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Introduction

Southwestern white pine, Pinus stro-
biformis Engelm. (SWWP), like other
western pines, has a guild of insect spe-
cies that feed on its cones and seeds.
Those described here are the most
commonly observed pests with a his-
tory of causing damage to SWWP cone
and seed production. They are taxo-
nomically diverse, and include species
of Hemiptera, Diptera, Coleoptera,
Lepidoptera, and Hymenoptera.

Host Distribution

Southwestern white pine is a five-
needled pine found throughout
mixed conifer forests of the American
Southwest and Sierra Madre Occidental
Mountains of Mexico (Figure 1). In
the United States SWWP typically
co-occurs with other species; very
rarely occurring as a pure stand at
elevations from 7,000 to 10,000 feet
above sea level. It plays a critical role
in early seral stages of forest succes-
sion and is a vital component of mixed
conifer forest types. SWWP provides
a variety of ecosystem services such
as forest biodiversity and resiliency.

Arizona New Mexico

Figure 1. Distribution of southwestern white
pine in U.S. and Mexico (Shirk et al 2018).

It is a major source of sustenance
for wildlife with its relatively large,
nutrient rich seeds. SWWP has been
known to hybridize with limber pine
(P. flexilis). SWWP is also susceptible
to the non-native invasive pathogen,
Cronartium ribicola (]. C. Fisch), which
causes white pine blister rust. When a
SWWP tree is approximately 15 years
old it becomes reproductively mature.
SWWP flowers in June; cones then
begin to develop in July and continue
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growth until reaching maturity in
late August or early September of the
second year when seeds are dispersed.
Cones located on warmer sites and/or
southerly aspects typically mature first.
Seed dispersal lasts approximately four
weeks for any given tree.

Lepidoptera

Fir Coneworm Distribution,

Life Cycle, and Behavior

Dioryctria abietivorella (Groté)
(Lepidoptera: Pyralidae), commonly
called the fir coneworm, is the most
abundant insect affecting SWWP
cones. The geographic range of this
species is quite extensive, ranging from
interior northern Alaska and extending
south to central Mexico. In Canada, it
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Dioryctria abietivorella. From top to bottom:
Figure 2. Larva; Figure 3. Pupa; Figure 4. Adult.

can be found from coast to coast. The
behavior and life cycle of this moth
are variable depending on geographic
location.

In the Southwest, on SWWP, fir
coneworm larvae typically hatch in
late spring/early summer and feed
throughout the summer until early
fall. The larvae typically bore into the
second year cones, feed, and grow up
to 18 mm in length. The first instar is
a pale yellow, while later instars are a
deep amber color with a darker brown
head (Figure 2). Larval feeding con-
sumes the seeds and internal tissue of
the cone resulting in tunnels through-
out the cone and copious amounts of
frass on the outside of the cone. Once
feeding is complete, the larvae emerge
and pupate. The pupae are brown and
measure about 10 mm long (Figure 3).
The cocoon is attached directly to the
cone and is camouflaged by reddish
brown frass adhered to the outside.
The adult moths (Figure 4) lay eggs
shortly after emergence. The eggs are
deposited near and/or on the cones
where they over-winter to hatch in the
spring. In the Southwest, coneworms
complete one full generation per year.
Occasionally, the insect enters a state
of quiescence as a prepupae over the
winter and emerges as an adult in the
spring.

Fir Cone Looper Distribution,

Life Cycle and Behavior

The fir cone looper, Eupithecia sper-
maphaga (Dyar) (Lepidoptera:
Geometridae), is distributed from the
lower coastal range of Alaska, south
along the interior Rocky Mountains
and continuing to the Sierra Madre
Occidental mountain ranges of central
Mexico. Fir cone looper eggs hatch in
early spring and larvae quickly tunnel



Figure 5. Eupithecia spermaphaga in adult form.

into the second year cones. The larvae
grow to 20 mm long. The first instar is a
pale greenish to grey color. Later instars
become a light green color with a brown
head. Larvae consume the seeds and
internal tissue of the cone throughout
the spring and summer. In late summer,
larvae will emerge to pupate prior to
cone maturity and seed dispersal. The
pupae are brown and about 11 mm in
length. Generally, most moths pupate
for about two months and emerge in
September and October. Shortly after
emergence, adults (Figure 5) mate and
lay eggs. The eggs are laid near and/or
on the cones where they diapause over
winter and hatch in spring. Some fir
cone loopers may pupate over winter
and emerge as adults and lay eggs in
spring.

Evidence of Infestation

The signs and symptoms of infestation
are generally the same for fir cone-
worm and fir cone looper. Damaged
cones typically do not fully develop,
and damage is visible by the end of
summer. Healthy SWWP cones are

green or purple in color, only turning
brown after release of seeds in the fall.
Larval feeding causes part of the cone
to turn brown during the summer and
the entire cone typically fails to open
in the fall (Figure 6). This is due to
internal damage caused by the larvae
consuming the internal tissue and
seeds of the cone. The larvae can enter
anywhere on the cone and entrance
holes can be quite numerous. Frass
and webbing present on the cone are
additional evidence of larval presence
(Figure 7).

