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The Trustees developed these guidelines to assist managers in decision making regarding hemlock management in response to the threat from hemlock woolly adelgid.  These guidelines integrate the best available and most recent information on managing hemlock in response to hemlock woolly adelgid.  New information, however, based on research and experience may suggest new approaches that should be incorporated into The Trustees’ management guidelines.  
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Executive Summary

Hemlock woolly adelgid, a non-native invasive insect, continues to spread throughout Massachusetts and has caused significant mortality to stands of eastern hemlock.  The ecological, scenic, and cultural values associated with hemlock in Massachusetts are, therefore, at stake.  On many properties of The Trustees of Reservations, hemlock stands represent a significant natural resource.

Hemlock stands provide habitat for many animal species including Acadian flycatcher, conifer-specific warblers, and the hemlock angle moth.  In addition, hemlock may shade and maintain cold-water streams as well as vernal pools, providing a home to many aquatic animals.

Hemlock also provides scenic and cultural values.  Old growth hemlock stands, for example, can provide an emotional visitor experience.  Likewise many trails are shaded by hemlocks.

Although large-scale hemlock mortality due to the hemlock woolly adelgid is likely unavoidable in Massachusetts, several control options are available for small-scale protection of hemlocks.  These control options include soap and oil insecticides, root injection systemics, and biological control with predatory ladybird beetles.  Each method has its own costs and benefits.

Reasons for controlling the hemlock woolly adelgid to protect eastern hemlock are: 

· Protection of the species and its genetic variability for the future.

· Protection of certain hemlocks which are a significant scenic, cultural or ecological feature (e.g. stands of old growth hemlock).

· Protecting trees during the initial phase of infestation may provide long-term benefits since this approach would “buy time” while additional research on the efficacy of the approach is conducted.

The Trustees has created guidelines for the control of hemlock woolly adelgid where individual hemlocks or small stands have been identified as significant features in need of treatment.  The guidelines are as follows: The Trustees will seek to maintain the selected trees using an integrated pest management (IPM) process to minimize the environmental impact of controls.  The IPM process will include regular monitoring.  Horticultural oils are the preferred chemical treatment, although they should be avoided around streams, wetlands, and their buffers.  The Trustees will also consider the use of ladybird beetles (i.e. Pseudoscymnus tsugae) to control the adelgid.  Removal of hemlock should be considered only when trees are succumbing to woolly adelgid and they present a safety concern (e.g. dead trees falling on trails) or impact important scenic values and designed landscapes. 

Guidelines for Controlling Hemlock Woolly Adelgid at The Trustees of Reservations

Based on the existing knowledge of hemlock and hemlock woolly adelgid (HWA), The Trustees recommends the following strategy for controlling HWA on its properties.  These guidelines integrate the best available and most recent information on HWA and its control and management.  However, The Trustees will continue to explore control options and as new information based on research and experience becomes available, it may suggest alternate approaches that should be incorporated into The Trustees’ management of HWA. 

1. The Trustees default position for addressing hemlock mortality due to HWA is to "do nothing."  As a result, The Trustees recognizes that significant changes to the landscape at its reservations are likely.  To address potential concerns from visitors and the public as a result of these changes, The Trustees will strive to educate visitors and the public as necessary on the impacts and control of HWA.  In addition, hemlock mortality will be monitored for potential fire hazards.
2. Salvage cutting for hemlock should not be considered.  Active removal of hemlock should only be considered when trees are succumbing to HWA and they present a safety concern (e.g. dead trees falling on trails) or impact important scenic values and designed landscapes.  

3. Where individual trees or groves (group as landscape planting) have been identified as significant to a designed landscape, The Trustees will seek to maintain these trees according to an integrated pest management (IPM) process.  IPM is a decision making process that seeks to minimize environmental impacts of pest management through regular monitoring and by selecting the least toxic control strategies.  Regular monitoring will be critical for detecting HWA on target trees (those identified as needing protection from the HWA) since tree health can decline quickly once HWA is established.  Following detection of HWA, horticultural oils, soaps, systemics or toxic insecticidal sprays (e.g. pyrethrum based), in that order, should be applied as necessary to control HWA.

