¥ Neighborhood trees in St.
Paul, Minnesota, devastated
by the emerald ash borer in
2009. (Photo courtesy
David Joles/Star Tribune) -

Invasive Insects of the Pétiﬁ.cj No-rthw.e_st -

By PaTtrick C. ToBIN

“\he Anthropocene. It’s a proposed new
name (not yet formally accepted) for the
current period in Earth’s geologic his-

tory. Meaning “human epoch,” it signifies that

people have become the dominant influence on
global ecosystems. Its start date remains a topic
of debate: Some argue that the Anthropocene
began around 8000 years ago, when our
nomadic ancestors first settled down, cleared
land, and cultivated crops; others have sug-
gested a more recent starting point, such as the

Industrial Revolution—and even the detonation

of the first nuclear weapon.

As an invasion biologist, I have often
considered that the Anthropocene began with
long-distance trade pathways and the movement
by humans of plants and animals far beyond their
distributional ranges. For example, the Silk Road
connected much of Asia with North Africa and
Europe over 2200 years ago, and sailing ships
in the 15th century linked goods from around the
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world. Some introduced species certainly had
their benefits; after all, many food crops in North
America are non-native plants. However, some
introduced species—and hitchhikers like the
much maligned brown rat—became invasive in
their new territory, spreading widely and causing
major ecological harm to native ecosystems.

Fortunately, only a minority of introduced
species become invasive. Most estimates suggest
that only about 20 percent of non-native species
have any measurable negative impact, and only
about half of these have extremely negative
effects. In North America, for example, there
are more than 3400 documented non-native
insects (including the beneficial European honey
bee), but only about 10 to 12 percent of these are
causing significant damage.

In the Pacific Northwest, we are certainly
not immune to the global problem of invasive
species. Following are profiles of some invasive
insect species that are 1) already here and



causing problems, 2) here, but not yet causing
significant problems, or 3) not here, but repre-
sent looming threats.

INVASIVE INSECTS HERE
AND CAUSING PROBLEMS

Adult azalea lace
bugs measure
about 3mm long.
(Photo courtesy
Eric Gofreed/
bugguide.net)

Azalea lace bug, Stephanitis pyrioides

Most plant enthusiasts in the Pacific Northwest
likely know about this insect or have seen its
damage on Rhododendron species. It is an
extremely small (adults measure 1/8 to 1/4
inches long) and—with its colorful, gauze-like
wings—quite attractive member of the insect
order Hemiptera (the true bugs), which also
includes aphids, cicadas and stinkbugs. Not to
be confused with lacewings, which are beneficial
predators of many plant pests, azalea lace bugis a
plant pest from Japan that was accidently intro-
duced tothe U.S., likely on infested nursery stock.

First reported in New Jersey in 1915, it
quickly became one of the most serious insect
pests of Rhododendron species, particularly
azaleas. Battles have been waged against this
insect all along the eastern seaboard, from New
Jersey to the U.S. National Arboretum to Augusta
National Golf Club. Finally, in 2008, its presence
was confirmed in the Pacific Northwest.

Eggs of the lace bug overwinter on
Rhododendron foliage and hatch in spring. Then
the insect goes through several nymphal stages
before emerging as an adult. It likely completes
at least two to three generations per year in our
region. Both nymphs and adults colonize the
undersides of leaves and damage their host

plant by piercing the foliage and des‘tr;oying the
mesophyll—or inner tissue where much of the
plant’s photosynthesis occurs. Infested leaves
have a stippled appearance, and heavy infes-
tations can result in chlorosis (loss of green
coloration) and leaf drop, greatly decreas-
ing a plant’s vitality and reducing its aesthetic
qualities. Severe infestations, or infestations in
susceptible cultivars, can result in plant death.

Studies of the insect are currently taking
place at the Washington Park Arboretum. Led
by UW Botanic Gardens IPM Coordinator
(and M.S. student at University of Washington)
Ryan Garrison, the research seeks to shed light
on the lace bug’s phenology in our region, and
to identify resistant Rhododendron species and
cultivars. Look for Ryan’s results in a future issue
of the “Arboretum Bulletin”!

