Special Technology Development Program

New Project Proposal

PROJECT NUMBER:  NA-2003-01

PROJECT TITLE: Enhancing biological control of hemlock woolly adelgid, Adelges tsugae, through the development of effective mass rearing procedures for exotic predators  

PROJECT STATUS: New
EXPECTED PROJECT DURATION: 2 years

EXPECTED COMPLETION DATE OF THE PROJECT :  FY 04
SUBJECT (This is a hierarchical table that helps us understand our financial investment.  Please indicate percentage of funding for all that apply; total percentage for numbers 1-6 should equal 100): 

	1. Total Suppression/Prevention Technology
	%
	
	2. Survey and Monitoring Technology
	%
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	%
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	%
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ii. Methods and Guidelines %
	
	%
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	%
	

	e. Other


	
	%
	6. Other


	%
	


STATUS OF SUBJECT SPECIES: non-native invasive
PROJECT OBJECTIVES: Improve and refine mass rearing procedures for exotic predators of hemlock woolly adelgid for use in biological control

BRIEF DESCRIPTION OF PROJECT:  We will develop improved procedures for the mass culture of insect predators of hemlock woolly adelgid (HWA), an exotic pest introduced from Asia. Three species of coccinellid predators, Scymnus sinuanodulus, Scymnus ningshanensis and Scymnus camptodromus, imported from China, are being evaluated as potential biological controls. However, existing difficulties in rearing viable and large numbers of these coccinellids have hampered possibilities for field release trials to evaluate their impacts. We will re-examine existing protocols for rearing Scymnus predators, identify the problems, and introduce new techniques based on cumulative experience with successful mass rearing of Pseudoscymnus tsugae, another exotic predator of HWA. New collections of Scymnus species from China will be used to augment laboratory populations and increase their genetic variability. Year 1 will focus on solving rearing problems. In Year 2, we will refine technologies for mass rearing Scymnus predators, test the feasibility of using artificial diets as alternative food sources, and build the populations in preparation for field releases. 

FHP LEAD CONTACT:

Name                       Affiliation (Office or Dept.)                         Phone, E-mail, Fax
Dennis Souto            FHP, NA, Durham, NH                                       (603) 868 7717, dsouto@fs.fed.us
                                                                    (603) 868 7604 (Fax)

FHP LEAD INVOLVEMENT:                  Role

           Time Commitment

Advice and interaction; Identification of areas for field releases.                      5% 
PRINCIPAL INVESTIGATOR(S) :
Name                      Affiliation (Office or Dept.)
Phone, E-mail FAX, 

Kathleen Shields     FS NERS, Hamden, CT                                      (203) 230 4320, kshields@fs.fed.us 



(203) 230 4315 (FAX)

Carole Cheah       CT Agricultural Experiment Stn.                           (203) 230 4305 ccheah@fs.fed.us
                             Located at NERS, Hamden, CT                             (203) 230 4315 (FAX)           

PRINCIPAL INVESTIGATOR(S) INVOLVEMENT:

Name
Role
                Time Commitment

Kathleen Shields   Project oversight, interaction on biology, pathology                 20%

Carole Cheah        Lead investigator of rearing problems;                                       90%

COOPERATORS 

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

Bradley Onken                   FS-FH, NA                                          (304) 285 1546  bonken@fs.fed.us
                                           Morgantown, WV                                (304) 285 1505 (FAX)

Michael Montgomery        FS NERS                                             (203) 230 4331; (203) 230 4315 FAX

                                              Hamden, CT                                     memontgomery@fs.fed.us 

Dan Palmer                        NJDA, Trenton                                    (609) 530 4193; (609) 530 419 (FAX) 

                                                                                                        daniel.palmer@ag.state.nj.us
COOPERATOR INVOLVEMENT:

