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Introduction



Across the Northeast, populations of several species of Lepidoptera (butterflies and moths) have declined over the past 40 years.  Although habitat loss and / or alteration have undoubtedly contributed to their diminished populations, the leading cause is likely the exotic parasitoid Compsilura concinnata, originally introduced to control gypsy moth.  This parasitoid now attacks more than 200 native species of Lepidoptera and has decimated experimental populations of several species of giant silk moth (Saturniidae) (Boettner et al. 2000, Fink et al. 2003, D. Parry and G.H. Boettner, unpublished).  
Some formerly ubiquitous species in New England now exist only in pine-barrens habitats in coastal Massachusetts (Cape Cod, Nantucket, Martha’s Vineyard) and a few other inland pine-barrens habitats (Myles Standish State Park, Montague Plains). Pine-barrens ecosystems are recognized as critical habitat for a number of state and federally listed Lepidoptera in the United States, but are threatened by suppression of fire and the concomitant transformation to climax plant communities, as well as pressures from development (Forman 1979, Swengel and Swengel 2001).  Numerous species of Lepidoptera dependent on early seral habitat have suffered population declines as successional changes have occurred (New 1997, Smallidge and Leopold 1997).   
A surrogate for fire as a mechanism to regenerate early successional habitat is the management of vegetation along transmission line right-of-ways. Brush-cutters are driven along right-of-ways, trimming all vegetation to ground level at 5-10 year intervals. This management regime perpetually resets successional processes and in many areas, is the only disturbance that is consistently generating early seral stages in pine-barrens.  In 2001, we observed that several threatened Lepidoptera were common on scrub and black oak along transmission line corridors running through Cape Cod National Seashore despite difficulty in locating populations elsewhere. Furthermore, these species were not found in the adjoining mature pitch pine community along either side of the rights-of-way.  
Differences in abundance between open areas along power line corridors and the adjoining forest suggested that the right-of-way habitat may confer some fitness advantage to these Lepidoptera.  Given that their host plants occur in both habitats, 

we suggest that the patchy habitat structure may offer enemy-free or at least enemy-reduced space from natural enemies. Recent research on browntail moth suggested that C. concinnata may be less successful in patchy open habitats than in forests (J.S. Elkinton and D. Parry, unpublished).  It is possible that the fragmented nature of open areas reduces the searching success of this abundant and aggressive parasitoid.

Rights-of way corridors are essential for other imperiled species of Lepidoptera, including the federally listed Karner blue butterfly (Lycaeides melissa samuelis) (Smallidge and Leopold 1997).  The possibility that power line right-of-ways create critical habitat for other species needs further investigation.  If our hypothesis is true, vegetation management could be coordinated with utility companies in such a way as to enhance their conservation value, as they have been done in New York State.
In preliminary research in 2002, we examined broad-scale spatial differences in susceptibility of Lepidoptera to natural enemies among forested ecosystems. We utilizing two different experimental approaches; (1) comparing oak dominated pine-barrens habitats on Cape Cod vs. inland oak forests and (2) comparing different habitats within the National Seashore (pitch pine overstory vs. patchy scrub oak open areas).  We used several different species of Lepidoptera, representing a range of life history strategies, seasonal occurrences, and conservation status. 
To assess parasitism in different habitats, we utilized a sequential deployment procedure (Boettner et al. 2000).  We placed cohorts of caterpillars in the field in natural settings for set periods of time.  Larvae were retrieved and replaced with another set of laboratory reared caterpillars at the same stage of development as the cohort that was replaced.  Retrieved larvae are then reared in the laboratory until they die or emerge as adults.  We quantified all sources of mortality and identified any parasitoids that emerge.  By sequentially deploying cohorts of larvae through the portion of the season when natural populations are feeding, we can quantify stage-specific mortality factors.
The species of Lepidoptera we selected to use represent a range of susceptibility to attack by C. concinnata.  Eastern tent caterpillar, Malacosoma americanum, is hardly ever attacked by C. concinnata allowing us to control for differences in parasitism among habitats and years. Orange-striped oakworm, Anisota senatoria (a silkmoth), is moderately susceptible, whereas polyphemus, Antherea polyphemus (another giant silk moth) and yellow-necked caterpillar, Datana ministra, are highly susceptible. 

