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Abstract 
 
 
An historical record of defoliation by Douglas-fir tussock moth, Orgyia pseudotsugata 
(McDunnough) (Lepidoptera: Lymantriidae) in urban and wild forest lands of Colorado and 
Wyoming is presented.  The biology of this insect species is described, as are efforts to trap and 
monitor populations.  Since at least 1956, this insect has been a chronic, localized pest of urban 
blue spruce.  In contrast, Douglas-fir tussock moth caused relatively little wildland defoliation 
from 1913 - 1992, with four localized episodes documented in Colorado and one in Wyoming.  
Some episodes were concurrent with outbreaks of western spruce budworm, Choristoneura 
occidentalis, which may have masked the full extent of tussock moth activity.  The first large-
scale, wildland forest epidemic of tussock moth occurred between 1993 and 1996.  Significant 
mortality of Douglas-fir resulted on 30-40% of the approximately 18,000 acres affected, with 
additional mortality in adjacent areas due to the Douglas-fir beetle, Dendroctonus pseudotsugae 
Hopkins (Coleoptera: Curculionidae, Scolytinae).  Survey, monitoring, and evaluation activities 
are described for this epidemic, which occurred in the South Platte River drainage, primarily on 
the Pike National Forest.  Detection techniques of aerial survey sketchmapping and aerial 
photography are compared.  The epidemic aftermath is discussed, including Douglas-fir beetle 
development within defoliated trees and altered wildfire behavior in the impacted area.  More 
localized outbreaks occurred between 2004 and 2007.  Changes in forest composition and 
structure over the past 100 years may have resulted in conditions more conducive to outbreaks of 
both Douglas-fir tussock moth and Douglas-fir beetle at the lower elevations of eastern 
Colorado's forests.  Future wildland forest epidemics of Douglas-fir tussock moth in Colorado 
are expected. 
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Introduction 
 
This report was motivated by the first recorded large-scale epidemic of the Douglas-fir tussock 
moth, Orgyia pseudotsugata (McDunnough) (Lepidoptera: Lymantriidae) in wildland forests 
within the Rocky Mountain Region, which includes Colorado, Kansas, Nebraska, South Dakota, 
Wyoming.  At this time, it is appropriate to compile in a single publication all the information 
available regarding prior Douglas-fir tussock moth activity in the Region.  This report is divided 
into four sections:  (1) a summary of the insect's biology; (2) the historical record drawn from 
several reports; (3) a description and evaluation of outbreaks between 1993-1995 and 2004-2007 
(4) a discussion regarding the likelihood of future infestations in light of changing forest 
conditions. 
 
 
1.  Biology and Impact of Douglas-fir Tussock Moth 
 
A large body of scientific literature exists on the Douglas-fir tussock moth, including a synthesis 
of its general biology and outbreak characteristics (Brookes and others 1978).  This section 
provides a brief summary of the biology and population dynamics of the Douglas-fir tussock 
moth drawn from this publication. 
 
 
Life Cycle 
 
The Douglas-fir tussock moth produces one generation per year.  Adults appear from late July 
into November, depending upon the season and location.  Soon after emergence, the wingless 
female moth emits a powerful chemical attractant or sex pheromone while clinging to her 
cocoon.  Immediately after mating, each female lays all her eggs in a single mass consisting of a 
dry, tough, frothy substance containing many hairs from her own body.  After egg laying is 
completed, the female dies, leaving up to 350 eggs to spend the winter in this gray, wooly mass 
attached to her cocoon.  Egg hatch in May to early June coincides with bud burst and shoot 
elongation of the host trees.  The tiny, newly hatched larvae extrude silken strands and are 
dispersed by the wind.  The young larvae require foliage from the current year for food, but once 
they are about half grown, they can complete their development on a diet of old or new foliage.  
Dense larval populations can therefore consume all of the foliage on a host tree in one growing 
season.  Larvae molt 4-6 times as they grow, and consume an increasing amount of foliage 
during each of their 5-7 stages.  All Douglas-fir tussock moth larval stages are hairy, with later 
stages developing colorful tufts and body spots.  Pupation occurs anytime from late July to the 
end of August inside a thin cocoon of silken webbing mixed with larval hairs.  The pupal stage 
lasts from 10 to 18 days.  Following this cocooned metamorphosis, moths emerge to begin the 
life cycle again. 
 
 
Human Side Affects  
 
Douglas-fir tussock moth larvae pose a human health concern.  Douglas-fir tussock moth larvae 
have hairs on the outside of their body that can be irritants and cause a condition formally known 
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as “tussockosis” (Perlman et al. 1976).  The most common symptom, a localized rash, occurs 
when the skin is exposed to the larval hairs.  People exposed to more heavy populations of the 
moth can develop respiratory tract symptoms, but these reactions are less frequent.   
 
 
Hosts and Host Effects 
 
The Douglas-fir tussock moth has three preferred host trees and feeding choice among them 
seems to depend upon locality.  In the northern part of its range (British Columbia and northern 
Washington), Douglas-fir is preferred; in the central area (southern Washington, Oregon, and 
Idaho), Douglas-fir, white fir and grand fir are equally acceptable; and in the southern part of its 
range (California, Nevada, Arizona, and New Mexico), white fir is the preferred host.  More 
recently, an outbreak was documented on subalpine fir in Utah (Hansen 1995).  Spruce trees are 
also hosts in some areas.  Ornamental blue spruce and other spruce and fir species may be 
infested in montane cities and towns, sometimes many miles from the nearest wildland forest 
known to harbor this insect.  In any locality after the larvae have eaten all available preferred 
foliage, they will attempt to feed upon many other trees and shrubs, including pines, larch, 
juniper, and hardwoods. 
 
Feeding by the Douglas-fir tussock moth affects host trees in many ways.  Defoliation occurs 
first in the tops of trees and the outermost portions of branches and as the season progresses 
foliage in the lower crown and older foliage on the upper branches is consumed.  The effects of 
defoliation range from short-term growth loss, to top-kill, and tree mortality.  Radial and 
terminal growth of trees is reduced during a year when defoliation is severe.  Radial and terminal 
growth recovers to pre-outbreak levels in about 6 years following the cessation of damage. 
 
Tree mortality as a direct result of Douglas-fir tussock moth defoliation is generally greater in 
the smaller diameter classes.  Following defoliation, larger diameter trees tend to die more as a 
result of attack by opportunistic insects such as bark beetles.  Some top kill can result from 
secondary insect attack following defoliation, too.  However, mortality of large diameter trees as 
a direct result of defoliation does occur.  Studies indicate that trees that are defoliated at 90% or 
more in one year have a high probability of dying (Wickman 1978; Weatherby and others 1992). 
 
Bark beetles, such as the Douglas-fir beetle, Dendroctonus pseudotsugae Hopkins (Coleoptera: 
Curculionidae, Scolytinae), can cause additional mortality in stands weakened by Douglas-fir 
tussock moth defoliation.  Tree resistance to bark beetle attack is reduced in direct relation to the 
percent defoliation.  Three years following the last defoliation, this resistance usually will have 
recovered to pre-defoliation levels.  However, it is possible for Douglas-fir beetle populations to 
increase in defoliated stands and then move into undefoliated areas, killing additional trees.  
There is some evidence that Douglas-fir beetle outbreaks subside in the third or fourth year 
following the collapse of the Douglas-fir tussock moth outbreak (Berryman and Wright 1978). 
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Outbreak Characteristics and Impacts 
 
Most species of forest insects occur at relatively small numbers and are inconspicuous across the 
forest landscape, a condition referred to as "endemic".  Such species are neither markedly 
conspicuous nor capable of large-scale disturbance to the forest.  A few species of forest insects 
exhibit very large fluctuations in population size at times, resulting in “outbreaks” or 
"epidemics" when these insects become extremely abundant across the forest landscape.  Forest 
insect species that display such fluctuations are often referred to as "outbreak species".  
Outbreaks and epidemics can have profound impacts, both direct and indirect, on forest 
conditions and are a primary source of landscape disturbance.  The interpretation of these 
impacts depends upon the human concerns and needs.  Such landscape disturbances are, 
however, an integral part of dynamics and processes of many forest ecosystems. 
 
The Douglas-fir tussock moth is an important, native defoliator of interior forests in western 
North America (Wickman and others 1981), with outbreaks occurring approximately every 8-10 
years at many locations (Mason and Luck 1978; Shepherd and others 1988).  Severe outbreaks 
have occurred in British Columbia, Idaho, Washington, Nevada, California, Arizona, and New 
Mexico.   
 
Outbreaks appear to develop almost explosively, and then usually subside abruptly after a year or 
two.  Some outbreaks in New Mexico, however, have persisted in the same general area for as 
long as seven years.  The outbreak sequence can be divided into four phases: the release, 
characterized by rapid population growth to outbreak population size; the peak, during which 
insect density and current defoliation are maximum; the decline, when survival and population 
numbers fall precipitously; and the post-decline, when population size returns to the endemic 
condition.  Each phase typically lasts for one year.  Population build-up occurs over two or three 
years before they reach the release phase in most instances (Mason and Luck 1978).  In most 
cases these building populations go undetected because little or no defoliation may be evident 
during this time.  Because of the rapidity of these events, Douglas-fir tussock moths outbreaks 
may already be entering the decline phase at the time of detection. 
 
