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Introduction
The hemlock woolly adelgid, Adelges tsugae (Annand) 
(Figure 1), is an invasive insect attacking eastern hemlock 
(Tsuga canadensis) (L.) Carrière and Carolina hemlock 
(Tsuga caroliniana) Engelmann in the eastern United States. 
Originally from Japan, the hemlock woolly adelgid was first 
detected in the eastern United States in Richmond, Virginia 
around the 1950s (Havill and Foottit 2007) and has since 
spread throughout the Appalachian Mountains and several 
counties in Michigan and Nova Scotia (Figure 2). This 
insect has been reported to spread at a rate of 15.6 km / year 
in the south, but it spreads more slowly (8.1 km/year) in the 
north, a reduction attributed to colder temperatures (Evans 
and Gregoire 2007). Once established, hemlock woolly 
adelgid is a serious threat to forest ecosystems and can kill 
its host within four years (McClure 2001). Hemlock woolly 
adelgid feeds by inserting its piercing-sucking mouth parts 
into plant tissues and extracting stored plant nutrients 
(Young and Shields 1995). Over the past half a century, 
considerable attempts have been made to thwart the impact 
and spread of hemlock woolly adelgid through efforts 
including silvicultural, chemical, and biological control.

Distribution
Adelges spp. have a worldwide distribution within temper-
ate environments and have been documented on all 
hemlock species (Havill and Foottit 2007). The hemlock 
woolly adelgid was first described in 1922 as Chermes 
funitectus Dreyfus from western Hemlock, Tsuga hetero-
phylla (Sargent) in the northwestern continental United 
States (Chrystal and Story 1922). However, Annand (1928) 
and Carter (1971) believed that Chermes funitectus was 
the same species as Adelges tsugae, and were synonymized, 
although no direct morphological comparisons were made. 
Within the Pacific Northwest, where this insect was first 

Figure 1. Flocculent (waxy woolly mass) of hemlock woolly 
adelgid Adelges tsugae (Annand).
Credits: Jeremiah R. Foley, Virginia Polytechnic Institute and State 
University
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described, and Asia, hemlock woolly adelgid is not a threat 
to hemlocks presumably due to host resistance and natural 
enemies.

Decades later, in Richmond, VA in 1951, hemlock woolly 
adelgid was documented on eastern hemlocks (Evans and 
Gregoire 1996; Souto and Luther 1996). The adelgid intro-
duced into Richmond, VA was from Japan and not from the 
western coast of North America (Havill and Montgomery 
2006; Havill and Foottit 2007; Foottit and Maw 2009). 
Eighteen years later, this introduced adelgid was reported 
to have spread to Pennsylvania (Figure 2) and by 1980 was 
causing significant mortality to eastern hemlocks (McClure 
1989; McClure and Cheah 1999). Hemlock woolly adelgid 
continues to spread throughout the east coast and is now 
present in over 20 states and Nova Scotia.

Birds are likely one of the primary local and long-distance 
dispersal agents of the hemlock woolly adelgid in eastern 
North America, the other leading agents being wind, deer, 
and humans. Birds inadvertently carry hemlock woolly 
adelgid eggs, first instar crawlers, and adults that attach to 
them while they feed in infested hemlocks. Studies have 
shown that during their spring migration, birds moving 
northward through the Southeastern and Mid-Atlantic 
states from Neotropical rainforests of Central and South 
America, most frequently acquire hemlock woolly adelgid 
from infested hemlock branches, or on the ground at 
the base of hemlocks, during peak crawler emergence in 
May. This coincides with the peak migration period of 
many of the Neotropical bird species. Since adelgids have 
been found on birds several kilometers from the nearest 
hemlocks, it is hypothesized that birds play an important 

but unintended role in the spread of hemlock woolly 
adelgid.

Common bird species passing through Florida and other 
Gulf states during the spring migration that may later stop 
over or nest in hemlock forests farther north, include the 
following, some of which have been documented carrying 
hemlock woolly adelgid: broad-winged hawk (Buteo 
platypterus), Acadian flycatcher (Empidonax virescens), 
red-eyed vireo (Vireo olivaceus), blue-headed vireo (Vireo 
solitarius), gray catbird (Dumetella carolinensis), American 
robin (Turdus migratorius), wood thrush (Hylocichla 
mustelina), ovenbird (Seiurus aurocapilla), northern parula 
(Setophaga americana), worm-eating warbler (Helmitheros 
vermivorum), blue-winged warbler (Vermivora cyanoptera), 
black-and-white warbler (Mniotilta varia), Tennessee 
warbler (Oreothlypis peregrina), magnolia warbler 
(Setophaga magnolia), Cape May warbler (Setophaga 
tigrina), bay-breasted warbler (Setophaga castanea), black-
throated green warbler (Setophaga virens), black-throated 
blue warbler (Setophaga caerulescens), yellow-rumped 
warlber (Setophaga coronata), Blackburnian warbler 
(Setophaga fusca), American redstart (Setophaga ruticilla), 
Canada warbler (Cardellina canadensis), scarlet tanager 
(Piranga olivacea) (McCulre 1990; Russo and Cheah 2016).