4. Where hemlocks have been identified as an outstanding feature beyond a designed landscape (e.g. significant ecological, scenic or historical), The Trustees will seek to preserve these hemlocks as resources allow.  The sustainability of any preservation effort is critical; thus, the decision to control HWA and the specific recommended method must be carefully considered.  As a result, The Trustees will actively facilitate biological control (i.e. Pseudoscymnus tsugae) for the following reasons: 1) the Pseudoscymnus ladybird beetle has been extensively tested for negative impacts on native fauna and determined to represent a very low risk;  2) the Pseudoscymnus ladybird beetle has been released in significant numbers both within Massachusetts and in adjacent states; 3) preliminary data suggest it is effective at controlling HWA; 4) there is general agreement that without biological control hemlocks will be eliminated except where regular spraying occurs; 5) spraying in all but very limited situations is not sustainable and represents additional environmental concerns; 6) the known threat of HWA to eastern hemlocks presents a greater risk to the region’s ecosystem than the possible risks associated with the biological control.  
Release sites should be based on those reservations where hemlock has been identified as a significant feature.  Once there is agreement by staff that the site is a priority, regional staff will take the lead in pursuing the acquisition and release of the beetles.  Monitoring will be required and should follow the protocol established by DEM and the US Forest Service.  Finally, before beetles are released, the regional ecologist will document the release and any special conditions in writing.  
Introduction 

In the past decade, the non-native hemlock woolly adelgid (Adelges tsugae Annand) has spread northward into Massachusetts, threatening native eastern hemlock (Tsuga canadensis L. Carr.) throughout the state, and continues to spread by 20-30 km. per year.7 As hemlock succumbs to this small insect, and with little, if any, sign that hemlock is resistant, it seems inevitable that hemlock will disappear from the landscape except where treatment is provided that is intended to preserve this tree.  This report discusses control options for hemlock woolly adelgid (HWA) and outlines recommendations to assist land managers with decision making at The Trustees.    

A Case for Active Management 

Similar infestations of exotics in the past have had devastating impacts on certain dominant tree species in the United States.  Certainly, the chestnut blight and Dutch elm disease are two of the better known examples.  In both cases, a formerly dominant tree species was essentially eliminated from the landscape.  Although it is too early to tell, most observers expect a similar loss of hemlocks throughout much of their range due to the HWA.  

Roughly half of The Trustees' properties support hemlock.  In many instances hemlock is common and represents a major feature.  Although The Trustees' knowledge regarding the status of HWA on its properties is incomplete, it is apparent that the insect is present on many reservations.  Despite its presence, significant tree stress and mortality is currently limited to only a few reservations.  However, because of the potentially rapid progression from the first sign of HWA to eventual tree mortality, this current status is expected to change greatly in the near future.

Considering the abundance of hemlock on The Trustees' properties and the bleak prognosis for hemlock survival, how should The Trustees respond to HWA?  The Trustees accepts the premise that hemlock is a significant native component of the Massachusetts landscape, both ecologically and culturally, and that there is a clear mandate for active management since HWA is non-native.  However, at what scale should intervention occur, where and when should it take place, and what is the rationale for this management?  

Reasons for active management:

· Protection of the species and its genetic variability for the future.

· Protection of certain hemlocks which are a significant scenic, cultural or ecological feature (e.g. stands of old growth hemlock).

· Protecting trees during the initial phase of infestation may provide long-term benefits since this approach would “buy time” while additional research on the efficacy of the approach is conducted.

Hemlock Woolly Adelgid: Its History and Biology

The hemlock woolly adelgid (HWA) was first observed in eastern North America in Virginia in the early 1950s and had spread northward to southern New England by 1985.14  HWA was first observed in Massachusetts in 1989, at Forest Park in Springfield.  By 2002, HWA has been confirmed in 163 of the 351 municipalities in Massachusetts, but undoubtedly it has been unreported from more towns.  Figure 1 presents HWA distribution by town as of 2002.4  Infested towns occur throughout the state in all counties except Nantucket where hemlock is absent, but mainly occur in the eastern and central portions.
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	Figure 1: Distribution of hemlock woolly adelgid as of 2002