Douglas-fir tussock moth outbreaks develop mostly in place and do not spread from area to area.  
This is due primarily to the limited dispersal ability of the species, accomplished by wind-blown 
young larvae.  The distance most larvae travel rarely exceeds 500 m (0.25 mi) and any longer 
range dispersal by a few individuals does not produce new outbreaks (Wickman and others 
1981).  Synchronous outbreak development over large landscapes does occur (Shepherd and 
others 1988). 
 
The distribution of outbreak populations of Douglas-fir tussock moth over a large landscape is 
patchy, resulting in pockets of heavy defoliation intermingled with areas of light to moderate 
defoliation.  Similarly, the overall pattern of subsequent tree mortality is that of scattered 
individuals and small groups of killed trees punctuated by patches of a few to several hundred 
acres with almost 100% mortality of host trees.  More than one-half of the total tree mortality is 
concentrated in patches that make-up a relatively small portion of the outbreak area, usually 10-
14% (Mason and Wickman 1988). 
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From an ecological viewpoint, Douglas-fir tussock moth contributes to structuring forest 
communities and to the stability of forest systems through its effects on nutrient cycling, tree 
growth and survival, and forest succession (Klock and Wickman 1978).  Long-term data has 
shown remarkable recovery by individual trees following Douglas-fir tussock moth defoliation, 
as recorded in their annual growth rings.  Enhanced growth by both host and non-host trees 
following outbreaks has been documented, an effect that may last as long as 50 years following 
the outbreak (Wickman and Starr 1990).  This effect is believed to be caused by increased 
nutrient recycling as a result of defoliation and by the thinning effect of tree mortality.  Only 
rarely do consecutive outbreaks cause damage in the same stands, and the acreage of any one 
outbreak is small in proportion to the total area of host type.  Over the long term, it appears that 
this insect plays a beneficial role as a regulator of forest primary production, playing an essential 
role in the forest ecosystem (Klock and Wickman 1978; Mattson and Addy 1975). 
 
 
2.  Outbreak History and Monitoring Efforts in Colorado and Wyoming 
 
Various bibliographic sources were used to search the published scientific literature on the 
Douglas-fir tussock moth for any records of infestations in Colorado or Wyoming.  Reports on 
file at the USDA Forest Service, Rocky Mountain Regional Office in Lakewood, Colorado, 
Forest Health Management group, and at the library of the USDA Forest Service, Rocky 
Mountain Forest and Range Experiment Station, Fort Collins, Colorado, were searched for any 
mention of this insect.  Prior employees of both of these USFS groups were interviewed for any 
recollections they might have regarding the Douglas-fir tussock moth.  Aerial survey maps, 
beginning in 1956, on file at the Lakewood Service Center were examined.  The long-term aerial 
survey specialist for the Rocky Mountain Region, Wilmer "Beetle" Bailey (retired), was 
interviewed in December, 1996.  Records on file at the main office of the Colorado State Forest 
Service, Fort Collins, Colorado, were also searched for records concerning this insect.   
 
 
Douglas-fir Tussock Moth:  An Urban Pest 
 
The Douglas-fir tussock moth is and has been a significant urban tree pest in Colorado and 
Wyoming.  Reports of this urban problem date from 1956 and have increased significantly since 
1973.  Since 1973, Douglas-fir tussock moth pest problems have been reported almost every year 
and are suspected of being a continuous phenomenon in Colorado's urban and suburban 
environments.  Most damage has been reported on ornamental blue spruce from Cheyenne, 
Wyoming, south along the eastern flank of the Rocky Mountains to Colorado Springs, Colorado. 
 
Clearly more blue spruce is present in the ever-expanding urban and suburban communities 
along the eastern flank of the Rocky Mountains.  It is unclear if the increase in reports of 
Douglas-fir tussock moth activity in urban settings is because: (a) there are more host trees; (b) 
there are more people reporting damage; (c) populations have colonized and persisted where they 
were previously not present. 
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Douglas-fir tussock moth populations large enough to create visible defoliation have been 
documented to persist far longer on individual spruce trees than is usual in a typical wildland 
epidemic (Brewer and others 1992).  The pattern of damage caused by this insect in urban 
settings rarely includes complete defoliation of trees in one year.  Top-kill is more common and 
occasionally trees have been killed from repeated defoliation.  Of particular note is that foothill 
communities such as Evergreen, Shaffer's Crossing, and Conifer, Colorado, have had severe 
defoliation of ornamental blue and Engelmann spruce while no visible defoliation was detected 
on many thousands of acres of Douglas-fir forests surrounding these communities (Raimo 1985; 
O'Neil and Sharon 1988). 
 
 
Douglas-fir Tussock Moth:  Reports of Wildland Activity 
 
Three episodes of Douglas-fir tussock moth in wildland forested areas of Colorado and 
Wyoming have been discussed in reports (Raimo 1985).  Each of these episodes was evidently of 
minor impact and size.  All three reports concern forested areas on the Pike National Forest and 
adjacent lands within the soil domain known as “Pike's Peak granite”. 
 
The first report documenting Douglas-fir tussock moth defoliation in Colorado and Wyoming 
was by Forest Service Entomologist J.A. Beal, who located an infestation at the base of 
Cheyenne Mountain near Colorado Springs in 1937 (Higgins 1938).  At the time of discovery, 
the Douglas-fir tussock moth population had already reached its peak and subsided.  Beal 
reported that this population had fed heavily in parts of the affected area for the prior 5 years.  
The most significant mortality of host trees was estimated to have occurred from 1935-36.  Some 
losses attributed to bark beetles and other insects, in addition to the Douglas-fir tussock moth, 
had occurred in 1937.  Practically all Douglas-fir and white fir were killed on 150-200 acres as a 
result of this outbreak. 
 
The second Douglas-fir tussock moth wildland forest defoliation episode was reported to have 
been occurred in 1947 at Evergreen, Colorado (Beal 1948).  On June 9, 1947, an experimental 
control project treated an infested area from the ground with DDT as a spray and, over adjacent 
inaccessible areas, as a fog, using a Bes-Kill Aerosol generator.  A total of 70 gallons of 
formulation, composed of 80 pounds of DDT, 40 gallons of solvent, and 1.5 gallons of emulsifier 
mixed 1:1 with water, was applied.  Several hours following the application, many larvae, 
primarily in their second stage, were noted spinning down from infested trees.  The 
memorandum's signator, C. L. Massey, thought that control might be spotty, considering that the 
entire area could not be sprayed directly.  The outbreak severity and extent is unknown, but is 
inferred to be minor, because only 70 gallons were used and because the spray rig could not be 
towed close enough to treat all infested trees directly, despite this having been an experimental 
application. 
 
In 1949, "a very active infestation of tussock moth in Douglas-fir near Evergreen" on private 
land was treated aerially with DDT in oil at a cost of $275 (Higgins 1950).  Presumably this was 
the same infestation reported in 1947.  The report states that the spray successfully controlled the 
infestation, but that the serious defoliation of the trees had so weakened them that the Douglas-fir 
beetle had attacked 240 trees and threatened additional attacks in the vicinity unless controlled. 
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The third wildland forest episode of Douglas-fir tussock moth defoliation was reported to have 
occurred during 1982-1985, when several small stands of Douglas-fir were severely defoliated 
on the Pike National Forest (Raimo 1985).  The area around Saloon Gulch, east of Kelsey 
Campground on the northern aspect of the South Platte River drainage, was mentioned as having 
been severely defoliated.  The spatial extent and actual location of the infestation was not 
reported (Raimo 1985).  Apparently the area was not revisited after 1985 by Forest Pest 
Management staff, so the actual extent and duration of the episode is unknown.  When upper 
Saloon Gulch was visited in 1995, it appeared that roughly 15 - 25% mortality of Douglas-fir had 
resulted from this outbreak.  Aerial surveys of the area in 1995 identified 4 discrete spots of 
Douglas-fir mortality in upper Saloon Gulch, presumed to have resulted from the 1982-1985 
outbreaks. 
 
Additional areas along or near the southern aspect of the South Platte River drainage that were 
defoliated by Douglas-fir tussock moth during the 1982-1985 episode were not reported.  An 
outbreak of the western spruce budworm, Choristoneura occidentalis Freeman, occurred 
concurrently across an extensive area including the South Platte River drainage and likely 
masked defoliation due to Douglas-fir tussock moth during the early 1980s.  Recollections by 
Bernard Raimo and South Platte Ranger District staff Henry Goehle and Gary Shaffer are 
corroborated by detection reports showing Douglas-fir tussock moth presence in Jarre Canyon 
and areas on the south side of the South Platte River drainage during the western spruce 
budworm outbreak (personal communications and reports on file with David Leatherman, 
Colorado State Forest Service, Ft. Collins, CO).  Mr. Raimo recalled that there were at least three 
spots of defoliation on the south side of the South Platte River drainage, each smaller than those 
reported for upper Saloon Gulch. 
 
