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STATUS OF SUBJECT SPECIES: native/non-native (unestablished and established) natural enemies

PROJECT OBJECTIVES (question to be answered by the project):
1. Evaluate efficiency of the predators Laricobius nigrinus, Pseudoscymnus tsugae, Harmonia axyridis, and L. rubidus when feeding on hemlock woolly adelgid (HWA) alone and in combination under different environmental conditions in the laboratory.

2. Evaluate the competitive successes or failures of the above four predator species with respect to their survival, reproduction, and impact on HWA population density over a two year period in the field.

BRIEF DESCRIPTION OF PROJECT (Describe primary activities for each year.  This may be a clearly worded bulleted list or graphic of milestone activities):
The first year of the project will focus on laboratory studies designed to address the interactions of the four predators listed in Objective 1.  The focus will be on short term interactions with respect to predator survival and overall feeding on HWA.

In the second year of the project, whole tree cages will be used to assess long-term interactions of the predators and their impact on HWA populations under field conditions, as listed in Objective 2.

The third year study will address predator activity in open releases, using the results from the outdoor caged study the previous year as a comparison.  We will also monitor relative predator movement from point of release.

FHP LEAD CONTACT (FHP person submitting proposal):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax
James R. Rhea
Asheville, N.C.
(Phone) 828-257-4314



(Fax) 828-257-4856



e-mail: rrhea@fs.fed.us
FHP LEAD INVOLVEMENT (add lines as necessary):


Role

Time Commitment

Oversee project activity and progress

2 –5 days per year

Helping to coordinate location for beetle releases

PRINCIPAL INVESTIGATOR(S) (add lines as necessary):

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

Scott M. Salom
Dept. of Entomology, Virginia Tech
(Phone) 540-231-2794



(Fax) 540-231-9131



e-mail: salom@vt.edu
Loke T. Kok
Dept. of Entomology, Virginia Tech
(Phone) 540-231-5832



(Fax) 540-231-9131



e-mail: ltkok@vt.edu
Robbie W. Flowers
Dept. of Entomology, Virginia Tech
(Phone) 540-231- 8945



(Fax) 540-231-9131



e-mail: roflower@vt.edu
PRINCIPAL INVESTIGATOR(S) INVOLVEMENT (add lines as necessary):

Name
Role

Time Commitment

Scott M. Salom
Organize, plan, and supervise the work
8%

Loke T. Kok
Organize, plan, and supervise the work
8%

Robbie W. Flowers
Carry out the proposed work

50%


Other than taking classes required for his degree program, Flowers will be solely committed to this project.

COOPERATORS (contributing to, but not leading, the project) (add lines as necessary): 

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

Tim Tigner
Va. Dept. of Forestry
(Phone) 804-977-6555


(Fax) 804-977-2369



e-mail: TIGNERT@hq.forestry.state.va.us
Bob Chianese
New Jersey Dept. of Ag.
(Phone) 609-530-4194





(Fax) 609-530-4195




e-mail: agpchia@ag.state.nj.us
COOPERATOR INVOLVEMENT (add lines as necessary):

Name
Role

Time Commitment

Tim Tigner
Help locate releases areas

< 5%

Bob Chianese
Provide P. tsugae from rearing faciltiy
< 5%

JUSTIFICATION (How does the project strengthen FHP program delivery/capability?  What is the potential advantage over existing technology?):  Previous STDPs have gotten us to the point where we are ready to release L. nigrinus as a potential biological control agent for HWA.  Our goal is to optimize predator releases temporally and ultimately geographically and understand the success or failure of the predator when released on to HWA-infested hemlock.  Knowing how the predator competes with native or established predators will aid us in making recommendations and developing a predator release protocol.

URGENCY (Does the project address a crisis situation? Would delay result in irreversible loss?):  Hemlock Woolly Adelgid is killing old and second-growth hemlock as it spreads north, south, and west from the Atlantic seaboard.  In the past year, infestations were discovered as far south as South Carolina.  Biological control has been listed as a number 1 priority for addressing this pest in several HWA strategic planning workshops since 1996 (HWA Working Group 2001). Significant work has gone into the evaluation of several host-specific beetle predators imported from Asia and North America.  Only one species has been released regularly on an operational basis.  Few specialists believe that this one predator species alone will be capable of suppressing HWA populations sufficiently to allow hemlocks to recover.  We are now at the point where several additional predators are poised for release on an operational basis.  We need to know how these predators will interact and compete with each other to aid in the development of release protocols and to evaluate their relative failures or successes.

NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY (check at least one and describe how proposed work addresses the priorities):    
Priority 1: xx
Priority 2: __
Priority 3: __
Priority 4: __

Priority 1: Develop or refine biocontrol methods for established pest species.  This proposal fits squarely within priority 1.  We propose to carry out work that addresses a critical aspect of developing a predator release strategy and evaluating the efficacy of the releases. 

TECHNICAL COMMITTEE DEVELOPMENT PRIORITY (check at least one and describe how proposed work addresses the priorities):  

Priority 1: __
Priority 2: __
Priority 3: __
Priority 4: xx


Priority 5: __
Priority 6: __
Priority 7: __
Priority 8: xx
Priority 9: __
Priority 4:  Define/characterize interactive impacts of native and non-native insects with forest ecosystem structure and function.  

This projects looks at the interaction among native and introduced predators and also evaluates the impact these predators have on each other as well as on their prey, HWA.  This is a critical step in biological control and lack of such studies for predators released for balsam woolly adelgid over 40 years ago, prevent us from understanding the failure of that biological control program.   

Priority 8: Development of guidelines and/or techniques for surveying and monitoring of non-target species.  These guidelines or techniques should be directly related to actions taken through various Forest Health Protection activities such as prevention, detection, evaluation, suppression, or eradication of native or exotic species.
Understanding how L. nigrinus will do in the presence of other HWA predators will help us develop a release protocol that is optimal for this insect.  For example, if P. tsugae and L. nigrinus compete with each other and reduce their impact on HWA compared  with their impact when released alone, then we will know that  releasing these predators together should be avoided.  In contrast, if there is a neutral or additive effect on HWA population density by releasing both predators, then we will have greater flexibility in implementing operational predator releases.  It should be noted that this proposal focuses on the interaction among the selected predator species in the South.  Similar efforts are taking place among Scymnus spp. and P. tsugae in the North (Montgomery and Elkinton, personal communication).  At a later time, the interaction of L. nigrinus and Scymnus spp. must also be investigated.  This will allow the biological control program for HWA to optimize predator releases throughout the range of HWA.

SCOPE OF APPLICATION (How widely are results likely to be applied—geographic area, range of pests, length of time?):  

The results from the proposed effort will be applicable to the Southern Region’s effort to reduce the impact of HWA on eastern and Carolina hemlock survival.  The duration of biological control releases and evaluations will be between 5 – 10 years.

RESEARCH BASIS (strength of research basis, including publication citations):  
Biological control is considered the only truly viable management option for use against HWA in the forest setting.  Efforts by Drs. Mark McClure (Ct. Ag. Exp. Sta.), Mike Montgomery (USFS), and their colleagues have focused on the evaluation and release of host-specific Coccinellids imported from Asia (Salom et al. 2001).  At Virginia Tech, we have focused our efforts on a Derodontid beetle, Laricobius nigrinus, found consistently with HWA in western North America, and more specifically in Victoria, B.C. Canada.  

In our previously funded STDP (project no. 08-98-S&PF-PA-04), we:

a.
Provided a complete life history description of L. nigrinus (Zilahi-Balogh et. al. 2002a).

b.
Determined that L. nigrinus and HWA are phenologically synchronous with each other (Zilahi-Balogh et al. In Review).

c.
Determined that L. nigrinus is host-specific to HWA with respect to feeding, development, and oviposition (Zilahi-Balogh et al. 2002b).

d. Observed that L. nigrinus larvae feed principally on HWA progrediens eggs (averaging 226 eggs consumed per larva during larval development) and to a lesser extent on nymphs, and L. nigrinus adults also feed mainly on HWA eggs but at a lower rate than the larvae (Zilahi-Balogh et. al. 2002a).

e. Received permission to remove L. nigrinus from quarantine status. (Letter of no jurisdiction by USDA APHIS to Application # 48928)

In a currently funded STDP (project no. R8-2001-01) we have:

a. Improved the rearing of L. nigrinus and have produced over 30,000 pre-pupal larvae in 2002 (we are still awaiting our final tally of adults), but continue to have problems with early emergence of diapausing adults.

b. Demonstrated that L. nigrinus adults can survive the winter in Virginia and reproduce from February through March on HWA-infested twigs within sleeve cages.

c. Observed that L. nigrinus progeny survive and develop on the twigs as long as food is available.

d. Demonstrated that a pair of female adults and their offspring within a sleeve cage can kill up to 2900 HWA in a 5-month period.