The HWA is a tiny aphid-like insect between 0.2 and 1.5 mm in length that feeds on the hemlock by inserting its tube-like piercing/sucking mouthparts into the base of the individual needles.  In addition to obtaining all its nutrients from the tree, the HWA secretes a substance into the tree that may be toxic to the tree.3  Although the individual insect can be seen on infested trees as a black speck at the base of the needles, it is most readily observed by the large white cottony substance covering their egg sacs on the underside of the terminal branches.  In addition to protecting the eggs, the sticky fibrous sacs aid in the transport of eggs to new areas by attaching to birds or mammal hair.  Wind can also disperse the adelgid.15
The HWA is parthenogenetic (all individuals are female) with two generations typically produced each season.17, 5  During March and April, adults of the overwintering generation lay up to about 100 eggs per sac.  The nymphs, known as crawlers, hatch from the eggs over several weeks in April and May and settle at the base of the needles where they begin feeding for the remainder of their development.  The spring generation matures in June into both winged and wingless adults.  The wingless adults reproduce and produce egg sacs on the hemlocks, which hatch by early July.  The new crawlers settle on that season’s new growth and become dormant until the middle of October when feeding resumes.  The nymphs feed and develop during the winter and mature the following spring. 

The HWA is relatively intolerant of extreme cold and a large percentage of the overwintering nymphs can die during cold winters.  For example, research has documented 90% reductions in HWA numbers due to winter conditions.25,16  However, due to the tremendous reproductive potential of the HWA, winter kill is usually not a long term deterrent to population growth.21  It is thought that this intolerance to extreme cold will effectively control the spread of the adelgid only at the higher elevations and the extreme northern edge of the range of the Eastern hemlock where extended periods of cold consistently exist.  Unfortunately, there is some evidence that HWA is evolving to withstand colder temperatures.25, 21  

Hemlock in Massachusetts

Statewide, Massachusetts is home to more than 3.2 million acres of forest which comprises 64% of the state’s land area.(  Land area figures specifically for hemlock are estimated at approximately 190,600 acres statewide (6% of all forests), with 147,000 acres occurring as pure hemlock and the remainder as mixed hemlock and white pine.**  Hemlock occurs in every county in Massachusetts except Nantucket.29
The Massachusetts Natural Heritage and Endangered Species Program has classified the natural communities of Massachusetts and recognizes three distinct communities where hemlock is dominant but also recognizes that hemlock is frequently a minor component of many additional communities.32  The northern hardwoods-hemlock-white pine association is widespread in distribution with the exception of the metro Boston area and the southeast coastal plain including Cape Cod.  It is found on dry to mesic sites, with moderately acidic conditions, and on north-facing slopes and ravines.  The oak-hemlock-white pine community is common on rocky, well-drained soils on midslopes, primarily in the southern part of the state, and grades into the northern hardwoods-hemlock-white pine association where it exists.  The hemlock ravine community is present in the central and northeastern parts of the state and generally absent from the Boston Metro area, southeast coastal plain, and the Berkshires.  It is also characterized by dense canopied forests on north facing slopes or ravines on acidic soils.  In this type, hemlock can occur in nearly pure stands.  

While there are no known rare plants or animals associated with hemlock and no vertebrate species dependent on hemlock, a variety of animals are associated with hemlock.  Avian species include the Acadian flycatcher (Empidonax virescens) in addition to conifer selective species such as the black-throated green warbler (Dendroica virens), blackburnian warbler (D. fusca), Louisiana waterthrush (Seiurus motacilla), and winter wren (Troglodytes troglodytes).32  New Jersey hemlock stands were found to provide important thermal cover for overwintering birds and small mammals.2  Hemlock provides habitat for many invertebrates including several species of moths.18  At least one of these, the hemlock angle moth (Semiothisa fissinotata), feeds exclusively on hemlock.34, 19  As hemlock declines as a result of mortality from HWA, species such as the hemlock angle moth may be at risk.

