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Carpenterworm Moth

Prionoxystus robiniae
(Peck) (Lepidoptera:
Cossidae)

Introduction

Carpenterworms are major pests of hybrid poplarsin eastern
Oregon and Washington. Larvae burrow into the boles of trees,
weakening them and destroying heartwood. The objective of
this pest sheet isto convey to professional pest managers a
means to monitor moth populations and to suggest a male-trap-
out strategy to control the population.

Taxonomy

Prionoxystus robiniae is an endemic North American species
that iswidely distributed throughout US and Canada (Solomon
and Hay 1974). Prionoxystus robiniae is not the only Cossidae
that attacks poplar. Acossus centerensis (Lintner) is named the
“poplar carpenterworm” and can be found from Maine west to
Montana, Nevada, Utah, Arizona, and Colorado in the US, and
from Quebec west to Albertain Canada (Carolin 1977;
University of Alberta 2016). Another species, Acossus populi
(Wik) is caled the “aspen carpenterworm” and is found from
coast to coast (Baker 1972). Zeuzera pyrina (L.), the leopard
moth, is an invasive species from Massachusetts to
Pennsylvaniathat has been in the US since 1909 (Howard and
Crittenden 1909) and attacks poplar (Baker 1972).

Two burrowing Lepidoptera pests of poplar have the same
species name: robiniae. These are the western poplar clearwing
moth, Paranthrene robiniae, and the carpenterworm moth,
Prionoxystus robiniae.

Hosts

Prionoxystus robiniae feeds on a variety of deciduous trees;
including oak (Quercus), birch (Betula), ash (Fraxinus), black
locust (Robinia), elm (Ulmus), maple (Acer), willow (Salix),
cottonwood (Populus), pecan (Carya), and less commonly on
fruit trees such as cherry (Prunus), peach (Prunus), apricot
(Prunus), and pear (Pyrus) (Solomon and Hay 1974; Solomon
1988). Prionoxystus robiniae are primarily found in older,
often previously damaged trees (USDA 1989).

Range

Carpenterworm moths (Figure 1) have a nationwide range,
excluding New England and the northern central Great Plains
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Figure 1. Adult female carpenterworm mot
(Photo by E.R. Hannon.)

Life Stages

After hatching, larvae quickly grow and can reach asize of 2.5
cm within a month (Solomon 1967b). Burrowing galleries
during larval development are the damaging portion of the life
cycle. Thelarvae bore into the heartwood of the tree, pushing
frass and detritus out of the entrance hole. The tunnels are
formed in an upward direction and are enlarged steadily as the
larva grows. Larvae have a minimum of seven instars, but can
go through up to 30 instars (Solomon 1988). Unlike most

L epidoptera, P. robiniae larvae may undergo stationary molts
until the correct environmental conditions trigger pupation.

The larvae pupate near the gallery exit, and the pupal exuvia
may be found protruding from the exit hole. This species
overwinters aslarvae in various instars.

Larvae reach full length after seven instars (Solomon 1973). At
room temperature (24°C) the pupal period lasts 11-20 days
(Forschler and Nordin 1989). In the southern states, one to two
years are required for the P. robiniae to go through itslife
cycle, whilein the northern states it requires two to four years
(USDA 1989). Sexual dimorphism exists (Figure 2).



Females have a much larger wingspan (6-8.5 cm) than males
(4.3-6 cm), and the hind wings of males are orange with a
black outer border. Sexual dimorphism also occursin larvae
(Figure 3); mature male larvae weigh 1.50 + 0.03 g, while
female larvae weigh 5.10 + 0.08 g (Hannon 2006).

Figure 2. The I;ger female carpenterworm moth on the left
and the smaller male carpenterworm moth on the right. Note
the orange hind wings on the male moth. (Photo by J. Brown.)

Life History

The egg stage lasts 11-13 days at 22—26.6°C (Solomon
19674). Larval development time in the laboratory (24°C),
from hatch to eclosion, was approximately 300 days (Forschler
and Nordin 1989). When reared at 20.6°C under laboratory
conditions, the length of time between egg and adult took 330
days for males and 349 days for femal es (Hannon 2006).

