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This manuscript of pine butterfly life history is a rough draft written by retired Service Center 
entomologist Donald W. Scott. It is presented in rough draft so that the information contained 
herein is available for anyone who wishes to consult it. It represents a considerable amount of 
work, and there is a considerable amount of information in it. However, it has not undergone 
editing or review. It has not been checked for accuracy, statistical or otherwise, some sections are 
incomplete, citations and figures have not been checked. It is offered AS IS, READER 
BEWARE.  

Don studied the pine butterfly during its outbreak in eastern Oregon on the southern Malheur 
National Forest from 2008-2012. Don was interested in taking advantage of the outbreak to gain 
some life history and biological knowledge about this insect that is rarely seen in any numbers. 
Don took data from 2010-2012 with the assistance of some field technicians, tracking both 
butterfly measurements as well as tree measurements. In addition, he gathered all of the 
references to this insect he could find and consulted them to try to build a comprehensive record 
of knowledge. This document contains a timeline of recorded outbreaks in the west with lengthy 
excerpts from references to these outbreaks. It also contains a detailed life history with data on 
parasitoids, predators, defoliation, egg mass, larval size, and much other information about the 
outbreak.  

In order to finalize this draft into publishable form would entail considerable work and expense, 
which the Service Center and the Region cannot currently undertake. We have explored 
partnering with the Forest Service PNW research station, as well as Oregon State University. 
However, during this time of declining budgets, publishing this manuscript is currently not 
possible. 

I hope you find the information in the manuscript educational and useful. 
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Cover Photo Caption: Pine butterfly defoliated ponderosa pine on the Malheur National Forest in 
eastern Oregon, and pine butterfly larvae feeding on ponderosa pine needles (inset).  (Photos by D. W. 
Scott, USDA Forest Service)  
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PART I: POPULATION MONITORING    [do we need this section heading???] 

Chapter 1: Introduction 
The pine butterfly, Neophasia menapia menapia (Felder & Felder), also known as the “Pine 
White,” has captured the curiosity of visitors to the forests of western North America for more 
than 150 years since the time the Felders first described it under the original binomial name, 
Pieris menapia.  The pine butterfly belongs to the Pieridae family of butterflies.  This family is 
represented by three clades described as “Whites,” “Sulphurs,” and “Orange-tips.”  As one of the 
the “Whites,” the “Pine White,” is a member of the subfamily Pierinae whose species, with but 
few exceptions, all feed on plants from one or more of the families in the order Brassicales: 
Brassicaceae, Capparidaceae, Salvadoraceae, and Tropaeolaceae (Ehrlich and Raven 1964).  The 
pine butterfly and a few other closely related species, however, are unusual among the Pierinae 
in that they feed on foliage of conifers. 

In late summer and early fall of nearly any given year, casual observers looking upward to the 
treetops in western conifer forests may detect a few of the fragile white butterflies of this species 
fluttering about the upper crowns.  The adults are easily recognizable, even from a distance.  
They appear as medium-sized white butterflies with black markings along the margins of wing 
tips and along veins on the undersides of hind wings.  It would be hard to mistake Pine Whites 
for anything else as no other white butterfly species habitually hovers around the treetops in 
western conifer forests in late summer and early fall. 

Although it appears around the canopies of several conifer species, it is most common to catch 
sight of the butterflies flittering about the upper crowns of ponderosa pines, Pinus ponderosa 
Dougl.  ex Laws., and Douglas-firs, Pseudotsuga menziesii (Mirb.)  Franco.  The butterflies are 
most numerous at the treetops during the peak of flight in August and September where they 
seek out mates and oviposition sites among the branches of the upper crown of host trees.  Most 
of the flying adults are males as the females spend more time on or among branches (Comstock 
1924; James and Nunnallee 2011). 

If observed long enough, one will eventually glimpse the adult butterflies of both sexes drift 
down to the forest floor where they rest and nectar for a time on flowers of various plants (James 
and Nunnallee 2011; Scott 2012b; Wright 1906) only to retreat up to the treetops once they have 
reinvigorated and recharged their source of energy.  Wright (1906) referred to this butterfly as 
“...a very tender and delicate butterfly” and equated the appearance of a female slowly 
descending down to the ground to feed on flowers when she becomes tired or exhausts her 
supply of mature eggs, “...like a big snow-flake coming down.”  Similarly, Huddleson (1913) 
likewise equates the whitish-colored adult to a snowflake, stating “Menapia is the well known 
‘snowflake butterfly’ of the pine and fir forests.”  Stretch (1882), however, was the first to use 
the simile in describing adult behavior upon his discovery of the first outbreak: 
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“Towards evening the sun shone out for a few minutes, and instantly the air was alive with 
butterflies, flitting around the pines in countless numbers, and glistening against the dark green 
of the young timber, like the most delicate snow-flakes.” 

Pine butterfly adults are beautiful in their simplicity of coloration, and collectors often seek 
specimens for their collections.  When populations are at low levels they can be challenging to 
capture.  During endemics the scarce butterflies spend most of the time flittering about the upper 
crown, well out of reach of the collector’s butterfly net.  Comstock (1924), however, posed a 
novel solution to this problem:  

“The Pine White is an aggravating butterfly to capture as it spends most of its time circling about 
the higher branches of the pines, only occasionally deigning to descend for a hasty sip of nectar 
from the scant blossoms of the forest floor.  It may be tricked, however, into coming within the 
range of a net by means of a decoy.  The best method is to pin a dead specimen of Neophasia on 
the tip of a low branch of a pine, within easy reach of the net, in as conspicuous a situation as 
possible.  The high flyers will swoop down for inspection.  If the decoy is a female they will 
remain for some time.  Only the males may be lured in this manner.  The females are shy 
creatures, always rare, and seldom on the wing.”   

During outbreaks, when hundreds of thousands of butterflies are in flight, it is common to find 
them within easy reach from the ground, especially when they congregate to nectar on flowering 
gray rabbitbrush (Ericameria nauseosa) (Pall. ex Pursh) G.L. Nesom & Baird and other plants.  
The butterflies are fascinating to watch and easy to capture when near the ground due to their 
lazy, meandering flight.  A sweep of a butterfly net easily ensnares the adults, especially while 
they are resting or nectaring on understory plants on the forest floor; even the bare hands can 
secure them when they delay taking flight.  Collectors, long captivated by this delicate forest-
dwelling pierid, frequently include specimens in their collections. 

For many decades following discovery, endemic populations of this butterfly elicited most 
interest among taxonomists, naturalists, and collectors.  Initially, these individuals and even 
some professional entomologists associated with universities, believed the pine butterfly to be an 
uncommon insect.  Indeed, Aldrich (1912), supporting this notion stated, “Neophasia menapia 
was for some years after its discovery an excessively rare butterfly, only a few specimens finding 
their way into collections.  Later it was found once or twice in swarms in the western forests, and 
again it seemed to disappear.”  Others, during this period also commented similarly on its 
presumed rarity. 

The notion that pine butterfly was uncommon began to change with the discovery of a few large 
outbreaks in the forests of the Pacific Northwest.  In addition, people became aware of many 
other smaller localized outbreaks that, although often less widely reported, were oftentimes 
synchronized in occurrence with the more well known outbreaks.  After the more serious of these 
epidemics resulted in severe defoliation and mortality of host trees, entomologists, foresters, and 
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other resource managers became alarmed at the degree and rapidity such fragile and seemingly 
innocuous insects could severely damage trees over wide areas.  The eruption of these outbreaks 
prompted scientists to initiate studies to investigate the biology and effects of pine butterfly on 
forests. 

Stretch (1882) discovered, observed, and published the record of the first large outbreak of pine 
butterfly when he happened upon it while helping conduct the North Transcontinental Survey 
through the eastern portion of the State of Washington.  Other investigations of pine butterfly 
followed in turn—in particular, the investigations of subsequent large outbreaks occurring in 
central Washington, northern and southern Idaho, and Montana.  Those studies comprise most of 
the major outbreaks from the late 1800s forward to the present.  They, as well as studies 
conducted by the current authors, form the crux of information on the natural history of pine 
butterfly we report here. 

In the remainder of this chapter, to help develop the natural history theme for pine butterfly, we 
provide a brief overview of various aspects of pine butterfly biology, some of which we will 
elaborate on in detail in later chapters.  In the second chapter we provide a chronology and 
descriptions of pine butterfly outbreaks.  We then conclude the book with chapters describing 
population and impact studies recently undertaken to help elucidate many of the aspects of pine 
butterfly natural history, and in which we develop new information useful in assessing and 
evaluating pine butterfly outbreaks in the future. 

Hosts 

Within the dry interior forests of western North America, ponderosa pine is the preferred host of 
pine butterfly.  In coastal forests, where ponderosa pine generally does not occur except in the 
southwestern most corner of the State of Oregon (Burns and Honkala 1990), Douglas-fir is the 
primary host.  During outbreaks, pine butterflies feed on a wide variety of incidental hosts where 
these conifer species occur in mixed-conifer stands dominated by ponderosa pines.  Scott 
(2012b) reports that pine butterfly feeding has been recorded on western white pine (Pinus 
monticola Dougl. ex D. Don), lodgepole pine (Pinus contorta Dougl. ex. Loud.), whitebark pine 
(Pinus albicaulis Engelm.), Jeffrey pine (Pinus jeffreyi Grev. & Balf.), pinyon pine (Pinus edulis 
Engelm.), introduced Scotch pine (Pinus sylvestris L.), Pacific silver fir (Abies amabilis Dougl. 
ex Forbes), white fir (Abies concolor (Gord. & Glend.) Lindl. Ex Hildebr.), subalpine fir (Abies 
lasiocarpa (Hook.) Nutt.), grand fir (Abies grandis (Dougl. ex D. Don) Lindl.), western hemlock 
(Tsuga heterophylla (Raf.) Sarg.), Sitka spruce (Picea sitchensis (Bong.) Carr.), and western 
larch (Larix occidentalis Nutt.).  Generally, beyond defoliation which may be severe on some 
conifers, little permanent damage results when pine butterfly feeds on these incidental hosts. 

Distribution and Life Cycle 

Indigenous populations of the pine butterfly generally are distributed throughout the ponderosa 
pine and Douglas-fir types in the western United States and Canada.  Related butterfly species 
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and subspecies also occur in the western and southwestern parts of the United States, and in 
Mexico (fig. 1; Scott 2012b).  Some of these species and subspecies may be sympatric with N. 
menapia menapia in portions of their ranges. 

James and Nunnallee (2011) state the distribution of pine butterfly ranges from southern British 
Columbia to central California, New Mexico, and Arizona and east to South Dakota and 
Nebraska.  Scott (2012b) concurs, noting that pine butterfly infestations also have been reported 
as far north as the former Prince Rupert Forest District of British Columbia, as far east as the 
ponderosa pine communities of the Black Hills of South Dakota and northwestern Nebraska, and 
from the Banff National Park region of Alberta, Canada. 

Various individuals have documented several severe pine butterfly outbreaks in ponderosa pine 
over the last 130 years in the States of Washington, Oregon, Idaho, and Montana.  Only a few of 
these have been studied in detail.  Although ponderosa pine is the principal host throughout most 
of the insect’s range, multiple outbreaks have occurred in Douglas-fir forests in the Pacific 
Northwest along the coastal areas of the Olympic Peninsula, in southwestern British Columbia, 
and on Vancouver Island.  (see Chapter 2 Chronology of Infestations) 

Though sometimes widespread, not all outbreaks of pine butterfly have caused serious damage to 
host trees.  H. J. Miles (1911) initially brought this fact to light in documenting the first recorded 
outbreak from the Blue Mountains of northeastern Oregon in the early twentieth century.  He 
noted that widespread populations of larvae in that outbreak injured needles to only “a slight 
extent.”  Keen (1928) also observed that although pine butterfly at intervals is capable of 
completely defoliating large areas of pine timber in the northwest, it has never been reported 
causing serious damage in the northern part of California where it is often found on pines in that 
part of the state.  A smaller subspecies of the pine butterfly that occurs in the southwestern states, 
likewise, has no historic documentation on damaging pines there (Furniss and Carolin 1977). 

The biology of pine butterfly has been described by Cole (1956a), Evenden (1926), Furniss and 
Carolin (1977), James and Nunnallee (2011), Keen (1952), Scott (2012b), and Stretch (1882).  
Here, we provide only a general synopsis of the information on pine butterfly life history; for 
additional details, we refer the reader to the aforementioned references. 

Neophasia menapia menapia is a native, univoltine subspecies of Neophasia menapia that 
overwinters in the egg stage.  In late summer, when adults emerge from chrysalides, newly 
emerged females are immediately receptive to males, and copulate within a short time of their 
emergence, often before their wings completely dry (Stretch 1882).  After mating, females 
deposit from five to 20 or more eggs along the tips of the underside of needles in late summer, 
the eggs overwinter and eclosion begins around June of the following summer but may occur 
earlier depending on elevation and climate (Scott 2012b).  Neonate larvae initially feed on empty 
eggshells from which they hatched, but within a few days they begin feeding gregariously at the 
tips of older needles.  Larvae typically feed individually on older needles from the fourth through 
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sixth instars, a period of 6 to 8 weeks.  Defoliation of trees accelerates once this solitary needle 
feeding commences.  When ready to pupate, many of the larvae descend the trunk to seek out 
pupation sites in bark crevices or on many other different types of locations and structures (Scott 
2012b).  Other prepupal larvae hang at the end of long silken threads originating high in the 
canopy of the tall trees (Stretch 1882).  These larvae use their silken strands to lower themselves 
down to the ground where they wander until locating a suitable pupation site.  Pupation sites 
vary widely from nearly any type of ground vegetation, tree foliage and twigs, and may include 
road signs, fence posts, and even along barbed-wire fencing (Scott 2012b).  Pupae attach 
themselves to a substrate by anchoring the terminal end (cremaster) to a silk pad, and support 
their bodies in the middle with a fine silken girdle-like strand, usually in an upright position 
when possible (James and Nunnallee 2011).  Pupal background or base color is either green or 
brown depending on the color of the pupation substrate; pupal color is not sex-determined as 
formerly thought (Downton and Ross1969; Scott 2012b).  The pupation period ranges from 10 to 
20 days (Scott 2012b).  James and Nunnallee (2011) give additional details on the life history of 
pine butterfly, particularly related to the immature stages.  Infestations usually persist for 3 or 4 
years during which the buildup of a number of natural enemies eventually causes the collapse of 
pine butterfly outbreaks (Keen 1952; Scott 2012b). 

Characteristics of Endemic and Epidemic Populations 

In most years, pine butterflies commonly exist in an endemic state across most of its habitat.  
During these endemics, the larval feeding stages consume a minor amount of older needles from 
the upper crown of hosts where the egg deposition most often occurs.  The defoliation resulting 
from larval feeding is characteristically light and rarely visible.  The larvae of pine butterfly are 
difficult to find during this population stage, being scarce and somewhat cryptic when hidden 
amongst the foliated branches. 

Epidemics that erupt with rapid chronic widespread defoliation and immense numbers of 
individuals often cause public alarm and acute interest.  Jones and Schmitz (1923) described one 
such public reaction to the 1920s outbreak in north Idaho this way: “On account of the more or 
less spectacular damage caused by the pine butterfly, it did not long go without being observed 
and was soon the object of much comment.” 

During outbreaks the numbers of butterflies in emergence flight can be so prodigious they nearly 
seem to saturate the air space above the canopy and between host trees.  These episodes are so 
striking and unusual that both Scott (2012b) and Stretch (1882) described the butterflies as being 
reminiscent of falling snowflakes during a snowstorm.  In some outbreaks, these clouds of 
butterflies have been referred to as “snowstorms in August,” and have become so dense they 
have reportedly blocked out the sun.  Indeed, this is how Evenden (1924) aptly described the 
incredible numbers of butterflies produced during the pine butterfly outbreak in west central 
Idaho in the early 1920s: “During August clouds of these butterflies were to be seen.  So dense 
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were some of these swarms that as they crossed the valley of New Meadows, Idaho, the sun was 
obscured.  Countless millions of their dead bodies were upon the forest floor in September.” 

In a more recent outbreak, the extraordinary numbers of butterflies in flight resulted in creating 
an unusual aviation safety issue.  Scott (2012b) described the situation this way: 

“During a large pine butterfly outbreak in northeastern Oregon in 2011, pilots of fire suppression 
aircraft attempting to provide aerial support to a small fire within the outbreak area encountered 
so many insect strikes from the pine butterflies that they had trouble seeing out their windshields.  
Due to safety concerns, they were forced to return to the airport without dropping their retardant 
payloads to wash the splattered butterflies from their windshields.” 

This uncommon aerial event reminds us that these outbreaks have potentially adverse 
consequences beyond their usual nature of injury to forest trees. 

Host tree defoliation during epidemics can be as spectacular as the appearance of clouds of 
butterflies in flight during late summer.  In the course of severe outbreaks defoliation occurs 
more or less equally over the entire crown.  This occurs as adult females are abundant enough to 
distribute themselves throughout the whole length of the crown to avoid competition for 
oviposition sites.  This leads to uniformly deposited eggs throughout the tree crown producing 
more or less homogeneous larval populations over the entire length of the crown (Cole 1955, 
1956a, 1956b). 

During epidemics, the pattern of feeding by extraordinary numbers of pine butterfly larvae 
results in severely defoliated trees and forests which take on forms and appearances evoking 
striking familiar images. Scott (2012b) states that the loss of nearly all needles except for 
partially consumed current-year needles at branch tips can leave trees virtually stripped of 
foliage with the branches assuming a candelabra-like appearance.  Stretch (1882) used a fire 
analogy to describe the appearance of defoliated forests in an outbreak occurring near the end of 
the nineteenth century near present-day Newport, Washington.  He states, “The appearance of 
the forest is peculiar.  The first impression was that fire had scorched the tops of the trees, so 
brown and withered did they look in their clothing of dark, blackish moss; and before the cause 
of this effect was discovered, it was only by persistently remembering that all the large fir trees 
were green that the idea could be kept out of the mind.”  Similarly, Shellworth (1922) likewise 
equated severe pine butterfly defoliation to the scorching of foliage by a fire when he referred to 
an early twentieth century outbreak in Idaho as, “the ‘butterfly burn’ of 1903 and 1904.” 

