Invasive Species Management and Control:
Asian longhorned beetle (Anoplophora glabripennis)
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1.0 INTEGRATED MANAGEMENT

The eradication programme imple​mented by APHIS and its cooperators hinges on several elements: rapidly delim​iting new infestations, imposing quaran​tine, and implementing control measures within the quarantine zone. When ALB is reported, intensive visual inspections are conducted throughout the neighbourhood to delimit the infestation. Infested trees and those species consid​ered to be at high-risk of attack within a radius of 400 metres from the edge of the known infestation (the distance var​ies with locality) are felled and chipped. High-risk trees within a radius of a sec​ond 400 metres are also either removed and chipped or injected with a systemic insecticide. APHIS and US Forest Service scientists and their collaborators have developed a method of using the systemic insecticide, imidacloprid, which has been shown to kill adult beetles while feed​ing on twigs and leaves, thereby helping to contain the spread of the beetle. The infested area is re-surveyed at least once a year for the next five years after beetles are found (Smith and Wu 2008).
Federal quarantine regulations intro​duced in March 1997, which are imple​mented when an infestation is found, place  restrictions on movement of firewood (all hardwood species), cuttings and nurs​ery stock of ALB’s host trees, including maple, horsechestnut, birch, sycamore, poplar, willow, mountain ash and elm, and anything an inspector may deem to present a risk of spreading ALB (Smith and Wu 2008).
Collectively, from 1997 to 2006, APHIS and the states of New York, Illinois and New Jersey and local gov​ernments have spent more than $800 mil​lion on ALB eradication measures (Smith and Wu 2008). However the GAO Report (2006) found that, unlike most invasive species most government officials involved in the ALB program believed that it could be completely eradicated if adequate funding is provided to complete the program (GAO 2006).
2.0 PREVENTATIVE MEASURES
The primary pathway by which ALB has reached the USA and other countries is in wood packing materials. ALB has been intercepted frequently at ports and found in warehouses throughout the United States. This pathway highlights the importance of quarantine and regulations as a first line of defense for countries against invasion by ALB and other pests (Smith and Wu 2008).

“When the pathway of entry of ALB into the USA was confirmed, APHIS enacted tough measures to exclude new introductions. In December 1998, APHIS put in place an interim rule requiring all solid wood packing mate​rials entering the USA from China to be heat treated (kiln-dried), fumi​gated, or treated with preservatives. Previously, regulations only required most such imported materials to be totally free from bark and apparently free from live plant pests” (Smith and Wu 2008). In 2002, United Nation FAO's (Food and Agriculture Organisation) Interim Commission on Phytosanitary Measures imposed a global standard for treating wood packaging International Standard for Phytosanitary Measures No. 15 to limit the entry and spread of pests of plants and plant products.
“Since September 2005, all wooden packaging materials imported into the USA have to be heat treated or fumi​gated with methyl bromide and marked with the International Plant Protection Convention (IPPC) logo and appropri​ate country code designating the loca​tion of treatment” (Smith and Wu 2008). However, since 2005 methyl bromide is being phased out because of its listing as an ozone-depleting substance under the Montreal Protocol (UNEP 1996 in Yonglin et al. 2006). Ethanedinitrile (Cyanogen) is a new fumigant which may have potential as a quarantine treatment for timber. It occurs naturally in the environment and is not an ozone-depleting or greenhouse gas. A preliminary study by Yonglin and colleagues (2006) suggests that ethanedintrile is effective at killing ALB larvae, and penetrates wood or grains faster than methyl bromide. Vacuum technology is a non-chemical alternative that may be effective at killing ALB larvae in solid wood packing materials (Chen et al. 2008). 
Other preventative measures to minimize ALB incursions include visual inspections of high risk cargo and in high risk areas by Plant Protection and Quarantine (PPQ) officers, pest alerts issued to ports-of-entry personnel and secondary inspections and surveys for high risk importers (warehouses that have previously received infested cargo).
Federal quarantine regulations intro​duced in March 1997, which are imple​mented when an infestation is found, place  restrictions on movement of firewood (all hardwood species), cuttings and nurs​ery stock of ALB’s host trees, including maple, horsechestnut, birch, sycamore, poplar, willow, mountain ash and elm, and anything an inspector may deem to present a risk of spreading ALB. UVM (2008) lists preventative measures for homeowners: do not cut down infested trees yourself – only ALB certified tree-service personnel can do it; do not dispose of or move any wood from your area without an inspection permit; do not plant trees that are ALB hosts.
“As a preventive measure, trees have been treated by trunk and soil injection with imidacloprid in the USA since 2000, with 89,000 trees treated in 2005 alone (APHIS 2006). Injecting trees with imidacloprid is thought to be only partially effective as this insecticide is not evenly distributed throughout trees after injection (Poland et al. 2006a)” (Dubois et al. 2008).
3.0 PREDICTION AND MONITORING
“Scientists in the CFS, CFIA, Toronto Department of Parks, Forestry and Recreation, the Department of Ecology and Evolutionary Biology and Department of Entomology at Cornell University, and at ARS BIIR have been conducting detailed studies of the ALB infestation in Toronto. This collaborative effort will ultimately provide the first in-depth analysis of the invasion process of ALB into countries outside its native range, including analysis of host preference and host suitability, and analysis of the spatiotemporal pattern of attack of individual trees and landscapes. Once completed, these studies should prove valuable in predicting landscapes at risk of establishment by an invasive population of ALB, and the direction and rate of spread once it becomes estab​lished. The value of these predictive tools includes their consideration for planning green spaces to minimize the risk of estab​lishment, and for early detection and rapid response (e.g. survey and control) to limit spread of existing and new introductions” (Smith and Wu 2008).