P. robiniae takes two to four years to develop in northern
climates, but can complete its development in asingle year in
the southern part of its range (Hay 1968; Solomon and Hay
1974). Females completing development in one year have a
smaller clutch size than those developing in two years, with
approximately 500 eggs being laid for the former group
compared to 800 eggs for the latter (Solomon and Neel 1974).

Under field conditions in the interior Pacific Northwest, wild
P. robiniae require two years to complete their life cycle
(Hannon 2006). In eastern Oregon and eastern Washington
thereis only one flight per year. Adults emerge between late
April and early August, with the main emergence peak
occurring in late June. The females mate shortly after
emerging and live only afew days. Egg deposition occurs
where mating takes place and studies indicate that they prefer
rough bark (Solomon and Neel 1973). The greatest percentage
of eggslaid is during the first day (Solomon and Neel 1974).
Eggs arelaid in severa different clutches (2—6) and may
contain anywhere between 100-200 eggs per clutch (Solomon
and Neel 1974).

Larvae (Figure 3) are easily sexed (Lepplaet a. 1979).
Prionoxystus robiniae have a 1:1 sex ratio (Forschler and
Nordin 1989), though long-term studies in populations that
have both one- and two-year life cyclesindicate that the sex
ratio can be 5:1 (male: female) thefirst year and 1:2 (male:
female) the second year (Solomon 1976).

Females usually mate once but can mate up to four times, and
males are capable of mating severa times (Solomon and Neel
1973). Mae and female P. robiniae moths live only four to
five days as adults (Forschler and Nordin 1989).
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Figure 3. Female ultimate instar larva on the left is much larger
than the male larva on the right. (Photo by E.R. Hannon.)

Damage

Larvae cause damage by boring into the wood, which resultsin
discoloration and weakening of the trunk. Thetreeis
weakened structurally by the large tunnels in the heartwood,
and may snap off during windy conditions. Other insects and
pathogens may gain entrance to the tree through the holes
made by larvae and further weaken the tree. In trees grown for
lumber, the quality of the resulting lumber is degraded by
tunnels (Figures 4 and 5). In the southern United States,

P. robiniae ranks among the most damaging species to oak
timber production (Donely 1974; Morris 1977). In addition to
the galleries, wood surrounding these galleries is often stained
(Solomon and Toole 1971) and downgraded for paper pulp
purposes.

Figure 4. Larval galleries in heavily infested bole of poplar tree.
(Photo by E.R. Hannon.)



Figure 5. Gallery with a female carpenterworm larva (Photo by
J. Brown) life. (Hymenoptera: Ichneumonidae).

Biological Control

Two species of entomophagous nematodes (Steinernema
carpocapsae Weise and S. feltiae Bovien) have been reported
to be effective control agents (Forschler and Nordin 1988) of
P. robiniae larvae. Nematodes can be injected directly into the
galeries. Anichneumonid parasitoid has been found attacking
P. robiniae larvae in the interior Pacific Northwest, but the
degree of suppression by thiswasp is uncertain at thistime.
We formally submitted our parasitoid specimensto be
identified by Dr. Robert W. Carlson, an ichneumonid specialist
at the Smithsonian Institution/USDA. Dr. Carlson identified
digital photographs of our adult specimens as Lissonota sp.

In 1915, Rohwer described a parasitoid species reared from
P. robiniaein Virginia, and originally this species was
designated Amersibia prionoxysti Rohwer. It was later moved
into the genus Lissonota (Carlson 1979). It islikely that our
specimens are Lissonota prionoxysti (Rohwer). There have
been two reported hymenopterous parasitoids of P. robiniae.