The concentration of larval feeding on trees in certain topographic sites or areas of the infestation 
may cause defoliation by pine butterfly to appear patchy over large areas.  In addition, edges and 
borders of infestations commonly have lighter defoliation than other primary areas of the 
outbreak.  Evenden (1924) described the defoliation by pine butterfly in the northern Idaho 
outbreak of the 1920s as distributed in patches varying from 1 000 to 5 000 acres (ca. 405 to 2 
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023 ha) in size.  In some outbreaks, the varying levels of defoliation have formed a patchwork 
mosaic across the landscape encompassing more than 250 000 acres (101 000 ha). 

Impacts to Trees and Resources 

During endemic population phases of the pine butterfly larval feeding typically causes light, 
barely perceptible, inconsequential defoliation of old needles on host trees.  Negligible annual 
damage accrues to hosts during the feeding stage, resulting in virtually no decrease in 
photosynthetic capacity and no reduction in carbohydrate production and storage.  Endemic 
populations cause no measurable decrease in radial growth. 

During epidemics, however, measurable and sometimes long-term impacts on host trees occur.  
At the end of severe outbreaks crowns are nearly completely devoid of foliage.  Typically, 
because larval feeding occurs to both old and new needles during outbreaks (Cole 1966), only 
the new buds and a few partially eaten needles remain attached to the branch tips at the 
termination of these outbreaks (Scott 2012b).  Studies on some outbreaks document serious 
impacts to tree growth and have recorded tree mortality (Cole 1966; Evenden 1940).  The 
greatest economic costs are those that accrue from annual increment loss or wood volume loss, 
rather than from tree mortality.  Severe defoliation adversely influences tree vigor, particularly of 
larger diameter trees that may have been less vigorous prior to the outbreak, predisposing them 
to attacks and killing by Dendroctonus spp. bark beetles.   

Studies by Weaver (1961) document profound ecological changes to the forest environment 
following a severe pine butterfly epidemic wherein open-stocked, mature, park-like ponderosa 
pine forests were converted to overstocked younger stands of pine and true fir.  In this particular 
outbreak, changes wrought by the pine butterfly and subsequent infestation by western pine 
beetles (Dendroctonus brevicomis LeConte), along with other human influences such as timber 
harvesting and overgrazing by domestic livestock, caused stands with low fire hazard to 
transition to areas of increased fire hazard (Weaver 1961). 

We will elaborate more on defoliation and tree mortality impacts in a later chapter (see Chapter 
???). 

Population Studies 

The infrequency of larger outbreaks and brevity of outbreak cycles has limited opportunities for 
researchers to comprehensively study pine butterfly populations and associated damage to host 
trees.  Conducting population surveys is time-consuming, costly, and difficult to accomplish for 
insects with short development times or time-sensitive life stages.  Other logistical factors also 
complicate the ability to conduct studies.  Alfaro (1991) observed that damage assessments in 
forestry might be less attainable than in agriculture because “…pest epidemics often extend over 
vast, sometimes inaccessible, areas which vary in forest composition, age, value, and resource 
use.”  Nevertheless, these assessments are important to forestland managers for making resource 
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management decisions such as whether 1) planned stand improvement activities should be 
initiated, 2) on-going projects continued or delayed until a current outbreak subsides, or 3) an 
outbreak should be suppressed to limit or prevent further damage.  Additionally, assessments 
often lead to new information that adds value by expanding the understanding of insect biology, 
bionomics, insect-host plant relationships, and pest-parasite interactions. 

Although previous studies provide valuable information on the biology and impacts of pine 
butterfly on host conifers, gaps in this information exist, and in some cases, results have been 
published that differ dramatically from data collected in our studies.  With the fortuitous recent 
occurrence of a large pine butterfly outbreak in Oregon, we designed studies and established 
permanent monitoring plots to address these differences and evaluate pine butterfly population 
dynamics and host-tree damage.  This outbreak was the largest recorded to date from Oregon.  
The outbreak occurred in ponderosa pine communities on the Malheur National Forest, Bureau 
of Land Management, and private forestlands in eastern Oregon.  We used these monitoring plots 
to resample the population and obtain annual defoliation data throughout the course of the 
outbreak. 

When defoliation became widely apparent, this pine butterfly outbreak garnered immediate 
attention from the local residents in Grant and Harney Counties—the two primary counties in 
eastern Oregon affected by the outbreak.  Land and resource managers of the Malheur National 
Forest and Burns District Office of the Bureau of Land Management, private forestland owners, 
and the public at large had not observed such severe, chronic, widespread defoliation of 
ponderosa pine anywhere in the Blue Mountains Range in recent memory.  Many residents of 
both counties were concerned how the outbreak might affect the ponderosa pine resource in these 
timber-producing counties.  They also focused special concern for the limited stocking of 
remaining old-growth components—concentrations of mostly large-diameter mature pines at 
certain locations within the bounds of the outbreak. 

From a practical standpoint the outbreak provided an opportunity to not only address public and 
private forest management concerns, but also gather new information on the biology and ecology 
of this insect, and determine new ways to assess impacts of pine butterfly on host trees.  Our 
studies support and supplement other information on the natural history of pine butterfly, serving 
to expand understanding of this fascinating forest defoliator. 

For purposes of evaluating this outbreak, we adopted the assumption that the outbreak began in 
June 2009 when Emigrant Creek Ranger District personnel in Harney County first noticed 
visible defoliation from the ground, although we believe population increases may have actually 
commenced in June of 2008. 

We designed our study with the overall goal of monitoring pine butterfly population trends to 
provide the Malheur National Forest and Bureau of Land Management with an on-going 
assessment of pine butterfly population changes and host damage patterns through the course of 
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the outbreak.  Secondly, we devised our study to provide resource managers with new methods 
to accurately predict defoliation rates of trees the following season to help direct local resource 
management decisions.  More specifically, the principal monitoring objectives were to (1) follow 
the progression of the population change and associated damage (i.e., defoliation, growth loss, 
and tree mortality) over the course of the outbreak; (2) provide annual trend data on tree 
defoliation levels; and (3) determine cause of population collapse.  These objectives provided 
opportunity to reveal new and supplement current information on the natural history of pine 
butterfly. 

 

 

 

[do we need this next paragraph, i.e., keep the organization as two parts?] 

[We have organized this book in two parts, by chapters.  In Part I, we will address the general 
population monitoring of a current outbreak of pine butterfly occurring in eastern Oregon.  In 
Part II, we will report on research topics that address specific biological and ecological questions 
surrounding pine butterfly, as well as develop predictive models specific to the outbreak on the 
Malheur National Forest.  The studies in this latter section were undertaken in conjunction with 
the general population monitoring effort.  Additionally, some inquiries were conducted as 
independent studies.  We believe these results will provide a valuable measure of insight into 
various aspects of pine butterfly biology and ecology, and provide new information as well as an 
impetus for further studies in future outbreaks of this fascinating insect.] 
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Chapter 2: Chronology of Pine Butterfly Infestations 
We begin a synthesis of information on the natural history of pine butterfly by describing the 
chronology of known infestations of this insect in western North America.  The chronology and 
descriptions of these infestations are important to furthering our understanding of the bioecology 
and natural history of pine butterfly since each individual infestation is unique.  While each 
infestation has its own characteristics, certain general similarities also exist among them.  Each 
infestation presents with varying population densities and resource damage levels through the 
course of the infestation.  Each infestation develops under a different set of site and stand 
conditions and ecological influences that affect pine butterfly numbers and host susceptibility.  
Each infestation may vary in duration though most fit a generalized norm for duration.  Cycles of 
population peaks may fluctuate at differing intervals in different geographic regions.  Each 
infestation terminates by the combined actions of different factors, or primarily by the actions of 
a single factor.  Resource managers have typically allowed outbreaks to take their course, but in 
some cases, man has intervened by applying chemical insecticides to interrupt the normal cycle 
and terminate the outbreak early (Cole 1966; Lejeune 1975).  These varying circumstances of 
each outbreak make each one uniquely interesting and informative. 

The purpose of this chapter is to chronologically list and highlight infestations of pine butterfly 
in Western North America recorded in the literature.  In addition to published accounts of pine 
butterfly outbreaks we consulted unpublished internal reports, correspondence, newspapers, and 
other sources that contain records of local or regional infestations.  We have attempted to provide 
as complete a chronology as possible of all known infestations.  The information documented 
here is mostly general in nature, includes some detail where appropriate, and is based on sources 
readily available to us.  In some cases, we could not locate secondary sources to verify all the 
dates we report.  Where we could not verify or had incomplete date information the dates 
reported (usually the beginning or ending date) represent “best guesses” based on our 
assumptions and review of all the information available.  Therefore, we urge caution in 
interpreting dates of infestations as some dates may be off by a year or two.  Any errors in the 
dates we report are our responsibility alone.  The literature research supporting the chronology of 
pine butterfly outbreaks included published and unpublished references dated through April of 
2015. 

While we have made every effort to locate and document all pine butterfly outbreaks across its 
range, we do not claim this documentation represents a complete record of all North American 
pine butterfly infestations as we may have overlooked some records.  Notwithstanding the 
existence of additional records in the literature, and in other unpublished sources, we believe this 
chronology includes the majority of outbreaks and represents a good starting place for building a 
complete historical record of pine butterfly outbreaks in North America.  We hope these reports 
will provide greater understanding of pine butterfly outbreaks and stimulate interest to continue 
documenting infestations to provide the complete historical record on this insect. 
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To help identify and organize multiple pine butterfly outbreaks occurring roughly within the 
same geographic region and host range we have adopted the standard “Region” definitions used 
by the U. S. Forest Service: Pacific Northwest Region (includes Washington and Oregon); 
Pacific Southwest Region (California); Intermountain Region (includes southern Idaho, Nevada, 
Utah, Arizona, and New Mexico); Northern Region (includes northern Idaho and Montana); 
Rocky Mountain Region (includes Wyoming, Colorado, South Dakota, Nebraska, and Kansas).  
When referring to these specific regions, we used a capital “R” on the word “Region,” while 
reserving the lowercase rendering of the word to apply to generally broader geographic areas 
unrelated to political or administrative boundaries or constraints.  We also include Southern 
British Columbia and Vancouver Island, Canada as an additional region to reference historic 
Canadian pine butterfly outbreaks.  

Pine Butterfly Habitats and Outbreak Dynamics 

As noted previously a limited amount of pine butterfly habitat that has historically fostered and 
supported epidemics occurs in certain coastal Douglas-fir forests, mostly in northwestern 
Washington State and adjacent northerly areas on Vancouver Island and in coastal Southern 
British Columbia, Canada.  Several major infestations have occurred there in the past.  However, 
most epidemics arise in the more abundant habitat of the drier interior ponderosa pine region that 
runs from the Pacific coast in southwestern Oregon to the Plains States of Nebraska and 
Oklahoma, and extending across a range of latitudes from southern Canada into Mexico (Oliver 
and Ryker 1990).  Destructive pine butterfly epidemics within this pine zone have resulted in 
growth losses and less commonly direct tree mortality, or predisposition to mortality from 
secondary agents. 

Within the Douglas-fir stands west of the Cascade Range in Oregon and Washington, and in 
British Columbia, Canada, the nature of the feeding habits and destructiveness of this insect are 
imperfectly known.  There are no records of tree killing in Douglas-fir stands in western Oregon 
or Washington, although in British Columbia such killing apparently has occurred (Furniss 
1945b).  According to Furniss, government entities intermittently produced reports of periodic 
outbreaks of pine butterfly from western Washington, especially from the Olympic peninsula, 
during the first half of the twentieth century.  Curiously, to our knowledge, except for the report 
by Langille (1910) in Clatsop County, Oregon in which he speculates that an outbreak of pine 
butterfly killed Douglas-firs that preceded “…the great burn which swept over parts of the 
coastal belt of Clatsop County a number of years ago,” none of the reports verifies evidence of 
larval feeding resulting in visible defoliation or killing of Douglas-firs from the Olympic 
Peninsula in Washington, or other areas along the Washington and Oregon coasts, unlike 
infestations in southern British Columbia and on Vancouver Island where defoliation of 
Douglas-firs commonly has been reported.  In the coastal Canadian outbreaks Douglas-firs are 
said to be “severely injured” by pine butterfly epidemics (Fletcher 1896, 1905a). 
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The patterns of population behavior deduced by examination of past outbreaks, both in Douglas-
fir and ponderosa pine habitats, give insight into the population dynamics of pine butterfly.  
Studying past outbreaks can help elucidate the causes and significance of the numerical changes 
populations undergo.  Pine butterfly populations appear to follow a generalized pattern of 
numerical behavior through the course of an outbreak that is similar to other cyclical defoliators 
like Douglas-fir tussock moth, Orgyia pseudotsugata (McDunnough) and gypsy moth, 
Lymantria dispar (Linnaeus).  Jones and Schmitz (1923) were early proponents of the cyclical 
behavior of pine butterfly outbreaks, stating, “The epidemic nature of the pine butterfly can no 
doubt be first interpreted on the ‘cycle’ theory.” 

The outbreak cycle pattern involves three phases: progradation or release, culmination or peak, 
and retrogradation or decline.  The phases vary across outbreaks by the amplitude and length of 
each phase.  Typically, these outbreaks are short lived with most lasting no more than 3 or 4 
years (Keen 1951).  Normally, each phase of these outbreak cycles lasts about a year.  Some 
infestations have persisted for 6 years or more, and in these cases, it seems most likely that the 
first and last phases of these outbreak cycles may extend longer than a year.  Other infestations 
numerically increase to usually no more than nominal levels, or occasionally approach moderate 
levels, then terminate after a couple of years without causing much visible defoliation.  Cole 
(1956b) reported that several local outbreaks in Idaho collapsed after only 1 or 2 years duration 
and caused no serious damage to host trees.  Through our research we have found similar cases 
that have occurred in other Regions as well.  In technical terms it almost seems a misnomer to 
consider such brief population increases conventional “outbreaks” when, in fact, they amount to 
no more than a minor nuisance and result in nominal defoliation.  However, we have included 
these types of infestations in this chapter for the sake of historical completeness. 

Although each phase of the outbreak cycle of pine butterfly makes for interesting study few 
outbreaks in the past received scrutiny from beginning to end.  Once an outbreak is underway it 
is too late to observe it in its entirety.  In this case, focusing on predicting the decline phase of 
the outbreak cycle becomes of paramount importance to the specialists who must advise the 
resource manager on when the outbreak will end and how much damage to expect.  Although 
authorities have identified a multitude of insect and arachnid natural control agents from 
numerous epidemics of pine butterfly, scientists have studied the cause or causes of decline in 
detail in only a limited number of cases. 

For this chronology we will highlight only a couple of the causes of declines recorded in past 
outbreaks and will reserve a more comprehensive discussion of mortality factors for a later 
chapter.  Pine butterfly outbreaks usually terminate somewhat abruptly under the influence of 
delayed density-dependent agents.  An ichneumon wasp, Theronia atalantae fulvescens 
(Cresson) most often is credited with the destruction of pine butterfly larvae and pupae leading to 
termination of epidemics (Keen 1952).  This wasp was implicated as a controlling factor in 
numerous pine butterfly epidemics reported on here.  Probably second in importance, the 
predaceous hemipteran, Podisus placidus (Uhler.) and other related pentatomid species 
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commonly occurred in large numbers in several pine butterfly outbreaks and were likely 
important in helping reduce population numbers in those outbreaks (Evenden 1926; Cole 1955).  
These and other natural enemies are unequivocally important in terminating outbreaks and 
helping to regulate pine butterfly numbers given the numerous reports of the numerically high 
occurrence of these agents at the end of outbreaks and their presumed role in reducing population 
numbers to an endemic state.  These and other natural control agents will be covered in greater 
detail in Chapter ????????? 

Outbreak Significance 

Ultimately, an infestation of pine butterfly may have biological importance beyond the 
magnitude of numerical change.  High population densities usually equate to more intense 
defoliation, but barring unusual conditions, the likelihood of the defoliation producing tree 
defect, deformity, or mortality is usually low.  In many of the documented outbreaks, even 
severely defoliated trees have recovered completely, although they may have experienced some 
measure of growth loss over the outbreak cycle.  On the other hand, in certain outbreaks although 
damage has included host tree mortality from pine butterfly defoliation alone, more probably, 
defoliated trees died from secondary causes such as invasion by bark beetles and woodborers.  
These secondary agents often were underreported in most historic outbreaks.  It would not be 
unusual for a few host trees to succumb in most pine butterfly outbreaks.  Under the worst-case 
scenarios heavy tree losses combining with other ecological disturbances usually portend long-
term ecological consequences to the affected area, including alteration of stand structure and age, 
as well as increased hazard from wildfire, such as occurred in one early outbreak in Washington 
State (Weaver 1961). 

Host trees weakened by several years of severe defoliation predispose trees to bark beetles—
primarily western pine beetle, Dendroctonus brevicomis LeConte and other Scolytinae, as well 
as to woodborers belonging to the families Buprestidae and Cerambycidae (Dewey et al. 1974a).  
Large, mature ponderosa pines may be more susceptible to injury from pine butterflies than the 
younger, thriftier trees (Evenden 1940; Keen 1952).  High losses of mature ponderosa pines have 
occurred in some outbreaks when these large, old trees were especially common in stands and 
represented a high proportion of the tree stocking.  In some recorded epidemics pine butterfly 
defoliation in conjunction with subsequent infestations of western pine beetle caused high levels 
of tree mortality that dramatically altered ecological integrity of large forested areas.  One of the 
worst epidemics on record, the 1893-1896 pine butterfly epidemic on lands of the Confederated 
Tribes and Bands of the Yakima Nation (formerly the Yakima Indian Reservation) in 
Washington State, resulted in killing an amount of timber variously estimated at between one 
and 2½ billion board feet (5 899 343.04 cubic meters) (Furniss 1961; Furniss and Carolin 1977; 
Meyer 1959).  In this epidemic, the pine butterfly defoliation catalyzed major changes to stands 
that turned a once magnificent, park-like forest into a dense, badly stagnated even-aged stand of 
ponderosa pine reproduction with increased fire hazard due to the persistence of dead windfall 
and snag remains of the original stand (Weaver 1943; 1961).  With few exceptions, in most of 
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the more severe epidemics, defoliation adversely affected annual radial growth of host trees for a 
number of years after the outbreak, but the number of trees killed was usually negligible. 

