USDA FOREST SERVICE 

Project Status: New, not previously funded.

Project Number: NA-1999-01.

Project Title:   Increasing the Success of the Gypsy Moth Pathogen Entomophaga maimaiga in Michigan and Other States in the Great Lakes Region

Subject: Insect management, biological control, gypsy moth, Entomophaga maimaiga

Project Objectives:

1. Develop in vivo methods to produce larval cadavers containing E. maimaiga resting spores for introduction or inoculation in areas with established gypsy moth  (Lymantria dispar L.) populations;

2. Evaluate the suitability of Michigan weather conditions for E. maimaiga; compare weather in Michigan with weather in northeastern states where E. maimaiga has been important in gypsy moth regulation; 

3. Identify site and stand-related factors that affect the establishment, persistence or infection rate of E. maimaiga in gypsy moth populations in Michigan forests;

4. Develop methods and recommendations to increase the effectiveness of E. maimaiga as a biological control for gypsy moth in forests in the Great Lakes region.

Brief Description of Project:

Widespread declines in gypsy moth defoliation since 1989 in the northeastern U.S. have been largely attributed to the fungal pathogen Entomophaga maimaiga.  This pathogen is a desirable biological control agent because of its potential to regulate gypsy moth populations, minimal negative effects on non-target species, and compatibility with other natural enemies including the gypsy moth virus.  Overwintering resting spores infect young gypsy moth larvae, who then produce conidia that infect mid- and late instar larvae.  Late instar larval cadavers produce resting spores that remain in the soil until the following spring.  Currently, there is no consistent source of E. maimaiga inoculum, which presents problems for managers interested in introducing this pathogen in new gypsy moth infestations.  In Michigan, E. maimaiga was first introduced in 1991 and several additional releases have since occurred.  Although numerous E. maimaiga epizootics have occurred in gypsy moth populations in northeastern states, the pathogen has been less consistent in Michigan, where gypsy moth numbers have substantially increased since 1996.  

We propose to develop technology for in vivo production of cadavers that carry E. maimaiga resting spores.  These cadavers could be used to introduce or augment E. maimaiga in areas with established gypsy moth populations, particularly recently infested states in the Great Lakes region.  We will also assess climatic factors and site and stand-level variables that may influence E. maimaiga persistence, germination or infection rates.  Weather patterns in Michigan will be compared with those in selected northeastern states to assess the overall climatic suitability of the Great Lakes region for E. maimaiga.  Abundance of E. maimaiga resting spores in relation to soil, litter and vegetation characteristics will be evaluated  in selected Michigan forest stands.  Technology developed through this project will enable other states to predictably obtain viable and germinable resting spores for future E. maimaiga introduction or inoculation as new gypsy moth populations become established.  Results will also be used to develop recommendations to assist managers in selecting sites for E. maimaiga introduction, and in predicting the likelihood of E. maimaiga epizootics at regional and local levels. 

FHP person who will lead the project: Dr. Steven A. Katovich, USDA Forest Service, NA State & Private Forestry, St. Paul, MN.

Justification:  Gypsy moth is a notorious defoliator of oaks, aspen and many other species of forest trees.  Populations of this defoliator continue to expand and have recently become established in areas of Wisconsin, Indiana, Ohio, Illinois and some southeastern states.  Severe defoliation and the nuisance resulting from gypsy moth outbreaks often lead to anxiety and frustration for residents, especially those not familiar with gypsy moth.  Managing gypsy moth outbreaks is expensive; costs of suppressing gypsy moth in Michigan alone amounted to over $17 million from 1986-1995 (USDA Forest Service, Gypsy Moth Digest), and estimates suggest that at least 200,000 acres are likely to require treatment in 1999 (J. Johnson, MI Dept. of Agriculture, unpubl. data).  In addition, concerns about potential impacts of widespread Bt (Bacillus thuringiensis var. kurstaki) sprays on non-target Lepidoptera continue to be raised (Peacock et al. 1998, Sample et al. 1996, Wagner et al. 1996).  Other undesirable impacts of gypsy moth outbreaks include the use, and often misuse, of conventional broad-spectrum insecticides by property owners.  Enjoyment and use of recreation areas in affected forests typically decreases, reducing income in locations dependent on tourism (Goebl 1987).  Regulations associated with state and federal gypsy moth quarantines may result in economic hardship for plant-related industries, as well as regulatory agencies that must enforce the quarantine.