While preliminary in nature, our initial results have shown some consistent patterns although the validity of our hypothesis is inconclusive for some species (Table 1).  Both D. ministra and A. senatoria suffered higher parasitism in inland forests.  The most heavily attacked species, A. polyphemus, suffered nearly complete mortality from C. concinnata both on and off Cape Cod in forested habitats.
Table 1. Comparison of C. concinnata parasitism between pitch pine / black oak forest on Cape Cod and black / red oak / white pine forest in western Massachusetts.
	Species
	Cape Cod
	Western MA
	Host
	Deployed Insects

	A. polyphemus
	100% (2 sites)
	94.5% (2 sites)
	Black Oak
	560

	D. ministra
	25% (2 sites)
	80%* (2 sites)
	Black Oak
	500

	A. senatoria
	>1% (2 sites)
	15%* (2 sites)
	Black Oak
	500

	M. americanum
	>1% (5 sites)
	>1% (3 sites)
	Black Cherry
	1000+

	* Significantly different, ANOVA p < 0.05


Within the National Seashore, we were able to detect a strong spatial pattern in parasitism of A. polyphemus (Table 2). Caterpillars deployed on black oak in patchily vegetated open areas (primarily right-of-ways) had significantly lower parasitism than those placed on black oak in forests with a predominantly pitch pine canopy.  This pattern in parasitism by C. concinnata is similar to that shown for browntail moth (J.S. Elkinton and D. Parry, unpublished). In browntail moth, spatially isolated clumps of beach plum on the tip of Cape Cod support high populations, primarily due to the very low parasitism rates.  On the other hand, no differences in parasitism were detected for buck moth between forested habitat and open growing scrub oak.  However, relatively small sample sizes were used, so it may be premature to draw any conclusions about this species. As we anticipated, parasitism of M. americanum was negligible and did not vary with habitat.
Table 2. Comparison of C. concinnata parasitism in patchy open growing scrub / black oak habitat with closed pitch pine / black oak overstory 
	
	Habitat
	
	

	Species
	Pitch Pine Canopy
	Open Scrub Oak
	Host
	Deployed Insects

	A. polyphemus
	65.7%
	26.9%*
	Black Oak
	636

	H. maia
	17%
	20%
	Scrub Oak
	360

	M. americanum
	>1%
	>1%
	Black Cherry
	1000+

	* Significantly different, ANOVA p < 0.05


Proposed Research - 2003
Overview: The proposed study will follow up results from the previous year’s research and will add a more detailed experiment designed to assess the relationship between habitat and mortality for the barrens buck moth, Hemileuca maia.  We will quantify and compare mortality sources for M. americanum, H. maia, D. ministra, and A. senatoria populations in different habitats within two Massachusetts pine barrens: Cape Cod National Seashore and Myles Standish State Park. While preliminary and ongoing research is focused on the exotic parasitoid C. concinnata, we also are interested in the relationship between habitat structure and mortality caused by birds and small mammals.  Birds are known to prey on all of these species and for buck moth at least, we suspect that they may very significant. We also suspect that small mammals may be important for the species which pupate in the soil (buck moth, yellow-necked caterpillar, orange-striped oakworm).  
Hypotheses: our study is focused around two central hypotheses.
Hа1:  Mortality will be lower in early successional communities (scrub / black oak dominated) than in late successional communities (pitch pine overstory).

Hа2:  Within scrub oak dominated habitat, mortality will be reduced in areas where scrub oak is patchily distributed relative to continuous stands of this host.

Four main predictions can be derived from these hypotheses:
P1:  Parasitism of D. ministra. A. senatoria, and H. maia will be higher and dominated by the exotic species C. concinnata in late successional plant communities.
P2:  Increasing uniformity in the habitat will correlate with increased parasitism by C. concinnata.
P3:  Avian predators will be a more important source of mortality in habitats with increasing complexity such as late successional dominated by pitch pine, or in dense, continually distributed, older scrub oak communities.

