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State Agency 
Hemlock Woolly Adelgid Strategic Plan 

for State Lands in Tennessee 
 

The following information should be used to guide the hemlock woolly adelgid 
(HWA) management activities on forested State lands in Tennessee.  The 
recommended strategic approach for addressing the HWA issue on State lands in 
Tennessee is Integrated Pest Management (IPM). 
 

Integrated pest management is a decision process that uses all available pest 
management strategies to economically control pests and weeds.  IPM is a process of 
using the least invasive control method or combination of methods that will reduce the 
risk, created by both the pest and the treatment of the pest, to human health and the 
environment.  IPM is a continual process of refining appropriate treatments based on 
the level of pest infestation and new information and technology.  
 
Strategic Goals on State Lands: 
 

• Minimize damages caused by hemlock woolly adelgid (such as economic, 
aesthetic, public safety). 

• Reduce negative ecological impacts resulting from hemlock woolly adelgid 
infestations. 

• Minimize potential negative impacts of treatments used to manage hemlock 
woolly adelgid. 

 
In the strategic plan implementation, actions are taken only after evaluating 

whether or not HWA poses a significant problem.  On state lands, there are 
management authorities who determine if and when to implement IPM strategies. 
 
Injury Levels: 
 

• Economic Injury Levels - Control measures should be implemented when 
damage is predicted to reach a level that is severe enough to cause a net 
economic loss. 

 
• Environmental Injury Levels – The levels of damage at which HWA is expected to 

become a threat or cause harm to the environment or public safety.   
 

• Aesthetic Injury Levels - Damage at which HWA is predicted to become a 
problem by negatively impacting viewsheds.  Aesthetic injury levels are 
subjective and will vary depending on the situation. 
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Components of strategic response: 
 

• Identify, monitor and evaluate HWA populations and damage along with other 
relevant factors. 
 

• Determine injury levels and thresholds that trigger treatment. 
 

• Select the least disruptive yet effective tactics. 
 

• Time the appropriate treatments. 
 

• Spot-treat for hemlock woolly adelgid where appropriate. 
 

• Evaluate the effectiveness of treatments to guide future treatments. 
 

• Educate those involved with HWA  control measures. 
 
Decision-Making Process: 
 

There are four key questions that must be answered before implementing the 
management strategy: 
 

1. Why is treatment needed?  The mere presence of hemlock woolly adelgid does 
not necessarily warrant treatment.  Sometimes a fairly large population of HWA 
can be tolerated, such as in isolated forest stands with no economic, ecological, 
cultural or aesthetic values.  At other times, even small numbers of the pest are 
intolerable, as with highly prized urban trees.  It is likely that HWA will never be 
eradicated.  At best, HWA may be managed to reduce its damaging effects to 
acceptable levels. 

 
2. Where should the treatment take place?  Land managers should look at their 

entire management area to determine the best place to solve an HWA problem.  
Apply treatments where the actions will have the greatest effect.  A good 
knowledge and understanding of the biology and behavior of the HWA is needed 
to accomplish this. 

 
3. When should the treatment take place?  Timing is everything.  There are 

windows of opportunity when HWA is most susceptible to control.   An 
understanding of the biology and behavior of HWA is important. 

 
4. Which strategies should be used?  A multiple-tactic approach is recommended.  

It is unlikely that a single tactic will manage the HWA  problem in the long-term.  
Biological systems are complex, and the manager should realize that several 
strategies may need to be integrated.  Implementing an IPM program means 
taking a broader approach to solve an HWA problem.  Consideration should be 
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given to both the living and non-living components (structures, roads, heritage 
values, scenery, recreation, etc) when determining which approach to take. 

 
 
Control strategies used in developing a HWA managem ent program: 

 
Biological control  - use beneficial organisms such as predators to control  
                                HWA.   

 
Insecticide control - use if other methods are not effective, practical or  

           economical.  The land manager must evaluate the    
           relative risks and benefits of using  insecticide versus 
           other methods. 
 

Cultural control –     uses site selection, plant selection and/or sanitation to 
                     prevent an HWA problem. 

 
Physical control –    is a preventative strategy that includes barriers, traps,  

physical repellents, and mechanical or hand removal   of 
pests.   

 
The first step in State Land strategic planning is at the state level.  After input is 

gathered from various state land management agencies, a Hemlock Woolly Adelgid 
Management Plan for State Lands in Tennessee will be produced.  Individual parks, 
forests, wildlife management areas and natural areas will contribute to the compilation 
of the management plan.  This ‘master plan’ will in turn be used by the local entities to 
develop their own local plans for managing HWA to maintain a healthy forest 
environment.   
 

Contributors to this Hemlock Woolly Adelgid Strategic Plan were the members of 
the HWA Task Force that represent the land management agencies of the State of 
Tennessee.  They are: 
 
 TDA Division of Forestry – John Kirksey, Forest Protection Unit Leader (Chair);  
     David Todd, State Lands Unit Leader, Clint Strohmeier, Forest Health Specialist 
 
TDEC Division of Parks – Charlie Tate, Director of Natural & Cultural Resources;  
  LinnAnn Welch, Biologist; Jack Gilpin, Conservation Planner 
 
TDEC Division of Natural Heritage/State Natural Areas - Brian Bowen, Natural Areas  
  Program Administrator 
 
TWRA – Brant Miller, Staff Wildlife Forester; Bart Carter, Fisheries Biologist 
 
USDA Forest Service – Bruce Kauffman, Forest Health Specialist, advisor 
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State Agency 
Hemlock Woolly Adelgid Management Plan  

for State Lands in Tennessee 
 
Introduction 
 
 Hemlock woolly adelgid is the single greatest threat to hemlock health and 
sustainability in the eastern U.S. The potential ecological impacts of this exotic pest are 
comparable to that of Dutch elm disease and chestnut blight.  It is incumbent upon the 
State of Tennessee to be an active participant in the effort to manage this pest. 
 
