Appendix 6: Effects of biocontrol agents on non-target Lepidoptera (moths and butterflies)
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Threat: Impacts on non-target lepidoptera of chemical pesticides and biological agents used for the control of gypsy moths and other insect pests in the past, present and future.
Discussion: Millions of acres in the Northeast were sprayed with the chemical biocides DDT and carbaryl for gypsy moth control from the 1950s through the 1970s with little concern or documentation of non-target impacts (Doane and McManus 1982).  Comparable acreages were sprayed in the 1980s and 1990s with Diflubenzuron (trade name Dimilin®) and Bacillus thuringiensis var. kurstaki (Btk).  Dimilin is a chitin synthesis inhibitor that disrupts the formation of the exoskeleton, and is lethal to immature Lepidoptera other insects and arthropods (broad traditional sense) that ingest it. Dimilin breaks down within days (soil) to weeks or months on vegetation (Wauchope et al. 1992; WSSA 1994). Dimilin may remain lethal in leaf litter at least through two seasons (USDA FEIS 1995; Wimmer et al. 1993), and may cause high mortality to aquatic leaf shredders in streams (Harrahy et. al.1993; Schweitzer 2004). B. thuringiensis is a naturally occurring bacterial disease of insects that produces proteins that paralyze the digestive system of insects. Variety Btk kills only leaf- and needle-feeding caterpillars, and degrades within days to at most a year.
There is uncertainty about the long-term impacts of the spraying in the 1980s and later (especially for Dimilin), which though widespread usually only covered a portion of the landscape in any given year, and was more carefully targeted than in the 1950s. Such aerial spraying tends to be uneven, with some trees remaining unsprayed.  Populations of most Lepidoptera, and presumably other affected species, appear to rebound from chemical spraying within a year or two through reproduction of individuals that escaped spray exposure, or recolonized from nearby areas that were not sprayed (Wagner et al. 1996). However, a few especially sensitive species may take more than 2-3 years to recover, or may fail to do so at all if recolonization is impossible (Peacock et al. 1998; Wagner et al. 1996; Boulton and Otvos 2004).  
Although widespread spraying doesn't occur today, pesticides and to a lesser extent Btk continue to cause mortality of native Lepidoptera. Extirpation of populations of native species may occur if these agents are applied to the entirety of isolated habitats, such as pitch pine-scrub oak barrens, bogs, swamps, and fens.  Examples of extirpations that coincided with periods of maximum spraying (depending on location from the late 1950s to early 1990s) include Pyrgus wyandot (Appalachian Grizzled Skipper) and Erynnis persius (Persius Duskywing) (Schweitzer 2004).  

Unlike pesticides or Btk, impacts of biological control agents (positive or negative) will not be confined to the release area, and may be long lasting. Thus careful, rigorous testing for host specificity should be carried out before release.  Such testing was not done before the generalist parasitic fly Compsilura concinnata was repeatedly introduced for the control of gypsy moths and other pests from 1906–1986.  Compsilura concinnata is documented to parasitize the caterpillars of at least 180 Lepidoptera species in North America (Boettner et al. 2000; Arnaud 1978) and its actual host list is undoubtedly much larger. However, not all of species parasitized by C. concinnata are significantly impacted at the population level.  Most heavily parasitized are medium to large, forest dwelling moths.  Silk moths (Saturniidae) fall into this category, and parasitism by C. concinnata appears to be the primary cause of silk moth declines in New England (Boettner et al. 2000; Kellogg et al. 2003; Peigler 2001).  Among the Saturniidae, possibly the most severely impacted genera are Eacles and Citheronia, which were extirpated from mainland southern New England and slightly beyond (Schweitzer 2004)  In addition, declines and local extinctions of some native silk moth parasitoids seem to occur about 20 years after the nonnative C. concinnata parasitoid arrives in a new location (Boettner, unpub. data).  

Impacts of C. concinnata on other Lepidoptera are less well documented and include the Notodontidae (especially Datana spp.), Sphingidae, and Geometridae (Cingilia catenaria), many of which have declined or disappeared over substantial areas since the early 1950s (see the Appendix for more information). There is no evidence that C. concinnata has substantially impacted any univoltine species (one brood per year) in which caterpillars complete feeding before July in southern New England (Schweitzer 2004).   Virtually all declines of such spring species are easily attributed to habitat loss. 