Efforts to develop monitoring technology is underway, including pheromones, kairomones and bait/sentinel trees for monitoring adult Anoplophora glabripennis and acoustic technology for detection of beetle-infested trees. 
ALB is difficult to detect because the larvae feed unseen inside trees. Acoustic technology has potential for reducing costs and hazards of tree inspection. Research is currently underway to characterize distinctive spectral and temporal features of larval sounds to distinguish infested trees from uninfested trees (Mankin et al. 2008).

“Scientists in the Department of Entomology at SUNY and Pennsylvania State University and the ARS Invasive Insect Biocontrol and Behaviour Lab in Beltsville, Maryland have identified the male and female sex pheromones of ALB. Although ALB attraction to traps baited with different sex pheromone lures has produced mixed results, there is some evidence of attraction within infested trees. Scientists are continuing studies to improve the lures and find ways of incorporating the lure into detection pro​grammes for ALB” (Smith and Wu 2008).

4.0 PHYSICAL CONTROL
Identification of infested trees via visual inspection (by ground survey, bucket trucks and tree climbers) for oviposition sites, emergence holes, sap and frass, followed by tree removal (including chipping and/or burning) is currently the only proven method of control. Even trees with only one exit hole visible on a branch must be removed. According to ALB quarantines, infested trees can only be removed by tree care specialists who have been certified by the state. This ensures that the strict guidelines associated with destroying the trees are followed (UVM 2008).

Government agencies have contracted with private companies to remove and dispose of the trees. “New York City established a free curbside pick-up program to remove residential wood debris within the quarantined zones to prevent the spread of the beetle. In Illinois and New Jersey, government agencies established disposal sites and wood grinders to handle wood debris gathered by both commercial entities and residents within the quarantined areas” (GAO 2006). 
According to guidelines established by the US Department of Agriculture, only tree species that are not ALB hosts may be replanted (USFS list of non host species for Chicago) (UVM 2008).
5.0 CHEMICAL CONTROL 

Systemic insecticides can be used on uninfested host trees within quarantine areas in the hope that they will be protected from attack by A. glabripennis, or in an attempt to treat trees which are already infested. Insecticides that are delivered by soil or injected directly into trees, and have low mammalian toxicity and minimal non-target impacts are preferred in eradication programmes (Poland et al. 2006a).