           In the early 1950’s, hemlock woolly adelgid, (HWA) Adelges tsugae (Annand), 
was discovered in Virginia feeding on hemlock.A pest native to Asia, the HWA has since  
spread  to 15  eastern  states  where it  threatens  two  species of hemlock,  the  eastern  

hemlock, Tsuga  Canadensis (L.) Carr. and  
Carolina   hemlock,    Tsuga       caroliniana 
 Engelm.  The  insect  has  steadily  moved  
from   ts   point   of   introduction   and  is  a  
serious   threat   to   survival   of   hemlocks  
throughout eastern North America.  
 

In Tennessee, hemlock is an 
ecologically important tree species and in 
many habitats, irreplaceable.  Hemlock 
forests provide unique habitats for many 
species of wildlife that depend on the 
tree’s dense canopy for food, shelter and 
breeding sites.  Hemlock is commonly 

associated with riparian areas and has been shown to play an important role in 
maintaining cool stream water temperatures, preventing erosion on steep banks, and 
providing shelter to wildlife by moderating temperatures in cold winter months and 
during hot summer days.  As a forest resource, hemlock’s value to fish and wildlife and 
its contribution to the ecology of important riparian areas often exceed its timber value.   

 
Hemlocks are widely distributed across the forested landscape in the 

mountainous areas of East Tennessee.  State-owned lands containing hemlock forests 
are considered some of Tennessee’s most unique landscapes. Hemlocks are important 
to users of State Parks, State Natural Areas, State Forests, Wildlife Management Areas, 
and other public and private lands in our state.  The aesthetic and ecological qualities of 
hemlocks help create revenue for both the State and for local economies by attracting 
visitors who hike, camp, hunt, fish, and drive among the hemlocks.   

 
In some urban areas, hemlock is one of the more common species planted by 

homeowners, and it is an especially important tree for use in shaded areas.  In these 
locations, the presence of hemlock can add significantly to private real estate values.  
Furthermore, hemlock’s demand as an ornamental makes it an important source of 
income to Tennessee’s large nursery industry. 

Figure 1.  Hemlock woolly ad elgid  infestation on 
eastern hemlock  
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If left unchecked, the HWA will cause great ecological and economic harm in 

Tennessee and deprive future generations of the opportunity to enjoy this treasured 
natural resource. 

 
HWA Task Force and Planning Process 
 

To meet this challenge, the State of Tennessee assembled a task force charged 
with developing a strategic plan.  The members of this task force represent the land 
managing agencies of the State. The strategic plan provided a framework for the 
development of this 5-year management plan. The purpose of the management plan is 
to implement strategies against the spread of HWA from 2006 to 2010, thus protecting 
the highest priority areas of hemlock forests on state lands. 
 

The HWA Management Plan for State Lands in Tennessee addresses this 
serious problem by identifying funding needs as well as monitoring, mapping, and 
database requirements.  It also outlines options for using integrated pest management 
(IPM) practices, while making many other essential action recommendations.  Specific 
IPM actions are addressed in the strategic plan, which include foliar spraying with soaps 
and/or insecticides, chemical injection, and biological control.  

 
With the completion of the HWA Strategic Plan and the HWA Management Plan, 

the work of the Task Force is essentially finished.   What happens afterwards will be a 
decision by agency leaders as to how the various state land management agencies can 
best meet the challenges posed by HWA.  Funding, cooperation and coordination of 
effort remain important elements to solving the HWA problem. 
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Natural Occurrence of Hemlock in Tennessee  
 

Eastern hemlock is a major component of the forests of the eastern United 
States, and is a significant species of forest communities in Tennessee.  Hemlock 
occurs in Tennessee in the Blue Ridge, Ridge and Valley, Cumberland Mountains, and 
the Cumberland Plateau 
physiographic provinces; and to a 
much lesser extent, on the Eastern 
Highland Rim (i.e., Burgess Falls 
State Natural Area), where it is 
locally rare.   Based on Forest 
Inventory Analysis (FIA) data, the 
statewide total acreage of hemlock 
forest on non-federal land is 
roughly estimated to be 108,000 
acres.   

 
Hemlock is one of the most 

significant tree species in the Great 
Smoky Mountains National Park 
(GSMNP) where there are more 
than 18,000 acres of hemlock-dominated forests, with hemlock trees also occurring in 
most forest types up to 5,000 feet in elevation.  GSMNP is also where the largest 
populations of “old growth” hemlock forests in the U.S. occur, estimated to be 700 acres 
in size.  

 
Similarly, much of the “old growth” forest on Tennessee state lands is comprised 

of hemlock forest. This includes some of the largest and most frequently visited state 
natural areas, parks, forests and wildlife management areas. Most of the significant 
hemlock forests on state lands, including old growth forests, occur on the Cumberland 
Plateau.  

 
The Carolina hemlock, a relative of the eastern hemlock, occurs only in the 

Southern Appalachian Region, which includes the Blue Ridge physiographic province of 
Tennessee.  In Tennessee, Carolina hemlock is listed as a rare plant community and 
threatened tree species.   

 
Accurate mapping and inventory of the hemlocks in Tennessee is a critical and 

immediate need.  (Figures 2 & 3)  
  
The Threat 
 

HWA, a small aphid-like insect, feeds at the base of the needles and can quickly 
populate all needles of a tree, sucking the sap and ultimately causing mortality in 
approximately three to ten years. Although it is a very small insect, infestations can be 

Figure 2. Range of hemlock and infested areas in 20 03. 
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detected by white waxy tufts at the base of the needles.  This waxy mass is most often 
described as having the appearance of a tiny cotton swab. 

