pine Beetle
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A check mark denotes that the sample has been extracted, analyzed quantitatively, or analyzed stereochemically.


Using these techniques, nearly 40 samples were prepared for chemical analysis.  Nearly all of the samples from the ID population have been analyzed quantitatively for semiochemical production (Table 2).  These samples are presently being analyzed for the stereochemistry of the semiochemicals.  Analysis of the abdominal extracts of males and females revealed that exo-brevicomin was present in male samples regardless of treatment.  When males were treated with juvenile hormone, they were stimulated to produce high levels of frontalin, which may be a minor attractive or interruptive pheromone component.  Females produced neither exo-brevicomin nor frontalin.  All female MPB contained trans-verbenol in their abdominal tissue regardless of treatment and the amount was elevated in females that had been exposed to alpha-pinene.  Only males exposed to alpha-pinene produced trans-verbenol, and these males also produced cis-verbenol, which was more abundantly produced than in comparably treated females.  Both sexes produced similar amounts of verbenone when exposed to alpha-pinene and females produced verbenone following other treatments as well.  Finally, males converted myrcene to ipsdienol and both sexes converted heptane to 1- and 2-heptanol.

Table 2:  Semiochemical Production by Male and Female Mountain Pine Beetles (Stanley, Idaho)

	
	
	
	Mass of Pheromone Component (ng/beetle)

	Treatment
	Sex
	number beetles
	frontalin
	exo-brevicomin
	cis-verbenol
	trans-verbenol
	verbenone
	1-heptanol
	2-heptanol
	ipsdienol
	E-    myrcenol

	
	
	
	
	
	
	
	
	
	
	
	

	R-(+)--pinene
	M
	131
	--
	204
	423
	566
	31
	--
	--
	--
	--

	
	F
	199
	--
	 
	148
	1790
	51
	--
	--
	--
	--

	S-(-)--pinene
	M
	120
	--
	117
	25
	632
	--
	--
	--
	--
	--

	
	F
	100
	--
	 
	 
	 
	 
	 
	 
	 
	 

	(±)--pinene
	M
	100
	--
	152
	144
	370
	15
	--
	--
	--
	--

	
	F
	113
	--
	 
	51
	1525
	20
	--
	--
	--
	--

	-myrcene
	M
	117
	--
	196
	--
	--
	--
	--
	--
	5
	0.29

	
	F
	121
	--
	 
	9
	169
	21
	--
	--
	--
	--

	heptane
	M
	132
	--
	72
	--
	--
	--
	11
	25
	--
	--

	
	F
	133
	--
	 
	--
	102
	17
	31
	31
	--
	--

	2.2 µg JHIII
	M
	116
	71
	17
	--
	--
	--
	--
	--
	--
	--

	
	F
	128
	--
	 
	--
	366
	20
	--
	--
	--
	--



Summary of pheromone production results:  exo-Brevicomin, trans-verbenol, and cis-verbenol have all been reported as attractive pheromone components in other populations of MPB, and the sex specificity of production of these compounds in our analyses agrees with previous work.  Both exo-brevicomin and trans-verbenol are key beetle-produced compounds in the commercial attractant of MPB.  cis-verbenol is also generally present in that attractant as a contaminant of trans-verbenol.  The stereochemistry of these compounds in our extracts may be the key to the differences in behavioral responses to the commercial bait by Rocky Mountain populations and other populations.  The results of the stereochemical analyses should be completed in FY2003.  The results of these monoterpene metabolism studies will be compared to the results of analyses of samples of volatiles trapped from phloem-fed beetles and this should place the metabolism studies in a more natural context.  In FY2003 we plan to also make abdominal extracts from phloem-fed beetles from ID.


FY2001--Semiochemical Response:  From early July, through September and October, 2001, field evaluations of MPB semiochemicals were conducted in four Rocky Mountain locations (Stanley, ID, Buena Vista and Vail, CO, and Forbes Gulch, SD).  The goal of these evaluations was to determine if any commercially available monoterpenes were more attractive to MPB than myrcene (which is part of the commercially available bait—myrcene (15 ml in a 17 ml plastic bottle release device, 1% BHT), exo-brevicomin [50%-(–), 280 g/day release rate, PVC lure], and trans-verbenol [86%-(–), 1.5 mg/day, 150 mg load, bubble cap release device], Phero Tech, Inc.).