There is much interest in Michigan and other Great Lakes states in identifying effective biological controls that may help reduce the duration of gypsy moth outbreaks or increase the interval between outbreaks.  E. maimaiga is an attractive biological control agent because it has relatively few impacts on non-target organisms (Hajek et al. 1996a, 1997), appears to be compatible with the gypsy moth virus and other natural enemies (Buss et al. 1998, Malakar et al. 1998), and has effectively regulated gypsy moth populations in areas of the northeast and Pennsylvania since its discovery in 1989 (Hajek et al. 1995, 1996b).  

Improved methods for E. maimaiga introduction and distribution are needed.  To-date, E. maimaiga has been introduced by disseminating soil collected from areas with epizootics, or by collecting and re-distributing cadavers killed by E. maimaiga.  Both methods are problematic (Hajek 1997a).  Soil introductions carry the risk of transferring undesirable insect, plant pathogens or nematodes, and the abundance of resting spores in the soil is typically unknown and difficult to quantify.  Cadavers can be collected for only a limited time in the summer and this option is available only if epizootics can be readily located and accessed.  Protocols for consistent production and distribution of viable E. maimaiga resting spores are needed, and will continue to be needed as the range of gypsy moth expands.  

Although E. maimaiga epizootics have occurred regularly in gypsy moth populations in northeastern states, the pathogen has been less consistent in Michigan.  It was first introduced into northwestern Lower Michigan in 1991 (Smitley et al. 1995), and additional introductions were subsequently made by way of either spore-bearing cadavers or soil assumed to contain E. maimaiga resting spores  (Buss 1997, D.R. Smitley and T. Davis, pers. comm.).  There were few attempts to quantify the amount of E. maimaiga released or the success of these efforts.  Localized epizootics were observed frequently in 1996, and anecdotal observations (M. Mott, MSU, unpubl. data) indicated that the pathogen was well-distributed throughout Lower Michigan.  However, gypsy moth defoliation has increased dramatically in the last few years.  In 1996, moderate defoliation was mapped on only 3,600 acres.  In 1997, a year with the cool, wet conditions in spring suitable for E. maimaiga germination, defoliation increased by 10-fold, to 37,000 acres.  Moderate to severe defoliation in 1998 was widespread, exceeding 300,000 acres, and egg mass surveys suggest defoliation will be high again in 1999.

Soils, forest cover types, climate and other factors obviously vary between the northeastern and Great Lakes regions of the US, and could account for the somewhat disappointing success of E. maimaiga in Michigan compared with northeastern states.  These factors may affect resting spore persistence or germination, dispersal of conidia, or amplification of the pathogen in gypsy moth populations. A better understanding of the conditions that contribute to successful E. maimaiga establishment in the Great Lakes region is needed.

We currently have a unique opportunity to acquire information on factors affecting the ability of E. maimaiga to help regulate gypsy moth populations in the Great Lakes region.  Results will be useful to forest health managers and will also help with forecasting spread of gypsy moth populations through this region, and predicting the likelihood of defoliation in infested areas.  Improving the success of E. maimaiga introductions could dramatically reduce costs for gypsy moth suppression programs, particularly as new states become infested.  

Urgency: Gypsy moth is a critical issue in the Great Lakes states experiencing major outbreaks, such as Michigan, and in recently infested states dealing with quarantine issues, potential suppression programs and anxious residents unfamiliar with this pest.  Forest health managers and pest specialists have expressed much interest in E. maimaiga introductions, especially in newly infested areas.  Currently, however, there are no sources that can be consistently expected to provide adequate E. maimaiga inoculum.  No protocols have been developed for E. maimaiga release and subsequent evaluation to determine establishment.  In northeastern states, E. maimaiga appears largely responsible for dramatic declines in gypsy moth populations, resulting in substantially lower costs for suppression programs.  It is not clear why a similar situation has not occurred in Michigan.  If we can identify site or stand factors associated with high E. maimaiga success, we can develop guidelines to assist managers in selecting appropriate release sites and in making realistic predictions about the potential ability of E. maimaiga to regulate gypsy moth.