Description
Eggs
The eggs are laid within a woolly mass that is often referred 
to as an ovisac (Figure 3) and are approximately 0.36 mm 
in length, 0.23 mm in width, smooth, and oval. Eggs are 
slightly brown when laid and turn darker brown as they age 
(McClure 1989).

Figure 2. Historic range of hemlocks (Tsuga canadensis) in the eastern 
United States outlined in green and the distribution of hemlock 
woolly adelgid, Adelges tsugae, (brown) in 2015.
Credits: USDA Forest Service 2015

Figure 3. Hemlock woolly adelgid, Adelges tsugae, egg cluster.
Credits: Christy Leppanen, University of Tennessee
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Nymphs
Four stages of nymphs (instars) are present. Determining 
nymphal stages can be difficult because as the adelgid 
molts, they remain with the wool. In practice, the most 
direct way to determine nymphal stage is to count the 
number of cast skins. The first instars (crawlers) are about 
0.44 mm long (Figure 4) (McClure 1989). There are three 
subsequent instars that measure 0.57, 0.67, and 0.74 mm in 
length, respectively (McClure 1989).

Life History
Adelges tsugae (Hemiptera: Adelgidae) has a complex multi-
generational life history with distinct morphological forms 
that have primary to secondary hosts (McClure 1989). Dur-
ing early summer, the overwintering generation eggs hatch 
(Figures 3 and 4) and settle at the base of a hemlock needle, 
and immediately enter aestivation (summer dormancy) as 
1st instar nymphs (Figure 5). This generation of the adelgid 
known as sistens are completely sessile and will remain 
where they inserted their proboscis for the remainder of 
their life. During October in the US, the aestivating over-
wintering nymphs break dormancy and begin developing 
through four instars. During development, they produce a 
noticeable waxy woolly mass above their bodies, known as 
flocculence (Figures 1 and 3).

Development continues through winter, and by late winter 
through early spring, the nymphs develop into adults and 
begin laying eggs within the woolly mass. Development 
from egg to adult, for the spring generation, is much faster 
than in the overwintering generation. In Asia, a proportion 
of the adults develop into the winged sexupare and fly 
from their secondary host, hemlock, and migrate to their 
primary host, spruce, to complete sexual development. 
However, because their primary host, tigertail spruce, (Pi-
cea torano (K. Koch) Koehne) is not present in the eastern 
United States or the Pacific Northwest, this is effectively a 
dead-end and all winged individuals die without complet-
ing their sexual generation. Non-winged adults remain 
on hemlock and begin laying eggs that are to become the 
overwintering generation. These eggs hatch, settle at the 
base of a needle, and enter aestivation; thereby completing 
its life cycle (McClure 1989; Gray and Salom 1995).

The hemlock woolly adelgid, like all plant-feeding 
hemipterans, extract stored plant nutrients by inserting 
their piercing-sucking mouthparts into the leafy cushion 
of specific plant cells. This results in significant damage to 
eastern hemlocks through the loss of needles and mortality 
of buds and branch tips that are responsible for regenera-
tion. Once feeding has begun, it causes localized changes 
in specific plant tissues that favor hemlock woolly adelgid’s 
survival and reproduction (Young and Shields 1995). There 
are two hypotheses that explain why eastern hemlocks are 
so dramatically impacted by the hemlock woolly adelgid. 
The first is their hypersensitive defensive response to 
feeding sites (Radville and Chaves 2011) causing infected 
needles to have higher elevated levels of H2O2 (hydrogen 
peroxide) at the site of herbivore feeding and the second 
is their lack of natural enemies as suggested through 
terpenoid analysis among the extant species of Tsuga. 