 
Douglas-fir Tussock Moth:  Other Documented Evidence of Wildland Activity in Colorado 
and Wyoming 
 
During a systematic examination of old aerial survey maps by Erik Johnson, former Aerial 
Survey Coordinator for the Rocky Mountain Region, polygons of defoliation labeled "tussock 
moth" were noted in northern Colorado, on the Craig, CO, and Greeley, CO (1:250,000 scale) 
maps. These polygons were recorded in 1961 during survey flights that also identified significant 
defoliation by the pandora moth, Coloradia pandora Blake.  No mention of this wildland forest 
"tussock moth" episode could be found in annual reports of that time, although the pandora moth 
activity was noted. 
 
The aerial observer who conducted this survey, Wilmer "Beetle" Bailey, stated that this "tussock 
moth" had indeed been the Douglas-fir tussock moth.  He shared detailed recollections of this 
survey; including the information that he had ground checked some of his aerial observations and 
verified the identification (personal communication from Wilmer "Beetle" Bailey to Erik 
Johnson, December 3, 1996). 
 
Eleven polygons for a total of 3,161 acres were marked on the maps used for the 1961 aerial 
survey (Table 1).  The intensity of defoliation was recorded mainly as "heavy", with only one 



 10

polygon being classified as "severe".  The "heavy" and "severe" defoliation designations were 
the highest defoliation classes in a subjective 5-class rating system used for recording aerial 
observations at that time.  The polygons were clustered at five locations in Colorado, as shown 
below in Table 1, ranging in size from 42 to 541 acres. 
 
Considering both the west-wide notoriety of Douglas-fir tussock moth and the paucity of 
observations from the Rocky Mountain Region, it is difficult to understand why no other 
corroboration of this 1961 episode can be found. 
 
 
Table 1.  Polygon clusters of defoliation attributed to the Douglas-fir tussock moth, as recorded 

on an aerial survey sketch map of northern Colorado, USDA Forest Service, Rocky 
Mountain Region, 1961. 

Location Range – Township Acres Defoliated 
1-3 miles from the town of 
Hahn’s Peak, Routt County 

R 86 W – T 9 N 
R 86 W – T 10 N 546 

12 Miles NW of Walden, 
Jackson County 

R 81 W – T 11 N 
R 80 W – T 11 N 565 

Medicine Bow Mountains, 
Laramie River, Larimer 
County 

W of R 77 W – T 11 N 1,423 

12 miles E-NE of Walden, 
Jackson County R 77 W – T 11 N 86 

10 miles N of Granby, Grand 
County R 77 W – T 3 N 541 

 
 
Several areas of Douglas-fir tussock moth activity were documented in 1984.  The annual pest 
conditions report for 1984 from the USFS Rocky Mountain Region mentions that Douglas-fir 
tussock moth was detected around Sinks Canyon, southwest of Lander, Wyoming, on the 
Shoshone National Forest (Sharon and O'Neil 1984).  The level of defoliation was obscured by 
western spruce budworm activity.  Similarly, Douglas-fir tussock moth defoliation could not be 
differentiated in 1984 in several forested locations along the eastern flank of the Rocky 
Mountains where larvae of this insect were found within areas of western spruce budworm 
activity.  In that year, 2.2 million acres were defoliated in Colorado and Wyoming by western 
spruce budworm.  Douglas-fir tussock moth continued to cause significant defoliation in urban 
areas that year, resulting in defoliation of varying levels on ornamental blue spruce, white fir and 
Douglas-fir from Colorado Springs in the south, extending north through Denver to Fort Collins. 
 
It appears unlikely that a large-scale Douglas-fir tussock moth episode in the wildland forests of 
Colorado or Wyoming could have gone completely unreported since 1938, the year of the first 
report concerning defoliation by this insect.  Significant activity by the western spruce budworm 
has been known to mask Douglas-fir tussock moth defoliation, however, and would represent a 
major exception to this speculation.  Since 1938, one other large-scale western spruce budworm 
defoliation episode is thought to have occurred from about the mid 1940s to the mid 1950s, as 



 11

reconstructed by Swetnam and Lynch (1989) and Weber and Schweingruber (1995), although 
Hadley and Veblen (1993) report three defoliation episodes (1938-1945, 1958-1965, and 1976-
1985) for Rocky Mountain National Park.  This corresponds to the reports from near the foothill 
community of Evergreen, Colorado, so that additional areas of activity by Douglas-fir tussock 
moth might have gone undetected during that time. 
 
It is curious that Douglas-fir tussock moth could be so active in most other western states 
(Brookes and others 1978) and yet have such a small history recorded outside of the urban 
environment in the Rocky Mountain Region, despite the presumed widespread presence of this 
insect in Colorado and Wyoming. 
 
 
Past Douglas-fir Tussock Moth Detection Trapping Efforts in Colorado and Wyoming 
 
Douglas-fir tussock moth adult detection surveys using pheromone traps baited with a high-dose 
lure were conducted from 1975 through 1977 in Colorado and Wyoming (Cahill 1976; Yarger 
1976; Eggleston 1977a, b).  Most of this effort was concentrated in urban and semi-urban areas 
along the eastern flank of the Rocky Mountains in Colorado known as "the Colorado Front 
Range".  A few towns in central and southwestern Colorado were trapped in 1975, and the 
Wyoming communities of Dayton, Buffalo, Laramie, and Centennial were trapped in 1976.  
Three sites on the Big Horn National Forest and one site on the extreme southern portion of the 
Shoshone National Forest were also trapped in 1976.  This spatially extensive, 3-year effort was 
comprised of 133 traps that were placed, recovered, and read for the presence of moths. 
 
Douglas-fir tussock moths were captured along the length of the Colorado Front Range in urban 
and semi-urban sites.  Of all other sites surveyed, this insect was only trapped in Laramie, 
Wyoming.  The altitude of survey sites ranged from 4,000 – 8,800 feet.  Most Douglas-fir 
tussock moth catches occurred at elevations between 7,000 – 7,500 feet.  One or more other, 
undetermined species of tussock moth were captured in the traps and at more sites than those 
where the Douglas-fir tussock moth was captured.  These tussock moths were identified as 
belonging to the genus Paraorgyia and, later, Dasychira.  Those two names represent the same 
genus, which has the current valid name of Dasychira (Ferguson 1978).  It is not known why the 
traps were capturing other genera of moths and why the Douglas-fir tussock moth was not 
detected more extensively.  It may be that failure to detect this insect in central and southern 
Colorado, as well as most sites in Wyoming, was a function of the few traps that were placed, the 
quality or quantity of the pheromone bait, or the fact that most traps were not placed in forested 
landscapes. 
 
It is presumed that the Douglas-fir tussock moth is distributed throughout the range of its 
principle hosts (Ferguson 1978; Wickman and others 1981).  This insect does not, however, 
attain outbreak population status in all areas of its range.  In addition to detection, the use of 
pheromone-baited sticky traps can provide an early warning of incipient outbreaks of the 
Douglas-fir tussock moth (Daterman and others 1979; Wickman and others 1981). 
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Past Douglas-fir Tussock Moth Early Warning Monitoring in Colorado 
 
During the 1982-1985 infestation on the Pike National Forest, an early warning monitoring 
system was initiated (Raimo 1985; Lessard and Raimo 1986) and continued through 1990.  This 
system utilized low-dose lures in pheromone traps for adults in an effort to detect increasing 
moth numbers prior to these populations reaching outbreak levels.  Use of a low-dose lure 
ensures that the effective range of a trap is small, allowing catch results to better reflect the status 
of a local Douglas-fir tussock moth population.  An average catch of 25 adults per plot, for plots 
with 5 traps, was considered to be the incipient outbreak threshold, indicating that visible 
defoliation might occur within the next two seasons (Daterman and others 1979).  There were 50 
plots in 1986 and 60 plots for 1987-1990, distributed throughout the South Platte River drainage 
within the range of Douglas-fir.  All plots consisted of five traps per plot. 
 
Overall, few Douglas-fir tussock moths were caught in 1985 (Raimo 1985).  Only the plots in 
Saloon Gulch and nearby Brush Creek averaged one moth or more, with a maximum of 5.6 
adults at one plot, despite some severe defoliation in the immediate vicinity.  It was concluded 
that population had not reached outbreak level. 
 
Table 2 shows the location and year that the average catch per plot reached or exceeded one 
moth on any plot from 1986 through 1990.  In some years, the numbers of moths captured were 
surprisingly high, considering that no larvae or defoliation could be located in the vicinity of 
these recoveries (B. Raimo, personal communication).   
 
