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The balsam woolly adelgid, Adelges pi-
ceae (Ratzeburg), is a tiny sucking insect
that was introduced into North America
from Europe. It probably first entered
the Northeastern United States and
Southeastern Canada around 1900. Lat-
er, it appeared on the West Coast (1929),
and in the Southeastern United States in
the mid 1950’s. Infested nursery stock is
the presumed source of introduction.

In Europe, host trees are relatively
insensitive to attack and the insect is not
considered-a significant forest pest. In
North America, however, it has caused
significant damage and mortality to true
firs (4bies spp.) in both eastern and west-
ern forests. In some localities, firs are
slowly being eliminated from the ecosys-
tem; and adelgid populations continue to
spread to previously uninfested areas.

Hosts and Distribution

True firs are the only known hosts of the
balsam woolly adelgid. Susceptibility
ranges from highly sensitive to resistant,
with North American species being the
most sensitive to attack. European firs,
especially European silver fir (4bies alba
Miller), support large adelgid popula-
tions and yet remain relatively un-
harmed. Asian firs seem intermediate in
sensitivity; some are damaged and some
are not.

Figs. la and 1b. Gouting caused by the
balsam woolly adelgid.



In North America, infestations occur on
balsam fir (4bies balsamea (L.) Mill.)
in the northeastern United States and
the Maritime Provinces of Canada; and
bracted balsam fir (4. balsamea var.
phanerolepis Fernold) and Fraser fir (4.
fraseri (Pursh) Poir.) in the mountainous
regions of Virginia, North Carolina and
Tennessee. In the West, it occurs primar-
ily on subalpine fir (4bies lasiocarpa
(Hook.) Lindl), Pacific silver fir (4.
amabilis (Dougl.) Forbes) and grand fir
(4. grandis (Dougl.) Lindl.) in Oregon,

Fig. 2: Crown symptom shows crown decline and

“fiddle-shape”.
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‘Washington, Idaho and British Columbia.
Subalpine fir and Pacific silver fir are
infested in the mountainous areas and
grand fir in the lowland valleys. See

the map for the distribution of balsam
woolly adelgid in North America (pg. 6
&7.

Several other North American fir spe-

cies, such as white fir (4 .concolor (Gord

and Glend.)Lindl.), noble fir (4. procera

Rehd.) and Shasta fir (4. magnifica A.

Murr) have shown signs of resistance in

natural stands, but have been reported as
being attacked by the
adelgid in exotic or off-
site plantings.

Symptoms

“Gouting” is a symptom
of balsam woolly adel-
gid attack that occurs
on North American firs.
It appears as stunting
of the terminal growth
with distinct swellings
around the buds and
branch nodes (Figures
la and 1b). The larger
swellings occur in the
fastest growing parts of
the crown, and on trees
that have been lightly
infested for a long
time. Trees with this
kind of injury decline
slowly, often persist-
ing for years. Growth
is retarded and tree
crowns often take on a
“fiddle-shaped” ap-
pearance (Figure 2) or
experience “top curl”
(Figure 3). The dead,
or dying, upper stem is
often invaded by wood-
Jestroying fungi.

Another, more seri-
ous, type of attack is



Fig. 3: Crown symptom showing “top
curl”.

the mass infestation along the main bole
(Figure 4). Populations frequently reach
densities of 100 to 200 adelgids per
square inch of bark surface. Symptoms
of decline vary somewhat with the tree
species infested, but generally the foliage
in a dying tree turns yellow, then deep
red or brown. This sequence is particu-
larly characteristic of infested balsam,
Fraser, and subalpine fir.

The habits of the insect and the response
of the infested trees also appear to vary
by region. In the West, stem-infested
grand and Pacific silver firs generally
have needle loss, followed by a change
in color to a grayish-green and, ultimate-
ly, death. These trees often die quickly,
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sometimes after only 2 or 3 years of
heavy infestation. Symptoms of gouting
are seldom conspicuous in conjunction
with stem infestations because of the
trees’ weakened condition and the short
period of infestation before tree death.
In the Northeast, both gouting and stem
attacks can be seen on the same tree, and
trees with stem attacks can often survive
for a decade or more.

All sizes of trees are attacked, although
trees that are pole-sized or larger seem
most susceptible. In the West, stem
infections are most abundant on the best
sites, and crown attacks occur more
often on poorer sites. In the Maritime
Provinces of Canada, it appears that
stem infestations are more abundant in
the inland areas and crown attacks occur
more often on the coastal areas. In New
England, there does not appear to be a
geographic pattern to the occurrence of
the gout phase or the stem infestation.
Bracted firs generally have gout infesta-
tions and Fraser fir has primarily sus-
tained stem attacks.