                         
Early detection and rapid response is critical in preventing wholesale loss of 

hemlock forests.  Hemlocks in the eastern forests are threatened by HWA, which feeds 
exclusively on the hemlock genus.  In the Southeast, both the eastern hemlock and the 
Carolina hemlock are under attack by this insect, which is native to China and Japan.   
HWA was brought into the U.S. in contaminated nursery stock.  Its impact was first 
documented in Richmond, Virginia in the 1950’s and has since spread throughout the 
Northeast, Mid-Atlantic, and recently into the southeastern U.S.  HWA currently infests 
about half of the areas where hemlock grows and has caused 80% mortality of hemlock 
forests in the Shenandoah National Park.  It was first detected in Tennessee in the 
GSMNP in 2002 and has rapidly spread at a much greater rate than anticipated. It has 
since been detected in the surrounding Blue Ridge Mountains including the Cherokee 
National Forest, as well as on state-owned and privately-owned lands.   
 

More recently, this pest has been documented in the Ridge and Valley 
physiographic province of East Tennessee. 
 

A roadside survey by the Division of Forestry in early 2004 revealed that HWA 
was in 8 counties in the eastern edge of Tennessee.  Later that year it was found in an 
additional 3 counties.  Another similar survey in 2005 showed the insect present in a 
total of 14 counties (Figure 4).  A more detailed survey of state-owned lands by the 
Division of Forestry’s Forest Inventory Analysis group in March of 2005 revealed the 
presence of HWA on Martha Sundquist State Forest, Roan Mountain State Park, and 
Foothills Wildlife Management Area, but not yet on other state lands (Figure 4). 

 
According to experts, hemlocks could go the way of the American chestnut, once 

a dominant tree in these forests that was blighted into near extinction by the 1950’s. 

Figure 3. Range of Native Hemlock in Tennessee 
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Unlike American chestnut, whose niche was filled by various oak species, there is no 
shade tolerant conifer to replace hemlock, except in seedling and sapling-sized white 
pine stands, making its demise even more ecologically catastrophic.  
 

 
 
 
  
 
 
 
    
 
 
Figure 4. Counties with known infestations of hemlo ck woolly adelgid color-coded by year that 

infestation was discovered. 
                                   2002     2003               2004      2005 
 
 
Rough estimates of the spread rate of the pest are put at approximately 20 miles 

per year if spread by natural means.  Spread can be drastically increased by artificial 
means such as planting infested hemlocks in previously un-infested locations and 
inadvertent spread on park visitor’s clothing to new trees many miles away.  Should this 
be the case, the HWA infestation could cross essentially the entire range of hemlocks 
growing on State Lands by 2010 (Figure 5). 

 

Roan Mtn. 
State Park 

Foothills Wildlife 
Management Area 

Sundquist State 
Forest 

Figure 5. State Lands with 20-mile annual increment s of HWA potential spread. 
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Expected Impacts of the Hemlock Woolly Adelgid 

 
Economic 
 
In terms of economic importance, there are over 7,900 million cubic feet of hemlock 

growing stock and over 25 million board feet of sawtimber present in the eastern U.S, as reported 
by the USDA Forest Service.  Although hemlock is not one of the more valuable timber species, 
its loss would nevertheless have a measurable impact on the timber industry.      
 

While not prized as a timber product, hemlock does have a high economic value 
as a horticultural plant and is valuable to 
homeowners and nursery growers. It is 
ecologically unique and irreplaceable 
because it is the only evergreen tree in 
the forest that can survive for years in the 
shade, increasing its value as a 
landscaping plant. Therefore its loss due 
to HWA will greatly impact both the 
horticulture industry and homeowners in 
Tennessee. Ironically, the sale and 
distribution of infested hemlock trees 
could contribute to the spread of HWA in 
Tennessee as it has in other states. The 
insect is spread locally by birds, deer, 
wind and hikers but regionally is spread by 
the unregulated commerce of the nursery industry.  A vigorously enforced certification 
program for Tennessee hemlock nursery stock would contribute greatly to preventing 
the spread of HWA. 
 

Fish and Wildlife 
 

Hemlock is important for wildlife that depends on dense shade and water quality 
because it often is the dominant vegetation along mountain streams. Its dense shade 
helps keep water temperatures cool in summer, which is a habitat requirement for 
sustaining wild trout populations in East Tennessee. Loss of hemlock in watersheds 
dominated by this tree species would allow stream warming and siltation detrimental to 
wild trout. Trout fishing is a popular recreational activity in East Tennessee, and is a 
source of income to the local economies. 
 

In studies at Delaware Water Gap National Recreation Area, streams with 
hemlocks when compared to streams with a hardwood overstory had much greater 
diversity of macroinvertebrates (organisms that are an important part of the food web in 
river ecosystems). Hemlock streams in the study had three times as many  brook trout 
than hardwood dominant streams, and hemlock streams were much less inclined to dry 
out during summer drought. According to experts in GSMNP, the cooling effect caused 

Figure 6.  Mature hemlock stand infested with HWA 
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by hemlocks (dropping temperatures as low 39o F / 4o C) makes the streams hospitable 
for native brook trout and a host of other fishes and aquatic life. Statewide, some of 
these fish include the federally - threatened spotfin chub and blackside dace, and the 
state - endangered laurel dace and Cumberland johnny darter, as well as other state-
listed fish species. These species occur in rivers and streams shaded by hemlock 
forests, and could be significantly impacted by hemlock mortality.   
 

The shelter of hemlock groves is also a preferred habitat for several species of 
migratory songbirds in Tennessee including the Blackburnian warbler, black-throated 
green warbler, and wood thrush. Scientists have found hemlock important to the nesting 
success of dark-eyed juncos, black-throated blue warblers, and solitary vireos. The loss 
of hemlock could impact avian species in the Southern Appalachian forests that have 
not been previously considered at risk, including the saw-whet owl, which is under 
review for possible federal listing as a threatened species.   
 

The loss of hemlock will also diminish 
hibernation habitat for black bear. Hemlocks are 
among the oldest living trees in the eastern forest 
(300 –500 years) and their hollow trunks are highly 
valuable for bear hibernation. Both the Carolina 
northern flying squirrel (federally endangered) and 
the red squirrel use hemlock trees as habitat in the 
mountains of East Tennessee.  Hemlock is also a 
component of the habitat for the federally-
endangered Indiana bat, in addition to a number of 
shrews, voles, mice, and bats listed as “In Need of 
Management” in our state.  Furbearers and small 
game animals including the raccoon, fisher, least 
weasel, long-tailed weasel, eastern spotted skunk, 
and Appalachian cottontail can be found in our 
hemlock forests.               
 