 
Table 2.  Douglas-fir tussock moth early warning pheromone trap monitoring plots where the 

average catch per 5-trap plot was equal to or greater than one moth on 50 (1986) or 60 
plots in the South Platte River drainage, Colorado.                                                                           

Average Plot Catch by Year Plot Name Location –Legal 
Description 1986 1987 1988 1989 1990 

Wigwam T 09 S – R 70W  Sec. 30 8.8 0 4.6 0 0.6 
Platte Canyon T 08 S – R 70 W  Sec 01 4.6 0.2 6.4 0 0 

Sugar Creek 17 T 08 S – R 70 W  Sec 36 5.0 0.2 6.4 0 0 
Sugar Creek 54 T 09 S – R 70 W  Sec 01 n/a 0.2 6.2 0 3.2 

West Creek T 10 S – R 70 W  Sec 13 1.2 0 0.4 0 6.8 
Eagle Rock T 08 S – R 69 W  Sec 06 n/a 0.2 7.4 0 0.4 
Pine Creek T 08 S – R 69 W  Sec 18 n/a 0.2 7.8 0 0 

 
 
There were no large-scale Douglas-fir tussock moth outbreaks in the trapped area between 1985 
– 1990 and the average catch per plot never exceeded nine moths.  Therefore, it is not known if 
the pheromone trap early warning system can perform well in Colorado or if the threshold of 25 
moths per trap is appropriate (Daterman and others 1979).  Unfortunately, the early warning 
monitoring effort was discontinued in 1990, just three years before the onset of the 1993 – 1995 
Douglas-fir tussock moth outbreak was discovered near the West Creek monitoring plot.   
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3.  Detection, Description, and Evaluation of 1993 – 1995 Douglas-fir Tussock 
Moth Epidemic 
 
This section presents a chronological documentation of the first large-scale Douglas-fir tussock 
moth epidemic ever recorded in Colorado or Wyoming.   
 
 
1993:  Initial Detection of a Douglas-fir Tussock Moth Epidemic in the South Platte River 
Drainage 
 
On August 24, 1993, defoliation due to the Douglas-fir tussock moth was discovered along West 
Creek on the South Platte Ranger District, Pike National Forest, by Forest Health Management 
entomologist Ken Lister (retired).  It was located in T10S, R70W, Sec. 13 and 14, along both 
sides of State Highway 67 in Douglas County, Colorado.  Lister estimated that the affected area 
was about 300 acres.  Defoliation was moderate to heavy on Douglas-fir and riparian Engelmann 
spruce; the population of feeding larvae was dense and large.  On September 8, the area was 
visited again.  Defoliation of many trees approached 100 percent.  Not all trees on the 300 acres 
had been severely affected, however.  Abundant numbers of cocoons were found and a few 
adults and deposited eggs masses were observed. 
 
The infestation and subsequent defoliation could be found only on National Forest System lands 
at that time.  However, only primary paved roads were used in this detection effort.  It is 
suspected that populations had increased in other nearby areas and that this was not detected in 
1993.  Douglas-fir tussock moth populations usually are elevated for several years before 
defoliation is evident (Mason and Torgersen 1983); the extensive defoliation detected in 1994 
likely had such a preceding population increase.  In 1994, numerous old cocoons and egg masses 
were found on picnic tables at Flat Rocks Campground, eleven miles to the east of the West 
Creek site, lending some support to this suspicion (K. Lister, personal communication). 
 
 
1994:  Ground-based Monitoring Efforts for Douglas-fir Tussock Moth Epidemic in the 
South Platte River Drainage 
 
Numerous site visits were conducted in 1994 to monitor the development of the Douglas-fir 
tussock moth population and determine the spatial extent of activity.  No reports were filed, but 
notes and conversations with persons involved provide the basis for the following summary. 
 
In 1994, many new areas of Douglas-fir tussock moth defoliation were detected from the ground 
and confirmed by aerial surveys.  This large increase in population levels included the Pine 
Creek, Sugar Creek, Hatch Gulch, Jenny Gulch, Camp Creek, and West Creek drainages.  In 
several of these drainages, larval populations were so large that they depleted their preferred 
food supply of Douglas-fir and fed on foliage of all tree species, including aspen, ponderosa 
pine, and common juniper.  Egg masses were easily located in many of these areas, indicating 
the populations might continue to expand in 1995, causing additional defoliation. 
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It was noted that defoliation might weaken affected Douglas-fir trees, an indirect effect which 
could increase the trees' susceptibility to attack from opportunistic forest insects.  Indeed, 
increased levels of Douglas-fir beetle were observed in scattered portions of the original 300-
acre site where defoliation was discovered along West Creek during 1994.  Some mortality of 
Douglas-fir was attributed to the combined effects of defoliation and Douglas-fir beetle.  
Additional mortality of Douglas-fir from defoliation and from Douglas-fir beetle was considered 
highly likely in that area. 
 
It appeared that two discrete Douglas-fir tussock moth outbreaks had erupted in nearby areas, 
one year apart.  This notion was supported by the fact that there was a second year of defoliation 
around West Creek in 1994, while severe defoliation was noted for the first time in 1994 in an 
area to the northeast near Sprucewood.  The distance between infested areas was considered far 
too large for the insect to have spread from the West Creek to the Sprucewood areas at 
defoliating densities, given the limited dispersal capability of the caterpillars.  If this was a 
typical epidemic, it should collapse initially in the supposedly older infestation around West 
Creek, followed the subsequent year by a collapse at the Sprucewood location. 
 
Most Douglas-fir tussock moth epidemics have collapsed suddenly, usually due to a naturally 
occurring, host-specific virus that develops in the population.  Some larvae with classic signs of 
virus infection were observed in 1994, but not enough to expect the infestation to collapse from 
viral disease before more severe defoliation occurred in 1995.  Sightings of natural enemies of 
the Douglas-fir tussock moth were common in 1994.  Wasps and flies of types known to be 
insect natural enemies were frequently observed attacking cocoons; mound-building ants were 
observed consuming larvae; eggs of predatory lacewings were common on foliage; foraging 
birds seemed to be unusually numerous in areas of large populations.  However commonly 
sighted, the impact of these natural enemies was not determined. 
 
 
1994:  Aerial Survey Results of the Douglas-fir Tussock Moth Epidemic in the South Platte 
River Drainage 
 
The spatial extent of Douglas-fir tussock moth defoliation was surveyed from the air in August, 
1994, using a fixed wing aircraft flying about 1,000 feet above ground level at about 100 miles 
per hour.  The observer, Erik Johnson, recorded polygons of Douglas-fir tussock moth 
defoliation on a 1:100,000 scale, 30 X 60 minute map produced by the US Geological Survey 
(on file at the Lakewood Service Center). 
 
The polygons of Douglas-fir tussock moth defoliation rated as moderate or severe covered a total 
of 6,134 acres (Fig. 1).  Ground monitoring indicated that many areas between these spots of 
moderate to severe defoliation were also affected, yet were not detectable from the air.  Two 
distinct groups of polygons were evident from the sketchmap.  These groups were separated by a 
minimum of 3.5 air miles and corresponded to the so-called West Creek and Sprucewood 
populations.  By measuring the area on the map encircling the aerial survey detection results, it 
was estimated that roughly 18,000 acres were impacted by Douglas-fir tussock moth in 1994. 
 



 15

 
Figure 1.  Douglas-fir tussock moth activity detected by aerial surveys* conducted in 1994 and 

1995, Rampart Range, Pike National Forest. 
 
*Disclaimer:  Due to the nature of aerial surveys, the data on this map will only provide rough estimates of location, and the resulting trend 
information.  These data should only be used as an indicator of insect and disease activity, and should be validated on the ground for actual 
location and casual agent.  Shaded areas show locations where trees were killed.  Intensity of damage is variable and not all trees in shaded areas 
are dead.  The data represented on this map are available digitally from the USDA Forest Service, R2 FHM.  The cooperators reserve the right to 
correct, update, modify or replace GIS products.  Using this map for purposes other than those for which it was intended may yield inaccurate or 
misleading results. 
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1995:  Ground-based Monitoring Efforts for Douglas-fir Tussock Moth Epidemic in the 
South Platte River Drainage 
 
A hierarchical system of survey and sampling was employed in 1995 to evaluate the identified 
Douglas-fir tussock moth infestations and to detect whether any additional, incipient outbreaks 
were developing in the general area.   
 
 
Douglas-fir Tussock Moth Cocoon and Egg Mass Sampling 
 
Douglas-fir tussock moth cocoon and egg mass sampling provide a relatively quick classification 
procedure for low-level populations.  In addition, egg mass densities provide a predictive 
measure of the size of the next generation.  The cocoon survey method was developed by Mason 
and others (1993).  By comparing fall cocoon densities in non-outbreak populations with larval 
densities the following spring, they showed that cocoon density is a good predictor of the next 
generation of larvae.  The method is designed for populations that have not yet reached 
defoliating densities.  The survey method was slightly modified to conform to that used by 
Weatherby and others (1993) and by taking samples in the early spring rather than in the fall. 
 