Another concern is Pimpla disparis, a generalist parasitoid like C. concinnata with a very wide host range in Europe, which impacts very close relatives of rare native Lepidoptera.  P. disparis was first introduced in 1986 and is now found from Maine to Cape Cod and in the midwest (Alleyne 2002).  Other than C. concinnata, the most likely case of exotic parasitoids impacting native Lepidoptera in the NAC-LNE region is Cotesia glomerata, a biological control (biocontrol) agent for the non-native Pieris rapae (cabbage white butterfly).  Cotesia glomerata may be impacting native Pieris and Pontia butterflies. Pontia protodice (checkered white) has been eliminated from about 98% of its former range in NAC and LNE, and is greatly reduced south to the Carolinas.  C. glomerata is the most plausible explanation for its disappearance.  Native Pieris spp. have also declined in LNE, although there are several other known causes besides Cotesia (more than 20 different parasitioids were released for control of cabbage white butterflies.  Pieres spp. are not present in most of NAC today, and it is unclear if they once were present. Another potential indirect threat to butterflies is the recent introduction of Harmonia axyridis, a now abundant lady bird beetle and a generalist aphid predator. H. axyridis is known to feed on woolly alder aphids, the prey of our native harvester butterfly, Feniseca tarquinius. More work is needed to see what impact this introduction will have on the only North American carnivorous butterfly.  
In contrast to generalist agents, species specific control measures that appear to have had no significant non-target impacts include Gypcheck® (NPV virus produced by the Forest Service) and Disrupt®II (pheromone based mating disruption), but they are of limited availability (Schweitzer 2004).  The nearly species specific gypsy moth fungus Entomophaga maimaiga is also safe, but not commercially available. Although E. maimaiga kills a few larvae of a variety of other species when injected in the laboratory and in the field (Hajek et al. 1996; Hajek et al. 2000), such field mortality is too low to be significant at the population level.  E. maimaiga may prov to be the only long term solution for gypsy moth control, as it kills at low gypsy moth density whereas Gypcheck is most effective at high density outbreaks (unpub. Data).  
USDA is now rearing a species specific virus (EcNPV) for the control of Euproctis chrysorrhoea (browntail moth) and has carried out field trials. In addition to being a serious defoliator, E. chrysorrhoea can cause serious, and sometimes fatal, allergies (Slavicek 2004). Viruses such as EcNPV can be extremely species specific and hold a lot of promise for safe use. These viruses need specific host DNA sequences to be able to replicate and therefore it may be fairly easy to predict non target host impacts – if any – in the near future. 
Btk contains living spores but its direct impacts last at most a few weeks, and it does not become permanently established in the soil.  Btk sensitivity is a species-specific (and sometimes instar-specific) characteristic, and is not consistent at the genus or family level.  While the residue is lethal to swallowtails and a few others for a month or possibly longer, impacts are generally not detectable for most species after about a week.  Btk impacts to native caterpillars that consume it vary from close to 100% mortality to no detectable effect, depending on species and instar (Peacock et al. 1998).  The pros and cons of using Btk on Conservancy and other conservation lands have been evaluated by Schweitzer (2004).
Impacts (positive or negative) of current chemical pesticides and Btk remain local.  However, biocontrol agents may spread widely from initial release areas and even potentially become international issues. Therefore while TNC can decline biocide application on its lands, and decline or accept Btk applications as warranted, there is no option to refuse biocontrol agents already established in or in proximity to the region. TNC has long had a policy on biocontrol introductions on its lands.
TNC policy for requesting permission to release non-indigenous biocontrol agents: Standard operating procedures specify that “To request permission to release a non-native biological control agent, a formal proposal must be submitted to the Conservancy's Weed Specialist. Contact the Weed Specialist for more details on the scope of the proposal and assistance in preparing it. The Weed Specialist will evaluate the proposal and make a recommendation to the Chief Scientist who has sole authority to grant exceptions to the policy prohibiting releases of biocontrol agents. Each introduction at each site will be considered separately and will require a separate proposal. At a minimum, each proposal must address the following [eight] points....” (TNC 2005) which deal with the threat of the pest, safety and effectiveness of the biocontrol agent, and monitoring required to assess the effect of the biocontrol agent on target and non-target species.

TNCs Biocontrol policy does NOT apply to use of Btk because  “...it acts like a biopesticide rather than a classical biological control agent” (e.g. it spreads little if at all from release sites, it has to be released repeatedly on a given site) (J.Randall, pers. comm. 2006).  
When Gypchek® becomes commercially available for the control of gypsy moth, we suggest that it should be the control method of choice for gypsy moth on all TNC lands and should also be exempt from TNC’s policy for three reasons: 

1) It is already established throughout NAC, LNE and far beyond.

2) We do not think it impacts species other than gypsy moth (Schweitzer 2004).

3) Land managers sometimes need to be able to make decisions quickly, without going through a lengthy approval process. Gypsy moths can lay up to 1,000 eggs per female and may increase 100-fold in a year.  The window for applying the control agent and successfully preventing defoliation may be only a few days or weeks. 
Relevance to coarse and fine filter ecoregional targets: ”Coarse-filter” species are protected implicitly through the conservation of ecosystems, communities and landscapes – a strategy that accounts for roughly 99% of the species present in the North Atlantic Coast ecoregion. “Fine-filter” species are those that we believe can not be adequately conserved by the protection of ecosystems alone but require explicit and direct conservation attention. The latter group of species, requiring direct attention, we termed primary species targets ...” (TNC 2003).

At present most species of Lepidoptera can probably be protected as coarse-filter species (secondary targets).  Known exceptions are usually globally rare or highly state rare species, but even many rare species require no special management and could be secondary targets.  Possible exceptions might be a few of the large silk moths.  Research is underway to clarify the role of C. concinnata in silk moth declines and the factors that limit the impact of C. concinnata in some areas. Perhaps the results of this research will lead to strategies to conserve large silk moths and other similarly affected species. If no effective and feasible strategies are found, the target status of these species could be revisited.  