The Future of Hemlock: Trends and Considerations for Management

The HWA has had devastating impacts to date on hemlock stands south of Massachusetts.  For example, some sites in Connecticut have experienced more than 60% mortality.23  In some locations, non-seedling hemlock mortality has been 100%.23  In New Jersey, 75% of the hemlock stands are not healthy as a result of HWA, with 10-15% of these suffering from more than 90% mortality.11  These numbers are expected to increase since observations suggest hemlock mortality occurs with repeated HWA infestations.11  Although hemlock mortality is occurring throughout Massachusetts due to HWA, the tree has not been eliminated from any part of the state as of yet.4, 21  The southern Connecticut River Valley has perhaps experienced the greatest mortality in Massachusetts.21  Based on infestation and mortality patterns in the other states, significant mortality can be expected in Massachusetts within the next 10 years and it is unlikely that any hemlock in the state is protected by either elevation or latitude.21
While all hemlocks are susceptible to infestation, some studies and observations suggest there are many variables influencing the ability of individual trees or stands to withstand the infestation.3,8,4  In studies in Connecticut, hemlocks growing in areas with higher water availability and/or cooler temperatures appear to resist mortality for longer periods, despite suffering from much reduced needle cover.3,8,21  These sites include ravines, northern slopes and riparian areas.  Hemlocks growing on uplands and particularly drier sites such as ridgetops and south facing slopes appear to be highly vulnerable to more rapid mortality from HWA.3, 8, 11, 21  In addition, valleys and more northern exposures typically experience cooler temperatures; thus adelgids may be more susceptible to winter mortality in these locations.  However, recent studies and long-term observations suggest if trees do survive, even where growing conditions are optimum, they do so with severely reduced needle cover and it is only a matter of time before these trees succumb, either to HWA or some other cause as a result of their weakened state.23,12,21,30  Observations in New Jersey suggest hemlock mortality is typically inevitable when needle loss reaches 50-60%.11  Research also suggests the virulence of HWA infestation appears to be strongest during the initial stages of infestation and along the "front" of newly infested areas.  

Concerns With the Loss of Hemlock

There are many questions revolving around the short and long-term ecological consequences of HWA at the landscape level.  Most of these questions focus on general ecological impacts and on associated species.  For example, are there unique guilds of invertebrates dependent on hemlock or how might the loss of hemlock impact the population of black-throated green warbler, a small bird that commonly nests and forages in hemlock groves?  

Water Quality:

Initially, one of the primary concerns was the potential for negative water quality impacts caused by extensive hemlock mortality in important watershed areas or along shoreline and riparian areas but research to date has not been focused on this issue.21  The initial concern has been that, as nitrogen is released from the duff layer of dead and dying hemlock stands, nearby waterbodies may be susceptible to increased eutrophication as aquatic plants utilize the nutrients.  However, based on experience in New Jersey and Connecticut where substantial die-offs have occurred, regeneration of hardwood species, especially early successional species such as black birch (Betula lenta), occurs at such a rapid rate that this concern is minimized.20  These trees utilize the newly available nutrients and shade the forest floor, slowing decomposition and, thus, release of more nitrogen.  Moreover, because hemlock mortality due to HWA is patchy, any nitrogen loss would occur as pulses; thus any long term threat from nutrient loading will likely be minimized.21
Ecology:

Although many species of wildlife utilize or even prefer hemlock (e.g. black-throated green warbler), no vertebrates are dependent on hemlock.  However, some species may become rare or uncommon locally as a result of hemlock loss.  For example, even though the black-throated green warbler is most closely associated with hemlock, it also uses white pine for nesting and foraging.33  Therefore, it is likely to disappear from areas where white pine does not exist and where hemlock is extirpated.  Perhaps the greatest concern regarding wildlife will be with invertebrates, especially obligate species (e.g. hemlock angle moth).  Unless these species can make the switch to other host plants, they will likely become rare or even disappear.  Fisheries managers have expressed potential concern with the loss of hemlock along rivers and stream since this may lead to an increase in water temperature, critical for cold water dependent species such as trout and the invertebrates they feed on.4  Herpetologists have raised similar concerns for vernal pools where increased sunlight may lead to premature desiccation.26  Likewise, the dense shade from hemlock stands typically discourages plant invasions.  When light levels reaching the forest floor increase as a result of canopy loss, invasive exotic plants can become established.22
It should not be assumed that dead and dying hemlocks do not have any ecological value.  As with any opening in the forest canopy, species quickly move in to take advantage of the light and space.23  As hemlock trees die they allow light loving plants that were previously suppressed by the dense shade from the hemlocks to become established.  Dead and dying trees also provide habitat for birds, mammals and invertebrates dependent on snags, forest openings and the early successional habitat that quickly develops.  