Name
Role
                   Time Commitment

B. Onken              Advice and interaction                                                                    5%

M. Montgomery   Field collections in China; input on Scymnus biology                  10%

D. Palmer             Concurrent rearing of S. sinuanodulus                                          40%

JUSTIFICATION:  Hemlock woolly adelgid, (HWA), a devastating invasive pest from Asia, currently infests about half the range of eastern hemlock, Tsuga canadensis, and Carolina hemlock, T. caroliniana (Onken 2002). Biological control remains the most viable strategy for long-term management of HWA in eastern hemlock forests, but only one introduced predator, Pseudoscymnus tsugae, has been mass reared and released in infested states. Multi-state releases of P. tsugae were initiated in 1999, but the impact and effectiveness of this predator is still being assessed. HWA in its native range in Asia is thought to be kept under control by a broad complex of natural enemies. In the U.S., attention is now being focused on other potential biological control agents under development, including new species of coccinellid predators from China, Scymnus sinuanodulus, Scymnus ningshanensis and Scymnus camptodromus. Caged field evaluations of S. sinuanodulus and S. ningshanensis indicate that both show promise as biocontrols (Montgomery et al. 2002). The inability to rear significant numbers of Scymnus species for field release and in-depth evaluation is the single most critical impediment to establishment of one or more of these predators in a coordinated FHP effort to manage and slow the spread of HWA populations. This project will address these key issues.

URGENCY: This project is directed toward biocontrol of HWA, the most serious established and widespread pest of eastern hemlock forests. With current climatic warming trends, HWA populations are rapidly expanding at their northern, southern and western fringes.  Implementation of new biological control agents is critical to current efforts to manage and slow the spread of HWA populations, save native hemlock stands and prevent accumulation of standing dead timber.

NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY:

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

This project addresses the need for improved technology to rear sufficient numbers of Scymnus species for field release and evaluation of these new biological control agents of HWA, a non-native forest pest established in at least 15 eastern states. 

TECHNICAL COMMITTEE DEVELOPMENT PRIORITY:

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



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

This project focuses on developing improved biological control capabilities for management of hemlock woolly adelgid, a non-native insect pest of eastern forests.

SCOPE OF APPLICATION: Results would potentially be applicable throughout the range of hemlock in eastern North America, from Canada to the southern Appalachians.  Once established, biological controls are permanent and would eventually spread across the entire infested area. Establishment of effective predators would result in maintaining HWA populations at low, non-injurious levels.

RESEARCH BASIS:  Previous field studies have demonstrated the potential of Chinese coccinellids, S. sinuanodulus and S. ningshanensis to reduce HWA populations (Montgomery 2000; Montgomery & Havill 2001; Montgomery et al. 2001; Montgomery & Havill 2001; STDP NA-2001-05). The next step in the development of an effective biological control program for HWA is to test these species in field releases. To date, this has not been possible due to problems in mass rearing.  Previous research on the biology, life history and evaluation of Pseudoscymnus tsugae, a closely-related Asian coccinellid species, has established a sound basis for the current P. tsugae mass rearing and release program for biological control of HWA in 15 eastern states (Cheah & McClure 1996; 1998; 2000; 2002; McClure et. al. 1999).  This project will apply the considerable knowledge and experience garnered during the development of the biological control program using P. tsugae to development of Scymnus species as biocontrols of HWA.