Adult female
balsam woolly
adelgids produce
a characteristic
“wool” layer to
protect their

eggs. (Photo by
Ladd Livingston,
Idaho

Department
of Lands/
bugwood.org)

Balsam woolly adelgid, Adelges piceae

Balsam woolly adelgid is another tiny insect—
about one millimeter in length as an adult—that
has caused much damage in our region. Native to
Europe, it arrived in New England around 1900,
was confirmed in California by 1928, and then
in the Willamette Valley by 1930. It is currently
found all over the Pacific Northwest, where it
attacks true firs (Abies species) such as our native
grand fir, Pacific silver fir and subalpine fir. It’s
also a serious pest of the Christmas tree industry,
with balsam fir and fraser fir (both native to the
eastern U.S.) particularly susceptible.
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The insect shares the same taxonomic order
as the azalea lace bug (Hemiptera) and is in the
Adelgidae family, making it a close relative of
aphids. As a family, adelgids are a bit bizarre.
Many species, including the balsam woolly
adelgid, are parthenogenic, meaning the females
can reproduce without fertilization by males.
What’s more, adelgids are largely immobile
except for the newly hatched nymphs, called
crawlers. Once they hatch, crawlers locate a
suitable feeding spot on a plant, insert their
mouthpart (much like a mosquito might insert
their mouthpart into you), and feed on the sap.
Never moving again, the crawlers develop into
new mothers and lay eggs for the next generation.

Each female adelgid can produce up to 200
eggs per clutch. In most areas of the Pacific
Northwest, balsam woolly adelgid produces
two generations per year. In warm, lowland
valleys, that number may increase to four. Added
together, that’s alot of adelgids! Adult insects are
purplish and difficult to see with the naked eye.
However, their dense, white, wool-like protec-
tive secretions make an infection easy enough
to spot. Both the eggs and crawlers are a more
conspicuous amber color.

When the balsam woolly adelgid began
to spread over the Pacific Northwest, heavy
tree mortality was observed in the Cascades,
especially in the 1950s and 1960s. In recent
years, the mortality rate has declined, perhaps
because the most susceptible trees have already
succumbed to attack and died. However, this
species continues to cause damage in our region
each year—and climate warming may exacerbate
the problem.

Historically, balsam woolly adelgid was
largely confined to elevations under 6000 feet.
Warmer winters might allow it to invade new
forests that were once climatically unsuitable
for them. This scenario would be similar to the
unprecedented outbreak of the native mountain
pine beetle in British Columbia—which was able
to move and survive farther northward, and at
higher elevations, owing to warming winters.,

-‘\ /‘
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Adult brown marmorated stink
bug. (Photo courtesy Hectonichus/
Wikimedia Commons)

INVASIVE INSECTS HERE BUT
NOT YET CAUSING MAJOR
PROBLEMS

Brown marmorated stink bug,

Halyomorpha halys

The stink bug, and other members of the
group Hemiptera, can be either predators of
other invertebrates or herbivores. The brown
marmorated stink bug (BMSB) feeds on plants,
and has more than 170 known hosts. Some of
my colleagues have commented that they haven’t
seentoo many plants thisinsect won’t eat.
Species targeted by the bug run the gamut, from
crop plants such as soybean, tomato, pepper and
corn to orchard trees such as apple, peach, plum,
cherry and pear, to commonly planted trees such
as maple, dogwood, oak and elm.

Native to China, Korea and Japan, BMSB
was first detected in North America in 1998 in
Allentown, Pennsylvania—another unwanted
hitchhiker introduced through global trade.
It arrived in Washington state in 2010. Both
nymphs and adults feed on plants by pierc-
ing fruits and stems. Crop damage caused by
this insect can be significant. For example, in
2010, it was estimated that Pennsylvania (the
fourth-largest apple producer in the U.S.) lost
25 percent of its apple harvest due to BMSB, at a
cost of roughly $37 million. Washington agricul-
ture is highly vulnerable to BMSB, since we are
the top producer of several of its favorite plants,

including apples, pears and hops.



In addition to damaging crops, BMSB is a
notorious nuisance pest around the home. You
can find numerous photos online of East Coast
residents sweeping hundreds to thousands of
stink bugs off their houses. The species overwin-
ters in its adult stage, actively seeking warm
places in which to pass the cooler months, such
as outside and inside our homes. Adults grow
to 5/8 inches long, have a mottled, grey-brown
color, a shield-shaped body, and distinctive
white bands on their antennae. Their feces can
leave a nasty stain on walls and drapes, and—as
their name implies—they exude a somewhat
foul-smelling odor as a defensive mechanism.
(Try not to squish them!)

Although we do not yet fully know the future
economic and ecological costs of BMSB in
Washington, we assume it will be high.

