
Defoliators

Cynthia Snyder (Entomologist – Redding)
2017 California Forest Pest Council sponsored joint USFS-CalFire Insect and 
Disease Identification and Management Training Session – Redding, CA



Outline
• Ecological Roles
• Important 

Defoliators
• Management



‘Pest Triangle’
HOST –

tree species

PEST –
defoliators

ENVIRONMENT –
stand and watershed

Pest
Problem



Effects on the host:

• Direct
• Selective removal of foliage

• Species
• Age

• Radial increment loss, reduced vigor
• Altered physiological allocation of nutrient resources

• Mortality (possible)

• Indirect
• Susceptibility to environment or predisposition to 

subsequent attack
• Lowered competitive ability



Ecological Roles: 
• Primary regulators of foliage biomass 

• Effective recyclers of nutrients  contained 
in the forest canopy

• In mixed conifer stands, function as a 
thinning agents that favor the growth of 
non-host species



Endemic Populations are 
Controlled by:

• Predators/parasites
• Climatic factors
• Foliage characteristics

When controlling factors lose their capacity to regulate 
population levels, due to their enormous reproductive potential, 
defoliator populations can increase dramatically in fairly short 
periods. Outbreak populations ultimately collapse due to 
climatic factors and/or diseases. 



Outbreaks are generally first detected during ground or aerial 
surveys. Often by the time damage is noticed, the epidemic is 
well on its way.  



When significant damage is detected, evaluation surveys can be 
made of eggs or larvae.  Larval populations per unit of foliage 
can be estimated after analyzing various factors such as number 
of eggs (or larvae), viability, and level of parasitism.

Evaluation Surveys 



Control measures, if taken, must be done at correct time 
to have effect on populations.



Important Defoliators in California:

• Douglas-fir Tussock Moth
• Spruce Budworms
• Spruce Aphid
• Oak Moth
• Others



Douglas-fir Tussock Moth
Orgyia pseudotsugata

The probability of defoliation is highest in stands composed 
primarily of host species on dry sites with high tree densities.

In California, DFTM outbreaks have primarily occurred on ridge tops and 
upper slopes of the Sierra Nevada, in mixed conifer stands with a heavy 
ingrowth of white fir due to fire exclusion.

Hosts: Douglas-fir, white fir, and spruce
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Life Cycle:
• Overwinter as eggs on 

the underside of needles 

• Egg hatch coincides with 
bud burst of the host 
trees

• 1st instar caterpillars feed 
on new needle growth

• Larvae grow through 5-7 
instars, consuming both 
new and older foliage  

Douglas-fir Tussock Moth
Orgyia pseudotsugata

Presenter
Presentation Notes
Larval growth is slow at first, but becomes progressively faster as larvae pass through the larval stages eating proportionately more. 



Each larval stage is covered with long hairs with two long, dark, 
horn-like tufts projecting forward above their heads, and a 
single dark tuft projecting backward on their posteriors.  
Toward the front, along the middle of their backs, are four 
shorter, buff-colored tufts.  The rest of their bodies are covered 
with short hairs radiating from red spots. 

Douglas-fir Tussock Moth
Orgyia pseudotsugata
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Characteristic 
Pattern of 

Defoliation:  

Top >>> Down
Outside >>> In

Douglas-fir Tussock Moth
Orgyia pseudotsugata

Brown branch tips, bare twigs, and 
damaged needles give a heavily 
defoliated stand a brown, nearly-
dead appearance.

Presenter
Presentation Notes
From top and outermost portions of branches, progressing to the lower crown and innermost portions of branches.  Brown branch tips, bare twigs, and damaged needles give a heavily defoliated stand a brown, nearly-dead appearance.



Defoliation can be especially devastating to young trees.

Presenter
Presentation Notes
Defoliation can be especially devastating to young trees.



Douglas-fir Tussock Moth
Orgyia pseudotsugata

Biology:
• Cyclic outbreaks (7-10 years)
• Synchronized over large 

geographic areas by large-
scale weather patterns

• Build-up and decline quickly 
(2-5 years)

• Outbreak collapse usually die 
to species specific virus

• Control options available
• Human health concerns 

(tussockosis caused by 
contact with hairs)



Management:
• Monitor population 

trends by trapping adult 
males or collecting 
larvae

• If an outbreak is 
developing, it can be 
detected 1 or 2 years 
prior to outbreak

• Suppression can be 
initiated before 
significant damage 
occurs 

Direct suppression of defoliators by applying 
insecticides from the air, has been the most 
widespread, successful and controversial of the forest 
insect programs. 