Figure 4. Hemlock woolly adelgid, Adelges tsugae, crawler (1st instar 
spring generation).
Credits: Jeremiah R. Foley, Virginia Polytechnic Institute and State 
University

Figure 5. Aestivating hemlock woolly adelgid, Adelges tsugae, nymph 
(1st instar overwintering generation).
Credits: Ashley Lamb Galloway, Virginia Polytechnic Institute and State 
University

Figure 6. Scanning electron microscope (SEM) of an adult hemlock 
woolly adelgid, Adelges tsugae.
Credits: Kelly Oten, North Carolina Department of Agriculture and 
Consumer Services
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Eastern hemlock, relative to other Tsuga species worldwide, 
has fewer defensive compounds against piercing-sucking 
insects than against with biting-chewing insects (Lagalante 
and Montgomery 2003, Lagalante and Montgomery 2007).

Management
Chemical Control
There is a wide range of systemic insecticides used today 
(Cowles and Cheah 2002, Silcox 2002). These insecticides 
have been proven to control hemlock woolly adelgid 
populations effectively when applied as stem injections, soil 
drenching, foliar sprays, or soil injections (Steward and Bra-
ness 1998). However, depending on the size and scale of the 
area that needs to be treated (an individual tree or an entire 
forest), chemical control may not be feasible due to cost and 
accessibility. Whenever applying pesticides, instructions on 
the label should be followed to avoid non-target effects.

Silvicultural Control
Silvicultural options are available, which when properly 
executed, can mitigate the impact and spread of hemlock 
woolly adelgid in both forest and urban settings. More 
recently, it has been suggested that opening the canopy and 
allowing direct sunlight to reach the trees for long periods 
of the day could contribute to mortality of the hemlock 

woolly adelgid during the summer months (Whittier and 
Mayfield 2017). When weighing the various silvicultural 
management tactics, there must be a clear understanding of 
the specific goals for that given area which include but are 
not limited to: 1) wildlife habitat, 2) water quality control, 
3) timber revenue, 4) aesthetics, 5) public safety, 6) future 
successional dynamic, or 7) a combination of all these 
goals. Once clear goals are set, there exists a spectrum of 
management options that ranges from do nothing to high 
intensity cutting. If the decision is made to cut hemlocks, 
Best Management Practices (BMPs) should be used as 
outlined by Kittredge and Parker (1989) to preserve soil and 
water quality.

Gene Conservation/Host Resistance
The international tree breeding and conservation program 
at North Carolina State University and other state and 
federal government agencies (USDA Forest Service) have 
collected hundreds of hemlock seeds from over 60 distinct 
populations of mother trees. The goal of this interagency 
program is to capture a strain of hemlock that is resistant 
to hemlock woolly adelgid infestations that can be used to 
repopulate hemlocks at a large geographic scale in areas 
that are most impacted by hemlock woolly adelgid.

Figure 7. Hemlock woolly adelgid, Adelges tsugae, annual life cycle on 
hemlock in North America.
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Integrated Pest Management
Integrated pest management (IPM) strategies have had 
moderate success in long-term control of hemlock woolly 
adelgid populations in both forest and urban settings by 
combining chemical control, classical biological control, 
host plant resistance, and proper silvicultural practices. It 
is not likely that any one of these control methods would 
be effective on its own. Biological control has attracted the 
most interest and funding, and is thought to be the most 
promising solution to long-term control of hemlock woolly 
adelgid (Onken and Reardon 2011; Sumpter and McAvoy 
2018).

Natural Enemies
There are no known parasitoids for the entire genus Adelges; 
however, there are a handful of coevolved and newly 
adapted predators in the native and introduced ranges 
of hemlock woolly adelgid, respectively, that are used as 
biological control agents (Zilahi-Balogh and Kok 2002, 
Cheah and Montgomery 2004, Zilahi-Balogh and Broeck-
ling 2005, Vieira and McAvoy 2011). Since the hemlock 
woolly adelgid is native to both western North America and 
Asia, natural enemy surveys were conducted to evaluate the 
degree of specialization of existing predators to hemlock 
woolly adelgid with intentions of reestablishing these 
predators in eastern North America as biological control 
agents. Below are limited details on various predators 
thought to be the most important in terms of their impact 
on hemlock woolly adelgid.

SASAJISCYMNUS TSUGAE
The first foreign exploration of hemlock woolly adelgid 
predators was in Japan in 1992. During this exploration, 
a beetle (Insecta: Coccinellidae) that would later be 
named Sasajiscymnus tsugae, was discovered and later 
released in the eastern United States in 1995 (Sasaji and 
McClure 1997). Since their initial release, over two million 
have been reared and released at over 400 sites from South 
Carolina to Maine (Onken and Reardon 2011; Havill and 
Vieira 2014). Sasajiscymnus tsugae lacks a reproductive 
diapause mechanism and is also multivoltine (produces 
multiple generations per year). Sasajiscymnus tsugae gener-
ations overlap with both spring and overwintering adelgid 
generations (McClure 1987). Recoveries of this beetle have 
been lower than expected.