P4:  Small mammal and/or invertebrate predation of pupae in the soil will be higher in continuously distributed scrub oak and in pitch pine forest.
Experimental Design
In 2003, we will focus much of our attention on the barrens buck moth, Hemileuca maia, which is listed as a species of concern in Massachusetts. Smaller-scale experiments and supplementary data will be collected for D. ministra, A. senatoria, and M. americanum. 
Experiments will be conducted in several locations in Myles Standish State Park and within the Cape Cod National Seashore.  Specific locations within the National Seashore for experimental work are as follows:  The power line right-of-way running parallel to the Rail Trail from the Marconi Station road north to the Wellfleet general store. Transects will extend from the center of the right-of-way into the pitch pine dominated forest to the east.  In addition, we will put in two transects south of the Marconi Station road, also extending from the power line right-of-way to the east into the forest.
Experiments with H. maia - Within each site, we will utilize a series of transects encompassing three distinct scrub oak habitats (late successional with pitch pine overstory, forest edge, and open areas – power line rights-of-way).  We will sequentially deploy groups of larvae at each point along the transects.  Groups of 100 larvae (emulating natural colony size) will be placed on the distal branches of individual scrub oak trees and retrieved after one week.  Relatively small scrub oaks will be utilized, as prior research suggests that H. maia larvae are most commonly found on smaller oaks (Schweitzer 1991, Sferra & Dunwiddie 1990).  
Retrieved larvae will be replaced with laboratory reared larvae at the same developmental stage, which will be placed on the same tree.  This method was used successfully by Boettner et al. (2000) to quantify mortality for several other saturniids.  Retrieved larvae will be reared in the laboratory until adults emerge or parasitoids issue.  Later instars will be confined to the immediate vicinity of scrub oak trees by using aluminum flashing as ground barriers.  This method proved very successful in preliminary studies in 2002 (J. Selfridge, unpublished).  


At each site where larvae are deployed, light penetration through the canopy will be measured.  We will also quantify the spatial nature of the habitat using quadrats to estimate plant diversity and measuring the distances to neighboring trees.  Data loggers will be used to monitor changes in microclimate.  New et al. (1991) and Smallidge et al. (1996) suggest that microclimate patterns may affect the physiology of Lepidoptera species and their relationship with host plants.

Laboratory-reared pupae will be placed in marked locations along each transect to assess predation rates.  Half of the release sites will be protected with exclosures that eliminate bird predation but which still allow full access to larvae by parasitoids.  Boettner et al. (2000) cites bird predation as a potential factor explaining why individual H. maia larvae disappear in the field.  Bird exclosures consist of 1.5 m high frame constructed from 2.5 cm PVC plumbing pipe. Netting is attached to the frame and the entire structure placed over small scrub oaks. Trials with these exclosures in 2002 indicated that bird predation was eliminated, but rates of parasitism unchanged between larvae inside and outside the cages (D. Parry, unpublished).
To assess small mammal predation, we will place pupae in the soil at natural depths of a few cm below the surface.  We will use the same transect system and deploy groups of pupae at intervals extending from the center of a right-of-way, at the edge of the forest, and at intervals into the pitch pine dominated forest.  After 3 months pupae will be retrieved, and counted as missing, damaged, or healthy.  Previous research has shown that missing pupae indicates predation by small mammal whereas damaged pupae are indicative of invertebrate predation.
Collections of Other Species - In addition to the experiments with H. maia, we intend to make several supplementary collections of M. americanum, D. ministra, and A. senatoria.  Ideally we would like to represent a number of areas and habitats with these collections, but with the exception of M. americanum which are always abundant throughout Cape Cod, the other species will be collected where they occur as their populations move around and do not predictably occur in any given location annually.  In the past we have had good success collecting D. ministra and A. senatoria along the power line right-of-way and the edges along the sides of Route 6. Once parasitism has been assessed, surviving pupae will be returned to the location where the larvae were collected and released, so as to have minimal impact on natural populations.
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