A larva killed by  
nuclear polyhedrosis
virus, capable of 
wiping out large 
numbers of larvae and 
pupae.

Douglas-fir Tussock Moth
Orgyia pseudotsugata

Presenter
Presentation Notes
To prevent mortality by tussock moth, populations need to be detected early and controlled before defoliation occurs. Population trends can be determined by annual monitoring of adult males or larvae. If an outbreak is developing, it can be detected 1 or 2 years prior to outbreak by an increase in the number of insects, so that suppression, if needed, can be initiated before significant damage occurs. 



Spruce Budworms
Choristoneura sp.

The probability of defoliation highest in stands comprised of 
greater then 30% host species, sites at the dry end of the grand 
fir and Douglas-fir habitat series, stands with multistoried 
structures as well as stands within boundaries of past spruce 
budworm outbreaks.

Hosts: Douglas-fir, true firs, and spruce



Spruce Budworms
Choristoneura sp.

Four species of budworm are 
found in California, each in 
various forested regions. 

Life Cycle
Early instar larvae are 
light green to light brown 
with dark heads.  They 
start to feed in late spring 
as the buds began to 
swell.  Full-grown larvae, 
which are about 1 inch 
long with brown heads 
and brown bodies and 
ivory colored spots, are 
found from late June 
through mid July. 

Choristoneura californica in Sierra Nevada and North Coast Ranges; 
C. carnana in southern California; 
C. occidentalis in northernmost counties of California; 
and Modoc budworm, C. retiniana firs from northeastern California 
south through the Sierra Nevada to the mountains of southern 
California.

Presenter
Presentation Notes
Four species of budworm are found in California, each in various forested regions.  In the Sierra Nevada and North Coast Ranges, Choristoneura californica feeds on Douglas-fir.  In the mountains of southern California, C. carnana feeds on bigcone Douglas-fir and also on Douglas-fir on the west slopes of the Sierra Nevada.  Modoc budworm, C. retiniana, feeds on true firs from northeastern California south through the Sierra Nevada to the mountains of southern California.  The western spruce budworm, C. occidentalis, occurs in the northernmost counties of California and feeds on white fir and Douglas-fir.



Biology:
Larvae feed on the current 
year’s foliage and will be 
found in silken shelters of 
webbed, chewed needles.

In addition to foliage, 
budworm larvae feed 
heavily on developing 
cones of host trees. 

Spruce Budworms
Choristoneura sp.

Larvae are wasteful feeders and clip many more 
needles than they actually consume. 

Presenter
Presentation Notes
Larvae are wasteful feeders and clip many more needles than they actually consume.  The partially-eaten and severed needles turn reddish-brown as they dry and give host trees a reddish appearance which can be seen from quite a distance.  This reddish appearance of the foliage is the signature for detection by aerial survey crews.



Adults are a small 
mottled moth.  
They fly in late 
summer to early fall 
laying eggs on the 
under side of 
needles.

Spruce Budworms
Choristoneura sp.



Spruce Budworms
Choristoneura sp.

Spruce budworms 
role in forest 
composition and 
structure may be 
significant by 
killing of numerous 
understory trees 
and the reducing 
growth rates and 
cone crops of 
overstory host 
trees. 

Presenter
Presentation Notes
Infestations have cascading effects across trophic levels because budworm populations interact directly with predator populations such as birds and ants.  Nutrient cycling is increased in infested stands by the rain of insect bodies and frass onto the soil surface and the changing nutrient and light conditions which benefit understory plants and surviving trees.



Spruce Budworms
Choristoneura sp.

Management:
• Not usually too damaging, but repeated defoliation may 

cause reduced growth, topkill, and possibly whole tree 
mortality. In a large outbreak, significant amounts of tree 
mortality, over 80% of the trees, may occur. 