Impacts

Under normal forest conditions, D.
abietivorella and E. spermaphaga
infestations cause low levels of damage
relative to the abundance of healthy
cones and seeds produced, particu-
larly during mast years. However, they
can have economic impacts in seed
orchards. They can also impede natural
regeneration and restoration efforts of
SWWP. During non-mast years with
low cone production, coneworms can
destroy 10-50% of the total yield.

Management

Synthetic pheromones may be the best
option to control damage caused by
coneworms. Pheromones can be used
to trap and kill the adults, or to dis-
rupt the mating cycle. Research has
shown the optimal trapping method
for D. abietivorella uses a ratio of the
two synthetic pheromones (200ug
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Figure 6. External (left) and internal (right) damage caused by D. abietivorella larval feeding on south-

western white pine cone.
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Figure 7. Frass and web covered southwestern
white pine cone with D. abietivorella larva
starting to pupate.

(Z)-9-11 E-14: Ac to 2000pg C25
pentaene and (Z)-9-Tetradecen-1-yl
acetate) with a diamond-shaped sticky
trap. Additional studies have shown
that placing the traps higher in the
crown will capture more adults than
traps placed lower. When necessary,
the use of insecticides is a possibil-
ity for seed orchards. Several broad
spectrum insecticides such as perme-
thrin, carbaryl, and dimethoate can be
effective when application timing coin-
cides with insect activity before larvae
burrow into the cones after hatching.
Monitoring for adults and larval hatch
is necessary for proper timing of con-
tact insecticide applications.

Cone Beetle Distribution, Life
Cycle and Behavior

The western pine cone beetle,
Conophthorus ponderosae (Hopkins)
(Coleoptera: Curculionidae), can
be found from the western coast of
Canada to the southwestern United
States, including the Rocky Mountains.
C. ponderosae produce one generation
per year. Adults are very small and
brown to black in color (Figure 8). In
late spring, a single adult female beetle
will bore into the base of an imma-
ture cone. The female enters the cone
approximately two millimeters from
the stem of the cone. The beetle enters
the cone and mines a tunnel down the
entire length of the cone axis. Mating
is believed to occur in the cone. The

Figure 8. Lateral view of adult Conophthorus
ponderosae.

female deposits her eggs throughout
the tunnel before exiting the cone. She
can attack more than one cone. On
average, the female will lay 12 eggs per
cone. The larvae hatch and, during
the summer, feed on the inner tissue
and seeds of the cone. The larvae go
through two instars before pupation
occurs. Adults over-winter in stunted
cones on the forest floor or in the
canopy of the tree. Peak adult emer-
gence occurs from early to mid-May.
Adults attack cones within two to three
days after emerging.

Evidence of Infestation

Visual detection of damage from C.
ponderosae is difficult in the spring but
becomes more evident as the summer
continues. Infested cones fail to grow
normally and are obviously stunted
when compared to healthy cones, which
are much longer. In the early spring,
look for a single pitch tube with red frass
located on the base of the cone (Figure
9). Additionally, the girdling of the cone
axis by the beetle sometimes causes the
cone to curl excessively (Figure 10). The
infested cones will remain stunted, turn
brown, and possibly drop to the forest
floor as fall approaches. Dissecting
infested cones should reveal small,
c-shaped, pale, legless larvae, about 2-5
mm in length.
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Figure 9. An immature southwestern white pine
cone with arrow pointing to a cone beetle pitch
tube located near stem

Impacts

Conopthorus ponderosae cause death
of second year cones. The amount of
mortality is variable, but in SWWP the
average amount of mortality observed
is usually 30%. In years of low cone
production, up to 75% cone mortality
can be observed. In western white pine
seed orchards complete destruction of
cone crops has been reported.

Management

Once presence of the cone beetles is
detected, removal of infested cones is
an effective way to reduce infestation
rates the following year. Infested cones
can be found on the ground from the
fall to early spring. Mechanical removal
of infested cones from the forest floor
and canopy significantly reduces beetle
incidence. Additionally, if the site and
climatic conditions permit, a light
ground fire is an option for reducing
cone beetles overwintering in cones on
the forest floor. Placing protective bags
over developing second-year cones has
been shown to be effective in protect-
ing western white pines. Bags must be
placed in early spring, prior to adult
emergence. Aggregation pheromones
can be used for flight monitoring in the
spring; however, trap and kill methods
to reduce populations are not currently
effective. When warranted, contact
insecticides such as pyrethroids can

Figure 10. Conopthorus ponderosae often
girdle the cone axis causing cones to curl
excessively.

be used for seed orchard protection.
Applications should occur when bee-
tles are first caught in pheromone
traps with a second application two
weeks later.

Western Conifer Seed Bug
Distribution, Life Cycle and
Behavior

The western conifer seed bug,
Leptoglossus occidentalis (Heidemann),
is a serious pest of conifer seed produc-
tion, especially pine species. This insect
has been observed consuming the
seeds of SWWP throughout Arizona
and New Mexico. The native range of
the western conifer seed bug extends
from southwestern Canada throughout
the western United States to northwest
Mexico. Recently, the insect has been
found in the Midwest, indicating its
range is expanding.