Link to National FHP Technology Development Priorities: Work proposed here specifically addresses Item No. 1 in the FHP list of priorities (Develop or refine biocontrol methods for established species (native or non-native) and established pest populations.  It also directly addresses Item No. 4, because results will improve management of gypsy moth, an exotic pest.  Further, if we can identify site or stand factors related to E. maimaiga success, we may ultimately be able to assist managers and incorporate this information into risk-rating systems, indirectly addressing Item No. 2.  For example, managers could prioritize stands in a given area for pre-salvage or other silvicultural actions, or for Bt treatment, using a combination of factors such as cover type, egg mass density and likelihood of E. maimaiga epizootics.  

Scope of Application: Development of technology for in vivo production of E. maimaiga will be useful throughout the range of gypsy moth in the eastern United States.  Results from relating site and stand factors to E. maimaiga success, and our comparison of weather regimes, will be most applicable in the Great Lakes region.  However, it will also be relevant in the southeast, where forests and climate also differ substantially from northeastern forests.

Research Basis: Gypsy moth has been the target of one of the largest and most long-term biological control programs ever attempted in forestry.  The level of control achieved through activity of natural enemies was suboptimal until the fungal pathogen E. maimaiga began sweeping across the northeastern U.S. gypsy moth populations in 1989.  This fungus caused repeated epizootics in gypsy moth populations and, with the help of inoculative introductions, has now spread across most of the area colonized by gypsy moth (Hajek et al. 1995).  While gypsy moth populations throughout the northeast have been low since E. maimaiga became established, land managers and scientists remain concerned.  Gypsy moth populations typically remain at low densities between outbreaks.  We know too little about this fungus to be able to predict when it will be active.  In Japan, where E. maimaiga is native, disease epizootiology has not been studied.  Thus far in the United States, we have documented the occurrence of epizootics (e.g., Hajek & Roberts, 1991; Hajek et al. 1996; Smitley et al. 1995; Hajek 1997b) but we do not yet understand under what conditions (host, pathogen, and environment) epizootics will NOT occur.  This information is vital for managers charged with predicting location or impacts of gypsy moth defoliation, or planning suppression programs. 

Since 1989, there has been intense interest in obtaining E. maimaiga to release in areas where it has not previously occurred.  While E. maimaiga has spread across much of the area where gypsy moth is established, it does not occur in newly invaded areas.  At this time, we cannot predict how long it will take for the fungus to arrive in these areas on  its own and build to a density that can impact the host population.  In addition, recent studies suggest that E. maimaiga can be augmented in areas where it already occurs, resulting in epizootics that begin earlier, thereby decreasing defoliation (Hajek & Webb, in press).  

The continuing problem with these introductions is the lack of E. maimaiga  inoculum.  Land managers have had to rely on cadavers collected after epizootics or soil collected in areas following epizootics, but both of these techniques have major drawbacks (Hajek 1997a).  The stage of E. maimaiga that has been released is the resting spore and, at present, these cannot be produced in large numbers using  in vitro methods in the laboratory.  The Hajek laboratory has been able to produce resting spores in laboratory colony larvae for years (A.E.H., unpubl. data) but has never developed techniques for large-scale production of germinable resting spores in laboratory colony larvae.  In developing the technology through this project, production of a consistent and reliable source of E. maimaiga inoculum will be possible.

Methods:  

Study sites and Field Measurements  

We anticipate that this project will require 3 field seasons.  In the first year, we will select 15-30 oak-dominated stands (minimum of 5 acres in size), stratified by general soil type , ecological landtype (Albert et al. 1996), and location in Lower Michigan (e.g. western, north central, southern).  We anticipate that equal numbers of stands will be located on sands in a frigid temperature regime (Grayling-Rubicon association), sands in a mesic temperature regime (Oakville spp. association), and loamy soils in a mesic temperature range (Kalamazoo-Oshtemo association) (USDA Soil Conservation Service 1974).  All stands will be located on public land and will be separated by at least 5 km.  Gypsy moth population density in each stand will be quantified by averaging counts of egg masses in four, 0.01ha fixed radius plots (Kolodny-Hirsch 1986).   In each stand, we will describe or monitor soils (parent material, water table depth, pH, moisture, texture), litter (composition, pH, moisture, depth), dominant overstory and understory vegetation, canopy closure, and related variables that could affect E. maimaiga persistence or germination. 