The Southern Appalachian Mountain Region is also the center for amphibian 
diversity in the world. The loss of hemlock is expected to decrease amphibian habitat, 
potentially impacting 42 species of salamanders, including six species listed as “In Need 
of Management” in Tennessee.  
 

Natural Heritage, Cultural, and Aesthetic Values 
  
Old growth hemlock forests have significant natural heritage value (old growth 

being an ecological criterion for designating state natural areas in Tennessee). State 
Natural Areas are considered Tennessee’s most unique landscapes and protect rare 
and endangered elements including rare forest communities such as older growth 
hemlocks.   
  

Figure 7.  HWA killed hemlocks in northeast 
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In addition, cultural and aesthetic values will be severely affected by HWA. Visitor 
attendance will likely decline where hemlock mortality is high in State Parks and Natural 
Areas, resulting in diminished revenues for State Parks and local economies.  Safety 
issues will need to be addressed when large dead standing hemlocks pose public safety 
hazards in these areas. 

 
Native Plant Species 
 
  With the onslaught of HWA, invasive exotic plant species in the form of trees, 

shrubs, and ground vegetation are likely to replace many dead hemlock stands, at the 
expense of native species.  Tree-of-heaven, paulownia, Japanese barberry, and 
microstegium are only a few of the invasive exotics waiting to take a foothold in the 
forest ecosystem as a result of hemlock mortality.   

 
There is a great need for more research into the impacts and need for forest 

watershed restoration options created by HWA.  Plant 
communities dependent on hemlock-dominated forest 
types may be negatively impacted by the loss of the 
hemlock overstory.  These communities are found in 
shaded, moist or wet situations in deep, narrow 
gorges.  Flowering plants and non-flowering plant 
communities such as mosses, liverworts, ferns and 
lichens that are found on rocks, tree bark, and the 
forest floor could be seriously impacted by hemlock 
mortality. 
 

The severe impact of HWA to hemlock forests 
in Tennessee is imminent and will be catastrophic 
unless swift and decisive action is taken. This plan 
provides a road map to prevent the wholesale loss of 
hemlock forests in Tennessee, and as a goal, seeks 
to preserve the highest value hemlock stands on state 
lands. Implementation of the state task force’s 
management plan requires a significant commitment 

of State resources to be successful in managing HWA and saving our valuable hemlock 
resource.   

 
 

 Figure 8. Hemlock in later stages 
of HWA infestation  
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Biology of Hemlock Woolly Adelgid  
 
 Hemlock woolly adelgid (Adelges tsugae) is an Asian species in the order 
Homoptera along with cicadas, plant and treehoppers, psyllids, whiteflies, aphids and 
scale insects.  Adelgids are in the family Adelgidae which feeds only on conifers.  Most 
adelgid species alternate between two species of conifers during their life cycle, usually 
spruce and hemlock. 
 
 HWA adults are very small, about 1/32 inch in length.  They are oval, reddish-
purple, and covered with white waxy tufts.  
The adelgid feeds by inserting its stylet-
like mouth part through the outer bark at 
the base of needles on small twigs and 
branches and extracting fluids from the 
tissues of the inner bark or phloem.  
Heavy infestations feeding on plant fluids 
stress and damage the host tree.  
McClure (1991a)1 has shown that late 
spring-early summer (June) nymphal 
densities as low as 4 HWA per 20 square 
millimeters can inhibit production of new 
plant growth.  During feeding, the HWA 
may inject a toxic saliva into the tree.  
Like the saliva of other adelgid species, 
this saliva may disrupt plant growth hormones and modify vascular tissue.  When this 
occurs, trees loose vigor and become susceptible to additional and often more 
damaging stresses. 
 

HWA has two wingless asexual generations annually.  Females lay egg sacs with 
up to 300 eggs each February to March.  Eggs hatch in April and May and are 
considered the “first generation” of the year.   

 
About half of the immature first generation HWA become dark colored “crawlers” 

that seek places on the host to feed.  At this 
stage, HWA is spread by wind, deer, humans 
and birds.  There is considerable overlapping 
of lifestages in late spring and crawler 
movement is extended from February until 
July.  They molt and appear black with some 
white fringe.  These nymphs feed on twigs 
near the base of the needles while going 
through four nymphal stages reaching 
maturity by June. 
 
   This portion of the first generation 
produces and lays eggs during June and 

Figure 10. Black oval shapes are HWA in nymph 
stage (R Childs)  

Figure 9. HWA mat uring and just out of dormancy 
(R Childs)  



 16

July.  Crawlers of the emerging second-generation adelgids settle quickly and become 
dormant during the late summer months.  In October, development resumes as they 
cover themselves with white ‘wool’.  This stage is completed by winter when female 
adults over-winter.  These adult females lay eggs once, which then hatch in April and 
May.   
 
 The other portion of the first generation 
adelgids develop through four nymphal stages 
into winged asexual adults, which migrate to 
spruce trees to lay eggs in June.  As the 
infested hemlock host becomes more stressed, 
a greater percentage of the first generation 
group develops wings and migrates.   
However, this entire population may be lost if a 
suitable spruce host is not found, which is 
normally the case in the eastern U.S. 
 
 
 
1
McClure, M.S. 1991. Density-dependent feedback and population cycles in Adelges tsugae (Homoptera: Adelgidae) on Tsuga canadensis. 