As a result, we are now preparing to carry out limited field releases of L. nigrinus.  An essential component of this effort is to determine how this predator will perform in the presence of other already introduced or established predators of HWA.  The predators in question are: Pseudocscymnus tsugae, Harmonia axyridis, and Laricobius rubidus
Pseudoscymnus tsugae (Coleoptera: Coccinellidae), is a fairly host-specific predator of HWA imported from Japan and is currently being released on an operational basis throughout the eastern U.S.  While it is still unknown to what extent this insect is becoming established, as they are very difficult to find after release, we have found live adults as far as 1 km away from release sites over a year after their release, when collecting food for our studies. This has also been observed by others involved in the operational releases as well.   Although such reports are only anecdotal, they suggest that beetles are surviving and dispersing in the forest.  

The multicolored Asian lady beetle, Harmonia axyridis (Coleoptera: Coccinellidae), is a generalist predator of aphids, scale insects, and chrysomelids.  It is native to hardwood forest and orchard habitats in Asia (Tedders and Schaefer 1994).  Because of its voracious appetite and wide host range, this beetle has been introduced into North America numerous times, including the first attempts in California in 1916, and several attempts in the southern U.S. since the late 1970’s.  This insect has become well known to the public because of its habit of mass aggregating to buildings (including homes) in the fall, and invading these structures in large numbers.  Additionally, observers suggest that H. axyridis is so aggressive that it has the potential to displace other native Coccinellid beetles (Lee Humble, personal communication).

Laricobius rubidus (Coleoptera: Derodontidae) is the only Laricobius sp. native to eastern North America, with a reported distribution extending from the District of Columbia north to New Brunswick and west to Michigan (Brown 1944, Lawrence 1989).  The primary host of L. rubidus is pine bark adelgid, Pineus strobi, on white pine.  Adelges piceae (Clark and Brown 1960) on spruce has also been reported as a host.  More recently, L. rubidus has also been collected from A. tsugae infested eastern hemlock in Connecticut (Montgomery and Lyon 1996) and northern North Carolina and southern Virginia (Wallace and Hain 2000).  Subsequent laboratory studies have shown that in no-choice evaluations, the mean number of eggs oviposited by L. rubidus did not differ between its primary host and A. tsugae (Zilahi-Balogh et al. unpublished data).  Additionally, no differences were found in suitability between the two prey.  These data suggest that L. rubidus has the potential to contribute to HWA mortality in the field.

In preliminary lab studies, we evaluated the survivial of 5 L. nigrinus and 5 P. tsugae larvae in the presence of one adult H. axyridis over a 7-day period in petri dishes containing HWA-infested hemlock twigs.  The results showed that H. axyridis had a negative impact on the survival of L. nigrinus (Table 1), but not on P. tsugae (Table 2).  H. axyridis adults had a greater impact on HWA survival than either host-specific predator (Table 3).  This limited effort strongly suggests that further investigations under more realistic field conditions and treatment combinations are needed.

Table 1. Mean number (±SE) of L. nigrinus at each day of evaluation.

	Duration (Days)

	Trt.
	1
	2
	3
	4
	5
	6
	7

	H. a. + L. n. + P. t
	3.4+0.35aa
	2.8+0.5a
	1.6+0.4a
	1.6+0.5a
	0.6+0.5a
	0.4+0.4a
	0.01+0.3a

	H. a. + L. n.
	3.6+0.35a
	3.0+0.5a
	2.4+0.4a
	2.2+0.5ab
	1.2+0.5a
	0.8+0.4a
	0.8+0.3a

	L. n + P. t.
	4.2+0.35a
	4.0+0.5a
	4.0+0.4b
	3.6+0.5b
	3.6+0.5b
	3.6+0.4b
	3.4+0.3b

	a Means followed by the same letter in each column are not significantly different (P > 0.05, Tukey’s Studentized range test).


Table 2. Mean number (±SE) of P. tsugae at each day of evaluation.