Scenery and Visitor Experience:

In addition to ecological factors, cultural factors associated with large-scale loss of hemlocks need to be considered as well.  For example, old growth stands of hemlock are typically valued by people for the visual and emotional experiences they generate.  Hemlocks represent some of the oldest and least disturbed forests in Massachusetts.21  Likewise, many hiking trails traverse deeply shaded patches of hemlock forest and some scenic vistas are framed by hemlocks.  Clearly the death of these trees has the potential to greatly influence the visitor experience.  Where hemlock has been used as a defining feature to describe landscapes (e.g. Hemlock Knoll or Gorge), visitors will not understand the context without interpretation if hemlocks are eliminated.  

Control Options

There is general consensus among practitioners that little can be done to prevent the large-scale mortality of hemlocks in Massachusetts.  Biological control represents the best and possibly only hope.  However, sentiment does exist among practitioners that there are feasible treatment options in certain limited situations, including trees within a landscaped or designed setting.

Chemical:

A broad range of insecticides is effective in killing HWA.15  However, due to the high reproductive potential and life cycle of the adelgid, logistically difficult access issues, concern regarding non-target impacts, and limited long-term effectiveness of most insecticidal treatments, these treatments are less than ideal for most hemlocks, especially those in a natural setting.  Insecticide sprays, soaps, oils and systemics have all been shown to be effective on adelgids, but soaps are the least effective and managers may want to avoid them.31  For soaps and oils to be effective, the entire plant needs to be treated during the appropriate point in the life cycle of the pest.15  This typically requires two applications annually, one in the spring and one again in the fall.  Oils are typically refined mineral oils that suffocate pests and soaps are derived from the salts of fatty acids and kill by contact.  These soaps should not be confused with ordinary cleaning soaps.  More toxic sprays (e.g. pyrethrum based insecticides) require only contact with the pest; thus coverage does not need to be as thorough or frequent.31  One application every 1-2 years may be sufficient.  Oils and to a lesser extent soaps, which can also kill by contact, are somewhat selective since they target soft-bodied insects through suffocation, unlike more toxic sprays (e.g. pyrethrum) which are non-selective since they kill through contact or ingestion.13,31  However, although oils and soaps may be more selective and have fewer environmental impacts, all chemical sprays are non-selective to some point and kill other arthropods besides HWA.19
Because of the difficulties associated with sprays (e.g. non-target effects and need for repeated applications), systemics show the most promise for long term control.  Currently, Merit brand imidacloprid when used as a root/soil injection systemic has been shown to be effective for up to 18 months or more following treatment.36  While trials with soil-injected Merit at the Arnold Arboretum proved to be effective, similar trials with stem-injected Merit proved ineffective at controlling HWA.1  Unfortunately, the cost for systemic treatment is typically in excess of $100 per tree and can be more than $200.11, 24, 31
The effectiveness of these methods over the long term has not been demonstrated and the logistics of these methods may prove problematic for more than a single tree or small stand.  Although chemical treatments appear to be effective, issues associated with logistics, site conditions, access, efficacy, cost, use regulations, and non-target effects need to be considered.  For example, Talstar, a pyrethrum (Bifenthrin) based insecticide spray commonly used to treat HWA, is highly toxic to fish and aquatic organisms and thus should not be used on hemlocks near wetlands.  These considerations will likely limit the potential of chemical control to very small areas and or to individual trees.  Table 1 compares the costs of various treatments.  These costs will vary depending on tree location and should be expected to increase for more inaccessible trees.  Single tree costs are comparable since the principal components are labor and transportation.  