In early spring of 1995, eight sites were surveyed for the presence of Douglas-fir tussock moth 
cocoons and egg masses.  This was a search for any additional areas where populations of this 
insect might be on the increase.  These sites were distant from and roughly encircled areas where 
moderate or severe defoliation occurred in 1994. 
  
Following the slope contour, transects were installed with five plots per transect.   Interplot 
distance was three chains (198 feet).  In each plot, twenty trees were sampled by examining the 
terminal 18 inches of foliage on each of three branches.  Data on the number of cocoons and egg 
masses were collected.  Each plot therefore included data from sixty branch tips on twenty trees 
and each transect sampled one hundred trees. 
 
The overall average for these data predicted little or no visible defoliation in 1995 in the areas 
sampled (Table 3).  The standard error of this overall estimate, as a percentage of the mean, 
would be less than 30% when sampling fifty trees per plot (Mason and others 1993).  These 
authors found that no defoliation follows when densities of cocoons per 1000 sq. in. of foliage 
are <0.01, that little to moderate defoliation results from cocoon densities of 0.01-0.70, and that 
intense to complete defoliation results when densities are >0.70 in the upper crowns of many 
host trees. 
 
Significant numbers of cocoons were found at Flat Rocks Campground and Bell Rock (Table 3).  
Although the data from the Flat Rocks Campground transect predicted intense defoliation in 
1995, it was thought to be an unlikely event.  Only a single egg mass was observed on the Flat 
Rocks Campground transect, although each healthy female Douglas-fir tussock moth cocoon 
should have had an egg mass deposited upon it.  This finding suggested an unhealthy insect 
population with few eggs to contribute to the 1995 generation; little or no defoliation should 
occur if this was true.  Similarly, because no egg masses were found at the Bell Rock transect, it 
was thought that the predicted level of defoliation would not be realized.  Nevertheless, these 
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two transect sites were selected to be monitored for larval populations in early and late summer 
1995. 
 
 
Table 3.  Cocoon survey in the lower crown for Douglas-fir tussock moth on the South Platte 

Ranger District, Pike National Forest, April 6-7, 1995.                                                                       
Transect Number 

and Name 
Cocoons per 

Transect Cocoons per Tree1 Cocoons per 1,000 
sq. in. of foliage 

1 – Nighthawk Hill 0 0 0 
2 – Flat Rocks CG 51 0.51 1.02 
3 – Topaz Point2 0 0 0 
4 – Trout Creek 0 0 0 
5 – Bell Rock 10 0.1 0.2 
6 – Top of the World 0 0 0 
7 – Shady Brook Camp2 0 0 0 
8 – Pine Nook 0 0 0 

1 Each tree (three-branch sample unit) contains about 500 sq. inches of foliage. 
2 Transects where only 3 plots were sampled. 
 
 
Douglas-fir Tussock Moth Sequential Sampling of Larvae in the Lower Crown: 
 
Sequential sampling of early instar Douglas-fir tussock larvae in the lower crown provides a 
quick tool for classifying low to moderate populations of this insect.  The sampling procedure 
also provides a predictive measure of the likely defoliation impact of the current generation of 
caterpillars.  This sampling scheme uses the technique of beating branches in the lower crown to 
dislodge young Douglas-fir tussock moth larvae (Mason 1979).  Results from sampling 4 – 20 
trees per site are then compared to values in a published table, allowing the classification of the 
population density as either low or sub-outbreak.  At low densities, Douglas-fir tussock moth 
populations present no risk of an outbreak for at least two years; at sub-outbreak population 
densities, the population has the potential to reach outbreak status in the next generation. 
 
Young larvae were surveyed in late June, 1995, at the Flat Rocks Campground and Bell Rock 
cocoon sampling sites and several other areas as part of the search for additional areas where 
Douglas-fir tussock moth populations might be on the increase.  The Bell Rocks larval 
population was extremely low.  The Flat Rocks, Indian Creek Campground, and Saloon Gulch 
sites were classified at sub-outbreak level and thus had the potential to expand to outbreak levels 
the following year. 
 
 
Douglas-fir Tussock Moth Larval Sampling in Middle Crown 
 
Sampling Douglas-fir tussock moth larvae at the middle crown level provides a useful tool for 
estimating populations when they occur at moderate to high densities.  The sampling procedure 
provides a good estimate of survival and predictive utility for the size of the population the 
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following year.  Sites of concern identified by cocoon sampling, lower crown beating or field 
reconnaissance were sampled using pole pruners at mid-crown following the technique described 
by Mason (1979) for estimating larval density.  Three branches from the mid-crown of fifteen 
trees per site were cut, lowered to the ground in a basket, and searched for larvae of the Douglas-
fir tussock moth. 
 
These density estimates can be used to predict the defoliation levels expected during the year of 
sampling.  Although there is considerable variation, the following table lists early larval densities 
and predicted population status and impacts (after Mason and others 1993): 
 
 

Estimated Early Larval Density 
per 1000 Square Inches of 

Foliage 
Predicated Population Status; Potential Impacts 

<2 Low Density; No Defoliation 
2 – 20 Suboutbreak; Little or No Visible Defoliation 
21 – 40 Moderate Outbreak; Defoliation Visible on Most Trees 

>40 

Severe Outbreak; Defoliation Intense in Upper Crowns 
of Many Host Trees with Some Trees Completely 
Defoliated with Top-Kill and Tree Mortality Likely to 
Follow 

 
 
Mid-crown sampling was conducted twice in 1995, both for early (July 5-13) and for late 
(August 7-10) larval stages, using the same fifteen trees per site each time (Table 4).  By 
contrasting the estimated density early and late in the larval stages, one can determine the 
proportion of larvae that have survived (Mason and Torgersen 1983).  Because epidemics of 
Douglas-fir tussock moth are commonly preceded by a generation in which a relatively large 
proportion of larvae survive, one can use this sampling technique to predict if the area sampled is 
likely to have an epidemic the following year (Mason and Torgersen 1983). 
 
 
Table 4.  Estimated densities of Douglas-fir tussock moth larvae at two times during 1995 and 

predicted density for 1996 from mid-crown samples taken on the South Platte Ranger 
District, Pike National Forest. 

Site Early Larvae1 Late Larvae Next Year 
Early Larvae 

Indian Creek CG 0 n/a n/a 
Flat Rocks CG 6.3 2.5 22.5 
Sprucewood E1 195.1 132.6 2,470.0 
Sprucewood E2 407.9 79.6 428.0 

1 Density is expressed as number of larvae per 1,000 square inches of foliage. 
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The Douglas-fir tussock moth population at Indian Creek Campground was undetectable; no 
defoliation was observed there in 1995.  At Flat Rocks Campground, no visible defoliation 
occurred in 1995.  Contrary to prediction, no defoliation was visible at Flat Rocks Campground 
in 1996.  This area has been described as "chronic" for Douglas-fir tussock moth, meaning that it 
is an area where this insect can be collected consistently, yet where defoliation has never been 
noted (K. Lister, personal communication).  In 1995, both Sprucewood sample sites were in 
outbreak conditions for the second consecutive year. 
 
Defoliation was so severe at the Sprucewood E1 site in 1995 that only ten of the fifteen sample 
trees had any foliage by the August sample dates.  The stand was almost completely defoliated 
by the end of the season and nearly all of the Douglas-fir died.  Therefore, few Douglas-fir trees 
in the area had any foliage available in 1996 and the residual Douglas-fir tussock moth 
population must have starved.  Starvation was evident at this site during 1995, indicated by the 
presence of larvae bearing late-stage coloration and structures that were early-stage in size.  A 
steady droning noise could be heard in this stand during sampling, thought to be the sound of 
parasitic and saprophytic flies that consume the larvae. 
 
At the Sprucewood W2 site, defoliation also was severe during 1995, but not as complete as it 
was at the Sprucewood E1 site.  Perhaps a smaller proportion of larvae survived to the later 
stages, resulting in less defoliation.  Some Douglas-fir mortality and top-kill occurred, however.  
There was no defoliation evident in this stand in 1996. 
 
 
Douglas-fir Tussock Moth Monitoring with Pheromone Traps 
 
Monitoring Douglas-fir tussock moths using pheromone traps provides a useful tool to detect 
changes in insect activity for an area of interest.  Also, pheromone traps provide a tool for 
determining where to direct follow-up survey efforts for larvae or cocoons and egg masses.  Ten 
sites that encircled, yet were distant from the ongoing infestation, were established in 1996 for 
monitoring with pheromone traps.  Most of these sites had been utilized in the early warning 
pheromone trap monitoring effort of 1986-1990 described in Table 2, above.  Five traps per site 
were deployed using the weak-dose lure to detect adult male moths (Daterman and others 1979).  
Two sites at mid-elevation on Pike's Peak were established, as well.  
 