Possibly some formerly widespread Datana spp. north of New Jersey should now be considered primary species targets because, although seriously impacted, they have not been extirpated and might recover. Species are designated as primary targets if they meet criteria for rarity, are endemic or in demonstrable decline, and/or have special needs not fully met by protecting their habitat (NAC EcoregioDraft Plan 2006). These Datana spp., along with Eacles imperialis, are among the most abundant summer moths of any size in much of southern New Jersey, where most TNC preserves appear to have been minimally affected by C. concinnata, but are greatly reduced or absent in much of New England.  However, there may not be much TNC can do to help these species recover except to conserve their habitats and any known refugia. 
Threat abatement: The possibility remains that new biocontrol agents could be released in the future that would negatively impact additional Lepidoptera. Thus the threat of ill-considered biocontrol releases should be addressed in the North Atlantic Coast Ecoregion Plan and in TNC plans and programs at site, ecoregional and regional levels.  Specifically, TNC should vigorously oppose any proposals to USDA (or other agencies) to release any generalist species as a biocontrol agent.  We should also comment on any suggested new biocontrol agents currently under development, prior to approval for release.  The USDA seeks comments on all new releases, but rarely gets any.  At present there are few actions TNC can take to conserve C. concinnata-impacted species in places like New England, other than to protect habitats on off shore islands and other refugia, and possibly productive areas for Datana.  Specifically, open habitats (grassland, shrubland, woodland), which appear to harbor lower density populations of C. concinnata, should be maintained through ecological management (T. Simmons, pers. comm. 2006).
Hope for the future: Beginning around 1999, many moth species that had been reduced or eliminated by past pesticide spraying and/or C. concinnata began to increase in abundance from northern Delaware through New Jersey, Long Island, Massachusetts and beyond.  Recovering moths include species of Datana and Symmerista, as well as Cingilia catenaria, Citheronia regalis and Eacles imperialis. The cause of this recovery is not yet known but may include a hypothesized reduction in the impact of Compsilura, and/or the decline in frequency of gypsy moth outbreaks since the 1990s (generally attributed to Entomophaga maimaga)
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Notodontidae and many Sphingidae were almost certainly severely impacted by C. concinnata in the 1960s and 1970s.  Today Notodontidae have partially recovered, whereas some affected Sphingidae have not, for unknown reasons.  It is nearly impossible to overlook Datana (Notodontidae) larvae in late summer if they occur in any numbers, and the blacklight traps attract many adults.  Before C. concinnata was introduced, the moth fauna of southern New England was very well documented by Farquhar (1934) who listed seven species of Datana for southern New England (although D. major may have been in error). From 1972-1988 Schweitzer observed only a single adult and no larvae of Datana in CT or MA. Dylan Parry at SUNY Syracuse has documented 79% mortality from C. concinnata on Datana ministra in Massachusetts in a pilot study (Wagner 2005).  Since Farquhar's time drastic declines n New England include Sphinx chersis, S. lucitiosa, Manduca jasminearum (extirpated), Ceratomia amyntor, and most Saturniidae.  Very few species in thse groups were then rare and most were widespread.  Habitat loss does not explain the declines. While impacts were most apparent in Saturniidae, Sphingidae, and Notodontidae, Schweitzer (2004) suggests C. concinnata as the probable cause for major declines or extirpations of a few other other arboreal summer species for which no other plausible cause is known.  The fomerly ubiquitous (Farquhar, 1934) and now mostly absent Cingilia catenaria only remains abundant in the usual island refugia and is a known host of C. concinnata (Arnaud 1978; Webber and Schaffner 1926).  
Simmons (pers. comm. 2006) recommends that “Cumulative impacts of habitat loss and excessive parasitism should also be considered in assessing threats and declines.”  Additionally, he suggests, “[o]pen habitats appear to harbor lower density populations of C. concinnata, for example and these habitats declined with the exclusion of fire. C. catenaria, a formerly widespread polyphagous species, colonized recently burned areas on Cape Cod and displays irruptions following prescribed fires on the Islands.  E. persius, in Massachusetts eschews open areas with abundant host plant, Baptisia tinctoria, and is found currently only in a single savanna site and occasionally is observed on the edges of nearby utility lines. The combination of spraying and habitat loss due to fire exclusion is a plausible scenario to explain its decline.” 
Schweitzer notes that E. persius persius is much rarer now than before 1960, and is absent rangewide from most seemingly suitable habitats.  In PA and CT E. perisus occurs on powerlines remote from any natural barrens or savannas. Its phenology and habits are not consistent with Compsilura impacts.  Restoration of more open habitat might help with the recovery or at least persistence of species such as Cingilia, Automeris io, and most Datana.  that are normally more abundant in open shrubby habitats, but do (or used to) occur in forests.  Treeless and shrubby habitats in southern New Jersey might be valuable refugia from Compsilura in New England.
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