Table 1: Control Costs

	Control
	Applications / year
	Costs / tree /

application 
	Costs / 10 trees / application
	Considerations

	oils
	2 (minimal)
	$150-165
	$225
	Phytotoxicity issues possible; use on hemlocks with caution due to potential for burning foliage and potential death.  Requires frequent monitoring.  Least non-target impacts and oil is not toxic.  Less effective than toxic sprays and systemics. Toxicity not labeled.

	soaps
	2 (minimal)
	$150-165
	$225
	Phytotoxicity issues possible, not recommended for HWA.  Not effective at controlling adelgid.  Requires frequent monitoring.  Toxicity not labeled.

	soil injection (e.g. imidacloprid)
	Once every 
18 - 24 months
	$150-165
	$1,000
	Costs per tree do not decrease as much as other options with increasing number of trees.  Merit is a commonly used trade product containing imidacloprid as the active ingredient.  Merit is a general use pesticide that has a low toxicity as indicated by “caution” and on the product label.  Other imidacloprid products may be moderately toxic as indicated by the “warning” on the product label.

	trunk injection (e.g. imidacloprid)
	Once every 
18 - 24 months
	$150-165
	$1,000
	Costs per tree do not decrease as much as other options with increasing number of trees.  Also requires holes to be drilled in tree.  Merit is a commonly used trade product containing imidacloprid as the active ingredient.  Merit is a general use pesticide that has a low toxicity as indicated by “caution” and on the product label.  Other imidacloprid products may be moderately toxic as indicated by the “warning” on the product label.

	insecticidal sprays (e.g. Pyrethrum)
	1
	$150-165
	$225
	May only need to be applied every other year.  Talstar is a commonly used trade product containing a pyrethrum-based active ingredient.  Talstar is a restricted use pesticide that has a low toxicity as indicated by “caution” on the product label.  However, Talstar is toxic to fish and aquatic organisms.

	Biological

(Pseudoscymnus tsugae)
	One-time application
	$2 per beetle. Not practical for single tree application
	$5,000 – Minimum recommended release of 2,500 beetles per site.
	HWA needs to be present but badly damaged stands should not be considered for biological control release.  Initial cost can be high compared to chemical options but should be less costly over the long term.  Dispersal of the beetle may be limited to 100 meters annually.  The beetle is an exotic species that also feeds on native adelgids.


Information on chemical controls provided by Bartlett Tree Co. & product labels.  Chemical treatments are organized by environmental impacts (i.e. oils have the least impact while insecticidal sprays (e.g. Pyrethrum based) are considered to have the most environmental impacts).  Costs are estimates only and are based on trees being accessible to a bucket truck.  Single tree costs are based on an average sized hemlock with a 20 inch diameter trunk.  