	Duration (Days)

	Trt.
	1
	2
	3
	4
	5
	6
	7

	H. a. + L. n. + P. t
	5.0+0.1aa
	4.4+0.2a
	3.2+0.3
	3.0+0.5a
	2.6+0.5a
	2.0+0.5a
	1.6+0.5a

	H. a. + P. t
	4.6+0.1a
	3.8+0.2a
	3.4+0.3
	2.8+0.5a
	2.2+0.5a
	1.8+0.5a
	1.0+0.5a

	L. n + P. t.
	5.0+0.1a
	4.4+0.2a
	4.2+0.3
	3.6+0.5a
	3.2+0.5a
	3.0+0.5a
	2.2+0.5a

	a Means followed by the same letter in each column are not significantly different (P > 0.05, Tukey’s Studentized range test).


Table 3. Mean number (±SE) of hemlock woolly adelgid at each day of evaluation.

	Duration (Days)

	Trt.
	1
	2
	3
	4
	5
	6
	7

	H. a. + L. n. + P. t
	36.4±3.3aa
	27.0±3.8a
	17.4±3.6a
	11.0±3.5a
	5.0+2.3a
	2.4+1.6a
	0.4+1.3a

	H. a. + L. n.
	37.6±3.3a
	30.4±3.8a
	20.0±3.6a 
	13.2±3.5a
	8.4±2.3ab
	4.8±1.6a
	3.2±1.3a

	H. a. + P. t.
	43.0±3.3a
	36.8±3.8a
	26.2±3.6a
	20.2±3.5a
	11.8+2.3ab
	8.0+1.6ab
	2.2+1.3a

	L. n + P. t.
	44.2±3.3a
	37.2±3.8a
	30.6±3.6a
	22.2±3.5a
	17.8±2.3b
	13.0±1.6b
	10.4±1.3b

	a Means followed by the same letter in each column are not significantly different (P > 0.05, Tukey’s Studentized range test).


METHODS (project design, hypothesis, statistical approach, and QA/QC procedures):  

Objective 1: Evaluate efficiency of the predators Laricobius nigrinus, L. rubidus, Pseudoscymnus tsugae, and Harmonia axyridis, and when feeding on HWA alone and in combination under different environmental conditions in the laboratory.  

These studies will focus on two areas: (a) emulating realistic (seasonal) combinations of predators and their lifestages from late winter to late spring and (b) comparing predator behavior in relation to prey (HWA) density.  14-cm diam Petri dishes will contain fixed and variable numbers of HWA prey on infested twigs.  Predator survival and impact on prey numbers will be measured in treatments represented by single, two-way, and three-way combinations of predators, all serving as main effect treatments.  Studies will be conducted at three separate and distinct seasonal periods when the predators are active together: late winter, early spring, and late spring.  The Petri dish bioassays will be placed in environmental chambers under diurnal photoperiods and mean high and low temperatures representative of the three different seasonal periods in southwestern Virginia.  The general lifestages (i.e. egg stage, early or late instar, or adult stage) of each predator present during each seasonal period will dictate the treatment combinations tested.  To compare the effect of prey density on the success of the predators and impact on prey, the prey density for one set of dishes will be left alone for the length of the evaluation (5 days), and for the second set, prey will be added after 3 days.  Since disturbance is likely to affect results, we will dedicate an equal number of dishes for data collection for each of the 5 days of the study.  Daily measurements will include survival of the predators (whole count measures) and reduction in prey (change in HWA density per cm of twig, or estimated egg numbers per ovisac) (Zilahi_Balogh et al. 2002b) for each dish examined.  

Analysis of each seasonal study period will be carried out separately.  Within a season, the design of the study will be a randomized complete block design, with actual start date for each set of replicates serving as a block.  The data will be analyzed as a two-way ANOVA (p = 0.05), with the main effects being predator treatment combinations and prey density.

Objective 2: Evaluate the competitive successes or failures of the above four predator species with respect to their survival, reproduction, and impact on HWA population density over a two year period in the field.