 Pine Butterfly as Forest Pest 

Ordinarily pine butterfly assumes the role of an innocuous insect, persisting in this status for 
years and in some cases decades, while being regulated by environmental restraints (Graham 
1963).  At some unpredictable point in time, however, release from environmental restraints 
allows populations to increase rapidly to high densities that can lead to serious economic damage 
as well as non-economic (amenity) impacts on forests.  The Multiple-Use Sustained-Yield Act of 
1960 (Public Law 86-515) requires the management of public forests to provide for multiple uses 
as well as the sustained yield of products and services.  In deference to this law, we opt to 
classify the pine butterfly a “pest” insect during such times when high populations inflict a level 
of damage, including tree mortality, that interferes with or prevents the intended management of 
the resource.  Hence, a “pest” insect causes major harm to the resource and levels of injury that 
take on economic importance, while degrading amenity values inherent in public forests 
managed for multiple uses. 

While there might be some disagreement when pine butterfly populations reach pest status, we 
do not have perfect knowledge of the processes by which an innocuous population phase 
transitions to pest status.  Generally, this insect is likely to gain pest status when low-density 
incipient infestations rapidly transform into outbreaks when various environmental restraints fail 
in their usual ability to limit numerical increase of the population.  Pine butterfly may rise to 
outbreak across a region, then collapse and disappear for several decades before developing to 
outbreak again in the same areas.  Cursory observation of past outbreaks might suggest that 
oscillations of populations of pine butterfly between innocuous and pest status fluctuate 
irregularly and unpredictably in time and space.  That appears to be the impression conveyed by 
some authors of older literature.  If true, these “rare” outbreaks would provide only sporadic, 
serendipitous opportunities to investigate population behavior, and to develop and test various 
predictive models.  The relatively few published pine butterfly studies that exist might support 
that notion.  However, when the outbreak chronology is developed and the historic outbreak data 
examined with greater scrutiny, one finds that pine butterfly population oscillations are more 
spatially synchronous and temporally periodic than initially thought, as we will demonstrate 
later. 

Conditions under which these epidemics subside to an innocuous state also vary.  In some cases, 
there is reasonably good documentation on the causes of collapse of infestations while in others 
the processes by which these outbreaks terminated are unknown or undocumented (see 
discussion under Pine Butterfly Habitats and Outbreak Dynamics, above).  Regrettably, many of 
the reports we investigated of past pine butterfly infestations across the region were incomplete 
and included limited information and details.  In some cases, specific records related to the 
outbreak were not available for our inspection, and we found only short published annotations in 
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the reports.  Consequently, the information we provide here for some infestations are incomplete 
and may be necessarily brief. 

Historical Limitations in Reporting Pine Butterfly Outbreak Chronology 

We digress, briefly, to offer our view on why such a paucity of information exists on pine 
butterfly outbreaks in some of the chronologies that follow.  The evolution of published 
information relating to forest insect epidemics in general, and for pine butterfly in particular, 
developed gradually and closely follows the historic development of entomology on the western 
frontier.  With the exception of Stretch (1882), writers of most period literature addressing pine 
butterfly, and specifically, early outbreaks, drafted their reports with brevity, often in a 
superficial and incomplete manner until about the early 1900s.  Evidence suggests that the 
documentation of western North American insect outbreaks, in general, align with the history of 
western exploration and settlement in juxtaposition with the history of entomology. 

It appears the earliest naturalists and explorers of the western frontier paid little attention to 
insect fauna, perhaps due to oversight, lack of interest, or ignorance; certainly not by design.  
During the early nineteenth century exploration of the western expanse of North America began 
slowly with scientific and economic expeditions, first through exploration of the newly acquired 
Louisiana Purchase and into the uncharted Pacific Northwest by Captain Meriwether Lewis and 
Second Lieutenant William Clark (1804-1806).  Later the Hudson's Bay Company sponsored 
David Douglas, a Scottish botanist, in an expedition to the Pacific Northwest (1824-1827) to 
make botanical collections along the Columbia River.  In these early nineteenth century 
expeditions the scientists cataloged, documented, and collected indigenous flora and fauna from 
areas they visited.  While they no doubt worked assiduously to obtain the botanical and animal 
specimens unique to the areas of exploration, they inexplicably seemed to ignore the insects.  
Indeed, as far as we know, history records neither of these parties collected insects during their 
expeditions (Hatch 1949). 

Meanwhile, on the Pacific Coast, Russians in the early nineteenth century traveled from Alaskan 
colonies to California where they found an opportunity to exploit the country along the western 
North American seaboard for maritime furbearing animal hunting and trading in a joint venture 
with Americans (Essig 1972).  The Russians also eyed this region as a possible environ for 
production of agricultural products that could help provide some of the food needs of those 
involved in this enterprise.  In 1812, they built Fort Ross, located about seventy-five miles north 
of San Francisco in what is now Sonoma County, California as a base for operations.  The fort 
and surrounding areas also attracted many naturalists and insect collectors, primarily from 
Russia.  Among them were important collectors like Johann Friedrich von Eschscholtz, who was 
one of the first scientists to explore the California territory in addition to his exploration of many 
other overseas foreign areas.  Eschscholtz and other pioneering Russians obtained large 
collections of common beetles of the Pacific Coast during the time scientist and author Professor 
Edward Oliver Essig refers to as “The Russian Period, 1812-1841” (Essig 1972).  The Russians 
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eventually abandoned Fort Ross in December 1841, but during the period of operation this fort 
had become an important center for entomological collectors and the study of the insect fauna 
from the California region.  “The Russian Period” fostered many important contributions to the 
taxonomic literature of Coleopterans in California, in particular, but collectors demonstrated 
interest in specimens from other taxonomic orders as well. 

In a similar way, the “gold rush” period in California beginning in 1848, coincided with some 
important entomological contributions to the Lepidoptera literature.  In 1849, a Frenchman by 
the name of Pierre Joseph Michel Lorquin became the first important resident entomological 
collector in California, and for the next 10 years spent a great deal of his time collecting 
butterflies and moths throughout much of the State (Essig 1972; Grinnell 1904).  Lorquin was an 
intimate friend to the eminent French lepidopterist and physician, Jean Alphonse Boisduval, and 
supplied him with ninety-five species of California butterflies and moths for identification and 
description.  Boisduval described fifty-three of the butterflies and nine of the moths as new 
species (Essig 1972).  The significance of the collections of Lorquin to entomology on the West 
Coast is apparent from the remarks of Grinnell (1904): “Mr. Lorquin is an important character in 
California Entomology, as almost all the Lepidoptera described from the Pacific Coast by 
Boisduval were collected by this man.”  Although his contributions were significant, Boisduval 
was not the only recipient of lepidopterans collected by Lorquin for identification.  Edward 
Doubleday, Dr. Hans Herman Behr, Achille Guenée, Augustus Radcliffe Grote, and Coleman T. 
Robinson also described some of the California Lepidoptera specimens collected by Lorquin 
during his collecting excursions throughout California (Essig 1972).  In addition, it is quite 
probable that Lorquin collected pine butterfly specimens from the pine forests in the Sierra 
Nevada Mountains and provided them specifically to Dr. Behr for identification.  Dr. Behr was 
active in taxonomic work on Lepidoptera, and he published numerous entomological papers on 
this group while pursuing his vocation of practicing medicine in San Francisco (Essig 1972).  In 
Behr’s 1869 paper describing a new genus of Pieridae, Behr states the following communication 
with Lorquin relative to Neophasia menapia: 

 “Of its habits, I only know that it is found in pine forests.  Mr. Lorquin, well known by his 
scientific travels, ventures the opinion that the caterpillar feeds on some coniferous tree, a 
supposition, that, notwithstanding the unusual food for a Pierid larva, is not altogether so 
improbable as it appears at first, as, I, myself have found the larva of a true Pieris, in South 
Australia, on a species of Loranthus.” 

California clearly played an important role in the western expansion of entomology in North 
America.  From the 1850s onward California became a key player in formalizing natural science 
investigation and the publication of results and in educating new entomologists.  A large boost to 
the science of entomology came with establishment of several institutions promoting scientific 
knowledge and formal education in broad areas of science.  The California Academy of Sciences 
organized in 1853, the University of California founded in 1868, and Stanford University 
founded in 1885, were among the first such organizations that helped promote the science of 
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entomology on the Pacific Coast bringing the natural sciences up to par with institutions east of 
the Rocky Mountains (Essig 1972). 

In other regions of the western United States, we trace some of the earliest efforts at collecting 
and describing insects to Major Stephen Harriman Long’s expedition up the Platte River and 
tributaries to the Rocky Mountains in 1819 and 1820 (James 1823a, 1823b).  His charge was to 
obtain a thorough and accurate knowledge of the geography and natural resources of the country 
between the Mississippi River and the Rocky Mountains.  During the course of the expedition, 
Thomas Say, who served as chief naturalist for the expedition, and Titian Peale, who was 
appointed by Major Long as assistant naturalist, collected several thousand insects, and described 
hundreds of new ones (James 1823b; Stone 1916).  The effect of this expedition was to advance 
the taxonomic literature of the Rocky Mountain States not only for insects, but also for other 
animals and plant life. 

Back in the Pacific Northwest, deliberate collection of insects probably first occurred in the 
lower Columbia River Basin (Oregon and Washington Territories) during explorations of this 
area in 1834-1836 by Dr. John Kirk Townsend (Hatch 1949).  Townsend was serving as 
naturalist on a trading expedition commissioned by the doomed-to-fail Columbia River Fishing 
and Trading Company.  Captain Nathaniel J. Wyeth guided the expedition.  During this 
expedition, Townsend, a medical doctor and ornithologist, collected specimens of the flightless, 
nocturnal tiger beetle, Omus dejeani Reiche, and one other Omus species (Lattin 1993).  
Townsend’s collections obviously included the upland forest reaches in addition to the lowlands 
of the lower Columbia River Basin, as Lattin (1993) states that Omus dejeani is a “typical old-
growth forest insect.”  Townsend may have collected other insects as well, but we have not 
viewed documentation that would confirm that.  As an ornithologist, he was primarily interested 
in the avian fauna of the Pacific Northwest, but obviously also collected a few insect specimens 
during his explorations within the Columbia River Basin. 

In the decades that followed, a modest list of collectors secured a variety of western insect 
species while serving on various expeditions to the West, and more specifically, to the Pacific 
Northwest and British Columbia.  Dr. Melville H. Hatch (Hatch 1949) refers to this as the 
“Period of Itinerant Collection.”  The names of those making collections of insects include Dr. 
Charles Pickering, Titian R. Peale, Dr. George Suckley, Dr. James G. Cooper, George Gibbs, Dr. 
C. B. R. Kennerly, John Keast Lord, Henry and Joseph Matthews, Cyrus Thomas, L. Allgewahr, 
Lord Walsingham, George Robert Crotch, and H. K. Morrison.  Only Thomas, Walsingham, 
Crotch, and Morrison were trained entomologists; the others were general naturalists who 
collected a few insects while their primary focus during the expeditions was on other animal or 
plant organisms (Hatch 1949). 

As settlement began in the West, several naturalists with more than a passing interest in insects 
established residence in the territories of the Pacific Northwest and British Columbia.  They 
began the phase Dr. Hatch refers to as the period of “Resident Collectors.”  These included 
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Orson Bennett Johnson collecting in Oregon (1869) and in Washington (1882), and Rev. George 
W. Taylor collecting on Vancouver Island, British Columbia (abt. 1882).  These resident 
collectors were the first “pioneers” of this period (Hatch 1949).  Other resident insect collectors 
included, W.H. Danby who settled in Victoria, BC around 1888, Rev. J.H. Keen who collected at 
Massett, on the north shore of Graham Island in the Queen Charlotte Archipelago beginning 
about 1892, and Trevor Kincaid who began collecting insects at Olympia, WA in 1889 (Hatch 
1949).  We note that in nearly every case, these insect collectors of both the Itinerant and 
Resident periods sent their insects to other specialists for identification.  It is also noteworthy that 
none of these collectors focused on forest insects per se during their collecting activities, but it is 
conceivable that some collectors interested in Lepidoptera may have taken specimens of pine 
butterflies over the course of their activities.  As we noted earlier some of the early taxonomic 
work by the German-American physician and entomologist Dr. Hans Herman Behr clearly 
indicates an interest in Neophasia species as he described a new species and authored the name, 
Neophasia terlooii in 1869, and placed Pieris menapia in the genus he created (Neophasia), 
renaming it Neophasia menapia (Behr 1869).  Although there was a smattering of interest in 
forest insects as shown by the forgoing, a more dedicated interest in studying the forest-dwelling 
insect guilds would fall to other collectors and pioneers who came to the West to settle, explore, 
or work in subsequent years. 

The first record of pine butterfly collection during an ongoing infestation occurred in Colorado 
during some stage of the Allen expedition in 1871 (expedition occurred from May 1, 1871 to 
January 15, 1872).  For this expedition, the Harvard Museum of Comparative Zoology sent Dr. 
Joel Asaph Allen, an ornithologist, to explore the Rocky Mountains and obtain specimens of the 
vertebrate animals of the plains and mountains of the West.  Over the course of the expedition, in 
addition to collecting over fifteen hundred birds, his party collected large suites of other 
representative mammals of the regions visited as well as fishes, reptiles, and insects (Allen 
1872).  Apparently, the party encountered an infestation of pine butterfly while exploring the 
Colorado Rocky Mountains and collected numerous adult specimens during that encounter. 

Simultaneous with Allen’s expedition to the Rockies, the Army Corps of Engineers conducted a 
multiple series of geographical and geological expeditions and surveys to map the western and 
southwestern portions of the United States during the years 1869-1879 under the charge of First 
Lieutenant George Montague Wheeler (Wheeler 1875).  During the Wheeler expeditions, 
scientists made collections of diurnal butterflies in portions of Colorado, Utah, New Mexico, and 
Arizona.  Theodore L. Mead prepared a report summarizing the Lepidoptera they collected and 
provided additional notes on the species inhabiting Colorado, including the pine butterfly (Mead 
1875).  Accordingly, Mead viewed as pertinent to his report, the collections and observations 
that Allen’s expedition made, as he also noted that Neophasia menapia “...was taken in some 
numbers in Colorado by the Allen expedition of 1871.”  He further observed that the Allen 
expedition found the pine butterflies early in August, but he did not know the precise locality.  
Although the information is anecdotal, the report of the apparent abundance of butterflies taken 
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by the Allen party in Colorado seems to indicate an abnormal level of infestation during the 
flight season of 1871.  Whether this represented an actual outbreak or just a large localized flight 
of adults is unclear. 

Eleven years later North America published the first account of a pine butterfly outbreak (see 
Stretch 1882).  The discovery of this first documented pine butterfly outbreak came in the course 
of conducting a privately funded survey of Pacific Northwest natural resources.  Owners of the 
Northern Pacific Railroad Company and the Oregon Railway and Navigation Company decided 
to survey the natural resources of Alaska, Washington, and Oregon and, hence, undertook the 
Northern Transcontinental Survey from 1882-1884.  Professor Raphael Pumpelly, formerly of 
Harvard University, directed the survey.  The specific objective was to ascertain the mineral, 
agricultural, and forest resources of these regions for future potential commercial development 
(Merrill 1920).  In 1882, while surveying eastern Washington, Dr. Richard Harper Stretch 
discovered a pine butterfly outbreak, and later published the first account of this outbreak (see 
“Newport, Washington Outbreak” below).  The scientist described this outbreak in detail, 
including notes on the life history, habits, and corresponding damage to host trees.  In addition, 
the scientists on this expedition made many other taxonomic and descriptive contributions to the 
insect fauna of the Pacific Northwest.  The discovery of the first documented pine butterfly 
outbreak has become one of the most notable historic outbreaks of this insect.  The observations 
recorded by Stretch contributed in large measure to the early understanding of outbreaks of this 
forest insect and provided some of the first details on the natural history of this insect. 

Notwithstanding the contributions of numerous scientific expeditions, surveys, and the work by 
numerous itinerant collectors of the nineteenth century, it seems almost intuitive that the early 
settlers in the West would be the ones to provide the first accounts of insect epidemics that 
developed in the areas of their settlement.  However, sparse populations of settlement accounted 
for limited opportunities for local residents to witness forest insect outbreaks firsthand let alone 
motivate those who did to document and report such episodes.  Most insect-caused injuries to 
forest trees, unless dramatic across large contiguous areas, attracted little interest or passed 
unnoticed altogether.  When individuals reported outbreaks they typically documented only basic 
information and offered few specific details.  Usually they were untrained in scientific 
observation and lacked the skills to carefully document the details that would be of most interest 
to scientists.  Even among scientists, some individuals with only a basic understanding of 
entomology failed to provide adequate documentation of insect infestations that would include 
information on life history, behavior, insect-host interaction, natural control, and other 
information of similar nature.  Unless the scientist made a deliberate study, only partial 
annotations of certain insect epidemics coincidentally found their way into larger reports by 
investigators conducting the broad surveys and expeditions such as those described in the 
foregoing. 

After the Federal forest reserves were established by the Forest Reserve Act of 1891 (§ 24, 26 
Stat. 1103), forest reserve supervisors and forest rangers with the United States Department of 
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Interior, Bureau of Forestry, began to patrol the forests and provide reports on their findings that 
sometimes contained observations, with limited detail, on forest insect infestations they 
encountered.  The personnel of the Bureau of Forestry provided another “set of eyes” with which 
to keep watch on the forests.  Among other things, their reports might include information on the 
detection of insect infestations on the forests under their care, but they documented little other 
information about the insects they encountered. 