Two adult male moths were caught by the 60 pheromone traps placed by the USFS, indicating no 
significant population existed in the areas surveyed in 1996. 
 
 
Comments on 1995 Douglas-fir Tussock Moth Ground Activities 
 
Larvae with symptoms characteristic of viral infection were found at all sites where defoliation 
was evident in 1995.  Most of the larvae brought back to the laboratory for rearing appeared to 
die of virus infection, as well; it was necessary to rear larvae individually to have any survive to 
maturity. 
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In 1995, Douglas-fir beetles were discovered attacking and infesting large diameter Douglas-fir 
that were known to have been completely defoliated in 1994 by Douglas-fir tussock moth.  These 
infested gray trees could only be detected by close-up examination from the ground, looking for 
the characteristic reddish boring dust on the soil and in bark crevasses.  It appeared that the 
phloem had not degraded, as brood development was noted in many instances.  In many such 
trees the lower portion of the stem was quite moist under the bark.  Some of these defoliated, 
beetle-infested trees had dense mycelial fans of Armillaria as far as five feet up the stem with a 
net-like growth of rhizomorphs at the bark/sapwood interface.  Once these defoliated, beetle-
infested trees were discovered, additional similarly infested trees were found in many locations.  
Individual trees were designated to be observed for an additional year to determine if bark beetle 
brood could develop within them.  Significant adult beetle emergence from these observation 
trees occurred in 1996, a conclusion based on the evidence of a high density of egg and larval 
galleries and pupal chambers under and emergence holes on the bark.  Attack by Douglas-fir 
beetle on Douglas-fir trees defoliated by 90% or more during and one year following defoliation 
by Douglas-fir tussock moth was documented in Oregon's Blue Mountains (Wright and others 
1984). 
 
It was clear from sampling and scouting that the Douglas-fir tussock moth population in the 
Sprucewood area was in the process of collapse.  Little to no defoliation had been detected from 
the ground in the West Creek area in 1995, suggesting that the population collapse in that area 
had occurred following the extensive defoliation in 1994. 
 
No areas of impending Douglas-fir tussock moth increase had been detected using the various 
methods described.  No defoliation was observed in 1995 or 1996 in any area where such a 
determination had been made.  It appears from this limited experience that the sampling methods 
developed in the Pacific Northwest to assess low-level, pre-outbreak populations are valid for the 
areas we surveyed.  The ease of use of these sampling methods allowed for a rapid and 
economical assessment of an extensive area of insect activity. 
 
Mid-crown sampling provided an estimate of larval density and associated level of defoliation 
that seemed well correlated with observed defoliation across a wide range of densities of 
Douglas-fir tussock moth.  Use of repeated mid-crown sampling and survival estimates to predict 
next year's early larval density did not work well.  This effort may not be a valid test, however. 
 
For Douglas-fir tussock moth populations that do not cause visible defoliation, the density of 
larvae in one generation is directly related to the density of larvae in the next generation (Mason 
and Torgersen 1983).  That no defoliation occurred at Flat Rocks Campground, despite the 
sample system prediction, is perhaps an anomalous result due to unknown site characteristics that 
allow populations to remain chronic at sub-outbreak density.  It may also be due to the error of 
the estimates.  Most notably, the predicted densities for 1996 at Flat Rocks Campground would 
just begin to cause visible defoliation in 1996 according to the information available (Mason and 
others 1993).  It may be that local calibration of this system is necessary before estimated 
densities of larvae and subsequent levels of defoliation can be better correlated.  The very high 
densities and severe defoliation at the Sprucewood plots meant that the prediction system 
utilizing survival estimates was inappropriate because the relationship between successive 
generations of Douglas-fir tussock moth at outbreak densities is probably not consistent.  The 
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technique was designed for sub-outbreak, non-defoliating populations.  It was employed at the 
Sprucewood sites as a trial to see if it would actually provide a reliable prediction; as expected, it 
did not accurately predict the 1996 situation.   However, the predicted level of defoliation in 
1995, based on early larval density, did occur. 
 
 
1995:  Aerial Survey Results of the Douglas-fir Tussock Moth Epidemic in the South Platte 
River Drainage 
 
An aerial survey was conducted on 5 and 6 October, 1995, by Erik Johnson, using the same 
materials and methods as in 1994. 
 
It was not possible to completely differentiate 1994 from 1995 defoliation on this late date, partly 
due to the large acreages that had been totally defoliated, leaving no visual signature to detect.  It 
was decided to sketch map the entire affected area and determine new acreages affected by 
subtraction from the 1994 results.  A total of 7,663 acres were mapped in 1995 as having been 
moderately or severely defoliated.  Subtraction from the 1994 total of 6,134 acres gave a total 
estimate of 1,499 acres newly defoliated in 1995.  It was evident from the ground as well as the 
air that most of the identifiable new defoliation occurred as a halo around the perimeter of areas 
defoliated in 1994.  Ground and aerial survey both confirmed that the West Creek population 
caused little to no defoliation in 1995; it had collapsed following the intense defoliation the 
previous year. 
 
Aerial videography was taken at ½- and 1-mile swath widths to document the Douglas-fir 
tussock moth defoliation.  Defoliated areas were very poorly detected by the 1-mile swath 
videography, as compared with aerial sketch map and aerial photography methods.  Although 
visible in ½- mile swath width videography, defoliated areas were still very difficult to discern.  
Much of the defoliation and host impact known to be present was not visible.  It was concluded 
that aerial videography was neither a practical nor functional method to detect and delimit the 
extent of defoliation. 
 
 
Comparison of Aerial Survey and Aerial Photography from 1994 and 1995 
 
Infrared aerial photography was used to provide an independent estimate of the extent of 
Douglas-fir tussock moth defoliation in 1994 and 1995.  The photos were taken on 9 X 9 inch 
negatives using a Zeiss mapping camera at an altitude that yielded a 1:10,000 scale.  The stereo-
pair photographs were interpreted and the defoliation polygons visually transferred by hand to 
7.5 minute orthophotos.  Using a light table, these orthophotos were copied onto standard US 
Geological Survey 7.5 X 7.5 minute quadrangle maps.  The quadrangle maps were digitized and 
imported into a Geographic Information System (GIS) database.  The original aerial survey data 
on 1:100,000, 30 X 60 minute quadrangle US Geological Survey maps were digitized and 
imported into a GIS database.  Polygons from the aerial photography and the aerial survey were 
compared for total area and positional overlap of defoliation polygons using the GIS.  Results 
shown below indicate an excellent degree of agreement between these two methods of detection. 
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Table 5.  Comparison of aerial survey sketchmapping and aerial infrared photography to detect 
Douglas-fir tussock moth defoliation in the South Platte River drainage, Colorado.                                

Year Sketchmap 
Total Area 

Photo Total 
Area 

Area 
Agreement1 Area2 

Polygons in 
Common 

Agreement3 
1994 6,134 acres 5,093 acres 80% 2,690 acres 53% 
1995 7,663 acres 6,567 acres 83% 4,954 acres 75% 

1 [1 - [(Sketchmap - Photo)/Photo] X 100 
2 Actual area of sketchmap and photo polygons that overlap spatially 
3 [1 - (Polygons in Common/Photo)] X 100 
 
 
The data from aerial photos was used as the standard for comparison because it was presumed to 
be a more accurate method with respect to position of the defoliation polygons.  The greater cost 
in time and money to acquire and interpret aerial photographs, as compared with aerial 
sketchmapping, would rarely be justified given the close agreement between these methods.  The 
agreement between methods is all the more remarkable when one considers that the 
sketchmapper was collecting data at a scale 10 times larger than the photography and was subject 
to the turbulence and distractions inherent in mountain flying.  The increase in positional 
agreement between methods from 1994 to 1995 is attributed by the sketchmapper to experience, 
as it was his second year as a solo sketchmapper. 
 
A trade-off of detection versus position seemed apparent when examining the GIS printout with 
polygons from both methods.  The observer in the plane apparently detected lighter levels of 
defoliation than revealed by the photography, because he sketched polygons not evident from the 
photography.  However, there were many instances where same-shaped polygons were in 
slightly different spatial locations, indicating that the photographic method provided greater 
positional accuracy. 
 
 
1996:  Douglas-fir Tussock Moth Ground Monitoring Activities in the South Platte River 
Drainage 
 
Site visits during 1996 to the South Platte River drainage detected no defoliation.  Douglas-fir 
tussock moth larvae could not be located at any of the sites.  This includes the Flat Rocks 
Campground, where lower crown beating and searching located no larvae.  In addition, no moths 
were caught in the pheromone trapping at the same twelve sites.  In 1996, Douglas-fir beetle 
brood completed their development and emerged from gray, defoliated trees that had been 
marked in 1995.  This confirmed that completely defoliated, gray Douglas-fir served as a food 
source for this bark beetle the year following defoliation, with brood emergence occurring the 
second year following defoliation.  If the Douglas-fir beetle continues to follow the pattern 
documented by Wright and others (1984), the infestation in the next few years will not be so 
strongly associated with defoliated trees.  This was noted recently in Idaho (Weatherby and 
others 1997), where the Douglas-fir beetle mortality coalesced within the Douglas-fir tussock 
moth outbreak boundaries and seemed strongly associated with trees damaged by defoliation.  In 
other words, it was predicted in 1996 that the Douglas-fir beetle would develop within the 
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defoliated areas and then move into adjacent stands outside the severely defoliated area, causing 
additional mortality in the South Platte River drainage.  Such bark beetle mortality should 
subside once tree resistance returns to the higher levels that existed before the Douglas-fir 
tussock moth epidemic weakened so many trees (Berryman and Wright 1978; Wright and others 
1984). 
 