In each of the four areas, the following eight treatments were tested on 12-unit Lindgren funnel traps:  1) eB + tV; 2)  Standard Phero Tech commercial MPB bait (eB+tV+myrcene); 3)  eB+tV+(–)--pinene; 4)  eB+tV+(+)--pinene; 5)  eB+tV+(–)--pinene; 6) eB+tV+3-carene; 7) eB+tV+Dipenten LPX (-phellandrene and limonene); and 8) eB+tV+terpinolene.  Two areas (Stanley and Vail) were lodgepole pine stands and two areas were ponderosa pine stands (Buena Vista and Forbes Gulch).  The major monoterpene component of lodgepole pine is -phellandrene; the major monoterpene components of ponderosa pine are - and -pinene, 3-carene, and myrcene.


In each of these field evaluations, the treatments were replicated 4 times in a randomized block design.  The traps were spaced at least 30 to 50 m apart and the blocks were 300 to 500 m apart.  Traps were placed at least 10 m away from infested trees or green pines and were hung on non-hosts, rebar, aluminum piping, or ropes.  The trap/lure combinations were re-randomized within the blocks each time that the traps are emptied.  Baits were replaced if it appeared that monoterpenes had completely eluted through the release devices.


Traps from all sites were emptied and the insects from each catch were placed into labeled Ziploc bags, frozen, and shipped to Seybold’s former lab in Minnesota for counting, sex determination, etc.  An M.S.-level research associate, Ms. Elizabeth Vaughan, processed and evaluated these samples under Seybold’s supervision.  During the period of evaluation, maximum flight responses of MPB occurred during mid-July (Buena Vista, CO), early-August (Forbes Gulch, SD and Vail, CO), and late-August/early-September (Stanley, Idaho) (Figure 1).  The earliest point of maximum flight occurred in the most southerly site (Buena Vista, Figure 1C) and the latest point occurred in the most northerly site (Stanley, Figure 1A).  MPB may fly before early July in these sites and that possibility will be investigated in 2003.
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Figure 1:  Relative seasonal flight responses of mountain pine beetle, Dendroctonus ponderosae, to all treatments at four sites in A) the Sawtooth National Recreation Area near Stanley, Idaho from July 10 to October 2, 2001 (approx. 12 weeks).  Total trap catch was 13,038 beetles, maximum total trap catch per day in 2001 was approx. 345 beetles recorded between August 21 and 28, and minimum total trap catch per day in 2001 was appox. 34 beetles recorded between August 7 and August 14.  B)  near Forbes Gulch, South Dakota (Meade Co.) from July 2 to September 6, 2001 (approx. 9 weeks).  Total trap catch was 5976 beetles, maximum total trap catch per day in 2001 was approx. 553 beetles recorded between August 8 and 13, and minimum total trap catch per day in 2001 was appox. 1.3 beetles recorded between July 2 and July 9.  C)  near Buena Vista, Colorado from July 2 to September 8, 2001 (approx. 10 weeks).  Total trap catch was 733 beetles, maximum total trap catch per day in 2001 was approx. 73 beetles recorded between July 13 and July 20, and minimum total trap catch per day in 2001 was 0 beetles recorded between Sept. 1 and 8.  D)  near Vail, Colorado from July 2 to September 8, 2001 (approx. 10 weeks).  Total trap catch was 1975 beetles, maximum total trap catch per day in 2001 was approx. 93 beetles recorded between August 3 and 9, whereas minimum total trap catch per day in 2001 was 6 beetles recorded between August 31 and Sept. 8.  For all four locations, dates are plotted as the midpoint of each trapping interval.


At all four Rocky Mountain sites the preferred bait contained terpinolene (Figure 2).  The improvement in response using terpinolene rather than myrcene ranged from 7.2X (Stanley, ID) to 87.7X (Buena Vista, CO).  In three of the four sites, Dipenten LPX, a resin distillation byproduct from Millenium Specialty Products, also resulted in higher responses than myrcene.  We attribute the effect of Dipenten LPX to the -phellandrene or limonene in the product and plan to work with Millenium Specialty Products to isolate pure -phellandrene from lodgepole pine resin to test with MPB.  Of the four populations investigated, the Forbes Gulch population from the Black Hills (Figure 2B) was different in that it responded at a relatively high rate to monoterpenes besides terpinolene.  The overall sex ratios (female:male) of MPB responding to all treatments in 2001 were all female-biased perhaps indicating that a female-produced attractant might yet be identified from the Rocky Mountain populations of MPB:  1) Stanley, ID—3.1:1; Forbes Gulch, SD—2.3:1; Buena Vista, CO—2.1:1; and Vail, CO—9.2:1.
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Figure 2:  Flight response of mountain pine beetle, Dendroctonus ponderosae, to eight treatments at four sites in:  A) the Sawtooth National Recreation Area near Stanley, Idaho from July 10 to October 2, 2001 (approx. 12 weeks); B)  near Forbes Gulch, South Dakota (Meade Co.) from July 2 to September 6, 2001 (approx. 9 weeks); C)  near Buena Vista, Colorado from July 2 to September 8, 2001 (approx. 10 weeks); and D)  near Vail, Colorado from July 2 to September 8, 2001 (approx. 10 weeks).  Responses are plotted as trap catches per week over both sexes.  All treatments included standard Phero Tech exo-brevicomin (racemic) and trans-verbenol [86%-(–)-enantiomer, 1.5 mg/day, 150 mg load, bubble cap release device] either alone or in combination with one monoterpene released from a 17 ml plastic release bottle.  Each monoterpene also contained 1% BHT by weight to limit oxidation in the field.  The commercially available formulation of D. ponderosae pheromone consists of exo-brevicomin, trans-verbenol, and myrcene—second treatment from the left in each of the four histograms.