Historic annotations on forest insects provide a minute snapshot of insect life and the activities of 
insects in the forest, but without deeper exploration and analysis, they are limited in value.  It 
was not until Dr. Andrew Delmar Hopkins became head of the Division of Forest Insect 
Investigations in the Bureau of Entomology and Plant Quarantine of the U. S. Department of 
Agriculture in 1902 that real entomological investigations begin in earnest.  Initially, agents were 
sent out to the field from the Bureau to investigate insect infestations.  Later on, Hopkins 
developed various insect investigation and control projects and assigned a team of men to work 
on the project at different temporary field stations.  Subsequently, he established several forest 
insect field laboratories in various western locations that conducted intensive forest insect 
research and investigations on insect infestations.  The reporting on insect infestations by the 
scientists staffing the field laboratories began to provide valuable documentation on outbreaks 
and greatly advanced forest entomology in the West and across the Nation. 

While these bureaucratic changes improved some of the pine butterfly reporting in the years that 
followed, other more damaging forest insects usually received priority attention, and except in a 
few cases, most subsequent reports on pine butterfly outbreaks were still woefully inadequate, as 
many of the following reports will show. 

Historic Chronology of Pine Butterfly Infestations 

Severe outbreaks of pine butterfly typically attract attention because of the widespread 
defoliation of conifer hosts they cause or because adults suddenly appear in tremendous clouds 
when they emerge en masse over several weeks time at the end of summer during these 
outbreaks.  Early on, historic records show that only a handful of these large epidemics were 
recorded, either being detected serendipitously, or because an epidemic developed in or around 
population centers.  Consequently, the seemingly sporadic nature of these outbreaks contributed 
to the notion that outbreaks were unpredictable (Evenden 1947), infrequent (Cole 1955), and 
appeared at irregular intervals in different localities (Shellworth 1922).  The intervals between 
most early major outbreaks detected in Oregon, Washington, Idaho, and British Columbia 
approximated several decades even as many smaller infestations of pine butterfly likely 
occurred—while never reaching epidemic levels—but probably escaped detection.  These facts 
would tend to support the perception that outbreaks of this insect, indeed, occur unpredictably, 
infrequently, and irregularly.  However, after a careful review of the literature, our data suggests 
that pine butterfly population increases may occur more frequently than thought, and possibly at 
more or less regular intervals similar to other defoliator outbreak cycles, at least in some Regions 
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of the West.  These patterns will become clearer as we illustrate the timing and periodicity of 
outbreaks in chronological order of occurrence in the following summaries. 

1880-1883 

Newport, Washington Outbreak (Stretch, 1882) 

Although the Allen expedition in Colorado in 1871 may have stumbled across an earlier pine 
butterfly outbreak (Allen 1872; Mead 1875)—a point still unclear from the meager information 
provided in the literature—the Newport, Washington (or Spokane Falls) outbreak is generally 
recognized as the first detected pine butterfly outbreak in the West.  This outbreak was located in 
current Pend Oreille County near Spokane Falls, Washington, between Loon Lake and an area 
north of Brown Lake, near current-day Newport, about 41 miles (66 km) northeast of Spokane, 
Washington.  The outbreak represents the earliest recording of extensive conifer damage by this 
insect in North America (Hopkins 1908). 

Cajetan and Rudolf Felder published the first description of the pine butterfly in 1859 (Felder 
and Felder 1859).  In succeeding years, other insect taxonomists and collectors provided 
additional life history details and descriptions based on pine butterfly collections obtained from 
endemic populations (e.g., Edwards 1872, 1879).  The detection of a large, damaging infestation 
of this insect did not come until several decades later.  The indication that this insect outbreak 
could cause extensive damage to its conifer host attracted wide attention among entomologists 
and hastened greater reporting on this insect in the decades that followed. 

In 1882, Richard Harper Stretch, Professor Hermann August Hagen, and Samuel Henshaw, while 
conducting The Northern Transcontinental Survey, discovered and recorded the first outbreak of 
this insect in what was then the Washington Territory (Stretch 1882).  In the words of Evenden 
(1936b), “Mr. Stretch’s report was a splendid description of this epidemic and contained a 
number of observations relative to the seasonal history and habits of the insect, many of which 
were substantiated during later investigations.” 

The outbreak was in full progress at the time of discovery, and the description given by Stretch 
suggests they probably encountered the outbreak at about the peak of its cycle.  The survey party 
studied the insect for a total of 7 days, from July 22-28, 1882, before moving on with their work.  
Stretch recorded that he first found the insect on July 22, 1882, at Spokane Falls, Washington 
Territory, near the Idaho line, and captured a few specimens of adult male pine butterflies at an 
elevation of 579 m (1900 ft) with wings “much worn.”  He records that “a number of others were 
seen, but their peculiar habit of flitting around the tops of larger trees prevented capture.” 

As Stretch continued the survey of the general area the next day, he found great numbers of 
larvae and pupae on the trunks of yellow pine (ponderosa pine) at a location about 16 km (10 mi) 
south of Loon Lake, but did not notice any adults flying there.  At Loon Lake, he found more 
specimens of worn adult males and immense numbers of larvae and pupae on the trunks of the 
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pines.  Between Loon Lake and Brown Lake, about 87 km (54 mi) from Spokane Falls, he found 
similar conditions, including imagos (adults) of both sexes emerging in great numbers.  At 
Brown Lake, where according to Stretch the sky remained cloudy until evening, Stretch found 
that these conditions inhibited flight of adults.  He states that, 

“Towards evening the sun shone out for a few minutes, and instantly the air was alive with 
butterflies, flitting round the pines in countless numbers, and glistening against the dark green of 
the young timber, like the most delicate snow-flakes [sic].” 

Stretch traversed many miles of the outbreak and reported serious damage to trees on thousands 
of acres.  The full expanse of this epidemic extended north and south for 25 miles; however, the 
survey party was unable to determine the western and eastern expanse of the infestation.  
Damage from the insect was striking.  Severely defoliated trees reportedly looked dead with 
nearly all the foliage gone, but terminal buds were alive, and Stretch expected that these trees 
would recover unless another generation of pine butterfly larvae again stripped off the sparse 
foliage produced the next spring on the severely defoliated trees.  By contrast, he noted that all 
the large fir trees within the outbreak area were still green while the ponderosa pines, at first 
impression, all appeared to have the tops scorched as if by fire.  In addressing the long-term 
prognosis of trees involved in this outbreak, Stretch was optimistic in reporting the following: 

  “That such an increase of this butterfly is extremely rare, or that if it does occur frequently it is 
not fatal to the trees, is proved by the otherwise healthy condition of the timber.  The number of 
trees, which may be put down as absolutely dead, but yet standing, is very small, and the fallen 
trees are practically absent, even in the worst districts.  I am, therefore, in hopes that the plague is 
only temporary and the damage more imaginary than actual.” 

By his observations, Stretch provided important new details and insights into the life history and 
habits of pine butterfly.  Among other information, Stretch recorded that defoliation in this 
infestation involved trees of all sizes from 2-feet tall and larger, including ponderosa pines, 
lodgepole pines, and grand firs.  However, he observed only negligible tree mortality among any 
of the species defoliated.  Stretch also reported that although ponderosa pine is the favored host 
for pine butterfly, lodgepole pine and grand fir (he misreported the latter as Abies balsamii) 
received some feeding damage.  The slight damage to these species probably resulted from the 
fact they occurred in admixture with ponderosa pines; hence, they were probably incidental 
hosts. 

Another peculiar observation he made about this outbreak was the remarkable silence of the 
forest due to the absence of birds.  Whereas, one would expect a forest teaming with insects to 
produce a flurry of feeding activity by birds, their distinctive absence is peculiar, indeed.  Stretch 
speculated that the larvae might be distasteful to birds.  Others have also noted the absence of 
birds in some past outbreaks.  For example, we observed extremely sparse bird populations in the 
most recent pine butterfly outbreak on the Malheur NF.  Although we received a couple of 
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reports of English Sparrows, Passer domesticus (L), capturing pine butterfly adults in flight in 
nearby towns, we did not observe these ourselves or the taking of larvae by birds in the outbreak 
area.  Whether the birds actually consumed the insects in these reports is unknown.  On the other 
hand, Shields (1997) reported observing occasional pine butterfly wings and dead individuals on 
the ground, with some wings exhibiting beak marks, suggesting a “fair amount of bird predation” 
in the Sierra Nevada Foothill plant community of Mariposa County, California where he 
conducted a 28-year survey of butterfly fauna. 

The North Transcontinental Survey party also made observations on some of the natural enemies 
of pine butterfly in this outbreak, providing new information on some of the agencies that reduce 
populations and that may help keep them in check.  They reported that the pentatomid bug, 
Podisus crocatus Uhler, preyed on larvae, and Neides muticus (Say) (Family Berytidae) fed on 
freshly laid pine butterfly eggs.  Both are true bugs of the order Hemiptera.  In addition, 
numerous pine butterfly pupae reportedly contained dipterous or hymenopterous larvae (Hagen 
1884; Stretch 1882).  Hagen (1883) also recorded the unusual behavior of Simulian black flies 
feeding on chrysalides of pine butterfly, noting that they probably feed on the chrysalides by 
“sucking the tail” (tip of the abdomen).  Hagen further observed, “The circumstance that a large 
number of the chrysalides were dry and dead without containing parasites, speaks in favour of 
the supposition, that they have been emptied by the constant sucking of Simulium.”  The usual 
habit of the genus Simulium is that they live only on warm-blooded animals; hence, the report of 
these black flies feeding on the pupal stage of an insect makes this food habitat appear quite 
extraordinary. 

Differences in pine butterfly pupal coloration also aroused interest during investigations of this 
outbreak.  Stretch (1882) suggested that the normal color of pupae is pale green, and that this 
color dominated all specimens found pupating on the needles of young pines and on shrubby 
plants in the understory.  The larger proportion of pupae found on the bark of large trees were 
blackish brown, and Stretch believed them to probably all be, as he noted, “diseased,” having 
found some he examined to contain either dipterous or hymenopterous larvae within.  While 
pupal parasitism, indeed, occurred in some individuals observed by Stretch, we contend that it is 
unlikely that all dark-colored pupae were “diseased” or parasitized in that outbreak.  Downton 
and Ross (1969) provided ample experimental proof that the color of the background substrate 
upon which pine butterfly pupates influence the color of pupae: green on foliage and light-
colored substrate, or dark brown on bark or dark-colored substrate. 

No doubt, that Stretch and his colleagues were shocked but delighted to see an ongoing epidemic 
of this insect and be able to describe it for the first time, but this pine butterfly outbreak may not 
have been a singular geographically isolated event unique to the eastern Washington Territory at 
that time.  It is noteworthy that pine butterfly populations appear to have arisen almost 
simultaneously across the State of Washington during this period.  Professor Charles Vancouver 
Piper with the Washington Agricultural College (now Washington State University) in Pullman, 
Washington recalled that in 1883 pine butterfly adults were so numerous around Seattle, 
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Washington that the waters of the bay were white with their floating bodies (Evenden 1924, 
1936b; Hopkins 1908; Shellworth 1922).  This observation might suggest that pine butterfly 
infestations were simultaneously occurring in other areas of Washington, or perhaps over a 
broader region, but were unrecognized at the time, and, therefore, were going unreported. 

Although the brief study of this pine butterfly epidemic provided valuable insights into the 
biology and behavior of the insect, it failed to provide much information on its population 
dynamics.  Indeed, the brief examination of only a small part of the outbreak precluded Stretch 
from addressing the question of insect periodicity and oscillations of populations, certainly not in 
any empirical way.  Similarly, the exact natural processes causing the release of endemic pine 
butterfly populations, allowing them to increase rapidly to outbreak within a relatively few years, 
is unknown to this day, but Stretch offered speculation as to what may have occurred in the 
outbreak he observed.  He hypothesized: 

“As the winter of 1880-81 was exceptionally severe and peculiar in some of its meteorological 
phenomena, it becomes of importance to solve the query whether the sudden increase of this 
species was due to peculiar climatic conditions which destroyed great numbers of its parasitic or 
other enemies without impairing its own vitality.” 

His suggestion that this outbreak may have resulted from a climatic-related loss of natural 
enemies that would normally help hold pine butterfly numbers in check while not harming pine 
butterfly, may have some merit if considered on a broad scale.  Reviews of literature on pine 
butterfly outbreaks makes clear that disjunct pine butterfly populations from several different 
geographic areas do sometimes increase nearly simultaneously, or within a few years of one 
another.  It is conceivable that a broad scale adverse climatic event could have negative impact 
on natural enemies, allowing simultaneous release of the pestiferous insect populations across a 
region.  However, we know of no tests of this theory with this particular insect, and other factors 
ultimately may be involved, as well. 

Synchrony of oscillations of other forest insects such as the gypsy moth, possibly involving one 
or more trophic interactions within its population, do occur at distances up to about 1200 km 
(746 mi) (see Johnson et al. 2005 and references therein).  Further investigations could examine 
past pine butterfly outbreaks for possible correlations with weather phenomena to validate such 
hypotheses.  Until data becomes available to support climatic correlations with these outbreaks, 
hypotheses like this have no definitive answer and remain merely a subject of speculation. 

1890-1895 

Olympic Mountains, Washington Outbreak (Barker, 1924; Hopkins 1908) 

Less than a decade after the Newport, Washington outbreak, another pine butterfly outbreak 
developed in the Olympic Mountains across the state from the Newport outbreak.  The Olympic 
Mountains are a coastal mountain range on the Olympic Peninsula of northwestern Washington 
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State that rises to 2427 m (7962 ft) elevation.  The annual rainfall in the Olympic Mountains can 
range from about 51 to 381 cm (20-150 inches) per year (NOAA 2014), and on Mt. Olympus, 
rain and snow accrues to 610 cm (240 in) annually (McNulty 2009).  The interesting difference 
in this outbreak from the earlier Newport, Washington outbreak is the primary host of the pine 
butterfly.  In this outbreak, Douglas-fir is the conifer serving as host for pine butterfly; ponderosa 
pine does not occur in these Olympic Mountain forests.  The Olympic Mountains have six forest 
zones: Douglas-fir, Sitka spruce, western hemlock, silver fir, mountain hemlock, and subalpine 
parkland (Henderson et al. 1989).  In the Coast Range and Olympic Mountains, Douglas-fir 
dominates as an early seral species in lower elevations from sea level up to 671-975 m (2,200-
3,200 ft) (Washington Department of Fish and Wildlife 2005). 

This outbreak began around 1890 with large numbers of butterflies observed in the coastal 
Douglas-fir forests (Hopkins 1908); but, in spite of apparently astounding numbers of insects 
present, the outbreak ostensibly caused no appreciable damage to these conifers.  Professor 
Charles V. Piper, a professor of entomology at the Washington Agricultural College in Pullman, 
Washington, provided Dr. A. D. Hopkins with an interesting account of the abundance of the 
pine butterflies from that earlier outbreak (Hopkins 1908).  Hopkins states that according to 
Piper, 

“...about the year 1883, the butterflies were so numerous that the bay at Seattle was almost white 
with their floating bodies, and in 1890 they were very abundant in the Olympic Mountains, 
where in 1895, according to his [Piper’s] further account, thousands of the dead bodies of the 
insects covered the ground.” 

We again assert that the earlier 1883 proliferation of butterflies in the Seattle area correlates with 
the Newport outbreak occurring at the same time in eastern Washington.  Whether these insects 
in the early 1880s originated from an outbreak on the Olympic Peninsula at that time or 
originated elsewhere, such as Vancouver Island, is unknown.  However, regardless, this later 
1890-1895 pine butterfly episode would clearly constitute a separate outbreak from the earlier 
one in the early 1880s for which, apparently, no other records exist save for the recollections of 
Professor Piper. 

However, it is instructive to point out that Danby (1894) provided notes on Lepidoptera which he 
and others had collected on Vancouver Island in 1892 and 1893 that would tend to support a pine 
butterfly outbreak in that Region, as well as in the Olympic Mountains, as recalled by Professor 
Piper.  Danby divulged that in the Victoria District, Limenitis lorquini Boisduval, and Neophasia 
menapia, “...were very numerous in certain localities, especially along the Cowitchan River, 
upon the surface of which were thousands of defunct imagos of both species.”  In the Cedar Hill 
locality of Vancouver Island, pine butterflies were common in 1892 and 1893.  However, Danby 
(1894) cites no information to indicate these populations caused any amount of visible 
defoliation of Douglas-firs.  Hence, these notes suggest, perhaps, broader extents of the Olympic 
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Mountains pine butterfly outbreak that would include Vancouver Island, as well, and perhaps 
other localities in British Columbia. 

At least one other later report also remarked on the abundance of this insect from that period.  
Barker (1924), for example, likewise states that “…in 1890 the pine white butterflies appeared in 
the Olympic Mountains, and again in 1895, when their bodies covered the ground.”  This appears 
to be a restatement of Hopkins (1908) comments, above, rather than a separate independent 
report.  Nevertheless, we find the record quite extraordinary.  That an insect can appear in such 
abundance at the beginning and the end of an outbreak, yet damage hosts at such unremarkable 
levels through the course of the outbreak as to be unnoticeable, seems uncharacteristic of the 
species, compared to the dramatic defoliation conditions commonly observed in eastside 
outbreaks in ponderosa pine. 

We could discern little else about this outbreak from our research of the literature.  The ultimate 
size of this infestation is unknown, and the limited reports give no additional details about 
defoliation levels or other impacts on host trees.  Although we did not find further information to 
report about this outbreak other local or Regional reports may contain more details. 

1892-1898 

Southern British Columbia, Vancouver Island and Olympic Mountains Outbreak 
(Chamberlin 1924; Fletcher 1896; Hopkins 1908) 

In 1892 and 1893, W. H. Danby (see Danby 1894) collected pine butterfly and recorded the 
occurrence of substantial numbers of this insect from the Victoria District on Vancouver Island, 
British Columbia.  That record actually occurred a few years earlier than Dr. James Fletcher 
reported on an outbreak of this insect in Canada, however, it is usually Dr. Fletcher who is 
credited with reporting the first major outbreak of pine butterfly to occur in the Province of 
British Columbia, Canada.  Although Danby’s (1894) report documented high numbers of 
Neophasia menapia from certain localities on Vancouver Island, including along the Cowitchan 
River and the Cedar Hill area, it provides little other information about this insect on Vancouver 
Island. 