 
1996:  Aerial Survey Results of the Douglas-fir Tussock Moth Epidemic in the South Platte 
River Drainage 
 
Aerial surveys of the entire area in 1996, detected no further defoliation.  Douglas-fir beetle 
activity was surprisingly light and thought to still be confined to those trees that were severely 
defoliated, so there was no foliage-fading signature to detect.  An increase in bark beetle-caused 
mortality in 1996 in the general area was detected, relative to 1995. 
 
 
Status and Activities following the Collapse of the Douglas-fir Tussock Moth Epidemic in 
the South Platte River Drainage 
 
Site visits in the fall of 1996 and spring of 1997 detected a large Douglas-fir beetle infestation 
developing inside green trees adjacent to and within stands defoliated by the Douglas-fir tussock 
moth.  This was especially true in the West Creek drainage, where bark beetle-infested trees 
began to fade in large numbers in March and April.  An extensive search revealed that the most 
likely sites for bark beetle-infested trees were along the edges of severely defoliated areas that 
appear gray due to extensive, prior mortality.  Furthermore, it was found that completely 
defoliated, large diameter trees that flushed no needles in 1996 were densely infested by 
Douglas-fir beetle and yielded large numbers of adult beetles in 1996. 
 
Although not quantified, it seemed that the defoliated areas along and above West Creek had a 
much larger, active bark beetle infestation than defoliated areas near Sprucewood.  A preliminary 
aerial survey conducted on 27 May, 1997, by Erik Johnson and Bill Schaupp detected over 400 
Douglas-fir trees fading due to bark beetle infestation along the West Creek corridor, as opposed 
to far fewer Douglas-fir fading in the Sprucewood area.  This difference in Douglas-fir beetle 
activity was thought to parallel the difference in timing between the eruption of the West Creek 
and Sprucewood Douglas-fir tussock moth populations.  In 1996, it was predicted that the 
Douglas-fir bark beetle activity in the Sprucewood area would be greater in 1997 than it was in 
1996.  Indeed, 1998 aerial survey showed a large increase in the number of trees killed by 
Douglas-fir beetle in the Sprucewood area.  Aerial survey maps continued to show populations 
of Douglas-fir beetle in both the West Creek and Sprucewood areas until the year 2001, 
indicating that there were active populations through the year 2000.  The Douglas-fir beetle 
episode in Colorado was consistent with other Douglas-fir tussock moth outbreak reports 
(Berryman and Wright 1978, Weatherby and others 1997, Wright and others 1984).  As 
expected, the bark beetle populations associated with Douglas-fir tussock moth defoliation 
subsided a few years after the defoliation. 
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In the Aftermath of the 1993 – 1995 Douglas-fir Tussock Moth Epidemic:  
Observations from 1997 – 2003 
 
Following the collapse of the Douglas-fir tussock moth outbreak of 1993 – 1995, Douglas-fir 
beetle continued to infest and kill Douglas-fir, but slowly subsided over the next few years.   
 
In 2002, the area was impacted by the Hayman fire, which burned through this area.  Fire 
behavior in the area was of interest because the crown fire dropped to the ground and was 
controlled readily in the area where Douglas-fir tussock moth and Douglas-fir beetle-caused 
mortality was severe (Graham 2003).  In effect, the large area of mortality served as an effective 
fire break for this rapidly moving wildfire. 
 
Between 1997 and 2003, monitoring for Douglas-fir tussock moth did not result in any 
significant observations regarding this insect.  Trapping using low-lure baits continued.  Over 
this sample period, moth captures in trap sets remained at zero or with one or two moths 
collected in one or two traps (Table 6). 
 
 
Table 6.  Douglas-fir tussock moth trap catch means (moths/5 traps) at the low-lure trap sites on 

the South Platte Ranger District, Pike National Forest, 1997 – 2003. 

Plot Name 1997 1998 1999 2000 2001 2002 2003 

Molly Gulch -1 0.4 0 0 0 02 0 
Big Turkey CG -1 0 0 0.2 0.2 0 -1 

Indian Creek 0 0 0 0 0 0.4 0 
Flat Rocks 0 0 0 0 0 0 0 

Topaz Point 0 0 0 0 0 0 0 
Devil’s Head 0 0 0 0 0 0 0 
Brush Creek 0 0 0 0 0 0.2 0 

Forest Boundary 0 0 0 0 0 0 0 
Eleven-Mile Canyon 0 0 0 0 0 0 0 

1 Traps not set at trap location. 
2 Trap location lost in Hayman fire; traps moved to new location. 
 
 
The Next Douglas-fir Tussock Moth Epidemic:  2004 – On-going 
 
Aerial detection of Douglas-fir tussock moth began in 2004 with defoliation mapped near Aspen 
Park, CO, that has continued, and appeared in other areas nearby through the summer of 2007.  
Additionally, in 2005 the early warning trap system detected an increase in the number of moths 
caught.  The appearance of outbreak populations in 2004 further supports the notion of 10 years 
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between Douglas-fir tussock moth outbreaks, as there have now been three documented 
outbreaks in the same area on the Pike National Forest.    
 
Early Warning Monitoring System, 2004-07 
 
Starting in 2005, the early warning system detected an increase in tussock moth populations at 
three different sites on the South Platte Ranger District (Table 7).  In 2006, the mean number of 
moths caught was over 25 moths per plot in two sites.  As mentioned before, an average catch of 
25 adults per plot, for plots with 5 traps, was considered to be the incipient outbreak threshold, 
indicating that visible defoliation might occur within the next two seasons (Daterman and others 
1979).  Thus, it is not surprising that there was visible defoliation mapped in the South Platte 
River area in 2007 (see South Platte River outbreak description below).  In 2007, the numbers of 
moths being caught had increased at every monitoring site, except one.  The large numbers of 
tussock moths caught in 2007 indicate that this outbreak will continue into 2008 and possibly 
beyond.   
 
Table 7.  Douglas-fir tussock moth trap catch means (moths/5 traps) at the low-lure trap sites on 

the South Platte Ranger District, Pike National Forest, 2004 – 2007. 

Plot Name 2004 2005 2006 2007 

Molly Gulch _1 0 0 0.3 
Big Turkey CG 0 0 _1 0.3 

Indian Creek 0 5 44 6.3 
Flat Rocks 0 1.3 2 12.3 

Topaz Point 0 0 0 1 
Devil’s Head 0 0 0.7 1.7 
Brush Creek 0 0 0 0.7 

Forest Boundary 0.2 3.3 38.3 31.3 
Eleven-Mile Canyon 0 0 0 0 

1 Traps not set at trap location. 
 
 
Localized Outbreaks near Aspen Park, 2004-06 
 
A localized area of defoliation of Douglas-fir, Pseudotsuga menziesii, was detected in July 2004 
on the eastern slope of Doublehead Mountain in Jefferson County, CO, during the annual 
Colorado aerial forest health survey conducted by USDA Forest Service and the Colorado State 
Forest Service (Fig. 2).  The aerial signature of the damage was typical of that caused by 
Douglas-fir tussock moth.   Subsequent ground checks confirmed that the defoliation was indeed 
caused by this insect. 
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2004 
 
In 2004, defoliation was confined to a single area of approximately 40 acres.  The infestation was 
located on the eastern slope of Doublehead Mountain immediately adjacent to US 285, 
approximately 3.5 miles northeast of Aspen Park in a stand of mature Douglas-fir with a small 
component of ponderosa pine.  The western edge of the outbreak bordered on several residential 
properties. By early August, most trees in the affected area were completely stripped of their 
foliage although trees on the edge of the outbreak suffered little or no damage. 
 
2005 
 
During 2005, the Douglas-fir tussock moth population detected in 2004 collapsed after killing 
virtually all of the affected trees.  However, three new areas of infestation appeared. The first 
was located approximately 0.25 miles north of the 2004 infestation in a stand with characteristics 
similar to the initial area of infestation. Approximately 40 acres suffered complete defoliation.  
Three smaller areas of defoliation occurred about 0.25 miles further north with a total area of 
about 30 acres affected.  These infestations were located in a mature Douglas-fir stand west of a 
rural fire station in a housing subdivision.  A third area of defoliation, which encompassed about 
15 acres, occurred east of US 285 and about 0.5 miles southwest of the original 2004 infestation.  
This infestation occurred in small Douglas-fir trees growing under a ponderosa pine overstory 
and was detected via ground observations. 
 