Poland et al. (2006b) found that both azadirachtin and imidacloprid were effective against ALB in a laboratory setting. Subsequent field studies conducted in China between 2000 and 2002 evaluated the systemic insecticides azadirachtin, emamectin benzoate, imidacloprid, and thiacloprid forc ontrol of A. glabripennis in naturally infested elms (Ulmus spp.), poplars (Populus spp.), and willows (Salix spp.) (Poland et al. 2006a). Imidacloprid produced the highest and most consistent mortality levels against all life stages of A. glabripennis throughout the study, while thiacloprid was equally effective in the final year of the study. However neither insecticide provided complete control of the beetle. The authors conclude that, despite this, “systemic insecticides may prove useful as part of an integrated eradication or management program” (Poland et al. 2006a).
ARS BIIR scientists showed that encapsulated pyrethroid lambda-cyhalothrin (Demand CS – Scimitar CS) insecticide gives rapid and almost 100% knock down of adult beetles, “meaning it could be used as a moni​toring tool; beetles attracted to potted Shantung maples that have been spot treated with the insecticide would be quickly killed and fall into a collec​tion funnel wrapped around the base of the trees; or beetles walking across 15-cm (six-inch) wide bands treated with the insecticide that have been wrapped around branches of landscape trees would be quickly killed and fall to the ground and be collected. The same encapsulated insecticide, accord​ing to APHIS, may also have niche uses in eradication and management of ALB. This insecticide has been suc​cessfully used for population suppres​sion in China, where ca. 99% control was achieved in large urban landscape maple trees” (Smith and Wu 2008).
6.0 BIOLOGICAL CONTROL
There are a number of approaches being developed for biocontrol of ALB. In the United States scientists at the Agricultural Research Service (ARS) and Beneficial Insects Introduction Research Unit (BIIR) have looked at natural enemies of ALB in the insect’s native range. Two parasitoid wasp species that specifically parasitize ALB larvae within infested trees have been identified. However these species require research and field studies to confirm host specificity and host searching ability before they can be considered for importation and release in the USA. The ARS and BIIR, in collaboration with colleagues in the Department of Entomology at University of Vermont and University of Illinois has also looked at natural enemies that are native and already present in the United States. Surveys have already revealed four native species that parasitize ALB larvae.  Further surveys will begin in 2009 for native natural enemies within the ALB infestation in Worcester, Massachusetts (Smith and Wu 2008).
The second major approach to biocontrol of ALB in the United States is the use of fungal entomopathogens. These are currently under research at Cornell University with collaboration from ARS BIIR and researchers in China. Entomopathogenic fungi is grown on non-woven fabric and cut into bands which are wrapped around the branches or trunk of trees. When adult beetles walk across the band, during a development period in which they are reluctant to fly (Shanley and Hajek 2008), the fungal spores stick to their bodies; infecting and ultimately killing the adult beetles. 
Dubois et al. (2008) tested the effectiveness of a number of entomopathogenic fungi against adult A. glabripennis. Commercial strains of B. brongniartii, B. bassiana, M. anisopliae were tested. B. brongniartii is used to control cerambycids in Japanese orchards, but it could not be confirmed that it is native to North America, so research focused on native species: M. anisopliae, strain ESC1 whose registration in the USA has elapsed and strain F52 which is currently available from Novozymes (Salem, Virgninia) and B. bassiana GHA currently available from BioWorks Inc. (Fairport, New York). Selected isolates of all species demonstrated high virulence against A. glabripennis, although “the six B. bassiana isolates tested tended to take longer to kill than the three B. brongniartii or nine M. anisopliae isolates”. B. brongniartii and M. anisopliae isolates were similar in effectiveness. The authors conclude that “during this study we could not confirm that B. brongniartii is native to North America although recent results suggest otherwise. Until this question is resolved, we will emphasize development and use of M. anisopliae for control of A. glabripennis because this fungal species is native and strains are already registered for pest control in the USA” (Dubois et al. 2008).
Results from field studies with bands impregnated with Metarhizium anisopliae have shown the fungal spores are viable and effective for approximately 60 days. Additional research may be needed, including to determine the number of bands required per tree and/or per unit area (Smith and Wu 2008). Shanley and Hajek (2008) determined that “development of long-range attractants for A. glabripennis will improve the efficacy of fungal bands by increasing the likelihood of infection through beetles directly contacting bands”.

7.0 BREEDING RESISTANT TREES
“Host tree resistance represents a promising strategy that offers the potential for reducing the impacts of current and future infestations of A. glabripennis. Resistant trees could be used to restock areas where infested trees have been removed, as well as to minimize the probability of establishment of A. glabripennis in areas with a high risk of infestation”. Host choice tests of four tree species showed that callery pear had high resistance to both larvae and adults of A. glabripennis, and golden-rain tree had resistance against larvae. Unlike river birch or London planetree, the other two species tested, both golden-rain tree and callery pear are present in the native range of A. glabripennis. They therefore may have developed resistance to the beetle through exposure to attack during their co-evolution. It seems that resistance is based on the chemical composition of the tree which may include compounds that are toxic or that interfere with normal growth and development of A. glabripennis. Morewood et al. (2004) state conclude that “once the biochemical basis for antibiosis of callery pear against A. glabripennis has been elucidated, the compounds involved might be manipulated to help protect more vulnerable trees from this invasive pest” (Morewood et al. 2004).
8.0 PUBLIC EDUCATION
“According to APHIS, state, and local officials, one of the critical components in detecting and eradicating the Asian longhorned beetle was an aggressive program of public education and outreach directed at parties directly affected by the quarantines, local officials, local plant organizations, and citizens. Several detections of the beetle infestations were a result of citizens seeing and reporting the pest following a public outreach effort or event. For example, within 2 hours of a radio show about the beetle, a New Jersey resident called in a sighting of the pest, which led to the detection of an infestation” (GAO 2006).