Environ. Entomol. 20:258-264 

 

Figure 11. HWA egg mass containing about 
30 eggs   (R Childs)  
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HWA Management Planning Process 
 
 In October 2004, a Task Force was created to develop a state interagency HWA  
Management Plan that identified present occurrences of the adelgid, prioritized at-risk 
areas, and recommended action in priority treatment areas.  The major issues the Task 
Force has addressed are: 
 

1) Create a Task Force of State Land Agencies inclu ding the following: 
 

TDA Division of Forestry – John Kirksey, Protection Unit Leader (Chair) 
TDA Division of Forestry – David Todd, State Lands Unit Leader 
TDA Division of Forestry – Clint Strohmeier, Forest Health Specialist 
TDEC Division of Parks – Charlie Tate, Director of Natural & Cultural Resources 
TDEC Division of Parks – LinnAnn Welch, Biologist 
TDEC Division of Parks – Jack Gilpin, Conservation Planner 
TDEC Division of Natural Heritage/State Natural Areas - Brian Bowen, Program Administrator 
TWRA – Brant Miller, Staff Wildlife Forester 
TWRA – Bart Carter, Fisheries Biologist 
USDA Forest Service – Bruce Kauffman, Forest Health Specialist 

 
2) Determine Priorities: 
 

a. At-risk State Parks, Natural Areas, Wildlife Management Areas, and State 
Forests will be determined.    

b. Hemlock stands within these areas will be ranked according to priority.    
 

3) Monitor and Survey: 
 

a. Develop a systematic survey process.   
b. Each agency will survey their lands.    
c. Site visits will be correlated with each stand’s ranking.    
d. A baseline survey will be conducted in winter of 2004-05.   
 

4) Mapping and Database: 
 

In order to monitor HWA populations and manage outbreaks, each agency is to 
develop hemlock stand maps.  Stands will be designated as necessary and 
logical for each agency’s needs.  Stands may be digitized and linked to an 
associated database or indicated on a tract map.  
 
A database will be created to contain information such as HWA occurrence, 
stand size, ownership, treatment options, tree health and other descriptive 
information.    
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5) Develop Treatment Options for each Agency and Pr iority Area: 
 

Based upon the values at risk, the priority of each stand, and the level of HWA 
infestation, each stand will be assigned a series of treatment options. These may 
include tree removal, tree injection, soil injection, cover sprays with an 
insecticide, predatory beetle release or other options as they become available. 
The selection of these options may be based on the level of infestation as well as 
the management objectives and individual characteristics of the stand, i.e. 
forestry, fisheries, wildlife, recreational and natural heritage value.   
 

6) Restoration Options and Hazardous Tree Removal: 
 

Some areas may already be beyond recommending HWA treatment options.  In 
these cases, a plan for restoration and hazardous tree removal will be necessary.    
 

7) Environmental Review and Approval Process for Tr eatment Areas: 
 

The HWA Management Plan completed by the Task Force will be circulated to 
the appropriate persons so that it can serve as the approval for treatment options 
recommended in the plan.  Notification procedures will also be developed to 
make sure appropriate notice is provided prior to treatment.   

 
8) Outreach and Educational Efforts: 
 

Depending on Task Force findings and levels of occurrence of HWA, outreach 
should be targeted to at-risk and affected communities.    
  

Information Gathering 
 
In order to create a baseline of current and potential infestations of HWA, the 
Task Force is collecting the information below.  Evaluation summaries can be 
found in Appendix A. 

 
1. Hemlock Stand Data location 

A map of the location of hemlock stands drawn on a topographic map or an aerial 
photograph, or drawn digitally and saved on an electronic map. 

 
 

2. Description 
A general description for each stand.  The trees being described are intermediate 
and dominant trees.  Three general categories are used to describe hemlock 
stands: 

 
1 – scattered (hemlocks are intermingled with other tree species and are not a 
predominant component of the stand) 
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2 – open canopy (hemlocks are predominant component of the stand, with 
hemlock crowns not touching) 

 
3 – closed canopy (hemlocks are predominant component of the stand, with 
crowns touching)  

 
3. Evaluation  

This describes, in the opinion of State personnel, the: 
 

1 – relative value of the hemlock stand (based upon forestry/sustainability 
[commercial], fisheries, wildlife, recreational/aesthetics, or natural heritage value) 

 
2 – relative limitations of treatment (based upon accessibility for logging, 
insecticide application or other treatment)  
 
3 – recommended action (suggested treatment based upon value and limitations 
of stand) 

 
Values At Risk 

 
There are five values that are being threatened by HWA.  Those values are listed 
with questions that are used to determine whether the value is low, moderate or 
high. 

 
Forestry/sustainability 
• Is there significant forestry value in this stand, including but not limited to wood 

products? 
• Is there enough hemlock regeneration to sustain a healthy hemlock forest? 
• Is overall stand vitality good enough to justify management of HWA? 
• Would the loss of this stand cause a significant economic impact?  
• Is this site in close proximity to other sites that have significant forestry value? 
 
Fisheries 
• Are there threatened or endangered fish species in this stand dependent upon 

hemlocks? 
• Is this stand a significant or unique fisheries habitat? 
• Do the hemlocks in this stand contribute a good deal to the quality of the 

stream’s water? 
• Are the riparian areas in this stand dependent upon the hemlocks? 
• Is this site in close proximity to other sites that have significant fisheries value? 

 
Wildlife 
• Are there threatened or endangered wildlife species in this stand dependent 

upon hemlocks? 
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• Is there significant wildlife habitat in this stand and is it dependent upon the 
health of the hemlocks? 

• Would loss of the hemlocks in this stand impact wildlife in the area? 
• Is this site in close proximity to other sites that have significant wildlife value? 

 
Recreational/aesthetic 
• Are there significant recreational activities dependent upon the health of the 

hemlocks at this site? 
• Are there significant aesthetic values at this site dependent upon healthy 

hemlocks? 
• Would the decline or mortality of hemlocks at this site impact public safety? 
• How much would the loss or decline of hemlocks at this site impact public use of 

the Forest? 
• Does this stand have historic significance? 
• Are there significant historical or cultural heritage issues associated with the 

hemlocks at this site? 
• Is this site in close proximity to other sites that have significant recreational 

value? 
 