Dr. Fletcher’s report first surfaced at a special meeting of the Entomological Society of 
Washington, held on March 18, 1896.  Fletcher, at that time, was the Dominion entomologist of 
Canada and reported that a white pine butterfly epidemic developed in the coniferous forests of 
British Columbia in 1895.  The outbreak occurred in both the interior forests of British Columbia 
and on Vancouver Island.  In the interior Dr. Fletcher noted the pine butterflies fed on ponderosa 
pine hosts.  On Vancouver Island, Fletcher reported observing the butterflies feeding on 
Douglas-fir, adding that they were quite harmful to the trees, although he did not specifically 
detail injuries or report tree mortality.  Apparently, large numbers of pine butterflies occurred in 
both places in British Columbia.  In a later article, Fletcher (1905b) states, “Periodically the 
Douglas Spruces [i.e., Douglas-firs] in the coast regions of British Columbia, and the Bull Pines, 
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Pinus ponderosa, of the interior of that province, are severely injured by the white-striped, dark 
green caterpillars of the beautiful Pierid here illustrated…”  He goes on to state: 

“In some seasons, as last year [1904], this butterfly is enormously abundant in British Columbia 
during August, and the dead insects may be seen in myriads, floating on the sea around 
Vancouver Island.” 

A similar comment is found in another report by Fletcher (1902), in which he adds that the dead 
pine butterflies, also may be found around Vancouver Island “…thrown up along the beach in 
windrows sometimes an inch or two in depth.” 

Fletcher’s (1896) limited comments on this outbreak and the lack of additional discussion of 
defoliation of Douglas-fir by others at that meeting leaves unanswered the question: How 
extensive can the defoliation in this conifer species become during an outbreak in the coastal 
forests of Southern British Columbia and northwestern Washington?  A partial answer to this 
question, based on additional evidence from other sources, appears to support much broader 
extents of this epidemic than reported by Fletcher.  Chamberlin (1924) for example, reported a 
“serious outbreak” of pine butterfly in Douglas-fir occurring simultaneously on Vancouver 
Island and in the Olympic Mountains on the Olympic Peninsula in northwestern Washington 
State, in 1898 (see also “Olympic Mountains, Washington Outbreak,” above).  Hence, 
Chamberlin’s report suggests those Douglas-fir forests on either side of the Strait of Juan de 
Fuca separating the Olympic Peninsula from Vancouver Island, as well as the pine forests inland 
in British Columbia reported by Fletcher, undergoes pine butterfly outbreak oscillations with 
considerable synchrony.  Indeed, given the close proximity of all these regions involved in the 
pine butterfly outbreak, it seems reasonable to consider this as one large outbreak.  We could 
find no report investigating specific host impacts from this outbreak, including tree mortality, 
based on our review of the literature. 

The report by Chamberlin (1924) of the 1898 pine butterfly outbreak in the Olympic Mountains 
of Washington creates some confusion with outbreak timing and duration relative to the 
previously reported Olympic Mountains Outbreak in Washington from 1890-1895 (see above).  
There seems to be overlap between these two outbreaks.  The earlier outbreak began in 1890 and 
went until 1895 while the latter, presumably, began in 1892 and went until 1898, both in the 
same general area.  This seeming disparity of timing and duration may mean these were actually 
all the same long outbreak, rather than two separate outbreaks in the same area.  Unfortunately, 
we do not have enough information about both outbreaks to reach a firm conclusion about 
whether they merit combining as one.  So, right or wrong, for now we choose to treat each as a 
separate outbreak. 

In both eastside and westside locations in Canada where pine butterfly occurred in large 
numbers, Fletcher (1896) found pupae to be heavily parasitized by the Ichneumonid wasp, 
Theronia atalantae fulvescens, which probably terminated the outbreak.  Although not reported, 
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it seems highly probable this parasitic wasp similarly might have been present parasitizing pine 
butterfly pupae in the Olympic Mountains portion of the outbreak as well, given the proximity to 
the Canadian infestations. 

1893-1896 

Yakima Indian Reservation Outbreak, Washington (Chamberlin 1924; Hopkins 1899, 1908) 

Within the same period the Olympic Mountains and Southern British Columbia outbreaks were 
occurring in western Washington, another pine butterfly epidemic was erupting in eastern 
Washington on the eastern slopes of the Cascade Mountain range, on the east side of Mt. Adams.  
By some accounts, the worst pine butterfly outbreak on record occurred approximately 6 miles 
northeast of Glenwood, Washington, in the Cedar Valley on the Yakima Indian Reservation from 
1893-1896 (Cole 1966; Keen 1952; Furniss 1961; Furniss and Carolin 1977).  The outbreak 
occurred in ponderosa pine timber across large portions of Townships 7 and 8 North, spanning 
Ranges 13, 14, and 15 East, Willamette Principal Meridian.  According to Keen (1950), the pine 
butterfly “leveled” six townships of ponderosa pine before this outbreak was over.  As of this 
writing this outbreak claims the record for being the largest pine butterfly outbreak ever to occur 
in Western North America.  

Without a doubt the invasion of the pine butterfly would make the decade of the 1890s one of the 
most fateful for the beautiful Cedar Valley, safely nestled within the Klickitat River Basin.  This 
valley was home to one of the state of Washington’s premier legacy ponderosa pine forests.  
Clark’s (1954) description of this area is stunning:  

“Before the butterflies came there was no finer yellow pine forest in the state of Washington.  
Mile after mile the towering tree crowns interlaced, covering the mountain valley from the 
Simcoe hills to the Klickitat canyon, and forming an almost impenetrable screen over the park-
like forest floor. 

An ancient Yakima tribesman remembers that the light was always dim under this leafy canopy, 
even when a glaring sun stood overhead in midsummer.  ‘No could see deer tracks.’ 

Clear, cold mountain streams drained snow water from the surrounding high ranges and tumbled 
over rocky falls into trout-filled pools and riffles.  Pine grass grew waist high on the flats, and the 
valley abounded with wild game. 

Dominating the scene and forming a massive western skyline was the 12,000-foot glacier-
studded peak of Mount Adams just across the Klickitat river.” 

Pine butterfly populations in the Cedar Valley in north Klickitat and south Yakima Counties, 
Washington, likely began increasing in 1892, but defoliation of ponderosa pines was not widely 
noticed until 1893, along with the swarms of butterflies that appeared in late summer that year 
(Clark 1954).  After eggs hatched in June of 1894, “…millions of small caterpillars emerged to 
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feed on the new crop of pine needles (Clark 1954).”  Interestingly, as Clark (1954) points out, 
“…the dying trees caused little alarm in Cedar valley that summer [1894].” 

The defoliation continued through 1895 when, apparently, natural enemies terminated the 
outbreak the end of that season (Weaver 1961).  During the outbreak, the late summers were 
marked by enormous clouds of white butterflies that dramatically appeared across the valley.  
Early reports of the outbreak in the Cedar Valley stated that:  

“…vast numbers of these butterflies descended on the pine stands of Cedar Valley...  So 
numerous were these insects, they made the pine appear white.  Streams were choked with dead 
butterflies, and travelers through the region, at that time, declared that horses and man would be 
covered from head to foot with the webs of caterpillars” (Clark 1954; Meyer 1959). 

The outbreak encompassed 150 000 acres (60 703 ha), and resulted in 20-90 percent mortality of 
ponderosa pine stands in the Cedar Valley (Cole 1966; Keen 1952; Weaver 1961).  Meyer (1959) 
observed that the pine butterfly epidemic contributed to the destruction of half of the original 
magnificent, park-like ponderosa pine forest covering the area.  Chamberlin (1924) observed that 
records of this outbreak indicated, “...pines over many hundreds of square miles, east of the 
Cascade Mountains, were defoliated and though they would have recovered from the caterpillar 
damage, the bark beetles entered the district and much valuable timber was lost.”  The injury to 
these once remarkable towering pine forests during and after the pine butterfly outbreak, would 
become indelibly pressed in the minds of generations of entomologists to come.  In the opinion 
of Dr. Frederick Paul Keen (1950), who was barely a toddler when this outbreak occurred, the 
pine butterfly is “...just as destructive as fire, and just as erratic.” 

The epidemic ended abruptly at the close of the 1895 season.  As other outbreaks of pine 
butterfly have demonstrated, when this outbreak finally terminated, population numbers reduced 
so precipitously and completely that the insect nearly vanished from sight in 1896.  Meyer 
(1959) writes, “According to an early account, the insects were scarcely noticeable during the 
summer of 1896.”  Meyer also reports that according to one theory, smoke drifting into Cedar 
Valley from large forest fires burning to the south and west of the valley caused the outbreak to 
rapidly decline.  He suggested that the fact that the infested area did not extend beyond the 
smoke filled area of 1895 might provide some support to this theory. 

Evidence exists that highly concentrated smoke apparently irritates lepidopteran caterpillars, 
causing them to drop to the ground from the tree crowns, where they might expire on their own 
or otherwise become prey to natural enemies.  Essig (1972) describes how the Indian tribes on 
the eastern slopes of the Sierra Nevada mountain range in California would use smoke to collect 
caterpillars of the Pandora moth, which they gathered as a source of food.  The Indians first 
would prepare areas beneath infested trees to expose mineral soil and remove the fire hazard.  
Essig explains: “A fire smudge was then made, the smoke of which caused the caterpillars to 
drop in countless numbers.”  After which, the caterpillars “... were gathered and killed by mixing 



 
39 

them with heated earth, coals, and ashes, and allowing them to remain as long as an hour or until 
they were partly cooked and dried...”  This example clearly illustrates the effectiveness of 
concentrated smoke originating from directly beneath an infested tree in dislodging Pandora 
moth larvae from the crown.  Could dispersed smoke from a wildfire likewise cause pine 
butterfly larvae to drop from branches of the trees they infested? 

We have a couple of issues with the “smoke theory” of pine butterfly decline in the case of the 
Cedar Valley outbreak.  First, there is the question of whether the dispersed smoke from the 
nearby fires would be concentrated enough to irritate the pine butterfly larvae and cause them to 
drop to the ground as the Pandora moth larvae did, and ultimately expire.  Secondly, it is unclear, 
in the case of the Pandora moth, whether it was concentrated smoke from the fire smudge or 
from the trench of heated earth, coals and ashes encircling the tree, or the combination of both 
smoke and heat, that caused those caterpillars to drop from the crown.  In our view, any 
connection of the smoke contributing to collapse of this pine butterfly outbreak seems dubious.  
The theory, in our opinion, is more speculative and coincidental, than real in effect.  Meyer, 
himself, concludes that in actuality, the ichneumonid wasp, Theronia atalantae fulvescens, likely 
terminated the outbreak (Meyer 1959).  Evidence from other outbreaks terminated by this insect 
lends credibility that this parasitic wasp caused this pine butterfly outbreak to collapse, as well. 

A severe epidemic of western pine beetle followed the extensive pine butterfly defoliation 
(Hopkins 1899; Keen 1952; Meyer 1959; Weaver 1961).  The bark beetles attacked and killed 
mostly the larger trees weakened by the defoliator.  Between the pine butterfly and the bark 
beetles, these insects killed a volume of timber variously estimated to range between 0.5 and 2.5 
billion board feet (1 179 868.61 and 5 899 343.04 cubic meters, respectively) of ponderosa pine 
timber, but in all probability tree mortality amounted to about 1 billion board feet (2,359,737.22 
cubic meters) or less (Meyer 1959; Furniss 1961).  Impact on annual growth was also evident 
after severe defoliation by pine butterflies.  Radial growth losses occurred for a period of up to 
14 years after the outbreak, with growth ring narrowing beginning in 1893 and continuing until 
1907 (Weaver 1961). 

The massive amounts of large trees killed by pine butterfly and bark beetles altered the landscape 
from one of large areas of old-forest habitat to an environment with younger stands of even aged 
structure.  Weaver (1961) succinctly describes the dramatic ecological changes that occurred to 
the Cedar Valley following the outbreaks: 

“Seed from dying pines germinated on a mineral soil seed bed on the severely trampled forest 
floor and millions of little pines became established about 1900.  These trees have since 
developed into the present extensive, evenaged large pole stands that cover a substantial portion 
of the valley.  They are characterized by a complete absence of larger, mature pines, or by a light 
overstory of these trees.  Most of the original stand died during the butterfly epidemic and some 
of the survivors have been harvested during recent logging operations.” 
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In addition, Clark (1954) notes that after the devastation by pine butterfly, “…Wild game 
disappeared, heavy stands of pine grass became a memory, and the year-round streams of cold 
mountain water slowed to a trickle.”   

It is likely that the because of the high rate of loss of large, old trees—mostly to bark beetles 
following the pine butterfly outbreak—that entomologists have termed this the worst pine 
butterfly outbreak ever recorded (Keen 1952; Furniss 1961; Furniss and Carolin 1977).  On the 
other hand, there are some positive aspects to this outbreak.  The environmental outcomes reveal 
some important scientific facts and historic information.  By documenting the long-term 
ecological impacts, Weaver (1961) has provided valuable understanding of how forests recover 
from multifaceted disturbances, particularly when the major disorder originates from an acute, 
periodic epidemic of a phytophagous insect.  The pine butterfly, in this case, clearly initiated a 
process that profoundly altered forest structure and ecology in the years that followed the 
outbreak.  The epidemic in Cedar Valley provides an important case study in insect-host 
relationships.  Specifically, significant long-term ecological consequences can result when a bark 
beetle epidemic immediately follows a severe defoliator outbreak, when the host stands—in this 
case, dominated by large-diameter, mature ponderosa pines—have high vulnerability to damage 
from both insects.  We would not normally expect such extreme effects to the forest ecosystem 
following a pine butterfly outbreak in forests with light to moderate stocking of mature or 
overmature host trees that have a stand density index favorable to vigorous tree growth, and that 
represent growing sites with no history of soil compaction and overgrazing by domestic 
livestock.  On the other hand, the reverse of these conditions adversely, and cumulatively affects 
forests, resulting in stressed sites that are inherently more vulnerable to damage from insects, 
wildfire, and other disturbances. 

1893-1896 

Pleasant Prairie and Vicinity, Spokane County, Washington Outbreak (The Chronicle, 
1895) 

The decade of the 1890s was one of the most active ones for pine butterfly in the Pacific 
Northwest and elsewhere.  Outbreaks of this insect were simultaneously cropping up in a number 
of locations in the Pacific Northwest, the Intermountain West, and Southern British Columbia. 
The Spokane County area of Washington State was now also poised to entertain an outbreak.  
Records of the Spokane County, Washington, outbreak seem to be limited to one newspaper 
article published in 1895 by “The Chronicle,” headquartered in Spokane, Washington.  In our 
search of the literature, we found no other reference to this pine butterfly outbreak in the eastern 
Washington region. 

The pine butterfly populations in the Spokane area, particularly in the ponderosa pine belt around 
Pleasant Prairie, located approximately 10 miles (16 km) northeast of Spokane, apparently grew 
over a period of 3 years to become an outbreak causing moderate damage to pine hosts.  Judging 
by the lack of publicity it received beyond the local environs, this outbreak apparently was 



 
41 

considerably less serious than the outbreak from 1880 to 1883 reported by Stretch (1882) from 
Pend Oreille County to the immediate north, near Spokane Falls, Washington (see “Newport, 
Washington Outbreak,” above). 

A search of local newspaper records of the period uncovered this largely unreported outbreak.  In 
an effort to provide complete information we quote, verbatim, the only record we have on this 
outbreak from the August 6, 1895, article published in “The Chronicle” (1895): 

“A new pest has appeared that threatens the extermination of the entire pine forests of the 
Pacific Northwest.  It is the small white butterfly so familiar to all who last year were out 
camping and hunting at the various lakes and the forests around Spokane. 

Last summer was the first appearance of these butterflies as far as is known and they then 
appeared in such great swarms as to attact [sic] the attention of everybody who saw them.  Oscar 
De Camp, a well known rancher of Pleasant Prairie, in speaking of the pest said: 

‘Last summer while out hunting with several others in the forest east of Pleasant prairie I 
noticed that the pine trees up near the top of the mountains were literally covered with little 
white butterflies.  I thought nothing more of the matter until last month I again was up in the 
same locality and I then noticed that the pine trees had all turned a rusty color and gave every 
appearance of being dead.  Upon closer inspection I found that these trees were fairly alive with 
a small green worm, which was eating the very life from the trees.  I again returned there last 
Sunday, when I noticed that these little worms were being transformed into the white butterfly, 
similar to those seen last year. 

From this I take it that the egg of the butterfly hatches into the worm in July, and in 
August the worm is transformed into a butterfly that again lays and spreads its eggs in the pine 
trees for the following year’s hatching. 

I should say that in that vicinity alone a thousand acres of pine timber has been destroyed 
by this pest since the worms appeared this summer.  They don’t appear to affect fir or tamrack 
[sic] trees, but confine their destruction to the bull pines.  If the worm should prove partial to 
fruit trees, with the rapidity that they multiply, I predict that there would not be an orchard 
remaining in this country two years hence.’” 

We know that this insect cannot cause the  “extermination of the entire pine forests of the Pacific 
Northwest.”  However, it is an understandable response from the untrained eye and those 
viewing severe pine butterfly defoliation for the first time. 

A lack of subsequent newspaper reports or other published references to this outbreak suggests 
that it probably collapsed in 1896.  Had this outbreak caused tree mortality in any significant 
amount we believe it would have been recorded.  Hence, it appears this outbreak, though 
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severely defoliating trees over a couple of seasons, resulted in no lasting damage to the 
ponderosa pine hosts. 

Because the start date and duration of the outbreak are unknown, the dates given for this 
outbreak are estimates only.  For this particular outbreak we estimate two years for pine butterfly 
populations to build and another year for decline after the presumed “outbreak year” of 1895. 

Perhaps the most interesting aspect of this outbreak, as the next several outbreak descriptions 
will show, is that its occurrence was so closely synchronized with other pine butterfly outbreaks 
appearing in the Pacific Northwest and the Intermountain West, a pattern that is demonstrated 
time and time again in subsequent outbreaks of this insect. 

1893-1898 

Payette and Boise River Watersheds (Idaho) Outbreak (Barker 1924; Shellworth 1922) 

The simultaneous west-wide occurrence of pine butterfly epidemics continues with portions of 
southern Idaho also undergoing an epidemic from 1893 to 1898.  As were the other epidemics 
during this same period in Washington, Oregon, British Columbia and northern Idaho, the 
southern Idaho outbreak is geographically isolated from the other outbreak locations. 
Nevertheless, all epidemics take place within the same relative period. 