LARICOBIUS NIGRINUS
The entire genus of Laricobius (Insecta: Derodontidae) is 
host specific to various species of adelgids throughout the 
world. Laricobius nigrinus (Fender), is a small (2–3 mm) 

black beetle from the western temperate rainforests of the 
US and Canada, that has been released in eastern North 
America since 2003, after host specificity testing (Fender 
1945; Zilahi-Balogh and Humble 2006). Since then, and 
until the beginning of 2018, Laricobius nigrinus was the 
focal point of mass rearing efforts made by Virginia Tech.

The eggs, nymphs, and adults of hemlock woolly adelgid 
are consumed by both the larvae and adults of Laricobius 
nigrinus. In addition, the life cycle for both predator and 
prey are highly synchronized (Zilahi-Balogh and Salom 
2003). As populations continue to increase and spread, 
the degree at which Laricobius nigrinus is affecting the 
populations of hemlock woolly adelgid is becoming 
more apparent. While the long-term effects of Laricobius 
nigrinus adults and larva on the hemlock woolly adelgid in 
a field setting are currently being evaluated, preliminary 
results suggest that there is an impact on the overwintering 
generation and their ovisacs.

LARICOBIUS RUBIDUS
Laricobius rubidus (LeConte) is the only native Larico-
bius species present in eastern North America. The primary 
and preferred host for this predatory beetle is the pine 
bark adelgid (Pineus strobi Hartig), whose host is white 
pine (Pinus strobus L.). However, Laricobius rubidus has 
also been occasionally observed on balsam woolly adelgids 
(Adelges piceae Ratz) (Lawrence and Hlavac 1979) and on 
hemlock woolly adelgid, thus acting as a secondary host. 
Zilahi-Balogh and Broeckling (2005) demonstrated that 
while Laricobius rubidus can complete development on 
hemlock woolly adelgid, it prefers to oviposit on its primary 
host, pine bark adelgid. The establishment of Laricobius 
rubidus on hemlock woolly adelgid populations has likely 
contributed to the successful establishment of Laricobius 
nigrinus (and subsequent hybrids) since these sibling 
species can mate and produce viable offspring (Fischer and 
Havill 2015).

LARICOBIUS OSAKENSIS
Laricobius osakensis (Montgomery and Shiyake), is a small 
(2–3mm), sexually dimorphic (males are black and females 
are reddish), host-specific predatory beetle of adelgids. This 
species was imported for release from Osaka, Japan for the 
control of hemlock woolly adelgid and was thought to have 
coevolved with the strain of adelgid introduced into eastern 
North America. Laboratory host range, performance, and 
phenology studies have shown this species to be superior 
to Laricobius nigrinus. Laricobius osakensis is now the main 
focus of mass rearing efforts made by Virginia Tech and 
is still being reared in concert with Laricobius nigrinus by 
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other universities and local government agencies. Further 
studies are looking into how this insect performs in the 
field in relation to its impact, distribution, and phenology.

LEUCOPIS SPP. (SILVER FLIES)
The predatory silver flies Leucopis argenticollis (Zetterstedt) 
and Leucopis piniperda (Malloch) (Diptera: Chamae-
myiidae), are native to both western and eastern North 
America. Based on morphological comparisons, these 
species are considered to be the same (Havill and Gaimari 
2018). However, there is pronounced difference not only 
in the host preference between these two strains but also 
genetically. In western North America, these flies are 
generally found on adelgids on western hemlock and in 
eastern North America they are generally found on pine 
bark adelgids on white pine. There has been no reporting of 
these species on adelgids on eastern hemlocks.

Since 2015, considerable work was done to release the west 
coast strain of Leucopis spp. into eastern North America 
(Motley and Havill 2017). While adult predatory Lari-
cobius beetles and their larvae are present during winter 
and spring, respectively, adult silver flies and their larvae 
are present in late spring and throughout summer, when 
aestivating hemlock woolly adelgid nymphs are present. 
Used together, the temporal separation between the 
predatory beetles and silver flies will allow for year-round 
predation and will likely have a higher impact on hemlock 
woolly adelgid populations.
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