Green alder sawfly larva. Note the true legs near the
head, and the prolegs extruding from the abdomen.
(Photo by Christine Buhl, Oregon Department of
Forestry/bugwood.org)

Green alder sawfly, Monsoma pulveratum

Like BMSB, the green alder sawfly is a fairly new
arrival in Washington. As its name implies, it is
green—and a bright, vibrant green at that. But

only in its larval stage, when it looks very much
like a caterpillar. However, the sawfly is not a
moth or butterfly, but rather an insect in the
order Hymenoptera, which includes ants, bees
and wasps. Sawfly larvae can be distinguished
from caterpillars by counting the number of false
legs or “prolegs” on the abdomen —sawflies have
six to nine pairs of these prolegs, while caterpil-
lars have five pairs or fewer. Both sawfly larvae
and caterpillars have three pairs of true legs each

attached to the thorax, just below the head; the
prolegs are extensions of the exoskeleton and
assist in locomotion. Adult green alder sawflies
look like small wasps with black heads and black-
and-orange striping, but they do not sting.

Native to Europe and North Africa, the green
alder sawfly was first detected on our continent in
eastern Canada in the 1990s. It arrived in Alaska
in 2004, and then in Washington state in 2010.
Not much is known about this insect to date. As
with most invasive species, the green alder sawfly
is a minor pest in its native environment. It passes
the winter in a pre-pupal stage and emerges as
an adult in early spring after completing pupal
development. Adults mate, and females lay eggs
on the leaves of suitable host plants—Alnus
(alder) species. The larvae hatch and feed on the
leaves with their chewing mouthparts.

In Alaska, green alder sawfly defoliated
primarily thin-leaf alder (Alnus incana) in the
southcentral part of the state, causing mortality—
especially in concert with canker fungi. Because
of the ecological importance of alder as a nitro-
gen-fixing plant and its role in riparian areas as a
source of nitrogen for the soil, there are concerns
about its potential loss. A study in Alaska showed
that in some tree stands, up to 70 percent of the
available nitrogen has its origin in alders, and
that the rate of nitrogen fixation decreased by up
to 73 percent following alder defoliation.

In Washington, many have a love-hate
relationship with our native red alder (Alnus
rubra). Some are highly allergic to the prolific
amount of pollen it produces each spring; others
view it as a less desirable tree in forested areas
where Douglas-fir might be preferred. However,
red alder does provide important ecological
benefits by providing nitrogen to our soils. At
present, we don’t know what level of damage the )

.

green alder sawfly will cause in Washington. T
INVASIVE INSECTS LOOMING ,~~

Gypsy moth, Lymantria dispar

The presence of the gypsy moth in North
America dates back to 1869, when the French
astronomer Etienne Léopold Trouvelot (who
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Gypsy moth larvae on Stockton Island, Wisconsin.
(Photo by Patrick Tobin)

RIGHT: Gypsy moth adult male (left) and female (right). They
differ in color, size, and antennae shape. The male’s feathery
antennae contain chemoreceptor cells that can detect the
sex pheromone released by female from several miles away.
(Photo by USDA APHIS PPQ/bugwood.org)

has craters on the moon and Mars named after
him) brought gypsy moth eggs from Europe to
his Massachusetts home in an attempt to find
a replacement for producing silk. (At the time,
silkworms were being detrimentally affected
by a pathogen.) Not only did Trouvelot fail to
succeed at making a profit (the gypsy moth larvae
did not produce anywhere near enough silk to be
economically viable), but he also allowed larvae
to escape from his backyard following a heavy
windstorm. The eventual result was an invasive
species that has saddled the continent with
more than 90 million acres of defoliation, and
well over a billion dollars in management and
-damage costs.
Gypsy moths go through one generation per
year. They overwinter as eggs, hatch in the spring,
and—in larval form (the bristled caterpillars are
dark colored with blue and red dots) —consume
the foliage of more than 300 host plants. They
have a special preference for oak, willow, birch,
aspen, apple and larch. In early summer, the
larvae enter a pupal stage, and a few weeks later
emerge as adults to reproduce. The female adults
(white with brown markings), which are loaded
down with an average of 500 eggs and cannot fly,
release a sex pheromone to attract a mate (male
moths are dark brown). Once their eggs are
fertilized, they lay them wherever they happen to
be—ontrees, shrubs, rocks, and homes and cars.
During outbreaks, trees are heavily defoli-
ated, occasionally leading to tree mortality. High
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numbers of caterpillars can also cause allergies,
and they can be an extreme nuisance as they
take over campgrounds and other recreational
areas. Roads can become so slick with the bodies
of dead and squished caterpillars that they are
undrivable.