E. maimaiga Releases

In the first field season, we will collect cadavers of wild, late instar gypsy moth larvae that were killed by E. maimaiga in late June or July.  These cadavers will be placed around the base of trees in 1/3 of the stands (e.g. 10 stands with cadavers, 20 stands with no cadavers).  In the second field season, cadavers produced in Hajek's laboratory using in vivo methods will be introduced into the second 1/3 of the stands, at a time coinciding with epizootics in wild gypsy moth populations.  This design will result in equivalent numbers of stands with wild-collected cadavers, stands with laboratory-produced cadavers, and stands with no cadavers.  All releases will be made in counties where E. maimaiga has occurred previously.  Experimental use permits and other appropriate permits will be obtained in cooperation with the MI Dept. of Agriculture.

Resting spores in soil from each site will be quantified before any E. maimaiga releases occur, and again after each release, to document resting spore density in each year of the study.  To quantify resting spore density, soil will be collected at the base of 10 dominant/co-dominant trees in each stand where the highest levels of  resting spores occur (Hajek et al. 1998), and thoroughly mixed.  Wet sieving  followed by density gradient centrifugation using Percoll will be used to quantify resting spores/g of soil in each stand (Hajek and Wheeler 1994).  

Field and Laboratory Bioassays  

Bioassays are the most sensitive method of detecting E. maimaiga resting spores in the soil.  However, if the soil is very dry, resting spores cannot germinate (Hajek & Humber 1997).  Therefore, we will conduct bioassays of soil-borne resting spores in the lab to quantify potential maximal infection, and in the field to quantify realized activity.  Comparisons will be valuable for determining to what extent data from field bioassays will indicate E. maimaiga presence and activity, and whether data from lab bioassays help to predict activity of E. maimaiga in the field under specific conditions.

For field bioassays, gypsy moth larvae will be placed in 15 x 20 cm cages made of window screening  (Hajek & Humber, 1997).  One cage will be placed on the soil surface at the base of 10 trees in each stand for 4 days, then collected.  Larvae will be removed from cages and reared on diet following standard protocols for detecting fungal infections.  This process will be repeated three times each summer at times corresponding to 1st-2nd instar, 4th instar, and early 5th instar development of wild populations.  While these assays are conducted, the soil temperature and moisture will be recorded.  In addition, up to 30 gypsy moth larvae will be collected from each stand at 7-10 day intervals during the field season, and reared in an outdoor insectary.  This will enable us to assess cumulative, season-long infection rates in wild populations.

For lab bioassays, soil samples will be collected (as described above) from the bases of the same trees where the field bioassays were conducted.  Fourth instar gypsy moth larvae will be exposed to soil at standardized moisture levels, at 15 oC and 14:10 (light:dark) for four days, and then reared to detect fungal infections.  Soil for lab bioassays will be collected when caged larvae are placed at the base of trees.

Relationships among site and stand variables, E. maimaiga resting spore density, and subsequent larval infection rates will be evaluated using parametric and non-parametric correlation analysis, multiple linear regression (Cp statistic) and logistic regression.  Analysis of variance (anova) (parametric anova and non-parametric Kruskal-Wallis test) will be used to compare site, stand and E. maimaiga-related variables among soil types and geographic locations.  Anova will also be used to examine differences in E. maimaiga spore density, germination and infection rates, and related variables, among stands where field-collected cadavers, laboratory-produced cadavers, and no cadavers were released.

Weather Records

Weather data from MSU stations located around Lower Michigan will be compiled for 1989-2000, in cooperation with Dr. Jeff Andresen, MSU Agricultural Meteorologist.  Suitability of specific locations and years for E. maimaiga germination in Michigan will be evaluated by comparing temperature and precipitation data in spring and early summer with known requirements for E. maimaiga germination (e.g. Weseloh 1998).  Results will be compared with similar weather records from selected areas in the northeast where E. maimaiga epizootics have been well-documented.  

Laboratory Studies to Develop In Vivo Production of E. maimaiga Resting Spores

Over 50 isolates of E. maimaiga are maintained under liquid nitrogen at the USDA, ARS, Collection of Entomopathogenic Fungal Cultures in Ithaca, New York and in the -80 C freezer in the Hajek laboratory.  At present, the simplest method for infection is microinjection with naturally occurring fungal protoplasts growing in 95% Grace's insect tissue culture medium and 5% fetal bovine serum. Based on over 10 years of research with E. maimaiga, the Hajek laboratory can readily infect late instar gypsy moth larvae, resulting in formation of resting spores.  For these purposes, a laboratory colony of gypsy moth larvae is maintained at the Hajek laboratory, using eggs or neonates obtained from USDA, APHIS, Otis Methods Development.