Mr. Harry Campbell Shellworth, a land agent and lumberman who was in charge of the timber 
interests of the Boise-Payette Lumber Company during the early decades of the twentieth 
century, provided most information on this outbreak in a trade magazine article published in 
1922.  Both Shellworth (1922) and Barker (1924) noted that pine butterflies first appeared in the 
Payette and Boise River watersheds in Idaho in large numbers in 1893.  Citing the words of the 
oldest settler in the area, Shellworth (1922) states that the pine butterfly invasion “… practically 
stripped the pines from Squaw Creek Hill to Payette Lakes.”  Additionally, Shellworth quotes 
that the same “old-timer” as insisting the outbreak “... first appeared in 1893 and kept increasing 
in numbers for three years, but disappeared the fourth year,” (i.e., in 1896).  The elderly 
gentleman is also quoted as saying: “The last year [of the outbreak] they hung in ropes from the 
limbs to the ground and drove people out of the huckleberry patches, and even springs and pools 
of water had to be skimmed before one could get a drink of water”.  Although this report 
indicates this outbreak may have ended by 1896, Hopkins (1908) provides information that 
contradicts this date.  He states, “During investigations of forest insects in the Boise Basin, 
Idaho, in 1905, an agent of the Bureau of Entomology was informed that in 1898 the dead 
butterflies occurred in such numbers as to dam small streams.”  The latter part of this quotation 
regarding the abundance of dead butterflies and their impact on streams seems to concur with the 
elderly man’s statement above.  Recollections being as they are, one of these reporters apparently 
was mistaken on their dates; hence, unless proven otherwise, we will assume the latter date to be 
the correct outbreak termination date.  One unmistakable observation from all these reports is 
that the presence of the immense numbers of pine butterfly during this outbreak had become a 
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central point of annoyance to the citizens trying to conduct their normal activities in the woods in 
this territory. 

Documentations of early outbreaks in southern Idaho suggest this pine butterfly outbreak was 
likely the first one recorded from this Region.  Although many other pine butterfly outbreaks 
undoubtedly occurred here in earlier times, we found no records earlier than 1893.  Smith (1983) 
stated that local reports she reviewed on file with the Boise National Forest indicated infestations 
of pine butterfly on the High Valley Ranger District also dated back to 1893.  Today High Valley 
Ranger District no longer exists; the Emmett Ranger District incorporated the former into its 
boundaries sometime in the past.  The fact remains this infestation recorded long ago from the 
former High Valley Ranger District clearly references the same outbreak described by 
Shellworth (1922) that occurred in the Payette and Boise River Watersheds between 1893 and 
1898.  It is unknown whether the local report contains further information about this outbreak as 
Smith (1983) provides no other details and we have not reviewed them. 

The appearance of millions of pine butterflies in the forests comprising the Payette and Boise 
watersheds no doubt was troubling to the Euro-American settlers of this region—it certainly 
garnered their attention as the foregoing comments indicate.  Only a few years prior, 
entomologists recorded outbreaks of this insect from a few other locations of the Pacific 
Northwest, but apparently none previously from Idaho.  It is unknown whether reports of these 
previous outbreaks had reached the residents of southern Idaho.  Moreover, it seems unlikely the 
settlers of this area had seen an infestation like this before.  The sheer numbers of insects present 
during this outbreak obviously had to have been unsettling to residents living nearby.  These 
settlers likely viewed the insects as a nuisance to their normal lives and routines.  Curiously, 
however, from the statements recorded, we find no expression of worry for the general health of 
the forests.  There is no indication of public concern that the defoliation of trees during this 
outbreak might cause serious long-term damage to the timber resource or impact timber supplies 
by reducing timber volumes through tree mortality or growth loss—at least those who 
documented the outbreak did not record such concerns.  We also found no mention of tree 
mortality caused by either pine butterfly or bark beetles in the literature relative to this outbreak. 

The concurrent infestations in the Glenwood area of Washington State (see “Yakima Indian 
Reservation” above) and in the Olympic Mountains of Washington provides support for a 
synchronous west-wide increase in pine butterflies in the early- to mid-1890s.  Although authors 
of the period provided relatively good documentation for at least one of the corresponding 
Washington State pine butterfly outbreaks, the records concerning this Idaho outbreak leave 
unanswered several important questions.  Specifically, among other details, the published 
information does not give the precise size, extents, and locations of this epidemic, nor does the 
report state whether tree mortality occurred, as we mentioned before, and what agents may have 
terminated the outbreak. 
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While it would be insightful if authoritative answers to these and other questions were 
forthcoming, it appears that no other reports documenting details of this particular pine butterfly 
outbreak exists.  Reports like those by Shellworth (1922) and Baker (1924) provide only meager 
descriptions of this and other outbreaks.  Although the colorful comments by residents enduring 
the outbreak are interesting and provide some insight into outbreak characteristics and impacts 
on residents, as with similar reports of this period, these accounts offer little more than 
acknowledgement that the outbreak occurred. 

 1894-1897 

Mount Hood, Oregon Outbreak (Chamberlin 1924; Howard 1897; Hopkins 1908; Langille 
1903)  

Nearly concurrent with the ongoing Payette and Boise River Watershed outbreaks in southern 
Idaho and the previous two simultaneously occurring outbreaks in Washington State, another 
pine butterfly outbreak was developing on Mount Hood in northwestern Oregon.  The earliest 
information for this outbreak originates from correspondence received by Dr. L. O. Howard of 
the U.S. Department of Agriculture Division of Entomology in 1896.  A bulletin of the Division 
of Entomology published in 1897 contained notes and miscellaneous information prepared by 
Dr. Howard and his staff on damage by the pine butterfly, including documentation of this 
outbreak on Mount Hood. 

In the bulletin, Dr. Howard (1897) stated that he had received an August 12, 1896, letter from 
Mr. H. D. Langille, of Mount Hood, Oregon, along with specimens of a butterfly that Dr. 
Howard identified as Neophasia menapia.  In the letter Langille noted he had collected the insect 
specimens that day [on the date of the letter] and stated that the butterfly had appeared in 
immense numbers at Cloud Cap Inn at the snowline on Mount Hood.  He also told how the insect 
previously had appeared in large numbers on the mountain two years earlier, in 1894, when he 
observed them hovering about the evergreen trees.  By the following year (1895), Langille stated 
that, “…whole acres of the nut pine [which he identified as Pinus monticola] began to die, 
presumably on account of the work of the larvae of this butterfly” (Howard 1897).  We assume 
this outbreak probably terminated in 1897 since Langille’s letter reports large numbers of 
butterflies still present on Mount Hood in August 1896.  However, there is no mention made of 
the presence of butterflies beyond that year. 

We could find no record to indicate Dr. Howard or others from the Division of Entomology 
subsequently visited the area to follow up on this report of the outbreak.  However, a few years 
later, Dr. A. D. Hopkins conducted a reconnaissance trip to review insect problems in Oregon, 
Washington, and Idaho in the spring and early summer of 1899.  While visiting the Cascade 
Reserve in western Oregon in early May 1899, Dr. Hopkins may have had opportunity to 
observe a portion of the dead timber killed by the 1894 pine butterfly infestation, although he did 
not record in his notes specifically having done so (Hopkins 1899).  In our search of other 
historic records we were unable to find any reference by Dr. Hopkins to the pine butterfly 
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outbreak on Mt. Hood, but he does provide some discussion of the pine butterfly outbreaks in 
eastern Washington and Idaho for that same period. 

By way of explanation, according to Langille and Munger (1956), Cloud Cap Inn, built in 1889 
on the north side of Mount Hood, served as a pioneer snowline hostel in the Northwest portion of 
Oregon.  Langille joined his mother and eldest brother to run the Cloud Cap Inn in 1892 where 
he worked as an assistant handyman at the Inn.  In the communication with Dr. Howard, above, 
Langille originally had identified the “nut pine” as Pinus monticola.  In the autobiographical 
memoir (see Langille and Munger 1956), he acknowledges the misidentification of nut pine, 
noting that University of California professor, J. G. Lemmon and his wife, while visiting the 
Cloud Cap Inn in 1892, correctly identified the nut pine as Pinus albicaulis Engelm., more 
commonly known as “whitebark pine.” 

Later Langille also worked for the federal government in forestry on the forest reserves in 
Oregon from 1900 to 1905, and was author of a U.S. Geological Survey report on the Cascade 
Forest Reserves.  In 1902 Langille surveyed the reserve to provide a complete description of the 
conditions of the forests found there (Langille 1903).  During his visit to the northern portion of 
the Cascade Forest Reserve, while describing the dead and defective timber he observed, he also 
discussed the dead timber damaged by the pine butterfly several years earlier.  Referring to the 
1894 outbreak, he stated the following: 

“During the summer of 1894 the forests of this region were visited by great numbers of white 
butterflies, and as a result of this visitation a large percentage of the white-bark pine on the north 
slope of Mount Hood was killed.  Specimens of this insect were sent to the Division of 
Entomology, which reported them to be Neophasia menapia.” 

Langille’s visit to Mount Hood in 1894 roughly coincided with the beginning of the pine 
butterfly outbreak, although it is highly likely the infestation actually may have begun a year 
earlier since it overlaps so closely with the broader regional synchronous outbreaks occurring in 
Washington and Idaho. 

Regrettably, Langille’s report is the only other documentation we could find on this outbreak.  It 
contains no additional details about the size of this outbreak and it provides no information on 
whether the pine butterfly affected other pine hosts that might also have been present in the 
forests on Mount Hood, such as lodgepole and ponderosa pine.  Also missing is any mention in 
this report of what might have terminated this outbreak.  Hence, while the records by Howard 
(1897) and Langille (1903) on this outbreak are woefully incomplete, they nevertheless offer 
further evidence for synchrony of the outbreaks that occurred in the Pacific Northwest during 
this period. 

The significance of the various reports concerning this outbreak is that they document the first 
outbreak of pine butterfly anywhere in Oregon.  The other fascinating point about this outbreak 
is that it resulted in mortality of much of the whitebark pine growing on Mount Hood at the time.  
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Pine butterfly is most often reported from ponderosa pine, and most tree mortality caused by this 
insect is also in ponderosa pine.  Hence, a report of mortality in the host whitebark pine is quite 
unusual, to say the least. 

1895-1897 

Goldendale, Washington Outbreak (Hopkins 1908; Howard 1897)  

Continuing the series of synchronous pine butterfly outbreaks in the Pacific Northwest during the 
decade of the 1890s, another overlapping outbreak erupted in the nearby mountains at 
Goldendale, Klickitat County, Washington, in the ponderosa pine forests of that territory in 1895 
(Hopkins 1908; Howard 1897).  This outbreak commenced in the area of Washington State 
apparently adjacent to, and a short distance south of the Yakima Nation Reservation boundary, 
but within the ceded boundary of the Confederated Tribes and Bands of the Yakima Nation.  The 
Goldendale outbreak was located probably 15 to 20 mi (24 to 32 km) southeast of the previous 
Yakima Nation outbreak (1893-1896).  The extremely close proximity and timing of this 
outbreak to the Yakima outbreak would strongly suggest that it is a continuation of the Yakima 
outbreak rather than an independent event.  However, because published reports document it as a 
separate outbreak from the Yakima outbreak, we have opted to list it separately. 

In August 1896, Mrs. W. J. Hess of Goldendale, Washington, sent Dr. L. O. Howard, who at that 
time directed the U.S. Department of Agriculture Division of Entomology, specimens of pine 
butterfly she had collected from her property.  The specimens were collected from pine 
timberlands, probably from the Simcoe Hills area north of Goldendale, Washington.  In her 
letter, Mrs. Hess noted that the butterflies had appeared “…in great numbers, in some places 
falling into the small streams and damming them” (Howard 1897).  According to Dr. Howard, 
Mrs. Hess also stated that some hogs pasturing in the pine butterfly infested timber had died, 
and, “…upon examination, their stomachs were found to be packed with the ‘moths [sic].’”  The 
report of hogs dying after eating the pine butterflies is unusual.  Hogs are omnivorous scavengers 
and eat a wide variety of plant and animal matter, including insects.  In this case, uncertainty 
arises as to the exact mode of action by which pine butterflies caused the death of the hogs, but it 
appears that the hogs had “gorged” themselves on the butterflies.  We could find no other 
reference to hogs or other animals dying after eating butterflies, although some individuals have 
observed dogs consuming many pine butterfly adults during outbreaks with no apparent 
aftereffects.  Howard goes on to state that, “It was noticed that year [1896] that the pine trees 
where the ‘moths’ [sic] were bore no cones, while a few trees on the prairie had them as usual.” 

The defoliation of the ponderosa pines continued through the season of 1896.  Howard (1897) 
further observed: 

“The trees this year (1896), according to Mrs. Hess, were infested with a small green worm, 
undoubtedly the larvae of this butterfly.  For about a month in midsummer the butterflies were 
noticed on the prairie flying southward high in the air.” 
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No further details, including information on the termination of this outbreak, are available in the 
reports cited.  As far as is known, the Division of Entomology did not conduct follow-up 
investigations on this outbreak. 

1895-1899 

Moscow Mountain Outbreak near Moscow, Idaho (Hopkins 1908; Aldrich 1912) 

The Moscow Mountain, Idaho, outbreak is another episodic event supporting our suggestion of 
synchrony of pine butterfly epidemics.  This outbreak occurred near Moscow, Idaho, in concert 
with the simultaneous outbreaks occurring in Oregon, Washington, and British Columbia during 
the same period.  In 1895, Aldrich (1912) writes that, Neophasia menapia became noticeably 
abundant in the pine forests near Moscow, Idaho, “… and in 1896-7-8 it caused much loss in the 
forests of the northwest by completely defoliating pine and fir timber in considerable areas, 
while in all the intervening forests it was very abundant also.” 

By 1898, this outbreak had finally reached a point of collapse.  Aldrich (1912) states that the 
wasp, Theronia atalantae fulvescens, terminated the outbreak by parasitizing pupae; parasite 
numbers reached a maximum in 1898.  Aldrich noted the parasitic wasps swarmed in late 
summer of 1898 in incredible numbers: 

“…they made a very perceptible humming sound like a swarm of bees.  At the University of 
Idaho, about seven miles from the forest, it was abundant, and on one occasion I collected 40 
specimens by picking them off the walls of the administration building while going once around 
it—and this seven miles from where any of them matured” (Aldrich 1912). 

According to Aldrich: 

“The next spring [1899] the extermination of menapia seemed complete all over the northwest.  
In ten years afterward, I think I saw only one specimen alive.  Only in the last two or three years 
is it ‘coming back,’ and we seem to be at the beginning of another cycle of abundance.”  

Aldrich describes the parasite as the only one present in the outbreak area, wherein they occurred 
“in millions.”  The profusion of parasites bred during the end of the outbreak and their ability to 
bring about the immediate collapse of this outbreak of pine butterfly is clear from the following 
statement by Aldrich (1912): 

“It may have other hosts here, but no other caterpillar is abnormally abundant in our forests, so 
the numbers of the parasite of necessity fell at once almost to zero, on the disappearance of the 
principal host.  I have never seen another case so striking of the effect of parasitism on both host 
and parasite.” 
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Jones and Schmitz (1923) expressed similar sentiment by commenting that, “In 1898 this 
parasite worked so thoroughly that practically every caterpillar of the pine butterfly was attacked.  
The following year no pine butterfly was to be seen.” 

Another interesting side note on this outbreak concerns observations made during a survey 
conducted by the U. S. Fish Commission in Idaho in 1895.  Dr. Barton Warren Evermann, an 
ichthyologist with the U.S. Fish Commission, conducted the survey on the spawning habits of 
sockeye and Chinook salmon in the mountain lakes region 30 or 40 miles northwest of Ketchum, 
Idaho (Evermann 1896).  During the period August 15 through 28th, Dr. Evermann and others in 
his party reported observing massive flights of thousands of pine butterflies in the vicinities of 
Pettit Lake, Big Payette Lake, and Redfish Lake.  He noted that winds from the North were 
carrying along the butterflies down towards the Salmon River Valley.  He reports that people in 
that region had never before noticed this butterfly species as being particularly abundant, and this 
flight was something quite unusual.  The flight continued for several days and the butterflies 
were unusually abundant in the lower canyons and the valley. 

He also observed that the butterflies that became fatigued and could no longer fly, would drop by 
the hundreds into the streams and lakes, and as soon as they hit the water the trout, 
Oncorhynchus mykiss (Walbaum), squawfish (or pikeminnow), Ptychocheilus spp., and other 
species present would seize the spent butterflies.  The party of scientists examined stomachs of 
trout and squawfish and found that the butterflies constituted an important part of their food 
supply of these fishes during this period of adult butterfly flight. 

Consistent with this report, we also note that during the massive pine butterfly flights at the peak 
of the 2008 to 2013 outbreak in eastern Oregon, the rainbow trout stocking Poison Creek 
Reservoir apparently behaved in similar fashion.  Poison Creek Reservoir is a small fishing lake 
located in the Silvies River drainage on the southern edge of Grant County, south of John Day, 
Oregon, roughly midway between John Day and Burns, Oregon.  During heavy flights of the 
butterflies we received reports from anglers that as butterflies would tire from flight and drop 
into the lake trout would rise to take the butterflies from the surface of the water. 

Evermann (1896) and others in his party did not report on whether any of the pine stands in the 
region contained defoliation, but one would assume that if defoliation had occurred it would 
have been reported.  Based on the previously mentioned report by Aldrich (1912) it appears that 
pine butterfly populations were generally high throughout the pine region during this period.  
However, relatively high insect populations do not necessarily always equate to visible 
defoliation, especially if the high populations of adults are transitory when they are transported 
great distances by mass movement relocation by wind.  This type of mass movement often 
occurs with pine butterfly adults. 

Other reports we reviewed and previously discussed highlight impacts of the insect on other 
systems within the forest ecosystem in the southern Idaho region at the time.  As previously 
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noted Hopkins (1908) reported that an agent of the Bureau of Entomology working in the Boise 
Basin, Idaho, in 1905 received information that the outbreak in 1898 greatly affected small 
streams when they dammed up due to the tremendous numbers of dead butterflies falling into 
them. 