• Thinning for the dual purpose of lowering stocking density 
and reducing percentage of host species to less than 30 
percent of the overall stocking may help to reduce the 
effects of defoliation. 

• The microbial insecticide, Bt, has been most effective control 
option for well-defined high-value areas where heavy 
damage is expected.

Presenter
Presentation Notes
In a large outbreak, severe defoliation and significant amounts of tree mortality will occur on about 15% of the total outbreak area.  In the most severe cases, over 80% of the trees may be killed. 



Oak Moth
Phryganidia californica

Oak moth is the most important oak-feeding caterpillar 
throughout its range, which extends along the coast and 
through the coastal mountains of California. 

Damage is most common on coast live oak in the San Francisco Bay and 
Monterey Bay regions where outbreaks occur at about 8-10 year intervals.

Hosts: Oak species in California



Oak Moth
Phryganidia californica

Life Cycle:
• Larvae are small, yellowish 
green caterpillars with large, 
brown heads and dark stripes 
on their sides. 
• Caterpillars range from 1/10 
inch long when newly hatched 
to about 1 inch when fully 
grown. 
• In the pupal stage they are 
light yellow or pinkish colored 
with black markings, 
suspended from limbs, trunks, 
or objects near trees. 

Presenter
Presentation Notes
Young larvae skeletonize the leaf surface, while older larvae chew all the way through the leaf.  Defoliation on live oaks may become extensive in May or June and again in July through September.



Life cycle
Two generations typically occur a 
year with overlapping broods.  
Eggs are laid in October-
November, most hatch in 
December, but some not until 
March. Larvae mature in May or 
early June and moths can be 
seen fluttering around oaks in 
the late afternoon in June and 
July. 

Oak Moth or California oakworm
Phryganidia californica

The adult moth is a weak flyer. It is a 
uniformly tan to gray moth 
distinguished by its prominent wing 
veins.  



Biology:
Outbreaks last usually only 
1 or 2 years, rarely severely 
damaging otherwise 
healthy trees.  By 
comparison, trees under 
stress from drought or 
other factors may decline if 
defoliated. 

Oak Moth
Phryganidia californica

Oakmoth generally does not occur on deciduous oaks in large numbers 
because these trees drop their leaves in fall, causing the overwintering 
generation larvae and eggs to die.  

Presenter
Presentation Notes
During years when populations are high, oakmoth may defoliate virtually every oak in a neighborhood, sometimes across acres of oak woodlands. 



Leaf Beetles
Chrysomela sp.

Larvae are skeletonizers, feeding on 
the tissue between the veins, but 
leave the veins intact. 
Adults chew holes in the leaves. 

Leaf beetles generally do not kill their 
host plants.  Feeding by leaf beetles 
reduces the photosynthesizing 
capability of the host plant.  Typically, 
some plants will expend energy 
producing additional foliage after 
being defoliated by leaf beetles.  

Cottonwood leaf beetle
Chrysomela scripta

Hosts: Willow, cottonwood, poplar, alder

http://www.forestryimages.org/images/768x512/5204097.jpg
http://www.forestryimages.org/images/768x512/5204097.jpg


Sawflies
Neodiprion sp. 

In general, defoliation 
causes slower growth. 
Repeated defoliation can 
result in top-kill and tree 
mortality.

These defoliators feed fairly 
early in the season. They 
generally consume older 
foliage, and pupate before 
the new foliage emerges. 
The trees are rarely bare of 
foliage for very long. 

Hosts: Ponderosa pine, white fir

High population levels of these insects are 
generally seen only in fairly dense, 
contiguous stands of young trees.

Presenter
Presentation Notes
Although the defoliation can appear rather spectacular, it rarely leads to tree mortality. 



Questions?

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the 
basis of race, color, national origin, sex, religion, age, disability, political beliefs, sexual orientation, or marital or 
family status. (Not all prohibited bases apply to all programs.) Persons with disabilities who require alternative 
means for communication of program information (Braille, large print, audiotape, etc.) should contact USDA’s 
TARGET Center at (202) 720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326-W, Whitten 
Building, 1400 Independence Avenue, SW, Washington, DC 20250- 9410 or call (202) 720-5964 (voice and 
TDD). USDA is an equal opportunity provider and employer.
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