Studies have already identified factors associated with production of resting spores instead of conidia, e.g., later instar, high temperature, non-molting status, increased fungal dose, and increased serial passage of the fungus (Hajek & Shimazu 1996). In addition, fungal isolates differ in their propensity to form resting spores.  Recent studies investigating germination and formation of E. maimaiga resting spores have shown that resting spores germinate at lower temperatures both slowly and asynchronously, with greater germination under longer photoperiods (Hajek & Humber 1997).  The Hajek laboratory has also conducted studies over numerous years investigating conditions required for overwintering survival of E. maimaiga resting spores (unpubl. data).  They have determined that resting spores do not require an estival period but need a period of cold (e.g., 4 C) to satisfy dormancy requirements.  Studies are presently under way to define the exact length of time needed at 4 C.  

Emphasis during research to-date has never focused on efficient production of large amounts of resting spores or on optimizing their subsequent germination rates.  The following studies are designed to investigate variables that we consider important for production of germinable resting spores:

Fungal strain/Infecting Larvae:  Preliminary data suggest that different fungal strains have differing propensities to produce resting spores.  Isolates will be compared to find an isolate that maximizes resting spore production.  Methods for infecting larvae (microinjection, conidial showers) will be compared to maximize efficiency.  

Dormancy Initiation:  E. maimaiga resting spores undergo constitutive (endogenous) dormancy after being produced.  We question whether the conditions present when resting spores are first produced affect the subsequent dormancy.  We will vary photoperiod during the period of cadaver death and before cadavers are placed at 4 C, and the rate of cadaver drying after host death, to investigate whether these variables influence dormancy.  Results will be quantified as percent germination after dormancy (vital stains will not penetrate the thick exterior wall so germination is used to assess viability) and by exposing larvae to known densities of resting spores for specific periods of time at 15 C.

Resting Spore Survival during Dormancy:  E. maimaiga resting spores will be stored under various conditions to test the effect of moisture levels on resting spore survival.  Previously, our studies have emphasized whether resting spores survived or not under different conditions.  The studies proposed here will quantify survival after storage under different moisture conditions.  Results will be quantified as above.

Measure of Success:  We will evaluate success of this project based on our ability to address the objectives of the project.  We expect to substantially advance technology for in vivo E. maimaiga resting spore production.  This may enable us to train technicians from other labs in E. maimaiga protocols, eventually leading to production of E. maimaiga on a scale large enough to meet demand.  Results of analysis of climatic variables and effects of site or stand variables on E. maimaiga will be provided to resource and forest health managers, and others involved with gypsy moth programs.  Ultimately, we expect to be able to provide managers with a source of E. maimaiga, and recommendations for E. maimaiga release and monitoring, that will increase the probability of successful gypsy moth biocontrol.

Cooperators1

Dr. Deborah G. McCullough, Dept. of Entomology and Dept. of Forestry, Michigan State University

Dr. Ann E. Hajek, Dept. of Entomology, Cornell University 

Dr. Steven A. Katovich, USDA Forest Service, NA State & Private Forestry

Hajek, McCullough and Katovich will cooperatively develop methods to survey and quantify E. maimaiga establishment, persistence and infection rates in relation to other characteristics in Michigan forests.  McCullough will oversee fieldwork and data collection in Michigan, including site and stand evaluations, bioassays, and comparison of weather data.  Hajek will direct processing of soil samples, assist with larval bioassays, and direct in vivo spore production.  Katovich will serve as liaison with USDA Forest Service and assist McCullough in requesting experimental use permits as needed. 

Products: Data collected each year will be analyzed and summarized.  Reports on preliminary results will be presented at state, regional and national meetings of gypsy moth managers and others involved with gypsy moth biocontrol.  Results, including protocols for producing and distributing E. maimaiga, will be published in peer-reviewed scientific journals, technical publications, extension bulletins, and other avenues as needed to reach appropriate audiences.  