Biological:
Although native insects such as beetles, flies, and lacewings may be occasional predators of HWA, none of these has a significant impact on adelgid populations.35, 19  In the HWA’s native Asia, there are several species that are effective natural enemies of the insect.  One species in particular, a ladybird beetle (Pseudoscymnus tsugae), has been imported for release in North America and within 3-5 years there may be others.24  Controlled experiments suggest this beetle feeds exclusively on species of adelgids.11  Furthermore, the beetle’s life cycle is synchronous with that of the HWA suggesting a predator/prey specialization.5  Although there are two native species of adelgids in the northeast, it is believed that the Pseudoscymnus ladybird beetle represents little threat to these species since the beetle does not eliminate adelgids, only controls their numbers.4,11  Consensus among professionals is that biological control is the only viable long-term control for HWA in the natural setting.11, 16, 24
Beetles have been released at 100 individual sites in 11 states.16  Beetles were first released in Connecticut in 1995; New Jersey in 1998; and Massachusetts in 1999.  By 2003 more than 45,000 beetles have been released at nine sites in Massachusetts.4  In Connecticut, where the beetle was first released in 1995, hemlocks at release sites seem to be doing remarkably well.16  However, due to the wide variety of variables affecting both the HWA and hemlock, as well as the lag time necessary for the beetle to build up its numbers to present an effective control, consensus among researchers is that it is too early to evaluate the beetle's role in hemlock survival.11, 16  However, in small scale laboratory and field experiments, the beetle has reduced HWA populations by 45-80%.16  Typically, impact from biological controls on pest species is not observed until the 6th or 7th generation of the pest species but can take as long as seven years.11,24  As of 2002 the beetle is established and increasing its numbers in New Jersey and Connecticut, particularly in the northern third of Connecticut where most releases have taken place.11, 16  
Historically the availability of these beetles is limited by production and by distribution oversight from the U.S. Forest Service.  Until the spring of 2002, the Massachusetts Department of Environmental Management provided additional oversight and was the only means by which beetles could be acquired and released in Massachusetts.4  However, as of the spring of 2002 limited numbers of beetles are available directly from the producer at a cost of $2 per beetle.24  No permits are needed but a description of the release site is required which is forwarded to either DEM or the USFS.4  This description is required solely for tracking where and when the beetles are being released in order to help with coordinating similar control efforts at the state level.  Current guidelines recommend at least 25 miles between release sites.4  The minimum recommended number for release per each 1-2 acre site is 2,500 beetles at a cost of $5,000.24  Currently only the New Jersey Department of Agriculture and a private commercial operation in Pennsylvania (Eco Scientific Solutions) produce the beetle.4  Candidate release sites would target recently infested stands where hemlocks are still reasonably healthy.  The release of beetles in Massachusetts should still be coordinated with DEM to track biocontrol efforts and ensure appropriate distribution within the state.  Beetle dispersal is largely unknown due to the difficulty in locating these very small insects but research suggests they can travel at least 200 – 300 feet annually.4, 21  It should be noted that, as of yet, no control effort has been made to use both biological and chemical controls together.24
Mechanical:
Egg sacs and crawlers are relatively easily dislodged from trees by wind and rain.15  Therefore, intentionally dislodging eggs and crawlers with a strong stream of water or a blower during April through June may be of some value as might clipping of isolated heavily infested branches on a given tree.15  However, the effectiveness of these methods over the long term has not been demonstrated and the logistics of these methods may prove problematic for more than a single tree.

Cultural:

Birds, squirrels, deer, and other animals are important dispersal agents of HWA.15  Therefore, despite the obvious challenges, any effort to discourage these animals may be of some value, particularly in a nursery setting, in reducing the risk of new trees of becoming infested.  One recommendation to everyone feeding birds is to locate feeders away from hemlocks to discourage birds from frequenting these trees.31  Also, care should be taken when moving plants or equipment between infested and non-infested areas.  Infestations in new areas often start on large mature hemlocks that intercept the wind or are especially attractive to birds and other wildlife.  Thus some selective removal of these trees may help retard the establishment of new infestations.15
Hemlock is a shallow-rooted tree prone to stress, especially during dry periods, so mulching, preventing soil compaction and supplemental watering may be beneficial.13,31  In addition, the removal of dead or dying branches may help improve the vigor of the tree by allowing more light to reach the foliage and reduce the likelihood of attack by other pests or diseases.15  Although fertilization may improve the health and vigor of non-infested trees, the application of supplemental nitrogen in particular has been shown to enhance adelgid populations and therefore should not be applied to infested hemlocks.17  There is little information on the benefits or risks of applying other nutrients to infested hemlocks on HWA populations.   Finally, constant monitoring for HWA can facilitate quick reaction to the first signs of infestation.    