The western conifer seed bug lays
barrel shaped eggs from May until July.
Eggs hatch into nymphs which feed
on seeds in developing cones. They
develop through five nymphal instars
and reach maturity by late August and
overwinter as adults. The insect pro-
duces one generation per year. The
early instar nymphs are orange with
two black dots on the dorsal portion
of their abdomen (Figure 11). Later
instars have well developed wing pads



Figure 11. Second-instar nymph of the western
conifer seed bug.

and more of a reddish-brown color.
Nymphs and adults will hide on the
underside of foliage or cones when
disturbed or jump to branches below
to avoid being captured. Adults also
readily fly away when disturbed and
exude a foul-smelling odor to avoid
predation. The adults are typically 15
to 18 mm long and 4 to 6 mm wide
(Figure 12).

Impacts

The western conifer seed bug feeds
on the seeds and ovules of cones. The
long beak-like proboscis is comprised
of several syringe-like stylets covered
by a protective sheath and held under
the body when not feeding. Adults
overwinter and resume feeding in
the spring, focusing on the first-year
cones and the male conifer flowers.
All stages of the western conifer seed
bug will pierce the freshly developed
pollen sacs and consume them, causing
necrosis and reducing overall pollen
production. In summer, adults and
nymphs will penetrate both first-year
conelets and maturing second-year
cones, and consume the internal con-
tents of ovules and seeds but leave little
external evidence of damage. The cone
continues to mature and only when the
seed is exposed or internally evaluated

Figure 12. Adult western conifer seed bug.

can the damage be observed. Damage
to seed crops on western white pines
averages 26%.

Management

The western conifer seed bug is partic-
ularly difficult to observe, detect, and
manage. The cryptic feeding leaves
practically no observable damage on
the cone. If feeding occurred during
the early stages of cone development
the seeds could appear undamaged
to the naked eye. Radiographs can be
used to detect if internal seed damage
has occurred (Figure 13). If feeding
occurred during the second year of
cone development a tiny feeding scar is
evident on the seed coats of the mature
seeds. Staining techniques can also be
used on cones to detect damaged seeds

Figure 13. A comparison of damaged seeds
(blue arrow) to healthy seeds (orange arrow)
captured on a radiograph.



and estimate damage. Contact insecti-
cides, such as permethrin, have been
used successfully to control western
conifer seed bugs in northern Idaho
western white pine seed orchards.
Caging individual cones with a mesh
bag can be effective in protecting high
value seeds from seed bug predation.

Assistance

Resource managers should contact
their regional USDA Forest Service,
Forest Health Protection (FHP) office
for the most up to date information
about the identification and manage-
ment of seed and cone insects.
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Pesticide Precautionary Statement

il
PESTICIDES
%\ CAUTION: Pesticides can be injurious to humans, domes-

tic animals, desirable plants, and fish or other wildlife--if they are not handled
or applied properly. Use all pesticides selectively and carefully. Follow recom-
mended practices for the disposal of surplus pesticides and pesticide containers.

This publication reports research involving pesticides. It does not
contain recommendations for their use, nor does it imply that the
uses discussed here have been registered. All uses of pesticides
must be registered by appropriate State and/or Federal agencies
before they can be recommended.

Non-Discrimination Statement

In accordance with Federal civil rights law and U.S. Department of Agriculture
(USDA) civil rights regulations and policies, the USDA, its Agencies, offices, and
employees, and institutions participating in or administering USDA programs are
prohibited from discriminating based on race, color, national origin, religion, sex,
gender identity (including gender expression), sexual orientation, disability, age,
marital status, family/parental status, income derived from a public assistance pro-
gram, political beliefs, or reprisal or retaliation for prior civil rights activity, in any
program or activity conducted or funded by USDA (not all bases apply to all pro-
grams). Remedies and complaint filing deadlines vary by program or incident.

Persons with disabilities who require alternative means of communica-

tion for program information (e.g., Braille, large print, audiotape, American
Sign Language, etc.) should contact the responsible Agency or USDA’s
TARGET Center at (202) 720-2600 (voice and TTY) or contact USDA
through the Federal Relay Service at (800) 877-8339. Additionally, program
information may be made available in languages other than English.

To file a program discrimination complaint, complete the USDA Program
Discrimination Complaint Form, AD-3027, found online at How to File a Program
Discrimination Complaint and at any USDA office or write a letter addressed to
USDA and provide in the letter all of the information requested in the form. To
request a copy of the complaint form, call (866) 632-9992. Submit your completed
form or letter to USDA by: (1) mail: U.S. Department of Agriculture, Office of the
Assistant Secretary for Civil Rights, 1400 Independence Avenue, SW, Washington,
D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email: program.intake@usda.gov.

USDA is an equal opportunity provider, employer, and lender.

The Forest Insect and Disease Leaflet (FIDL) series provides
information about insects and diseases affecting forest trees in the
United States. FIDLs are produced through coordinated efforts of

the US Forest Service’s Forest Health Protection staff and its
partners from state forestry, academic and research organizations.

Learn more at www.fs.fed.us/foresthealth/publications/fidls/index.shtml
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