Publications: Data from this study will be published in appropriate peer-reviewed scientific journals, such as Environmental Entomology, Biological Control, or Canadian Journal of Forest Research.  Results may also be appropriate for  publication as USDA Forest Service How To pamphlets, in Extension Bulletins through both MSU and Cornell, and in newsletters or trade magazines directed at foresters, gypsy moth program managers, and conservation groups.

Technology Transfer: Information will be provided to audiences through publications, as noted above, and through presentations at state, regional and national meetings.  We may also be able to hold workshops or conduct training sessions for technicians interested in E. maimaiga production, and for managers interested in E. maimaiga introductions.

Project Duration: We anticipate that we will require 3 field seasons to accurately evaluate E. maimaiga in relation to site, stand and weather conditions, and to develop and test protocols for E. maimaiga production.  An additional 6-8 months will be needed after fieldwork is completed for analysis of data, and preparation of manuscripts and reports.  If we begin the project in Spring 1999 (e.g. March 1, 1999), we anticipate completion of the project by May 30, 2002.

Estimated Long Term Budget: 

________________________________________________________________________________________


Year


Cornell

MSU
         Total  FHP

Other Sources2

________________________________________________________________________________________

March 1, 1999 - Feb. 28, 2000
25,935

21,400

47,335

     42,447

March 1, 2000 - Feb. 28, 2001
17,812

28,188

46,000

     43,620

March 1, 2001 - May 30, 2002
18,288

30,712

49,000

     48,030

________________________________________________________________________________________

2The Michigan Dept. of Agriculture has stated their intention to provide $12,000 in funding annually, in support of this project.  Additional funding of at least $10,000 per year will be requested from the USDA Forest Service National Center of Forest Health.  Some adjustments in allocation of funding between Cornell and MSU may be needed in Year 2 and Year 3, depending on progress, but the total FHP request is not expected to change.

Amounts listed under ``Other Sources' also include expenses associated with laboratory and office space, computer facilities, laboratory and field equipment, salary of PI's, and other facilities provided by Cornell University and Michigan State University.  We anticipate that the value of this contribution amounts to $22,247, $21,620, and $23,030 in years 1, 2 and 3, respectively.

FY 1999 Budget Request to FHP:

_________________________________________________________________



Cornell

MSU

Total FHP


_________________________________________________________________

Salary

17,220

17,000
 
34,220



Fringe

  4,965

   ------

  4,965
   


Travel

  1,000

  2,000

  3,000

 

Supplies

  2,750

  2,400

  5,150
  
 

Total

25,935

21,400

47,335



_________________________________________________________________

Salary will cover partial costs of a technician in Hajek's lab with much experience in quantifying resting spores, and conducting larval bioassays with E. maimaiga, partial support of a graduate student at MSU who will collect field and weather data, and assist with bioassays, and student labor to assist in bioassays and larval rearing.  Funding will be needed for travel to and from field sites, for E. maimaiga cadaver collection, and for one visit by Hajek to field sites.  Funds for supplies will be used to purchase artificial diet, containers and cages for larval rearing, some basic field equipment, Percoll and additional sieves as needed for resting spore quantification, and materials for bioassays.

Benefit and Cost:

Production Function

Project Cost: 

 Year



0

1

2

Total     

 STDP request

     47,335
     46,000
      49,000   
           142,335

 Other


     42,447
     43,620
      48,030
           134,097

 Total


     89,782
     89,620
      97,030
            276,432




Project Objectives: 

The benefit of this project (Avoid pesticide related costs) will be an overall reduction in the number of acres sprayed (spraying will not be needed if E. maimaiga will reduce the local gypsy moth populations). This benefit will only be reached if we can predict where E. maimaiga will reduce gypsy moth populations.  This is the benefit quantified in this economic analysis.

Other benefits are more difficult to quantify but may be substantial.  They include the possibility of extensive releases of E. maimaiga slowing the spread rate of gypsy moth in the region as well as reducing the impact of gypsy moth on timber, recreational and wildlife resources.  Further, refinement of E. maimaiga as a reliable biological control tool should provide an alternative control technique available in sensitive habitats for protection of threatened and endangered species such as Karner blue butterfly.    

Assumptions:

The benefits derived from this study should be applicable in Michigan by spring 2002.  The benefits will accrue for 5 years after this prediction tool and associated methodology are completed (3 year project).  