It is also noteworthy that about this same period pine butterfly heavily defoliated pines in the 
Payette and Boise River Watersheds (see “Payette and Boise River Watersheds Outbreak,” 
above).  Helzner and Thier (1993) document numerous other outbreaks and smaller infestations 
of pine butterfly for the southern Idaho region based on their examination of U.S. Forest Service 
internal unpublished reports and correspondence.  We have not viewed most of these reports 
firsthand, but it seems clear from their summary that many reported oscillations can be 
temporally related while being spatially disjunct. 

Bark beetles periodically invade stands weakened by pine butterflies and occasionally cause 
substantial damage to the recovering defoliated pines.  Some measure of tree mortality from 
western pine beetle occurred in 1899 at the tail end of this pine butterfly outbreak (Webb 1906; 
Hopkins 1908), although not all the weakened trees died during that year.  Given the right host 
conditions it is common to see bark beetles attracted to areas of severe defoliation at or near the 
end of a defoliator outbreak.  However, sometimes tree mortality is delayed.  Weakening of some 
trees defoliated by pine butterfly may have delayed attraction to bark beetles several years 
beyond the termination of the defoliator outbreak.  Hopkins (1906) reports that on June 4, 1904, 
during his visit to Cedar Mountain (locally known as “Moscow Mountain”) near Moscow, Idaho, 
“The bark of western yellow pine trees defoliated by pine butterfly larvae was found to be 
infested by larvae and pupae of D. brevicomis.  Dead parent adults, also, were found in the 
primary galleries.”  Evenden (1940) showed that up to 14 percent of the 100 defoliated trees he 
followed for 13 years in a 1920s pine butterfly outbreak in Idaho, eventually died after attack by 
western pine beetles.  Beetle attack and killing of at least one of the trees did not occur until 8 
years after the defoliator outbreak terminated in1923. 

During his visit to the Moscow Mountain Outbreak areas to observe the 1898 work of pine 
butterfly on the ponderosa pine stands, Dr. Hopkins noted that the evidence he found suggested 
that most of the defoliated trees would have recovered had bark beetles not attacked them 
(Hopkins 1908).  Professor Charles V. Piper and Mr. J. L. Webb likely held this same opinion.  
Meeting notes published in the Proceedings of the Entomological Society of Washington (1909) 
states: 

“Mr. Piper questioned the statement that defoliation is always fatal to coniferous trees and said 
that many yellow pine trees in eastern Washington and Idaho had recovered after complete 
defoliation by the pine butterfly (Neophasia menapia Feld.).  Mr. Webb noted he had observed 
this same condition in Idaho.” 
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The conviction that the attacks by secondary insects following a pine butterfly outbreak normally 
causes the accumulation of post-outbreak tree mortality, while the defoliation, alone, is not likely 
to result in tree mortality, was also suggested by Jones and Schmitz (1923) in relation to a later 
occurring outbreak.  Jones and Schmitz followed up with the physiological evidence supporting 
their argument.  These authors stated: 

“Practically everyone seems to be agreed in the belief that provided an epidemic of bark beetles 
does not follow the defoliation caused by the butterfly, practically all of the defoliated trees will 
recover.  This belief has been based in the main, more upon past observations than upon due 
consideration of the general physiology of plant growth of the tree type.” 

They then go on to provide a discussion of the injurious periods of defoliation of conifers and 
suggest that the time of year at which defoliation occurs is the single most important factor 
concerning defoliation’s effect on these evergreen trees. 

Elaborating further on the apparent limited direct effects of pine butterfly defoliation on host 
trees and stands Hopkins (1908) offers this explanation: 

“Evidently, while it appears at irregular intervals in such vast swarms as to attract general 
attention and vast areas of pine are often defoliated by the larvae, its natural enemies prevent the 
continuance of its depredations in any one locality long enough to be independently destructive 
to the timber; yet it appears that the weakened condition, even from a slight defoliation, is 
sufficient in some cases to attract certain of the destructive bark-beetles, which are thus able to 
increase and start a new and more serious trouble like that following an invasion by the ‘nonne’ 
moth in Europe.” 

The reports on the Moscow Mountain outbreak leave little doubt as to the widespread extent of 
this past outbreak across the state of Idaho in which the Moscow Mountain and Payette and 
Boise River Watershed outbreaks, and perhaps other areas within the state, demonstrated 
considerable synchrony in timing of outbreak occurrence.  

1898-1900 

Headwaters of Klickitat River in Southern Washington Outbreak (Chamberlin 1924; 
Cleator 1910) 

A severe outbreak of pine butterfly occurred in southern Washington State at the tail end of the 
nineteenth century (Cleator 1910).  Cleator (1910) reports that the Forest Supervisor of the 
Wenatchee National Forest, Albert Hale Sylvester, observed a serious pine butterfly epidemic in 
1899, noting that particular localities infested were in and about T.7N., R.14E., W.M. (roughly 
46°7'19.6"N latitude, 120°59'58.1"W longitude), east of the head of the Klickitat River.  His 
notes, according to Cleator (1910), recorded the insects being present in vast numbers in the 
summer of 1899, and that about 90 percent of the yellow pine trees died in an infestation area 
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enclosed on the North, East, and South by high mountains and on the West by the Klickitat 
River. 

For some inexplicable reason the pine butterflies did not cross the Klickitat River to the West.  
Cleator (1910) goes on to describe a visit made to the same valley in 1903 after the outbreak had 
collapsed, noting: 

“At this time the tract formerly infested was covered by a dense seedling growth of yellow pine 
which had come up since 1899.  The trees in dying had perhaps put forth a supreme effort in seed 
production, which resulted favorably.” 

Chamberlin (1924) observed that during the same year this outbreak started (i.e., 1898) the 
serious outbreaks in Douglas-fir on Vancouver Island, British Columbia, Canada, and in the 
Olympic Mountains in Washington State simultaneously began.  This report suggests all these 
geographically isolated outbreaks occurring at the end of the nineteenth century in the Pacific 
Northwest were synchronized similar to other earlier western North American pine butterfly 
outbreaks. 

We find it coincidental and interesting—indeed, somewhat puzzling—that this outbreak comes 
on the heels of the Goldendale outbreak of 1895 through 1897 (see “Goldendale, Washington 
Outbreak,” above), which followed in turn, the Yakima Nation Outbreak of 1893 to 1896 (see 
“Yakima Indian Reservation Outbreak,” above).  Moreover, this “Klickitat River outbreak” also 
occurred superimposed exactly over portions of the same area as the Yakima outbreak.  Forest 
Supervisor Sylvester reports ponderosa pine mortality rates (90%) in this outbreak that are 
similar to those reported by Keen (1952) and Weaver (1961) for some of the infested stands in 
the Cedar Valley during the Yakima outbreak.  Could it be that this Klickitat River outbreak is 
just an extension of the earlier Yakima outbreak?  Considering the similarities of this outbreak to 
the previous two outbreaks occurring in essentially the same areas of the Confederated Tribes 
and Bands of the Yakima Nation we suggest this is not another unique, independent and 
geographically isolated outbreak event but rather a continuation of a longer Yakima Nation 
outbreak, in the same way as was the Goldendale outbreak.  Unless the starting and ending dates 
of these three outbreaks are documented incorrectly, it would seem that not only were these 
outbreaks the worst on record, but when taken collectively, one of the longest single outbreaks 
extending seven years in duration from 1893 to 1900! 

1901-1904 

Vancouver Island and southwestern British Columbia Outbreak (Fletcher 1905a, 1905b) 

Following the British Columbia pine butterfly outbreak from 1892-1898 (see above) pine 
butterfly populations in Canada remained low and stable for only a few years.  In 1901 it 
appeared the pine butterfly population was on the increase again, with butterflies becoming more 
abundant and easy to collect in the southern interior and lower mainland regions of British 
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Columbia.  Fletcher (1902) reported on the entomological events occurring in Canada during 
1901 at the Thirty-eighth Annual Meeting of the Entomological Society of Ontario in November 
1901, noting, “A few specimens [of Neophasia menapia] were flying in the Nicola Valley on 
August 18 (Fletcher), and Mr. Dashwood-Jones reports that a few specimens were also taken at 
New Westminster.”  This likely indicates the start of another buildup of pine butterfly in this 
Region. 

These populations apparently continued to increase in Canada over the next year or two since 
extraordinarily high numbers of pine butterflies occurred in the coastal Douglas-fir regions of 
British Columbia in 1904.  Fletcher (1905a) described the year 1904 as a “menapia year,” noting 
that “...millions of these butterflies could be seen around the Douglas-firs and on the sea between 
Vancouver Island and the mainland in August last.” 

Details of possible tree defoliation or mortality are lacking in Fletcher’s (1905a) report.  If, 
indeed, an outbreak occurred and lasted longer than the 1904 observation year, Fletcher does not 
indicate how much longer the outbreak persisted or how it terminated.  His report on the 
entomological events of 1904 suggests the outbreak lasted at least through 1904.  If the outbreak 
extended longer into 1905 we are not able to confirm that.  We found no mention of pine 
butterflies in the Annual Report for 1905.  Hence, the termination year that we report for this 
outbreak, 1904, is our best guess.  However, we caution that this date may be incorrect given the 
lack of corroborating information to verify the ending date. 

We also point out that this outbreak is the first of the several synchronized pine butterfly 
outbreaks to occur in western North America during this time.  We will describe the others 
below. 

1902-1904 

Mount Adams, Washington Outbreak (Hopkins 1908) 

The southern Washington outbreak near the headwaters of the Klickitat River in 1898 through 
1900 (see above) was not the only pine butterfly infestation within a short period of time for this 
region of Washington State.  A couple of references document another outbreak that appeared to 
get underway not more than two years after the supposed end of the Klickitat River outbreak.  
Hopkins (1908) reports the following: “Another agent of the Bureau of Entomology was 
informed that in 1903 pine trees were defoliated on many square miles in southern Washington 
in the vicinity of Mt. Adams.”  The specific locations involved in this outbreak are unknown as 
are many other facts that would have been informative to the reader. 

The lack of information on this outbreak is characteristic of numerous other similar reports 
during this period that may be best explained based on lack of manpower by the Bureau of 
Entomology to investigate each report.  In a diplomatically worded reply by Dr. A. D. Hopkins 
to a request for entomological assistance by H. D. Langille on behalf of the Oregon Conservation 
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Association (see Langille 1910),  Dr. Hopkins leaves no doubt of the Bureau of Entomology’s 
inability to provide assistance for every request.  Dr. A. D. Hopkins writes: 

“Your request for one of our experts to deliver a series of lectures upon the subject of 
depredations by insect enemies of forests and the opportunities it would offer us to get in direct 
touch with timber owners and others who are so intimately concerned in the prevention of 
avoidable losses of their timber, is fully appreciated, and it is a sincere disappointment to us that 
we cannot avail ourselves of this opportunity to render the desired service.  The rapidly 
increasing demand for our attention to important forest insect problems in all sections of the 
country, together with our limited force of experts on the subject and the small amount of funds 
appropriated for expenses, require the most rigid economy and the concentration of our efforts to 
working up the results of investigations, for dissemination through publications and 
correspondence.  It is hoped, however, that the increasing public interest in the subject and a 
realization of its real importance will soon lead to a sufficient increase in our appropriations to 
enable us to carry out our plans for enlarging the scope of the work and the locations of field 
agents and experts in different sections of the country, where they will be immediately available 
for giving advice and instructions on the subject of insect control to the owners of timber.  In the 
meantime, and under existing conditions, it is probable that you and other members of your 
association who are familiar with the more practical side of the subject, as regards the local 
conditions and the needs and opportunities of insect control can do far more than any ‘scientist 
from Washington’ towards interesting the average timber owner in the practical importance of 
the insect problem and the character and extent of losses through the death and decay of standing 
timber and reduced values and profits of logging and manufacturing operations.” 

This reply suggests that until field office locations could be established and staffed with 
“experts” from the Bureau of Entomology it would remain task of local individuals like Langille 
who had some knowledge and experience in entomology to investigate local insect infestations 
and educate timber owners and others on the problems, management, and control of insects. 

We do not have information of who informed the agent of the Bureau of Entomology on the pine 
butterfly outbreak near Mt. Adams, but find a nearly verbatim statement on this outbreak in the 
report published by Shellworth (see Shellworth 1922).  It is highly probable that Shellworth’s 
report is nothing more than a recitation of Hopkins’ 1908 remarks—if not, Shellworth failed to 
disclose his source for this information.  Regardless, we lack verification of the actual beginning 
and duration of this outbreak as the reports by Hopkins and Shellworth simply acknowledge only 
the occurrence of the outbreak.  We presume the outbreak to have persisted longer than one 
year—possibly requiring at least a year to build, and another year for collapse after the probable 
“peak” year of 1903.  Hence, we estimate the dates of this outbreak from 1902 to 1904.  Neither 
reference recorded the amount of tree mortality associated with this infestation. 

It appears from these and other reports around the same time (see “Southern Idaho Outbreak” 
and others, below) that pine butterfly was probably in another synchronous west wide epidemic 
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at the time, with the oscillations of the various infestations showing delays of a few years 
between the geographic areas involved. 

1903-1908 

Southern Idaho Outbreak (Shellworth 1922) 

For a second time following the Boise and Payette River Watersheds outbreak of 1893 to 1898 
(see above) another pine butterfly epidemic beginning in 1903 occurred in southern Idaho.  
Shellworth (1922) reported that in 1903 and 1904 pine butterfly defoliated ponderosa pine on 
many acres of forestland in the vicinities of Smith’s Ferry, Clear Creek, and Centerville, Idaho.  
He used the term “butterfly burn” to describe the intensity of the defoliation by this insect.  In 
addition tree mortality reportedly occurred in 1905 and 1906 during a severe epidemic of bark 
beetles at all three of the sites of the pine butterfly outbreak (Shellworth 1922).  Estimated timber 
losses from this epidemic were 15 percent of the mature stand.  Shellworth further observed that 
the severity of the pine bark beetle infestation prompted a call to begin logging the infested areas 
in the fall of 1922 and institute bark beetle control measures under the direction of a professional 
entomologist. 

Shellworth (1922) proclaimed this southern Idaho outbreak to be unusually severe not only due 
to the degree of defoliation, but also to the broad area over which it occurred.  He notes: 

“Practically all the mature timber on south and west ridges is heavily defoliated and a large 
percentage of the yellow pine timber on the Payette, Weiser and Little Salmon Rivers is infested 
to a greater or less degree.  The infestation seems to be most severe in the Salmon Meadows and 
Lake Fork tracts and on some slopes the defoliation is complete in the mature trees.” 

While this outbreak may have been simply the normal oscillation cycle of pine butterfly for this 
region Shellworth (1922) suggested there was an interesting coincidence that all three localities 
involved in this outbreak “…occurred on areas within the boundaries of main sheep trails.”  He 
further explains: 

“The Smith’s Ferry and Clear Creek areas being on the Tripod and Clear Creek sheep trail over 
which an average of probably 100,000 head of sheep passed twice each year for probably 40 
years to and from their summer range.  The Centerville ‘bug kill’ being on the main Boise Basin, 
Sawtooth and Bear Valley trail and over which an average of probably 60,000 head of sheep 
passed twice annually for some 40 years.  These trails, which are about one-half mile wide, have 
become completely denuded of brush, grass or weeds through the action of countless hoofs on 
the forest floor and in their steeper pitches are simply dustbeds.  The dust from the bands of 
sheep passing these places can be seen as far as smoke.  On their smoother stretches these trails 
are as hard and smooth as a pavement and practically all snow and rain runs off too rapidly to be 
of any advantage to trees in the trailed area.” 
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Damage to trees in these sheep driveways was significant over the years, adversely affecting the 
health of the trees directly by wounding, and predisposing them as hosts for insects.  Indeed, 
Shellworth argues: 

“There can be no question but that the vitality of the trees on these trails is reduced which would 
make them more susceptible to insect attack.  The lateral roots of all trees near the center of these 
trails are exposed due to the severe trampling of the sheep and the severe erosion following the 
complete destruction of all floor cover.  The bark on these exposed roots has been killed by sun 
scald, and the base of most all of the mature trees are hosts to the (Dendroctonus valens) 
turpentine beetle.  It may be that the weakening of the trees on these sheep driveways resulted in 
a centralization of the beetle infestation.” 

Research has long demonstrated that domestic livestock overgrazing, among other factors, may 
affect plant communities and modify those communities in various ways that could encourage 
certain insect attacks, especially from bark beetles (Belsky and Blumenthal 1997; Fleischner 
1994; Johnson 1994; Strickler 1961; Torrano and Valderrábano 2004).  Soil compaction over 
tree roots and various forms of mechanical injury caused by logging equipment can be 
predisposing factors for bark beetles (Bryant et al. 2006; DeMars and Roettgering 1982; Miller 
and Keen 1960).  It is unclear whether these grazing-related stresses and disturbances increase 
susceptibility of trees to other insects that feed on foliage such as pine butterfly, as they do for 
bark beetles.  However, we are skeptical strong evidence exists to support this contention for 
defoliators in general, let alone for pine butterfly. 

A parasitic wasp mentioned by Shellworth (1922) is likely to have terminated this outbreak.  
This would be consistent with several other outbreaks in which the parasitic ichneumonid wasp, 
Theronia atalantae fulvescens, operated as the primary agent causing the collapse of pine 
butterfly epidemics.  On the other hand, Helzner and Their (1993) cite correspondence to a 
district forester in Idaho by G. B. Mains, in 1922, as a source suggesting the cause of the collapse 
of the outbreak was “… principally through the action of a parasitic fly (presumed to be A. 
affinis).”  Perhaps both ichneumonid wasps and the dipteran, A. affinis, contributed to the 
termination of this outbreak, but we could find no other references with which we could verify 
this. 

It is noteworthy that Hopkins (1906) found ponderosa pines on Cedar Mountain, Idaho, (near 
Moscow) in 1904 that had been defoliated by pine butterfly to contain several stages of the 
western pine beetle.  This latter point suggests that the pine stands around Moscow in northern 
Idaho were also involved in this pine butterfly outbreak, and that these outbreaks across Idaho in 
1904 and 1905 show geographic synchronization. 