These are L. prionoxysti (Rohwer) and Pterocormus devinctor
(Say) (updated species reference within Solomon [1995] citing
Carlson [1979]). At this point we do not know the distribution
of these species. Thus, we do not know whether P. devinctor
could occur in the plantations in Oregon and whether or not
our specimens of L. prionoxysti are common in our area. The
Hymenoptera catal og (Carlson 1979) only mentions their
location as Virginia. We do know that this parasitoid speciesis
also found in eastern Kentucky, where Hay and Morris (1970)
reported that L. prionoxysti reduced carpenterworm moth
emergence by 12%.

Monitoring

The sex pheromone of the female carpenterworm mothisa9:1
ratio of Z3-E5-tetradodecenyl acetate and E3-E5-
tetradodeceny! acetate (Solomon et a. 1972; Doolittle and
Solomon 1986). The adult male P. robiniae flight season can
be monitored by using bucket traps baited with 1 mg of
synthetic sex pheromone, plus a toxicant strip (dichlorvos) in
the bucket to kill captured moths (Hannon 2006).

Accumulated degree-day (ADD) calculations were made using
two different methods to estimate the first male trap catch (i.e.,
biofix) and for peak trap catch during the flight season at the
hybrid poplar plantations near Boardman, OR. The first degree-
day calculating method used simple averaging: (max + min)/2
—10°C, where “max” and “min” are the daily maximum and
minimum temperature and 10°C was the lower devel opmental
threshold temperature. The second cal culating method used the
single sine-wave method (Baskerville and Emin 1969).

For both methods, alower developmental threshold of 10°C, as
reported by Solomon and Neel (1972), was used. No upper
threshold was used for either method as thisinformation is
unknown, but temperatures within the tree never exceeded
25°C (Hannon 2006). For the biofix calculations, ADD
accumulations were initiated on January 1, as Solomon and
Neel (1972) noted this start date gives the lowest variation
between years and thus the greatest predictability. To obtain
ADD valuesfor the peak flight season, ADD accumulations
were reset to zero at the biofix and allowed to once again
accumulate. Solomon and Neel (1972) found the first adult
emergence to occur at 610+31°F (~321+88°C) degree-day heat
unitsin the state of Mississippi using the smple averaging
method.

Management

Carpenterworm larvae feed within the non-living heartwood of
the trees, so systemic insecticides are ineffective. Contact
insecticides would have to target the adult moth population
that flies between May through July, and, even if successful in
one year, the effort would need to be repeated two more years
because of the multiple year life cycle.



The cost of producing enough synthetic sex pheromone
prohibits a mating disruption strategy, but sex pheromones can
also be used to trap out males of a pest species. Theoreticaly,
this would have the same effect as mating disruption; mating is
either delayed (Knight 1997; Vickers 1997) or prevented when
fewer males are in the area. Carpenterworm moths eclose and
mate in June and July. Males can be captured in bucket traps
baited with 1 mg of synthetic sex pheromone. Two
publications have reported success in using a mass trapping
strategy to control Cossidae (carpenterworm moth family).
Faccioli et a. (1993) had success controlling Cossus cossus L.,
apest of apple and forest in Europe, by placing ten pheromone
baited traps per hectare (four/acre) in infested plantations.
Hegazi et al. (2009) reported that a mass trapping effort caused
a90% decrease in active galleries of the leopard moth
(Zeuzera pyrina L.), another Cossidae attacking olive trees
(and poplar), and resulted in asignificant increase in olive fruit
production.

In eastern Oregon, 270 acre units were targeted for a
carpenterworm male moth trap-out effort in 2010—2011.
During two years of trapping out male carpenterworm moths,
populations of P. robiniae were significantly reduced in both
the treated fields and in untreated adjacent fields. Furthermore,
populations of this pest were suppressed for at |east three years
in treated fields even after the trap-out effort had stopped,
though in the untreated adjacent fields the populations did not
remain suppressed (Rodstrom 2013).
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Use pesticides with care. Apply them only to plants, animals, or sites as listed on the label. When mixing and applying pesticides,
follow all label precautions to protect yourself and others around you. It is aviolation of the law to disregard label directions. If
pesticides are spilled on skin or clothing, remove clothing and wash skin thoroughly. Store pesticidesin their original containers
and keep them out of the reach of children, pets, and livestock.
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