The ability to predict where E. maimaiga will reduce gypsy moth populations below treatment thresholds will eliminate 33 percent of the predicted spray acreage in any given year.

The prediction tools and methodologies developed by this project will reduce annual suppression costs by 33 percent in Michigan.    

Background Data:

Gypsy moth defoliation in Michigan has averaged approximately 287,500 acres per year between 1989 and 1998. Acres treated, primarily using B.t., in Michigan has averaged approximately 141,500 acres per year.  Federal suppression costs in Michigan averaged approximately 1.1 million dollars per year between 1986 and 1995.   Historical data on spray acreage and spray costs in Michigan were acquired from the USDA Forest Service Gypsy Moth Digest Database, Morgantown, WV and the Michigan DNR, Forest Health Unit.

Expenditure & Output Values (EOV) Without the Project:

There would be no reduction in acres sprayed each year. 

without the project = $1,100,000 x 5 years = $5,500,000 = discounted to $4,527,556 (years 2002-2006)

Expenditure & Output Values (EOV) With the Project:

With the project there would be a 33 percent reduction in acres sprayed each year and a corresponding 33 percent reduction in program costs per year.

With the Project = $1,1000,000 x 0.67 =  $737,000 x 5 years = $3,685,000 = discounted to $3,033,461 (years 2002-2006)

Benefit (Change in EOV) Attributable to Project:

$4,527,556 - 3,033,461  = $1,494,095

Benefit/Cost Ratio:

1,494,095 / 265,917  =  5.6 / 1.0

Benefit Attributable to STDP:

5.6  x  $136,869 STDP Cost =  $766,466

PNV Of Project:

$1,494,095  -   $265,917  =  $1,228,178 

PNV Of STDP:

$766,466 - $136,869  =  $629,597

***These benefits are conservative.  We base this statement on the fact that this study will have significant impact on the gypsy moth situation in neighboring states including Indiana, Illinois, Minnesota and Wisconsin.  

   Indiana - 1.6 million acres in oak forest types 

   Illinois - 2.2 million acres in oak forest types

   Minnesota - 1.2 million acres in oak and 6.3 million acres in aspen-birch forest types

   Wisconsin - 2.9 million acres in oak and 3.4 million acres in aspen-birch forest types

Literature Cited:

Albert, D.A., S.R. Denton, and B.V. Barnes. 1986. Regional landscape ecosystems of Michigan. School of Natural Resources, University of Michigan.32 p.

Buss, L.J. 1997. Evaluation of three egg mass survey methods and two biological control agents for gypsy moth management. M.S. Thesis, Dept. of Entomology, Michigan State University. 88 p.

Buss, L.J., D.G. McCullough and C.W. Ramm. 1998. Evaluation of three egg mass survey methods and occurrence of Entomophaga maimaiga and NPV in Michigan gypsy moth populations.  Environmental Entomology. Accepted.

Goebl, M. 1987. Gypsy moth infestation on the Allegheny national forest has direct impacts on recreationists. In: Coping with the gypys moth in the new frontier. Proc. of a workshop for managers. August, 1987. Morgantown, WV, West Virginia University. 

Hajek, A.E. 1997a. Entomophaga maimaiga: Where do we go now? USDA, Forest Service, Gen. Tech. Rpt. NE-240, pp. 46-48.

Hajek, A.E. 1997b. Fungal and viral epizootics in gypsy moth (Lepidoptera: Lymantriidae) populations in central New York. Biol. Contr. 10: 58-68.

Hajek, A.E. & D.W. Roberts. 1991. Pathogen reservoirs as a biological control resource: Introduction of Entomophaga maimaiga to North American gypsy moth, Lymantria dispar, populations. Biol. Contr. 1: 29-34.

Hajek, A.E. & R.E. Webb. Inoculative augmentation of the fungal entomopathogen  Entomophaga maimaiga as a homeowner tactic to control gypsy moth (Lepidoptera: Lymantriidae). Biol. Contr. (in press).

Hajek, A.E., L. Butler, M.M. Wheeler. 1996a. Laboratory bioassays testing the host range of the gypsy moth fungal pathogen Entomophaga maimaiga. Biol. Contr. 5: 530-544.