FY2002--Semiochemical Response:  From mid-July, through early September, 2002, a second round of 
field evaluations of MPB semiochemicals were conducted at five Rocky Mountain locations (Stanley, ID, 
Buena Vista and Vail, CO, Forbes Gulch, SD, and North Kaibab, AZ).  The goal of these evaluations was 
to determine whether different release rates and enantiomeric blends of trans-verbenol would improve the 
MPB response to PheroTech exo-brevicomin [50%-(–), 280 g/day release rate, PVC lure] and terpinolene.  
The standard Phero Tech  trans-verbenol is loaded with 150 mg of material [86%-(–)] and is released at 1.5 
mg/day from a bubble cap.  We used trans-verbenol of higher enantiomeric purities [both (–)- and (+)-] 
with the same load and release rate and a lower (sub milligram) release rate (=intermediate release rate) in 
our evaluations.  These evaluations also included a treatment containing an “oil” of lodgepole pine that was 
derived from lodgepole pulp effluent.  This product is enriched in -phellandrene [(-)--phellandrene, 38% 
chemical purity, but also contains 3-carene, limonene, terpinolene, and - and -pinene].  The lodgepole 
pine oil was released from a 17 ml plastic bottle.  The experimental formulations of trans-verbenol and the 
lodgepole pine oil were provided by Phero Tech, Inc., Delta, British Columbia.  



In each of the four areas, the following eight treatments were tested on 12-unit Lindgren funnel traps:  
1)  Standard Phero Tech commercial MPB bait (eB+tV+myrcene); 2) Improved Rocky Mountain MPB bait 
(eB+tV+ terpinolene); 3)  eB+terpinolene; 4)  eB+intermediate release rate (+)-tV+ terpinolene; 5) 
eB+ high release rate (+)-tV+ terpinolene;  6)  eB+intermediate release rate (–)-tV+ terpinolene; and 7) 
eB+ high release rate (–)-tV+ terpinolene; and 8)  eB+tV+lodgepole pine oil (-phellandrene enriched).


In the fifth area (North Kaibab Ranger District), three pairs of traps were installed and one trap in each pair 
was baited with Standard Phero Tech commercial MPB bait (treatment 1 above) and the other trap was 
baited with the Improved Rocky Mountain MPB bait (treatment 2 above).  The location of each treatment 
in each pair was randomly allocated between the two trap sites each week so that the efficacy of the 
Improved Rocky Mountain MPB bait can be evaluated statistically in this region.  Trapping methodology 
and handling of trap catches was carried out identically as in 2001.  Trap catches will be shipped to 
Seybold’s new laboratory in Davis, CA for processing in Fall, 2002.



FY2003--Semiochemical Response:  Although terpinolene has been shown to be the most active 
monoterpene synergist for attracting Rocky Mountain populations of MPB, we have not been able to 
evaluate the efficacy of -phellandrene, which is the most abundant monoterpene in lodgepole pine 
oleoresin.  We have made provisions with the R&D personnel of Millenium Specialty Products to distill 
-phellandrene from lodgepole pine resin for use in future field evaluations, and will continue to attempt to 
harvest enough of this resin to procure -phellandrene for field testing.  Whichever of terpinolene or 
-phellandrene ultimately becomes the best monoterpene component in the bait, we will explore the 
following field evaluations in FY2003:

1) Test the relative release rates of terpinolene or -phellandrene relative to fixed release rates of eB and tV.

2) Test the relative release rates of eB to tV while holding the terpinolene or -phellandrene release rate constant.

3) Test the effect of  (+)- vs. (–)-eB on the response of MPB.