Natural Heritage 
• Are there threatened or endangered plant species in this stand dependent upon 

hemlocks? 
• Would the loss of hemlocks in this stand alter conditions so that they would 

become unfavorable to sensitive, threatened or endangered plant species? 
• Is this site in close proximity to other sites that have significant natural heritage 

value? 
• Does the site support an exemplary hemlock community or old growth  hemlock 

community and what is the ecological impact to the natural area if these 
communities are damaged or destroyed? 

 
A summary of these items can be put on a single form that is useful for planning 

locally or statewide.  Attachment A is an example of how a form can be used. 
 

Monitoring 
 
 Evaluating the health of hemlocks and the level of HWA infestations is key to the 
success of the HWA Management Plan.  Treatment decisions begin with knowing the 
location and density of the pest.  Priority hemlock stands identified in the Plan will be 
annually surveyed to assess HWA populations.  These surveys will begin as soon as 
summer estivation ends, and the white, woolly masses are evident, usually in early 
October. 
 
 Surveys will consist of classifying HWA densities in the four categories: 
 
None: no adelgids observed 
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Light: most trees are uninfested and/or most infested trees have less than 10% of 
infested branches  

 
Moderate: 26% to 50% of the trees appear to be infested and most often individual trees 

have less than 50% of the branches infested 
 
Heavy: more than 50% of the trees are infested and most often the majority of the 

branches on individual trees are infested. 
 
 An assessment of hemlock health in the stands will be conducted when the 
assessment of HWA is being done.  Tree health information will be reported on a stand 
level basis in the following categories: 
 
Healthy:  trees appear to be in reasonably good health with less than 10% of the trees 

showing signs of stress such as defoliation, needle discoloration and/or branch 
tip dieback.  Hemlock mortality less than 10% throughout the stand. 

 
Light Decline:  trees appear minimally stressed with many trees showing 11-25% 

defoliation, needle discoloration and/or branch tip dieback.  Larger branch 
mortality may be present but not frequent on trees within the stand.  Hemlock 
mortality less than 10% throughout the stand. 

 
Moderate Decline: trees generally appear under stress with most trees showing 26-50% 

defoliation, needle discoloration and/or tip dieback.  Larger branch mortality is 
relatively common throughout the stand.  Hemlock mortality 11-25% throughout 
the stand. 

 
Severe Decline:  trees appear obviously stressed with most trees showing >50% 

defoliation, needle discoloration and/or branch tip dieback.  Larger branch 
mortality is common throughout the stand.  Hemlock mortality may be more than 
25% throughout the stand. 

 
 Information from HWA and hemlock health surveys will be collected and entered 
annually into a stand database.  This information will be used to direct additional 
surveys, public information, and treatment/restoration efforts. 
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Environmental Review 
 

The purpose of this environmental review in the Strategic Plan is to ensure that 
proposed project activities on Tennessee state lands do not contribute to the loss of 
viability of any native plant or animal species, particularly those listed by the U.S. Fish 
and Wildlife Service (USFWS) or the State of Tennessee.   

 
The Endangered Species Act of 1973 requires that State agencies not jeopardize 

or adversely modify critical habitat of federally listed species and that the State has a 
comprehensive plan to address such activities regarding the management of listed 
species as outlined in Section 6 of this law.  The environmental review process for 
(HWA) management and/or eradication activities on State lands will document any 
potential effects of the proposed activities on threatened, endangered, and species of 
special concern or their habitat and ensure that land management decisions are made 
with the benefit of such knowledge.  This will be accomplished by literature review, 
historical and current occurrence surveys, and potential occurrence assessments.  In 
cases where data is unavailable or lacking, field surveys for species of concern may be 
required in order to justify the proposed management action.  Interagency cooperation 
will be crucial in identifying areas that are suitable for treatment based on primary 
resource protection issues and need.   
 
Approval Process for Proposed Actions      
 

Each agency that proposes treatment options will be responsible for their review.  
The state lead agencies for information regarding these reviews are TDEC, Division of 
Natural Heritage Natural Areas and TWRA.  Proposed actions can be used exclusively 
or in combination to address issues facing the State of Tennessee regarding the control 
and management of HWA on State lands.  As outlined in the Treatment Options of the 
strategic plan, the State has several options for controlling HWA in Tennessee.  The 
approval process of such actions will include a review of all pertinent data regarding 
federally and state listed species and determination of effect for the chosen 
management alternative(s).  Non-target species impact and viability issues will be 
addressed and population effects determined for the selected alternative (s). All federal 
and state agencies governing such actions will be sent a biological assessment (BA) for 
comment, outlining preferred action(s) and selected alternative(s) to meet the 
management goal for the specific project described in the BA.  The review and 
comment period for all BA’s will be completed and issues regarding treatment strategies 
and effects will be addressed before implementation of the proposed management 
action (s).  The approval of BA’s by governing agencies and reviewers will fulfill the 
environmental review and approval process for implementing selected management 
strategies.     
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Proposed Action Alternatives :      
 
Alternative A- No Action    
 

Under the No Action alternative, current management plans would continue to 
guide management of the identified project area.  No activities would be implemented to 
accomplish project goals.  Risks of taking “No Action” to manage HWA have been 
discussed above.  It is reasonable to anticipate that the effects would be similar to those 
seen in other states where HWA has become endemic.   
 
Alternative B- Release of HWA Predatory Beetles   
 

Hemlocks in approximately 28 areas on State lands would be potential sites for 
releases of the predator beetles Sasajiscymnus tsugae, 
Laricobius nigrinus, Scymnus sinuanodulus and 
Scymnus ningshanesis.  Each year these areas would 
be prioritized for releases with consideration for 
geographic distribution and to ensure releases in both 
eastern hemlock and Carolina hemlock stands.  The 
number of releases would depend on the available 
supply of predator beetles.  Ideally, beetles would be 
released in all areas that have trees sufficiently infested 
(showing evidence of adelgids at most leaflet 
intersections).  The number of beetles released at an 
area would vary by species according to established release protocols developed by 
State Forest Health Protection and university researchers who study the insects.  
Current protocols call for several hundred to several thousand beetles to be released 
per area. 