Hajek, A.E., J.S. Elkinton, and J.J. Witcosky. 1996b. Introduction and spread of the fungal pathogen Entomophaga maimaiga along the leading edge of gypsy moth spread. Environ. Entomol. 25: 1235-1247.

.

Hajek, A.E.,  R. A. Humber, and J. S. Elkinton. 1995. Mysterious origin of Entomophaga maimaiga in North America. Amer. Entomol. 41: 31-42.

Hajek, A.E., L. Butler, S.R.A. Walsh, J.C. Silver, F.P. Hain, F.L. Hastings, T.M. Odell, and D.R. Smitley. 1997. Host range of the gypsy moth (Lepidoptera: Lymantriidae) pathogen Entomophaga maimaiga (Zygomycetes: Entomophthorales) in the field versus laboratory. Environ. Entomol. 25: 709-721.

Kolodny-Hirsch, D.M. 1986. Evaluation of methods for sampling gypsy moth (Lepidoptera: Lymantriidae) egg mass populations and development of sequential sampling plans. Environ. Entomol. 15:373-379.

Malakar, R., J.S. Elkinton, A.E. Hajek, and J.P. Burand. 1998. Within-host interactions of Lymantria dispar L. (Lepidoptera: Lymantriidae) nucleopolyhedrosis virus (LdNPV) and Entomophaga maimaiga  Humber, Shimazu et Soper (Zygomycetes: Entomophthorales). J. Invertebr. Pathol. (In press).

Peacock, J.W., D.F. Schweitzer, J.L. Carter and N.R. DuBois. 1998. Laboratory assessment of the effects of Bacillus thuringiensis on native Lepidoptera. Environ. Entomol. 27:450-457.

Sample, B.E., L. Butler, C. Zivohovich, R.C. Whitmore, and R. Reardon. 1996. Effects of Bacillus thuringiensis berliner var. kurstaki and defoliation by the gypsy moth (Lymantria dispar L.) on native arthropods in West Virginia. Can. Entomol. 128:573-592.

Smitley, D.R., L.S. Bauer, A.E. Hajek, F.J. Sapio, and R.A. Humber. 1995.  Introduction and establishment of Entomophaga maimaiga, a fungal pathogen of gypsy moth (Lepidoptera:Lymantriidae) in Michigan. Environ. Entomol. 24: 1685-1695.

USDA Soil Conservation Service. 1975. Soil association map of Michigan.  Michigan State University Extension Bulletin E-1550.

Wagner, D.L., J.W. Peacock, J.L. Carter, and S.E. Talley. 1996. Field assessment of Bacillus thuringiensis on nontarget Lepidoptera.  Environ. Entomol. 25:1444-1454.

Weseloh, R.M. 1998. Possibility for recent origin of the gypsy moth (Lepidoptera: Lymantriidae) fungal pathogen Entomophaga maimaiga (Zygomycetes: Entomophthorales) in North America. Environ. Entomol. 27:171-177.

Appendix A

Informal Cooperators:

Jim Johnson, Gypsy Moth Program Manager, Michigan Dept. of Agriculture

Ken Rausher, Supervisor, Pesticide & Plant Pest Management Division, Michigan Dept. of Agriculture

Mike Connor, Entomologist, USDA Forest Service, Northeastern Area State & Private Forestry

Dr. Andrea Diss, Gypsy Moth Program Coordinator, Wisconsin Dept. of Natural Resources

Officials from the Michigan Dept. of Agriculture have indicated their strong interest in this project, including their intention to provide $12,000 in funding, help with locating sites and cadavers, and assist in obtaining necessary permits for E. maimaiga release.

Personnel from the Wisconsin Dept. of Natural Resources have stated their willingness to cooperate with this study.  They have offered to quantify site and stand variables in gypsy moth infestations where they have recently released E. maimaiga and are also interested in providing a small amount of funding for larval bioassays with soil collected from these sites.

Officials in the Indiana Dept. of Natural Resources (Phil Marshall and Bob Waltz) have expressed their support and interest in this project, particularly if methods can be developed for in vivo production of E. maimaiga resting spores.  They are considering the eventual release of E. maimaiga as gypsy moth becomes established in Indiana.  Phil and Bob indicated that they would consider monitoring site and stand variables in release sites similar to those that we will survey in our study, or using our results to identify appropriate sites for E. maimaiga introduction.