Ground observations during December 2005 in the area defoliated immediately north of the 2004 
infestation indicated complete defoliation of all Douglas-fir within the infested area.  The 
infestation was so intense that some ponderosa pines growing among the Douglas-fir were also 
defoliated.  A few egg-masses were found on ponderosa pines but no egg-masses were seen on 
Douglas-fir.  
 
2006  
 
In 2006, Douglas-fir tussock moth populations in the infestation immediately north of the 2004 
infestation collapsed and no additional defoliation occurred. Again, virtually all of the trees 
defoliated in 2005 were dead.  Aerial and ground observations in August 2006 showed no change 
in the area defoliated and ground observations indicated that only a small number of larvae of 
instar IV and V larvae were present. There was no evidence of nuclear polyhedrosis virus (NPV) 
present in the population.  
 
The infestation west of the rural fire station, on the other hand, continued to remain active in 
2006 and the area of defoliation expanded to about 57 acres. Complete defoliation occurred on 
trees adjacent to several residences.  Ground observations in August revealed a vigorous 
population of larvae with only a small number of larvae showing symptoms of possible NPV 
infection.   
 
The infestation east of U.S. Highway 285 also expanded slightly in 2006.  However, because the 
infestation continued to occur in understory Douglas-fir, it could not be detected during the aerial 
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survey.  Ground observations in August indicated that only a small number of larvae were 
present.  
 
Two additional areas of defoliation were detected in 2006.  Both were north of the areas 
damaged in 2005.  One small area, approximately 5 acres in size, occurred on the north facing 
slope of North Turkey Creek, about 0.5 miles west of U.S. Highway 285.  Trees in this area 
suffered only partial defoliation.  A second area of approximately 40 acres was detected on a 
north-facing slope immediately to the north of North Turkey Creek. 
 
 
South Platte River – 2006-On-going 
 
2006 
 
The occurrence of detectable numbers of both Douglas-fir tussock moth and western spruce 
budworm, Choristoneura occidentalis (Freeman), was reported by Colorado State Forest 
Service, Franktown District Forester, Mike Bahm in 2006. Ground checks in 2006 confirmed the 
presence of significant numbers of both species of defoliators. One Douglas-fir, Pseudotsuga 
menziesii (Mirbel) Franco, had approximately one-half of the upper crown defoliated near the 
junction of CO State Highway 67 and the Rampart Range Road. This defoliation was attributed 
to Douglas-fir tussock moth. Aerial forest health surveys in 2006 failed to detect aerially visible 
defoliation in the area. 
 
2007 
 
In 2007, two areas of aerially visible defoliation were mapped in western Douglas County during 
the annual aerial forest health survey. The largest area of defoliation occurred in Bear Creek and 
three additional unnamed tributaries of the South Platte River, east of the community of South 
Platte (Fig. 2). Aerial observations indicated that most of the affected trees had been completely 
defoliated in a single growing season. 
 
Smaller areas of defoliation were detected near the junction of CO State Highway 67 and the 
northern terminus of the Rampart Range Road, near the Indian Creek Work Center and 
Campground.  This area had low populations of Douglas-fir tussock moth during the early 1980s, 
associated with an outbreak of western spruce budworm.  
 
Ground checks of defoliated areas near the Indian Creek Work Center and Campground on 20 
August 2007 and of the Bear Creek area on 4 September confirmed that Douglas-fir tussock 
moth was the cause of the defoliation. By this time most of the insects were in the pupal stage 
although small numbers of mature larvae were also present. In addition, small numbers of mature 
Douglas-fir tussock moth larvae were observed along the Rampart Range Road up to 20 miles 
south of the defoliation in Bear Creek.  Light defoliation by western spruce budworm was also 
present throughout this area.   
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Douglas-fir was the only species defoliated by Douglas-fir tussock moth.  Colorado blue spruce, 
Picea pungens, which is a common host of this insect in urban areas in Colorado, and occurs in 
the creek bottoms within the affected area, was not affected.  
 
Total area of aerially visible defoliation mapped in 2007 was 780 acres (Fig. 3).  
 

 
Figure 2.  Douglas-fir tussock moth activity, represented in pink, near Aspen Park, CO, detected 

by aerial surveys conducted in 2004, 2005, and 2006, Pike National Forest. 
 
*Disclaimer:  Due to the nature of aerial surveys, the data on this map will only provide rough estimates of location, and the resulting trend information.  These data 
should only be used as an indicator of insect and disease activity, and should be validated on the ground for actual location and casual agent.  Shaded areas show 
locations where trees were killed.  Intensity of damage is variable and not all trees in shaded areas are dead.  The data represented on this map are available digitally 
from the USDA Forest Service, R2 FHM.  The cooperators reserve the right to correct, update, modify or replace GIS products.  Using this map for purposes other 
than those for which it was intended may yield inaccurate or misleading results 
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Figure 3.  Douglas-fir tussock moth activity detected by aerial surveys corrected by aerial photo 

taken at the time of aerial surveys* conducted in 2007, Pike National Forest. 
 
*Disclaimer:  Due to the nature of aerial surveys, the data on this map will only provide rough estimates of location, and the resulting trend 
information.  These data should only be used as an indicator of insect and disease activity, and should be validated on the ground for actual 
location and casual agent.  Shaded areas show locations where trees were killed.  Intensity of damage is variable and not all trees in shaded areas 
are dead.  The data represented on this map are available digitally from the USDA Forest Service, R2 FHM.  The cooperators reserve the right to 
correct, update, modify or replace GIS products.  Using this map for purposes other than those for which it was intended may yield inaccurate or 
misleading results. 
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4.  Future Behavior of Douglas-fir Tussock Moth in Colorado and Wyoming 
 
The historical record shows that urban pest activity by Douglas-fir tussock moth has increased in 
the past few decades in Colorado; it may be that this activity will continue to increase.  This 
insect will continue to be a major problem in blue spruce in the urban and suburban settings in 
Colorado and Wyoming. 
 
Our meager historical record dates from 1913 and shows Douglas-fir tussock moth population 
increases in wildland forests every one to two decades and primarily on Douglas-fir trees.  The 
outbreaks from 1993 – 1995 and then again in 2004 – present seem to support this pattern. 
 
Defoliating populations of Douglas-fir tussock moth have not historically had a large impact on 
wildland forests.  The relative lack of damage in Colorado and Wyoming is in stark contrast with 
the extensive defoliation this insect causes elsewhere in western North America.  This may have 
been due to the fact that, in Colorado and Wyoming, the tree species this insect feeds upon are at 
the eastern-most extent of their distributions in North America.  Our historical record also 
indicates that Douglas-fir tussock moth population increases have become greater in size and 
extent since the 1980s in Colorado.  The 1993 – 1995 Douglas-fir tussock moth epidemic in the 
South Platte River drainage of Colorado was by far the largest and most damaging episode.  
Because of changes in the insect and/or the forests it inhabits, it is possible that the current 
epidemic in the South Platte River drainage could grow to a size as large or larger than the 1993 
– 1995 epidemic. 
  
Across much of western North America, shade-tolerant tree species such as fir and Douglas-fir 
have invaded sites historically occupied by pines, tree species that are resistant to Douglas-fir 
tussock moth.  This is thought to be due to past selective harvest of large-sized pine, extensive 
fires associated with European settlement, and the exclusion of fire from pine ecosystems over 
the past seven decades.  There is more food for the Douglas-fir tussock moth and it is growing on 
many more sites for which it is not well suited.  Fir growing in pine sites and fir stands growing 
on warm, dry sites may be more susceptible to damage by this insect (Wickman and others 
1981).  Since about 1920, defoliation outbreaks of the western spruce budworm, another insect 
dependent upon Douglas-fir as a host, have been of longer duration and synchronously covered 
larger areas of the southern Rocky Mountains than in the pre-settlement past (Swetnam and 
Lynch 1989) and may have been more severe.  Similarly, although on a much smaller scale, the 
most recent outbreaks of the Douglas-fir tussock moth have been more widespread, synchronous, 
and severe.  However, these forest conditions – more Douglas-fir and more of it on poorer sites – 
have existed for at least 40 years in Colorado and Wyoming, yet the first large-scale Douglas-fir 
tussock moth epidemic apparently did not start until 1993. 
 
What is clear is that a major western wildland forest pest has become more active in Colorado 
and possibly in Wyoming.  This organism's impact is also associated with a tree-killing bark 
beetle.  It appears that the Douglas-fir tussock moth is beginning to behave in Colorado as it has 
in western North America for a long time, with a roughly decadal periodicity of outbreak 
occurrence.  It now seems likely that such incidents will continue on the Front Range.  Perhaps 
Douglas-fir tussock moth populations will attain outbreak densities in areas outside its historical 
outbreak range in Colorado. 
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