In addition to these studies we are interested in the potential for additional female-produced attractants as 
suggested by the female-biased sex ratios in the 2001 field evaluations.  We will examine the female 
extracts prepared in FY2001 for any female-specific compounds and perhaps use GC-EAD to screen the 
extracts for potential behaviorally active compounds.  We are also planning to begin monitoring the 
flight of MPB earlier in the season (e.g. early May) at all five sites by installing four traps baited with the 
Improved Rocky Mountain MPB bait and four traps baited with the Standard Phero Tech commercial MPB 
bait and emptying these traps on a weekly basis from May through September.  

Products: 2001 results were presented at the 2001 Bark Beetle Technical Working Group meeting in Taos, New Mexico.

Publications:  There have been no publications associated with the project in FY2001 or FY2002.  After the 2003 field season, the results of the three-year program will be submitted to a referred Journal.


Technology Transfer:  Technology transfer is planned for 2002-2003 as follows:  1) Project outcomes will be presented at the 2002 Bark Beetle Technical Working Group Meeting (Reno, Nevada, December 3-5, 2002) by Munson, Seybold, or Eager and 2).  Project outcomes will be presented at the 2003 Western Forest Insect Work Conference (Guadalajara, Mexico, March, 2003) by Munson, Seybold, or Eager.

FUNDS OBLIGATED FROM BEGINNING OF PROJECT THROUGH CURRENT FISCAL YEAR:

	
	Item
	Requested Funding
	Received Funding
	Expended Funding

	FY 2001
	
	
	
	

	Administration
	Salary
	35,000
	35,000
	35,000

	
	Overhead
	
	
	

	
	Travel
	5,000
	5,000
	5,000

	Procurements
	Contracting
	0
	0
	0

	
	Equipment
	1,200
	1,200
	1,200

	
	Supplies
	1,800
	1,800
	1,800

	YEAR TOTALS
	
	43,000
	43,000
	43,000


	FY 2002
	
	
	
	

	Administration
	Salary
	36,000
	36,000
	21,000

	
	Overhead
	
	
	

	
	Travel
	5,000
	5,000
	5,000

	Procurements
	Contracting
	0
	
	

	
	Equipment
	1,200
	1,200
	1,200

	
	Supplies
	1,800
	1,800
	1,800

	YEAR TOTALS
	
	44,000
	44,000
	29,000

	
	
	
	
	


	CURRENT YEAR

FY 2003
	
	Requested FHP STDP Funding
	Other Source Funding
	Source

	Administration
	Salary
	37,000
	5,500

8,000
	PSW 

FHP

	
	Overhead
	
	
	

	
	Travel
	5,000
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	1,200
	
	

	
	Supplies
	1,800
	
	

	
	
	
	
	

	YEAR TOTALS
	
	45,000
	
	

	PROJECT TOTALS
	
	45,000
	13,500
	


EXPECTED BUDGET FOR NEXT FISCAL YEAR:

	 
	
	Requested FHP STDP Funding
	Other Source Funding
	Source

	Administration
	Salary
	52,000
	5,500

8,000
	PSW 

FHP

	
	Overhead
	
	
	

	
	Travel
	5,000
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	1,200
	
	

	
	Supplies
	1,800
	
	

	
	
	
	
	

	YEAR TOTALS
	
	60,000
	
	

	PROJECT TOTALS
	
	60,000
	13,500
	


DIFFERENCE BETWEEN ORIGINAL AND AMENDED REQUESTS AND JUSTIFICATION:

   $15,000 of the $36,000 in salary costs in FY2002 were recalled by the Washington Office to support the

Forest Service fire budget defiecit in the first round of budget requests on August 6, 2002.    Work not completed in FY02 as a result of the budget loss will have to be completed using exisiting PSW and FHP program funds or if approved, the $15,000 added to the FY03 STDP funding request. 

STDP FUNDING NEEDED:

	Fiscal Year
	STDP Funding 
	Other source funding
	Source

	2003
	60,000
	13,500
	FHP, PSW
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		population		treatment		sex		# beetles		extracted		quantitative analysis		stereochemical analysis

		Idaho				m		131		P		P		P

						f		199		P		P		P

						m		120		P		P		P

						f		100

						m		100		P		P		P

						f		113		P		P

						m		117		P		P

						f		121		P		P

				heptane		m		132		P		P

						f		133		P		P

						m		116		P		P

						f		128		P		P		P

				fed on ponderosa pine (CO)		m		~150

						f		~200		P

				fed on lodgepole pine (ID)		m

						f

		Colorado				m

						f		60		P

						m

						f		111

						m

						f		117		P

						m

						f		97

				heptane		m

						f		118

		South Dakota				m		15

						f		16

						m		~50 (4 reps)

						f		~50 (4 reps)

				acetone               (pre-emerged)		m		~50 (4 reps)

						f		~50 (4 reps)
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