 
Specific hemlocks within the areas would be evaluated for distributing these 

predators.  Trees should be infested on most branchlets.  The trees themselves and 
surrounding hemlocks should still be healthy enough to be putting on new growth.  The 
objective is to find a location with high infestations so beetles can successfully forage 
and reproduce. This will allow dispersal to infested trees in close proximity to the 
primary release.  

 
A representative sample of release areas would be monitored at six months and 

one year to determine if the beetles are still present, if they have successfully over 
wintered, and how far they have dispersed.  The condition of the release trees would 
also be noted. 

 
According to researchers, biological control is the most feasible measure 

available to save large areas of hemlock, or hemlock in remote locations, where the 
best examples of hemlock forests occur (Attachment C). At this point, however, the 
supply of biological control agents is insufficient to address the problem in Tennessee.  
The State should consider increasing its support of efforts to expedite the rearing and 

Figure 11.  Predator beetle feeding 
on HWA.  
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release of biological agents at the University of Tennessee in cooperation with the 
GSMNP and the USDA Forest Service (USFS).  UT-Knoxville is one of only four labs in 
the nation that rear the predator beetles, which are currently the primary biological 
control agents of HWA.   
 
Alternative C- Chemical Control With Horticultural Oil and Insecticidal Soap 
 

Insecticidal soaps and horticultural oils can be sprayed on hemlocks when the 
objective is immediate control of insects.  If complete coverage is achieved, these 
agents act by smothering all invertebrates on the tree at the time of treatment.  There is 
no residual effect, so HWA could re-infest the tree immediately.  With this method, there 
is an increased risk of applicator contamination and increased concern with drift, since 
the product is sprayed on the foliage.  This treatment method is appropriate for smaller, 
more accessible trees that could be treated frequently (Attachment C).  It would not be 
appropriate for treating large or inaccessible trees.  It would not meet the project 
objective of keeping HWA suppressed for months or years, necessary to insure tree 
survival. 
 
Alternative D-Chemical Control with Merit®  
 

Specific groups of trees would be selected for chemical treatment.  The type of 
areas selected to receive chemical treatment are specified in Attachment C.  Treatment 
areas should be selected to meet the requirements of the hemlock conservation 
network for genetic diversity.  Two methods could be used to deliver insecticide to the 
infested trees: 1) soil injection of the insecticide at the base of the tree, and 2) direct 
injection of the insecticide into the tree.   Treatment would be repeated as 
recommended on the label.  Treatment would cease when effective bio-control agents 
become established or the HWA threat is otherwise diminished.  
 
Clearance process for application of soil injected insecticide 
 

(1) Soil would be sampled to determine the presence of highly permeable soils.  
The presence of highly permeable soils could disqualify the site for soil injection 
if criteria in item 2 is met as well. 

(2) The area would be surveyed for the presence of any surface water or water 
bodies (springs, creeks, ponds, bogs, etc.).  Any tree with a direct vegetative 
connection to surface water would be eliminated from soil injection treatment. 
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Costs 
 

There are a considerable number of factors to consider when estimating the cost 
for management of HWA on state lands.  Some of these factors are known, such as 
which state agencies are involved, what state lands are likely targets for HWA, values 
placed on those lands and approximate cost per acre of treatments.   

 
Some variables are not known, such as how severe HWA will become, how 

quickly HWA will spread, the availability of predators and the success rate of certain 
treatments.   A rough estimate of rate-of-spread is illustrated on the Tennessee’s HWA 
5 Year Prediction map (Figure 5).  The map demonstrates the possibility that by 2010 
practically all of the state’s natural range of hemlock could be within the reach of HWA. 

 
Factors that are not yet determined but essential to planning are the number of 

acres of hemlock, or number of hemlock trees on each state property and the treatment 
chosen for each site.  
 
 Even with these limitations casting doubt as to the accuracy of a cost estimate, it 
is still worthwhile to consider the budget needed for various treatment options given the 
best information currently available.  An estimate of potential treatment cost is as 
follows: 
 
 
 
 
  

IA = Insecticide Application;   PB = Predator Beetl es 

 
Agency 

 
2006 2007 2008 2009 2010 

State 
Parks 

10 ac 
IA 

$5,000 
10ac 
PB 

$15,000 

10 ac 
PB 

$15,000 

10 ac 
IA 

$5,000 
30ac 
PB 

$45,000 

50 ac 
PB 

$75,000 

30 ac 
IA 

$15,000 
50ac 
PB 

$75,000 

TWRA 
 

50 ac 
PB 

$75,000 

50 ac 
PB 

$75,000 

50 ac 
PB 

$75,000 

50 ac 
PB 

$75,000 

50 ac 
PB 

  $75,000 

Division of 
Forestry 

50 ac 
PB 

$75,000 

50 ac 
PB 

$75,000 

50 ac 
PB 

$75,000 

50 ac 
PB 

$75,000 

50 ac 
PB 

$75,000 

Natural 
Heritage   

20 ac 
PB 

$30,000 

50 ac 
PB 

$75,000 

50 ac 
PB 

$75,000 

Total cost $170,000 $165,000 $230,000 $300,000 $315,000 
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 Although these costs may seem extravagant there are considerable 
savings if these practices slow the rate of HWA spread.  Cost estimates for alternative 
treatments within the planning period are over $6,000,000 for State Forest lands alone. 
 

Cost levels for specific treatment options based on the severity of outbreak may 
be desirable.    At this time the average estimated costs for contract and state personnel 
applied control treatments are: 

 

Treatment Contract State personnel  Cost per inch DBH 
(single application) 

Trunk injection * $120.00 per tree $40.00 per tree $2.67 

Oil spray ** $80.00 per tree $20.00 per tree na 

Soil drench *** $80.00 per tree $24.00 per tree $1.60 

Soil injection *** $80.00 per tree $20.00 per tree $1.33 
 
   Estimate is based on an average 15-inch dbh (diameter at breast height) hemlock tree. 