Two sets of field studies will be carried out to address Objective 2.  The first set will be to release and confine the predators within whole tree cages.  A 0.1 ha plantation of predominantly eastern hemlock, and a small proportion of white pine and Fraser fir were planted 8 years ago.  The hemlocks are currently moderately infested with HWA.  The terminal leaders of the hemlocks will be clipped so that a 2 m tall cage can be placed over the trees.  A 10 cm deep trench will be dug around each tree so that the wooden frame of the cages will be encased below the surface of the soil.  This will be done to prevent both Laricobius spp. from escaping as they pupate, eclose to adult, and aestivate in the soil (Zilahi-Balogh et al.  2002a).  The wooden framed cages will be encased in fine mesh hardware cloth.  A square opening, a 0.3 x 0.3m removeable but sealed window 1 m off the ground will be included to allow for adequate entry into the arena to place predators in the cage and to collect twigs for periodic data collection.

Similar combinations of predators used in the lab studies will also be used here.  However, we will place predators into cages at appropriate times according to when  they normally occur in the field.  In addition to full level combinations of predators, some cages will contain only a single species, two predator species,  or more.  There will also be an equal number of cages not containing any predators to serve as control.  To accomplish this, all branches will be heavily beaten to remove any potential predators overwintering on the trees.  We estimate that a total of 30 to 60 predators may be sufficient to completely devour HWA on  moderately infested hemlock saplings.  Therefore, release of any combination of predators will be 30 and 60.  Both densities will be tested to determine the optimal rate of predator release.

Data to be collected will include population estimates of HWA sistens  before initiation of the study in January, HWA progrediens estimates in May, and sistens estimates the following November.  Additionally, the number of predators will be sampled in the late spring before HWA go into diapause and the following winter.  Data collected the following year will involve whole tree counting of predators following the removal of the cage.  These data will allow us to assess the impact of the predators on HWA population density and on how well the predators survive in the presence of each other under the caged environment. 

Assuming there will be some cage effect, as we know Harmonia adults prefer to periodically disperse in search of better hosts (Tedders and Schaefer 1994), we will  also conduct open release studies. We will use a separate plot of hemlock saplings (0.4 ha in size) planted in fall, 2001.  The 2 m tall saplings were planted at a 2 x 2 m spacing.  These trees were hand infested with HWA in spring 2002.  The spacing among trees where predators are released will be no closer than 24 m to each other.  Since predators will be allowed to move, our goal with this study will be to try to determine not only how the predators spread through the plantation, but which species tend to stay close to the tree they were released  on.  Released adults will be marked with a specific color and pattern representing the specific tree they were released on to.  Each tree in the plantation will be sampled with beat nets and clipped twigs in late spring when progrediens are laying sistens eggs, the following fall after sistens break diapause, and then the following spring.  The frequency distribution of the adults collected will be mapped out relative to the original release points.  The impact on HWA populations will be determined based on pre-and post-release HWA counts with respect to the number of predators collected from each tree.  Predators will be released in a similar sequence as the releases carried out for the cage studies.

Colonies of all four predator species will be maintained through the duration of the studies.  We currently have ongoing colonies of both Laricobius spp.  We have reared P. tsugae using the techniques described by Cheah and McClure (1998) for previous studies, and only require a starter colony from the Beneficial Insects Rearing Laboratory from the N.J. Dept. of Agriculture.  H. axyridis adults will be collected in the fall when they aggregate to overwintering sites, and will be maintained in plexiglass containers at ambient temperatures and fed an easy to rear aphid species such as the green peach aphid, Myzus persicae, reared on green pepper (Zilahi-Balogh et al. 2002b). 

The laboratory study will be conducted in year 1, the caged field studies will be conducted in year 2 , and the open releases in year 3.

MEASURES OF SUCCESS:  

Standard of Success:  This project will be considered a success if we can complete all the studies on schedule and within the budget requested.  Any data we collect from these studies will be very useful toward understanding predator successes or failures. The data from these studies will demonstrate whether this predator is able to compete as well as complement other predators in the forest, to the detriment of HWA. If L. nigrinus can find its niche in the forest ecosystem in eastern USA, it will have a viable role as a biological control agent of HWA.

Expected Outcomes:  We expect that due to its early activity, L. nigrinus will be an exclusive predator of HWA during the late winter period.  By early spring, L. nigrinus larvae will have to compete with the other predator species adults.  L. nigrinus pupae and adults again avoid competition by dropping to the soil to complete their development.  We expect that the impact on HWA population density will be greater due to a combination of predators than with any one species alone.  This would be especially true if the multiple predators can extend the seasonal duration of predation on HWA. 

