Cooperative Agreement Proposal Between Virginia Tech 

and USDA Forest Service

Title:  Establishment and Sampling of Laricobius nigrinus in Eastern USA

Principal Investigators: S.M. Salom, L.T. Kok, D.L. Mausel, and A.B. Lamb, Department of Entomology, Virginia Tech, Blacksburg, VA

FHP Cooperators: Rusty Rhea

Objectives:

1. Optimize L. nigrinus release strategies for establishment

A. Determine optimal predator density for release

B. Determine optimal type of release 

C. Determine optimal time of release

2. Develop methods for recovery and detection

3. Study within-tree and within-site movement of predators following release

4. Initiate long-term impact assessment

Rationale and Justification:  The hemlock woolly adelgid (HWA) is a serious exotic pest in the eastern USA causing widespread eastern hemlock mortality.  Chemical and cultural control tactics are not economical, and repeated use of insecticides is not environmentally sound or feasible in the forest ecosystem, especially in riparian areas.  Classical biological control offers the best chance to slow the spread and limit the impact of HWA.  Several predators have been imported into the USA and are at various stages of release and study.  One of these is Laricobius nigrinus Fender (Coleoptera: Derondontidae).

Our initial biological control effort with Laricobius nigrinus was its importation and evaluation under quarantine.  It was first imported from British Columbia, Canada for tests in the Virginia Tech Beneficial Insects Quarantine laboratory in May 1997.  The predator was approved for release in 2000, after completing studies on the insect’s life cycle (Zilahi-Balogh et al. 2003 a,b) and host range (Zilahi-Balogh et al. 2002).    

The next step has included caged field releases and the development of mass rearing procedures for L. nigrinus.  Small field cage releases conducted in 2001 and 2002 showed that the predator could survive in Virginia under caged conditions during the winter and feed voraciously and oviposit on HWA (Lamb et al. 2002).  In 2003, adults were caged for 10 days and then moved to another branch, allowing for progeny to develop on uncaged branches.  HWA progrediens density was reduced by over 50% regardless of the density of predator released, suggesting that low density releases may be effective and economical.  Additionally, close to 12,000 eggs were estimated to be oviposited on branches, from 144 adults available for only half their ovipositional period (due to the experiments being conducted) (Lamb, unpublished data).  Recovery of these adults will be attempted in fall 2003.  Our rearing has produced over 10,000 pupae in both 2002 and 2003.  One problem yet to be resolved is the early emergence of post-diapausing adults.  Adults emerged early last year and without available HWA food, less than 20% survived the winter in the lab.  We have been studying this problem and hope to have answer to resolve it by the end of this year. 

We are now ready to begin field establishment of L. nigrinus and will attempt to devise sampling and monitoring techniques for it.  The release strategy must be optimized for maximum efficiency with respect to density, type, and timing of release.  Since recovering predators is essential in deducing cause and effect for post-release evaluation, techniques for optimizing beetle recovery must be investigated.  As part of the predator’s establishment following release, the beetles dispersion on a release tree and within a stand would provide information on whether singe tree or multiple tree releases are most effective.  Lastly, efforts will be made from the outset to begin monitoring the long term impacts of L. nigrinus releases on HWA. 

Plan of Work:

Study Sites and Procedures:  Ecologically similar field sites will be selected within each of 3 regions where eastern hemlocks are currently infested by HWA: 

(a) Tennessee/North Carolina (Great Smoky Mountains National Park) 

(b) Virginia (Washington and Jefferson National Forest)  

(c) West Virginia and Pennsylvania (Monongahela National Forest) 

Trees chosen at each site will have increasing moderate to heavy HWA infestations.  Not all experiments will be conducted at each site or in the same year. 

1.  Type and density of release. In the first year, open and closed releases will be compared for efficacy of establishment. There will be three treatments as follows:

(a) Rotation of caged adults at low density

(b) Open release at low density

(c) Open release at 5 x low density

Two field sites in each region will each be divided into three sections, each separated by a buffer zone.  The buffer zones will be employed to separate treatment locations by at least 30 m.  For both treatments (a) and (b), there will be releases of 8 beetles on each of 5 trees, requiring 8 x 5 = 40 beetles/trt.  Multiplying by 6 sites brings the total released for treatment (a) 240 beetles and treatment (b) 240 beetles.  Treatment (a) adults will be recovered from the cage after two weeks and moved to another HWA infested twig.  This will be repeated for two months to allow L. nigrinus access to new HWA sources.  For treatment (c), 40 beetles will be released on each of 5 trees, requiring 40 x 5 = 200 beetles per site.  Multiplying by 6 sites brings the total to 1200.  The overall total of beetles released for this study adds up to 1680.  

The study design will be a completely randomized block, 3 x 3 (release trt x geographic location) factorial.  Each site within a geographic location will serve as a block and each release tree as a treatment replicate.  ANOVA and Tukey’s test will be used to analyze numbers of predators recovered among the treatments.  See section 3 for sampling procedures used for predator recovery and section 5 for impact assessment procedures for HWA.

2.  Timing of release.    In the second year, timing and number of releases will be compared for efficacy of establishment.  The advantages of establishment from successful fall releases would be that it could significantly reduce the workload for mass rearing the beetles, by not having to feed them all winter and spring.  Treatments include:

(a) Fall release

(b) Spring release

(c) Fall and spring release (combined)

The release strategy used here will depend on the results from release study 1 above.  At each geographic location, two sites will be dedicated to each treatment, resulting in a total of 18 release sites for the year.  For each site we plan on releasing a total of 200 adults.  The overall release adds up to 3600 beetles.  The density X tree combination used will depend on the results from release study 1.  We anticipate two possibilities: either 8 beetles on each of 25 trees or 40 beetles on each of 5 trees, in both cases located in the center of the site.  Since treatment (c) requires 2 releases, we will maintain an overall release total of 200 by releasing 100 beetles in the fall and 100 beetles in the spring.  The ideal fall release time is November and spring release time is February to March. 