* Trunk injection applied annually 
** Oil spray treatment would have to occur 1 to 2 times per year 
*** Soil injection or drench would be applied every 2-3 years 

 
Per acre costs can increase considerably as tree numbers per acre increase.  A 

low-density stand (appx. 5 trees/acre) of 15” dbh trees may cost $200.00 per acre, 
whereas a high-density stand (appx. 150 trees/acre) might cost $6,000.00 per acre for 
treatment.  See Attachment B. 

 
Projects noted in this Management Plan that require financial support include: 

 
1. Mapping of hemlocks in Tennessee on state and private lands. 
2. Support of research into control methods and remediation options. 
3. Support of predatory beetle production. 
4. Monitoring and surveying on state lands. 
5. Treatment planning. 
6. Treatment implementation. 
7. Vegetative restoration of impacted sites. 
8. Removing hazardous trees from public use areas. 
9. Public outreach and education. 
10. Vigorous enforcement of the certification program for hemlock nursery 

stock. 
 
Funding 
 

Currently there are no funds allocated for HWA management at the state level.  It 
is recommended that sources of funding be located. Matching funds may be available 
through the USDA Forest Service for certain aspects of HWA management. 
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State Forest HWA Evaluation Summary 

District  State Forest  Stand Hemlock 
Acres 

Values at 
Medium 

Risk 

Values at 
High Risk  

Recommended 
Treatment 

1 Martha Sundquist 1 340s FS, F R PB, WP, CEI 

   2 533s FS, F R PB, WP, CEI 

        

2 Lone Mountain 1 54s W,R  IA, PB, WP 

   2 12s W,R  IA, PB, WP 

   3 7s W,R    

2 Pickett  113o NH  NT 

        

3 Bledsoe 1 10s      

   2 12s FS    

   3 86s FS    

   4 60s FS    

   5 39s F,W,NH  PB 

   6 75o FS    

         

3 Prentice Cooper 1 59o FS, R  IA, PB 

   2 129c FS, R R (50) IA, PB 

   3 287c FS, R    

   4 67o     

   5 2o R   IA 

   6 15o R   IA  

        

         

FS = Forest Sustainability; F = Fisheries; W = Wildlife;  R = Recreation; NH = Natural Heritage; NT = No Treatment;               
H = Harvest; IA = Insecticide Application; PB = Predator Beetle; WP = White Pine regen; PA = Plant Alternative 
evergreens;            CEI = Control exotic invasives; c= closed stand; o = open stand;  s = scattered stand. 

 

Attachment A 
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Wildlife Management Area HWA Evaluation Summary 

  Wildlife 
Management Area Stand Hemlock 

Acres 

Values at 
Medium 

Risk 

Values at 
High Risk  

Recommended 
Treatment 

  Foothills WMA FHST1 70 R F, W PB (HWA present) 

  Foothills WMA FHST2 29 R F, W PB (HWA present) 

  Foothills WMA FHST3 30 R F, W PB (HWA present) 

  Foothills WMA FHST4 30 (est.) Not Surveyed Yet ??? 

  Royal Blue WMA RB-1 4 FS, R W PA 

  Royal Blue WMA RB-2 9 FS,F,W,R PA 

  Royal Blue WMA RB-3 50 R FS,F,W PB 

  Royal Blue WMA RB-4 120 FS,R F,W PB 

  Royal Blue WMA RB-5 10 R F,W PA 

  Royal Blue WMA RB-6 203 R F,W PB 

  Royal Blue WMA RB-7 131 FS, W F,R PB 

  Royal Blue WMA RB-8 34 FS,W F,R PB 

  Royal Blue WMA RB-9 11 W FS,F,R PB 

  Royal Blue WMA RB-10 24 R FS,F,W PB 

  Note: Only 596 of total estimated 1,110 acres conta ining hemlock on     

  Royal Blue WMA were examined.  Therefore, future tr eatment on at least part    

  of the 514 additional hemlock acres will likely be needed when HWA arrives.   

  Additional fieldwork will be performed to evaluate these other stands.    

  Catoosa WMA Various 200* FS F,W PB 

  *(10 stands identified containing some hemlock; 3 surveyed to date)   

  Catoosa WMA (Possible 10,000 ??? ??? ??? 

   Hemlock) (additional acres)     

  Bridgestone-Firestone Not surveyed yet for hemlock    
FS = Forest Sustainability; F = Fisheries; W = Wildlife;  R = Recreation; NH = Natural Heritage; NT = No Treatment;               
H = Harvest; PA = Pesticide Application; PB = Predator Beetle; WP = White Pine regen; PA = Plant Alternative evergreens;            
CEI = Control exotic invasives 
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Example of treatment costs  
Increasing with density 

 
 Low density hemlock stands =  5 +  trees/acre; $200.00 per acre 
 
 High density stands =          150 +  trees/acre; $6,000.00 per acre 
 
 Assuming that BA (basal area) is less than or equal to 200 square feet  

per acre for high-density stand. 
  

Attachment B 
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Chart of recommended site treatment for state lands  
 
 
 

  Small               Tall                    50’ to 100’   >100’        Unique     Isolated    Accessible 
    Landscape    Landscape     < 50’ from    from    from     Forested    Forested    Forested 
    Trees     Trees    Streams    Streams   Streams    Areas    Areas    Areas 
Horticultural  

Oil 
X   X 

(small trees only) X    

Insecticidal 
Soap 

X   X 
(small trees only) X    

Merit Root 
Zone 

X X  X X X  X 

Merit Trunk 
Injection 

X X X                
(in some cases) 

X X X  X 

Cultural 
Controls 

X X X X X X X X 

Predator 
Introduction 

     X X X 

No 
Treatment 

  X   X X  

 

Attachment C 