Implementation of Products/methods:  Release protocols overseen by the Forest Service for release of any predators in the Southern Region on public lands will be influenced by the results of these studies and will be modified accordingly.  Additionally, large portions of the final report can be used to help develop an Environmental Assessment that may be needed for the release of these predators on public lands. 

PRODUCTS AND DUE DATES:
PUBLICATIONS (how results will be reported: journals, reports):  Results will be reported principally in refereed journals.  The results will also lead to the development of predator release protocols for the Southern Region that will be made available to resource managers as part of any operational release of L. nigrinus, and may modify the release protocols currently in place for P. tsugae.

TECHNOLOGY TRANSFER (Who will the technology be transferred to.  How will products or methods be transferred to users, adapted to other uses, or sustained by continuing technology transfer?):  Entomologists for Forest Health will be intimately involved with releases of these beetles on public lands.  Protocols for release and monitoring will be prepared by the FHP Entomologist in consultation with the PI’s of this STDP.  Presentations will be made at both formal and informal meetings addressing the scientific community as well as resource managers, respectively. 

PRODUCT LEVERAGING (Is the project part of a development sequence? Does it build on or is it the result of past Research or STDP projects?):  This project is highly dependent on two previously funded STDP projects, mentioned above in the Research Basis section.
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):

	FY 2003
	Item
	Requested FHP STDP Funding ($)
	Virginia Tech ($)

	Administration
	GRA 
	15,600
	

	
	Student wages
	3,600
	

	
	Scott Salom (PI) @ 5%
	
	3,195

	
	Loke Kok (co-PI) @ 5%
	
	5,288

	
	Faculty Benefits @ 26%
	
	2,206

	
	Total Salaries & Fringes
	19,200
	10,689

	
	Overhead @ 46.2% (on Requested and VT contribution)
	
	17,967

	
	Travel
	3,000
	

	Procurements
	Contracting
	
	

	
	Equipment
	
	

	
	Supplies
	6,000
	

	YEAR TOTALS
	
	28,200
	28,656


	FY 2004
	Item
	Requested FHP STDP Funding ($)
	Virginia Tech ($)

	Administration
	GRA 
	16,400
	

	
	Student wages
	3,600
	

	
	Scott Salom (PI) @ 5%
	
	3,402

	
	Loke Kok (co-PI) @ 5%
	
	5,631

	
	Faculty Benefits @ 26%
	
	2,349

	
	Total Salaries & Fringes
	20,000
	11,382

	
	Overhead @ 46.2% (on Requested and VT contribution)
	
	19,811

	
	Travel
	3,000
	

	Procurements
	Contracting
	
	

	
	Equipment
	
	

	
	Supplies
	8,500
	

	YEAR TOTALS
	
	31,500
	31,193


	FY 2005
	Item
	Requested FHP STDP Funding ($)
	Virginia Tech ($)

	Administration
	GRA 
	3,600
	

	
	Student wages
	
	3,623

	
	Scott Salom (PI) @ 5%
	
	5,998

	
	Loke Kok (co-PI) @ 5%
	
	2,501

	
	Total Salaries & Fringes
	20,800
	12,122

	
	Overhead @ 46.2% (on Requested and VT contribution)
	
	19,368

	
	Travel
	3,000
	

	Procurements
	Contracting
	
	

	
	Equipment
	
	

	
	Supplies
	6,000
	

	YEAR TOTALS
	
	29,800
	31,490

	PROJECT TOTALS
	
	89,500
	91,339


LONG-TERM BUDGET REQUEST EXPLANATION: (add lines as necessary):
Most of the requested funding is allocated to a graduate student stipend plus part time technical support.  Travel funds are included for covering the costs for attending one professional meeting for 2 of the 3 PI’s/yr, plus incidental travel associated with the project.  Materials and supplies will encompass all lab and field needs associated with the proposed studies.  Additional supply funds are requested for FY 2003, for purchasing materials to be used in building whole tree exclusion cages, at about $100/cage. The project is cost shared with 5% salary from both Salom and Kok and overhead return of 46.2% of both requested and cost-shared funds.

BENEFITS (What are the proposed benefits of this project):
To understand how L. nigrinus, a potential biological control agent for HWA, competes and interacts with other native and established natural enemies.

To optimize release protocols for biological control agents of HWA in the southern U.S.

To better explain the success or failure attributed to the implementation of biological control for HWA. 
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