What Has Been Done in Massachusetts

The State of Massachusetts (i.e. Department of Environmental Management, Bureau of Forestry) is currently preparing guidelines to deal with how to approach forests affected by HWA.4  While not a control method, some landowners have conducted pre-mortality salvage cuts for hemlock.  These cuts typically remove all the marketable hemlock before the monetary value of the trees is lost.  In some cases healthy trees are removed in anticipation of HWA.  Caution must be practiced with salvage cuts because hemlock frequently grows on steep slopes, in ravines and wetlands or in other sensitive areas (e.g. old growth sites) where access with heavy equipment may cause harm.  Salvage cutting is not typically recommended since this removes healthy trees that provide important wildlife habitat and reduces the possibility of discovering trees resistant to HWA.   In addition, salvage cutting hemlock may cost money since hemlock typically commands a low market price.28, 6
Massachusetts DEM established 15 forest inventory plots in 1996 to monitor hemlock stands and has observed decline in those stands but no mortality after 5 years.4  The State has also used horticultural oils to treat hemlock at Purgatory Chasm State Reservation (Sutton) and Mt. Tom State Reservation (Holyoke).  Spraying has produced mixed results at these locations, primarily due to only one application annually when two are recommended and poor coverage at certain locations.4   
To date, the ladybird beetle (Pseudoscymnus tsugae) has been released at nine locations in Massachusetts.  In 1999 10,000 beetles were released in Wilbraham on town conservation land, 7,500 were released in Manchester by the Sea on town conservation land in 2000, and 10,000 were released at Hemlock Gorge Reservation (MDC) in Newton and at the Blue Hills Reservation in 2001.4  In 2002 approximately 5,000 beetles each were released at the Arnold Arboretum in Jamaica Plain, Walden Pond in Concord, Wells State Park in Sturbridge and on Metropolitan District Commission (MDC) land in Stoneham.  In May, 2003 The Trustees in cooperation with DEM released 2000-2500 beetles at Bartholomew’s Cobble in southern Berkshire County.  In addition to the adult beetles being released at Bartholomew’s Cobble, Pseudoscymnus eggs were released on DEM land elsewhere in Sheffield in the spring of 2003. 
Subsequent monitoring failed to locate any beetles at the Wilbraham release site during the following year (2000) but beetles have survived and dispersed at both the Manchester and Hemlock Gorge sites.4  The Wilbraham beetles may have left the site due to a cold snap that severely reduced HWA populations below that needed to sustain the beetles.4  
The MDC is cutting hemlock on watershed lands (e.g. Quabbin Reservoir) and replanting with other conifers including Norway spruce, red pine and white pine to maintain conifer habitat and to provide buffers to waterways that will absorb nitrogen previously stored in the hemlock duff layer.30  This proactive program leaves some mature trees in these stands to maintain hemlock as a native forest component and to serve as future seed sources provided some landscape-level treatment becomes practical in the future or natural survivorship occurs.  However, regardless of growing conditions, no hemlock survivorship has been observed to date, and no chemical or biological control treatment has been conducted on watershed lands.30
The Trustees has conducted an experimental treatment on a scenically significant stand of hemlocks at Ravenswood Park in Gloucester using Talstar, a pyrethrum based insecticide.  Approximately 2-3 acres of hemlock were treated with the insecticide in the spring of 2000 using a bucket truck.  The purpose of this experiment was to evaluate the logistics associated with a large-scale application of insecticide and monitor the effects of the treatment.  No follow up treatment was conducted in 2001.  Sampling in the fall of 2001 revealed the sprayed trees were adelgid free, one and a half years after spraying.  However, late winter surveys revealed HWA was beginning to return to the treated area.9  The cost of this one time application was approximately $3600 or $5-$10 per tree.  This experiment suggests chemical treatment may not need to be applied annually but instead applied once in every 2 or more years.  This is the only known site where a control effort using insecticide of this scale has been attempted.21  
Other control efforts undoubtedly exist with many more planned.  However, non-profit conservation organizations similar to The Trustees seem to have a “do nothing” approach.  Both the Massachusetts Audubon Society and the Massachusetts chapter of The Nature Conservancy subscribe to this approach and are guided by organizational policies on pesticide use and the introduction of biological controls.10,27  This approach, in part, stems from the belief that any chemical application is a stop gap measure only and introduced biological controls may have potential non-target effects and disrupt or threaten native biota and ecosystems.

Conclusions

HWA has invaded Massachusetts and is threatening eastern hemlock which, to date, has not demonstrated any natural resistance.  As a result, the future of hemlock in Massachusetts is questionable.  The loss of hemlock is likely to influence wildlife populations, result in environmental changes (e.g. increased surface water temperatures) and diminish scenic diversity of the landscape.  Many control options have been tried but chemical and biological options represent the most effective and practical controls.  However, these controls can be expensive to implement on even a few trees, let alone at the landscape level, and are not without their own environmental concerns.  
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