METHODS: The primary project priorities in FY03 are identification of inherent problems in rearing imported Scymnus species and implementation of new refined procedures and optimal laboratory rearing conditions that improve colony survival. Improved rearing technologies developed by this project will make it possible to produce the numbers of beetles needed for adequate field evaluations. This is a logical extension of previous work and the next step in developing a multiple natural enemy complex for management of HWA in North America.  Preliminary investigations will determine limitations and mortality patterns resulting from past rearing conditions and possible contamination by pathogens. A small-scale laboratory rearing program will be initiated in the fall 2002 using freshly collected hemlock foliage, with developing HWA nymphs as a food source, to determine beetle feeding patterns and oviposition behavior. Experiments will be conducted on the influence of environmental and nutritional factors on adult survival, longevity, reproductive maturity, fecundity, viable egg production, hatch, and larval and pupal development.  We will evaluate the effects of different temperature, photoperiod and humidity regimes, and determine adelgid stages preferred as a food source for successful larval development. We will compare the nutritional qualities of fresh versus refrigerated adelgids on beetle survival, reproductive and egg diapause. In addition, we plan to improve the design of cages used to rear Scymnus species. Methods also will be developed to maintain new generations of healthy Scymnus adults until optimal dates for field release without compromising reproductive ability or survival of the beetles. In addition, concurrent tests of artificial diets as alternate or supplemental food sources for P. tsugae could potentially be applied to Scymnus species in 2004. Fall 2002 and spring 2003 collections of Scymnus spp. from China will be maintained initially at the USDA Forest Service Quarantine Laboratory in Ansonia, CT, and eventually moved to our rearing laboratory. These will provide additional stock and add to the genetic diversity of our North American colonies. These studies will rely heavily on the previous research experience and success of the lead investigator (Cheah) of another related Asian coccinellid (P. tsugae ), which currently is being mass reared and released for biological control of HWA. In collaboration with the Phillip Alampi Beneficial Insects Laboratory, NJDA, Trenton, NJ, we will streamline and refine successful procedures for mass rearing candidate species for release and evaluation. 

MEASURES OF SUCCESS:

Standard of Success: Success would be measured by production of healthy, self-perpetuating laboratory colonies of various Scymnus predators in 2003 and 2004. 

Expected Outcomes: Production of sufficient numbers (5,000 or more) of S. sinuanodulus and S. ningshanensis by the early spring of 2004 for field release and evaluations.

Implementation of Products/methods: (1) Methods developed will be transferred to other rearing facilities; (2) predators will be transferred to FHP personnel and other cooperators for field release and evaluation.
PRODUCTS AND DUE DATES:  Healthy and substantial populations of various Scymnus predators are expected by spring 2004.

PUBLICATIONS : Results would be published in federal and state reports and in peer-reviewed journals.

TECHNOLOGY TRANSFER: Improved methodologies will be documented in written protocols and shared with mass rearing institutes. 
PRODUCT LEVERAGING: This builds on past research and STDP projects conducted by M. Montgomery (NA-2001-5).
LONG-TERM BUDGET REQUEST: (estimates by fiscal year and funding, both monetary and in-kind, excluding FHP base funding and salaries) (extend table as necessary):

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	FY 2003
	
	
	
	

	Administration
	Salary
	51,501.00
	87,487.00
	NERS NE-4501

	
	Overhead
	-0-
	10,530.20
	NERS

	
	Travel
	  1,000.00
	  1,000.00
	NERS NE-4501

	Procurements
	Contracting
	-0-
	-0-
	

	
	Equipment
	-0-
	-0-
	

	
	Supplies
	  1,500.00
	  4,000.00
	NERS NE-4501

	YEAR TOTALS
	
	54,001.00
	103,017.20
	


	FY 2004
	
	
	
	

	Administration
	Salary
	69,626.00
	91,121.00
	NERS, NA

	
	Overhead
	-0-
	14,162.07
	NERS

	
	Travel
	  1,000.00
	  1,000.00
	NERS NE-4501

	Procurements
	Contracting
	-0-
	-0-
	

	
	Equipment
	-0-
	-0-
	

	
	Supplies
	  2,000.00
	  4,000.00
	NERS NE-4501

	YEAR TOTALS
	
	72,626.00
	110,283.07
	

	
	
	
	
	

	PROJECT TOTALS
	
	126,627.00
	213,300.27
	


LONG-TERM BUDGET REQUEST EXPLANATION: Salaries requested are for temporary technicians (1.5 in FY03 and 2.0 in FY04). In FY03, NERS will provide a temporary technician (0.5) and a durational research entomologist (Cheah). In FY04, NERS and NA will provide these salaries. Budget does not include NERS base funding for permanent salaries or operation of the insect rearing facility.
BENEFITS: Reduced mortality of eastern and Carolina hemlock caused by HWA.
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