Fig. 4: Heavy stem infestion of balsam
woolly adelgid along the stem of sub-al-

pine fir.



Effect on Host Trees

Stem and twig injury is a result of the
insect feeding on the host. The adelgid
injects a substance into the bark that ap-
parently affects the hormonal reaction of
the tree and causes abnormal cell division
and differentiation in the bark and newly
formed wood. Giant parenchyma cells
develop in the bark, and the cambium is
stimulated to produce an abnormal number
of phloem and ray cells. At the same time,
an abnormally wide annual ring composed
of cells with unusually thick walls is pro-
duced in the woody tissue.

On twigs and branches, the abnormal cells
cause a swelling, or gouting, at the nodes.
These trees may live for many years, but
growth is curtailed. Slowly, old needles
drop and are not replaced by new ones.
Cone and seed production is considerably
reduced.

Fig. 5: Compression-like wood in irregular
outer rings caused by the trees reaction to
Jeeding by the balsam woolly adelgid.

Reddish, irregular growth rings, similar to
compression wood, referred to as “rotholz”
in the literature, occur in the stems of the
trees that have heavy bole attacks (Figure
5). This disrupts water conduction to the
crown and often results in tree death within
2-3 years after the attack.
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Fig. 6: Ventral view of balsam woolly
adelgid.

Life History and Behavior

Balsam woolly adelgid populations in
North America are composed entirely

of females; as a result, reproduction is
parthenogenetic (i.e. without mating and
fertilization). Adults are tiny (about 1mm.
long) dark purple to black, nearly spheri-
cal and wingless (Figure 6). They produce
a thick mass of a waxy wool-like mate-
rial that covers the body and protects the
adult and her eggs (Figure 7). Some 100

- 250 amber colored eggs are laid under
this wool-like coat. An amber colored
crawler hatches from the egg. The newly
hatched crawler is the only stage capable
of directed movement or dispersal. Long
range spread is accomplished mainly by
wind, although contact with birds and other
animals may also contribute to natural dis-
persion. The crawler disperses and seeks
a feeding site — most often bark lenticels
and other roughened areas of the main
stem, around branch and twig nodes, and
the base of buds in the crown. It inserts its
mouthparts into the bark and transforms,
without molting into a flattened wax-
fringed resting stage known as neosistens.
In the mountains, the neosistens is the only
stage that will survive winter temperatures.
Two immature forms closely resembling



the adult follow the neosistens. These
two forms, plus the adult are called the
sistentes.

A rare stage, known as the progrediens has
been observed in Europe and the Mari-
time Provinces of Canada. In one form,

it is wingless and in another, winged.

The wingless form is very similar to the
sistentes. The winged form has membra-
nous wings, five-segmented antennae, and
generally lack wax pores.

and early October, and egg laying continues
until about mid- November.

In some areas where temperatures are
warmer and there are extended warm sea-
sons, additional generations can occur. A
partial third generation usually develops in
North Carolina, and three generations with
a partial fourth occur in the lowland areas
of Oregon and Washington.

Likewise, the extended months of colder

Fig. 7: Balsam woolly adelgid eggs and crawler. Wool pushed aside for

photographic purposes.

The balsam woolly adelgid has 2 to 4 gen-
erations per year, depending on locality and
elevation. Two generations are most com-
mon in mountainous areas of the West and
throughout New England and the Maritime
Provinces of the East. Spring development
begins in late April or early May; by the
end of June, most are in the adult stage.
This is followed by an egg-laying period

of about 6 weeks. In warm weather, eggs
hatch within a few days, and the crawlers
settle on the bark and transform into the
resting, neosistens stage, which lasts from 2
to 8 weeks. Adults of the second genera-
tion become abundant in late September

winter temperatures and the shortened
season of warmer temperatures that char-
acterize some of the higher elevations,
especially in the northern latitudes, can
either result in fewer generations per year,
or possibly limit the distribution of the
adelgid entirely.

Effects and Impacts

In initial, intense infestations, when the
adelgid first colonizes a stand, it encoun-
ters a reservoir of susceptible trees that has
accumulated over many years. Since all
adelgids are females, all individuals have
the ability to reproduce, and population