This will be a completely randomized design, 3 x 3 factorial.  It will be analyzed by ANOVA with three release timing treatments and three geographically distinct locations.  The measures to be compared will be number of beetles recovered the following year and the before and after HWA density on release and non-release trees.  See section 3 for sampling procedures used for predator recovery and section 5 for impact assessment procedures for HWA.

3.  Sampling for recovery and establishment of L. nigrinus.  In the 2nd year, sampling for L. nigrinus will be directed initially at the adult and immature stages to assess establishment and changes in population density at all release sites from the first year (Fig. 1).  In the third year, the technique that appears to work best for assessing establishment will be used to continue monitoring establishment at the first year release sites plus additional monitoring at all second year release sites where timing of release was evaluated. 
Sampling for larvae – Larvae will be collected from HWA infested hemlock branches by cutting them from field trees, bringing them to the lab, and rearing them to adulthood in the laboratory.  Two HWA infested twigs will be collected March, April and May (4 weeks apart each time) from each release tree used in release study 1.  This will be modified as needed and revisited for release study 2.  

Sampling for adults – Four techniques will be used for recovery of adults at each site: host baiting, sex pheromone attraction, emergence traps, and beating branches of trees.  As above, Pilot tests for release study 1 may eliminate some of the redundant techniques.

(a) Host trapping will be attempted since it would be difficult to recover or detect the presence of a newly released insect when the population is low.  Twigs containing heavy infestation of HWA will be placed at 20 locations at each site, left for 7 days and returned to the lab for microscopic examination.  New HWA infested twigs will be placed each week for 12 to 16 weeks.

(b) Malaise-like emergence traps will be placed under 12 trees on the soil surface to capture newly emerging adults from pupae in the soil the following autumn after release. Also soil samples will be taken from under 10 trees to collect pupae.  Any pupae collected will be reared to adulthood in the lab. 

(c) Lindgren funnel and window/barrier traps will be placed adjacent to 12 trees and baited with the treatments (4 HWA infested hemlock branches with 2 unmated females, 4 HWA infested hemlock with 2 unmated males, and 4 HWA infested hemlock as control). 

(d) Beating branches/twigs in the field with white cloth spread out beneath the twig will be carried out on release trees at each site to collect any adults that may drop off the branches.  This was the method used during our field collections in British Columbia, Canada.

Hobo data loggers (Onset Corp.) will record ambient and soil temperatures. The number of insects caught at each site for each sampling period and for the whole season will be compared among sampling methods.  Predator and HWA phenology data will be plotted for each region releases are made.  ANOVA and Tukey’s tests will be used to differentiate between the numbers of beetles recovered per sampling day by the various techniques. We will record time and costs for each method to be considered in judging the best sampling method. 

Fig. 1. L. nigrinus monitoring schedule. Grey = bi-weekly, White = monthly.
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4.  Dispersal

In the third year, we will use the most efficient sampling method to monitor dispersal of L. nigrinus at three spatial scales. Within a tree, we will sample at the lower and upper crown level. For example, we may use a pole-pruner and ladder to collect sample branches at the different levels and return them to the lab as mentioned above. For stand-level dispersal, we will establish a central point within the release trees and set up transects to the eight cardinal points: N, NE, E, SE, S, SW, W, and NW. Along these transects, sampling will be at distances of 5, 10, 20, 40, 80, 160 m.  Each year transects can be extended as needed to monitor rate of dispersal. For landscape-level dispersal, we will sample hemlock stands mapped on National Forest and Park Service (e.g. 5000 ha mapped by Great Smoky National Park personnel) maps up to 20 km the first year post-release and extended as necessary in subsequent years. Data will be analyzed by GIS with topography, stand type, etc. layers and spatial statistics.

5.  Assessment of initial impact

Within the context of this 3 year project, we can initiate the process of impact assessment, that ultimately requires a longer period of time beyond the length of this proposal.  For sites where release treatments appeared adequate for establishment, we will compare baseline HWA density data from trees where releases were made with trees where releases were not made, and then compare the infestation growth over time to trees in nearby stands where beetles were not released.  There will be a pre-monitoring estimate followed by an annual post-monitoring estimate coupled with beetle recovery and tree health measures.   If impacts of HWA density can be correlated with predator recovery, these correlations would help in the assessment of initial predator impact.

PROJECT DURATION:  3 Years (January 15, 2004 to January 14, 2007)

LONG TERM BUDGET:
	Total (Yrs 1-3)
	USDA FS ($) 
	Virginia Tech ($)
	Total ($)

	Salaries and Wages

1 Graduate Research Assistant
	57,300
	
	57,300

	1  0.25 time wage persons @ $10/hr
	15,600
	
	15,600

	Fringe GRA @1% and wage @7.3%
	1,248
	
	1,248

	Salaries and Wages Total
	74,148
	
	74,148

	Materials & Supplies 
	24,000
	
	24,000

	Travel
	21,000
	
	21,000

	Waived Indirect @ 46.2% 
	
	55,557
	55,557

	Total
	120,253
	55,557
	175,810
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