The gypsy moth is currently currently estab-
lished from Minnesota to North Carolina to
Maine. However, Washington has a long history
of run-ins with this insect. Occasionally, male
moths are caught in the state using traps baited
with sex pheromone. Gypsy moth is an excellent
hitchhiker, and we know that people have intro-
duced it here after moving from the East Coast.
Oregon had a well-known case of an acciden-
tal gypsy moth introduction when an Oregon
resident purchased car parts on eBay from a
seller in Connecticut. The parts arrived infested
with gypsy moth eggs.

As Washington remains one of the faster-
growing areas in the country, introductions will
continue to occur, making it a priority to keep
our state gypsy moth-free. Our Department
of Agriculture traps locations around the state
each year and aggressively targets gypsy moth
populations for eradication, generally using a
biopesticide call Bacillus thuringiensis. Although
many people are understandably apprehensive
about having their property or a nearby area
sprayed for gypsy moth, studies have consistently
shown that the negative effects from gypsy moth
far outweigh the costs of using biopesticides.




Adult emerald ash borer.
(Photo by David Cappaert/
bugwood.org)

Characteristic D-shaped
emergence holes on an
ash tree, (Photo Eric R.
Day, Virginia Polytechnic
Institute and State
University/bugwood.org)

Damage caused by ash borer larvae,
which tunnel through ash bark and
feed on the living:vascular tissue.
A (Photo by Daniel Herms, Ohio State
University/bugwood.org)

Emerald ash borer, Agrilus planipennis

Out of the small percentage of non-native species
that become invasive is a much smaller subset of
them that are so devastating they essentially cause
the functional extinction of native species. The
brown tree snake in Guam is one such example;
it has caused numerous extinctions of birds and
small mammals on the island. The non-native
pathogen that causes chestnut blight function-
ally eliminated American chestnut (which was as
dominant in eastern forests as Douglas-fir is in
ours) in less than 40 years. Invasive insects that
have this potential are fortunately very rare. The
emerald ash borer (EAB) is one of them.

A bright, metallic green beetle species native
to northeastern Asia, EAB was introduced
to Michigan at least by 1996 and has spread
rapidly. Its larvae develop inside wood, and it’s
believed the insect hitchhiked here on wooden
packing material used in global trade. Females,
after mating, lay eggs in ash trees, and the larvae
feed under the bark, extracting resources from
the trees’ vascular tissues. The effect is deadly:
Most trees lose their canopies within two years
of infection and then quickly die. The estimated

numbet of ash trees that have already been killed
bythe EAB in North America is in the millions. All
of our continent’s native ash species (Fraxinus),
as well as European species planted here, are
susceptible to EAB, and the insect can attack
and kill young ash trees even before the trees are
reproductively viable.

Although ash is not a major component of
Washington forests, they are commonly planted
as street and garden trees here due to their
aesthetically pleasing shapes. In many parts of
EAB’s invaded range, once-wooded neighbor-
hoods have had nearly their entire complement of
streettrees wiped out. Imagine what 35th Avenue,
from Wedgwood to Lake City, might look like in
the absence of the flame ash that currently lines
it. (Flame ash is a cultivar of narrow-leafed ash,
Fraxinus angustifolia ‘Raywood’, which is native to
Eurasia and is known to be highly vulnerable to
the emerald ash borer.)

Currently, the emerald ash borer has invaded
nearly all states east of the Mississippi River—
and all states that border the Mississippi River
to the west—and is found as far west as Boulder,
Colorado. Like the gypsy moth, EAB is a good
hitchhiker. It helped to inspire the nationwide
“Don’t Move Firewood” outreach campaign (www.
dontmovefirewood.org). Although the Washington
State Department of Agriculture views this insect
as a high-priority target in early detection
efforts, public vigilance would help in the fight
to keep our state EAB free. Signs of declining ash
trees—especially ones with epicormic branch-
ing (new shoots growing directly from trunk and
main branch bark) and characteristic D-shaped
exit holes (created by emerging adult borers) —
should be reported to the Washington Invasive
Species Council, www.invasivespecies.wa.gov. s

Patrick C. TOBIN is an insect ecologist and
associate professor in the School of Environ-
mental and Forest Sciences at the University of
Washington. Among his research interests, he
studies invasive species, plant—insect interac—
tions, and the role of climate change on insect
seasonality and distributional ranges.
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