1903-1904 

Bigfork, Lake County, Montana Outbreak (Elrod and Maley 1906) 
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In 1903 and 1904, pine butterflies were rather abundant late in August along the lower half of the 
lakeshore of Swan Lake, near Bigfork, Lake County, Montana (Elrod and Maley 1906).  Swan 
Lake is roughly 118 km (73 mi) north of Missoula, Montana.  Apparently, the distribution of 
pine butterfly around Swan Lake varies locally, and the lower half of the lakeshore ostensibly 
has more abundant adult populations.  Elrod and Maley (1906) affirm: “It does not seem 
abundant in the west end, but has often been seen in the Mission Mountains and about the 
laboratory at Big Fork high up in the coniferous trees out of reach of the collector.”  It goes 
without saying that there is high likelihood epidemic populations of pine butterfly occurred in 
Montana many times in the past, but this is the first documented report we could identify. 

Whether the abundance of pine butterflies in this region of Montana in 1903 and 1904 
constituted a serious outbreak remains unclear, but it is clear that this infestation represented 
another independent geographic example of the synchronization of pine butterfly outbreaks 
across the West during this time.  Southern Idaho (Shellworth 1922) and Mount Adams, 
Washington, (Hopkins 1908) were also experiencing epidemic populations of pine butterfly 
during this period.  Hence, this provides further verification that outbreaks of pine butterfly were 
simultaneously occurring west-wide during the early 1900s. 

Further information on this infestation is missing in the Elrod and Maley (1906) report.  Our 
research of published and unpublished sources turned up no additional information on this 
outbreak.  

1907-1910 

Chelan and Wenatchee NFs and adjacent Washington area Outbreak (Cleator 1910; 
Furniss 1961; Hopkins 1908)  

Ponderosa pine forests in portions of the region of Washington State occupied by the Chelan, 
Colville, and Wenatchee National Forests experienced an outbreak of the pine butterfly early in 
the twentieth century.  Today, the Chelan National Forest no longer exists under that name.  The 
U.S. Forest Service established the Chelan National Forest in 1908 but the name changed to 
Okanogan National Forest in 1955.  In 2007, The Okanogan and Wenatchee National Forests 
merged and underwent an administrative name change to become the Okanogan-Wenatchee 
National Forest. 

In 1909, we find the first reference to this outbreak in the annual “Yearbook of the United States 
Department of Agriculture” for 1908.  Arnold (1909) states: 

“The pine butterfly (Neophasia menapia Felder) defoliated large areas of yellow pine in the 
Chelan, Colville, and Wenatchee National Forests of northeastern Washington and in Klickitat 
County, southern Washington.  In many places the trees were entirely defoliated and in others 
the foliage turned brown.” 
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In addition to mentioning other pine butterfly outbreaks, Furniss (1961) references this outbreak 
in the following way: 

“The only other extensive [pine butterfly] outbreak in this region, of which we have a record, 
was in 1908-1910 near Wenatchee, Wash., between the Columbia and Wenatchee Rivers.  
Although the latter outbreak covered several townships, the amount of tree killing apparently 
was negligible.” 

Additional details on this outbreak are included in the 1910 Annual Silvicultural Report for the 
Chelan and Wenatchee National Forests in Washington State by Forest Assistant, Fred W. 
Cleator (Cleator 1910).  In this report, Cleator explains: 

“During the past two summers (1908 and 1909), the pine butterfly, Neophasia menapia, has been 
in evidence to a considerable extent in the yellow pine belts of both the Chelan and Wenatchee 
National Forests.  According to local reports, these insects were much more numerous in 1908 
than in 1909.  Damage has been done in several localities, even to the killing of some trees.  
Many trees have had the growth curtailed enough to mean a large setback.  The effected trees 
generally have stunted and dwarfed twigs.” 

Cleator showed great interest in this outbreak and followed it closely throughout its duration 
while documenting details about the insect, its habits, and its effects on the forest.  His report 
elucidates a great deal of information on pine butterfly in general and about this outbreak in 
particular.  Given the informative nature of Cleator’s report and contribution to the natural 
history of pine butterfly we liberally quote passages from his report in the remainder of this 
section. 

This outbreak covered several townships, with heaviest defoliation north of the Wenatchee River 
and both sides of the Entiat River.  Cleator (1910) remarked that the insect seemed to be making 
its way westward and into the interior as the outbreak progressed.  The outbreak appears to have 
started originally near the Columbia River, a few miles north of the City of Chelan.  According 
to Cleator the pine butterfly outbreak spread up the Methow and Okanogan Rivers, to Lake 
Chelan, and then spread southwestward over the Chelan Mountains, across the Entiat Valley, and 
even as far as the Wenatchee Valley.  Contrary to Furniss’ (1961) remarks, Cleator claims that 
no insects were noticeable south of the Wenatchee River during the few years before 1910. 

The pine butterflies showed a preference towards older trees in this outbreak.  In one paragraph 
of his report, Cleator (1910) notes: 

“Seedling and sapling reproduction is practically free from the inroads of these insects.  Several 
young reproduction forests in the midst of the heaviest insect infestation were observed.  In only 
three or four individuals were any signs of attack noted, although the butterflies seemed to hover 
about them or the older trees without favor.  The pupating is often done upon the young 
reproduction, but the eggs are almost invariably laid on the needles of the mature pine tree.  This 
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feature of the attack is of great importance.  Were the reproduction infested the damage would be 
vastly greater.  The reason for this assertion is that the reproduction is easily killed especially as 
seedlings, and the tree is much more easily stripped.  The mature tree often overcomes even a 
very severe attack.” 

This latter point speaks to the characteristic resilience of ponderosa pine and validates comments 
by Hopkins, Piper, and Webb (see Hopkins 1908) that most trees are likely to survive 
defoliation, per se, but often succumb to bark beetles that are attracted to and attack the 
weakened tree. 

Interestingly for this particular pine butterfly outbreak the insect appeared to prefer trees infected 
with “yellow pine mistletoe” (Razoumofskya robusta) (Cleator 1910).  Cleator observed that, as a 
rule, the insect “completely covered” these mistletoe-infected pine trees.  In some portions of 
ponderosa pine stands with very severe infection rates of western dwarf mistletoe (Arceuthobium 
campylopodum), especially those growing on harsh, rocky, and extremely dry sites, we have 
observed severe defoliation of the mistletoe-infected tree by pine butterfly that resulted in nearly 
every needle consumed by larvae.  However, we do not have empirical data that supports a 
special affinity by pine butterfly for these dwarf mistletoe-infected pines.  If dwarf mistletoe-
infected pines contain greater foliage biomass, owing to the presence of dense dwarf mistletoe 
brooms, there is some logic to suggest pine butterfly adults might be more attracted to those trees 
for egg deposition because they contain more needle surface upon which to lay eggs.  Additional 
research could help establish the validity of pine butterfly’s preference to dwarf mistletoe-
infected trees, if it exists at all. 

Pine butterfly larvae are voracious feeders in the last couple of instars, and most of the damage to 
host trees occurs during these larval stages.  The production of considerable quantities of frass 
(solid insect excrement) by larvae during these last two instars seems to “rain” out of the trees.  
On this point Cleator (1910) observed, “One can easily detect a tree, upon which the caterpillars 
are working.  The sound of incessant droppings on the litter beneath is very similar to that of a 
sleet storm, somewhat subdued, upon forest debris.  A blanket spread beneath the tree is soon 
covered with a layer of droppings, often causing considerable inconvenience.” 

Cleator (1910) also documented other interesting facts about this pine butterfly outbreak.  For 
example, he noted: 

“Spiders were prosperous, for in most cases their webs were fairly loaded down with white 
masses.  Residents of these localities stated that the butterflies were more numerous in the 
summer of 1908 and sometimes choked up small streams.  Open sparsely timbered country 
seems to be most favorable to the development of this pest.  In a mixed forest of yellow pine and 
fir, the butterflies are very careful to select the pines, and one is seldom seen hovering about the 
other species.” 
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Cleator noted that eggs were not very plentiful in the summer of 1909, surmising that conditions 
of the forests would be better in the near future.  In addition, he commented that he did not study 
any parasites in the population and few were noticeable.  Pupae, however, appeared to be 
diseased in some way, noting that the body turned dark in color and dried up. 

In reference to possible remedies for the pine butterfly outbreak Cleator suggests that parasites 
seem to overcome the insect after 2 or 3 years of attack.  Hence, he notes it would “…be 
impractical to grow the parasite since it is generally sufficiently strong to overcome the insect in 
its natural way before great damage has been done.” 

The Colville National Forest, located in the northeastern corner of the State of Washington, also 
reported areas of the forest involved in the outbreak of pine butterfly in 1910.  In the Annual 
Silvical Report for the Colville National Forest Edward W. Headsten, Forest Assistant, 
documented pine butterfly infestations from Chewiliken Valley in Okanogan County (Headsten 
1910).  He noted “A few trees were seen on the poorer sites that were infested with the Menapia 
[sic] but it is believed that the depredations are not extensive.”  Headsten further noted that in 
1909 an unnamed member of the Forest Service made the identification of the pine butterfly, 
suggesting that, perhaps, he had sent specimens off for identification, or else a government 
entomologist made the identification while evaluating the outbreak on the Forest.  Headsten’s 
report contained no additional information on the Colville infestation and we could not locate 
other details about it in other sources.  It appears this is merely an extension of the Chelan and 
Wenatchee National Forests outbreak. 

During the time of these outbreaks pine butterfly had simultaneously increased in other localities 
in the West.  Hopkins’1908 summary states that a correspondent reported observing large 
numbers of pine butterflies on yellow pines in Spokane County, Washington, in August 1907.  In 
addition, an increase in population was reported the same year occurring near Alpha, Idaho, 
located on the western edge of the Boise National Forest (Hopkins 1908). 

This outbreak in Spokane County represents the second time an outbreak of pine butterfly had 
occurred in this location (Evenden 1936b), providing evidence that these outbreaks may reoccur 
in the same area at various times in the future.  These records also suggest that pine butterfly was 
operating via another synchronous west wide epidemic, with the oscillations of the various 
infestations sometimes showing delays of a year or more between the geographic areas involved. 

1907-1910 

Northern Oregon Coast Range Outbreak (Langille 1910)  

A relatively minor and insignificant outbreak of pine butterfly occurred in the Douglas-fir zone 
of the northern Oregon coast range in the northwestern corner of the State of Oregon early in the 
twentieth century.  The outbreak occurred in Clatsop County from approximately 1907 to 1910, 
around the same time other outbreaks were appearing in the Pacific Northwest.  The dates of this 
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outbreak are approximate only, based on the information contained in the only known report of 
the outbreak by Langille (1910), and extrapolated from dates of the other synchronous regional 
outbreaks occurring in the Pacific Northwest at this time.  We could not locate references 
containing more complete date information on this particular outbreak. 

To our knowledge, this is the first time anyone has reported an infestation of pine butterfly from 
this location in Oregon.  Langille (1910) provides only extremely limited but important 
information on this outbreak in his account, stating: 

“The damage done by this insect is thorough defoliation of the trees, either partial or complete.  
One of the worst features of their work is that they impair the vitality of the trees and so open the 
way for more serious damage by bark beetles. 

Not only is the destruction done by these insects of serious moment, but in killing a large 
percentage of the trees in a forest a fire trap is laid which sooner or later is followed by a 
conflagration that completes the devastation.  Such is said to be the history of the great burn 
which swept over parts of the coastal belt of Clatsop County a number of years ago.  In that 
county there is evidence of this infestation still remaining, but although I saw many butterflies 
working in the timber near the Nehalem [Nehalem River] this year, I do not believe they were in 
numbers sufficient to cause serious damage.” 

The lack of any other reports of this outbreak, as far as we could find, suggests that this 
infestation was relatively insignificant and probably largely ignored by most others.  There was 
no description of specific cases of defoliation in Langille’s (1910) report, and this point suggests 
he probably simply observed the abundance of butterflies during the adult emergence and flight 
in late summer and made no observation of actual tree damage in the timber near the Nehalem 
River or elsewhere.  

His remarks regarding the serious nature of defoliation and tree killing likely relate to the earlier 
conditions he witnessed during the Mount Hood, Oregon, outbreak (see “1894-1897 Mount 
Hood, Oregon Outbreak,” above) in which pine butterfly apparently killed large areas of 
whitebark pine and his mistaken assumption that the insect might do the same in outbreaks in the 
coastal Douglas-fir forests.  However, we have no evidence from previous outbreaks of 
widespread tree killing when pine butterfly epidemics have erupted in the coastal Douglas-fir 
types in the past. 

This early outbreak in the Douglas-fir stands in coastal Clapsop County, Oregon, is interesting 
from an historical perspective and from the fact that it is one of several pine butterfly outbreaks 
that simultaneously appeared in the Pacific Northwest Region during this period, providing 
support for the synchrony of outbreaks across a larger region. 

1908-1911 

Blue Mountains, Malheur National Forest, Oregon Outbreak (Miles 1911)  
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In 1911, in the ponderosa pine forests of eastern Oregon, Forest Assistant for the Malheur 
National Forest, Herbert J. Miles, documented pine butterfly injuring ponderosa pine in the Blue 
Mountains in his “Annual Silvical Report” for the Malheur National Forest.  He states on page 8 
of the report, “Injury to the needles of yellow pine by the larva of the pine butterfly (Neophasia 
menapia) is widespread.”  In another section of the report, Miles further notes that the larvae of 
the pine butterfly injured needles of ponderosa pine only to a “slight extent.”  This suggests that 
the outbreak that took place from about 1908 to 1911, though widespread on the Forest, was not 
serious in nature.  This is the third time anyone has reported an outbreak of pine butterfly from 
Oregon—the first being the outbreak from Mount Hood from1894 to 1897 (Chamberlin 1924; 
Howard 1897; Hopkins 1908; Langille 1903), and the second being the outbreak in the northern 
Oregon coast from 1907-1910 (Langille 1910).  Notably this the first reported pine butterfly 
outbreak from the dry pine regions of eastern Oregon.   

Miles (1911) also provided an indication of the type of ponderosa pine stands on the Malheur 
National Forest infested by pine butterfly during this outbreak, noting, “…the greater part of the 
stand in this type is mature and over-mature and is deteriorating, it is recommended that this 
timber be removed as speedily as possible.”  These ponderosa pines, according to Miles, had an 
average diameter at maturity of about 48 inches (122 cm) or less, with an average maximum 
diameter of between 50 and 60 inches (127 and 152 cm, respectively).  Dense stands of mature 
or overmature ponderosa pines are sometimes seriously defoliated or killed by the actions of both 
pine butterfly and western pine beetle, as in the case of the Yakima Nation Outbreak of 1893 to 
1896 (see “Yakima Indian Reservation Outbreak, Washington” above). 

We believe this is not only the earliest documented record of an outbreak of pine butterfly 
specifically causing visible defoliation of ponderosa pines in the Blue Mountains of northeast 
Oregon, but of defoliating ponderosa pine anywhere in the State of Oregon.  Could an earlier 
outbreak of pine butterfly have occurred in the Blue Mountains?  We believe, yes, given the 
historic repeated occurrence of pine butterfly outbreaks in certain ponderosa pine stands it is very 
likely an earlier outbreak occurred here, but was not documented.  It seems plausible that earlier 
outbreaks in eastern Oregon may have been synchronized with those in western portions of the 
state, such as appeared in whitebark pine in 1894-97 (Chamberlin 1924; Howard 1897; Hopkins 
1908; Langille 1903), and, perhaps, even in earlier times, but were neither recognized nor 
reported due to lack of awareness given the sparse settlement of the Blue Mountains region 
during that time (Miles 1911). 

The report by Miles (1911) lacks many important details about this outbreak.  We are not aware 
of other similar reports that might exist containing additional information on this specific 
outbreak.  Nevertheless, Chaffee (1910) documented  a brief reference to at least one other 
possible pine butterfly outbreak occurring in ponderosa pine stands east of the Cascade 
Mountains in Oregon.  Hence, it is prudent to acknowledge that epidemic levels of pine butterfly 
also may have occurred in the western Ochoco unit of the Blue Mountains on the Deschutes 
National Forest during this same period, although reference to this outbreak is scanty at best.  In 
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the “Annual Silvical Report” for the Deschutes National Forest for 1910 Forest Assistant 
Chaffee (1910) states: “The Pine Butterfly (Microphasia [sic] menapia was seen in many section 
of the Forest this Summer and Autumn.”  However, we cannot verify this report since this 
quotation is the extent of information known to exist on a possible outbreak of pine butterfly in 
central Oregon in this period.  The vague reference to the presence of pine butterfly in “many 
section of the Forest” lacks sufficient detail to identify specific locations where infestations 
occurred or to what extent defoliation may have occurred.  Given that other reports show pine 
butterfly outbreaks occurred in numerous locations around the Pacific Northwest during this 
synchronized epidemic cycle an outbreak in the ponderosa pine stands in this central Oregon 
portion of the Deschutes-Columbia River Plateau appears entirely plausible. 

1910-1913 

Southern British Columbia, Canada Outbreak (Cockle 1911) 

Populations of pine butterfly in Canada during the first couple of decades of the twentieth 
century were mostly stable in the coastal areas, but populations inland increased in southeastern 
British Columbia, resulting in a localized outbreak in the Kootenay District in 1911 (Cockle 
1911).  Cockle (1911) remarks that he “…received several reports of the devastation of Tamarac 
[sic]and Pine trees by the larva of Neophasia menapia, but these were entirely local in 
occurrence and probably did but little permanent damage.” 

In the Vancouver District in 1911, Bush (1911) reports that pine butterfly was not as plentiful as 
usual, suggesting that populations were endemic in this district that year.  Likewise, in the 
Victoria District in 1912, Anderson (1912) reports: 

“The disappearance of ‘Neophasia menapia,’ the Pine White Butterfly, was most noticeable in 
the outskirts of Victoria, for in places on previous years, where thousands occurred, hardly a 
single specimen could be seen.  During the months of September and October this insect usually 
occurs in numbers about Metchosin and Goldstream districts amongst the valleys of the 
conifers.” 

With the exception of the 1910 to 1913 localized outbreak in the Kootenay District pine butterfly 
populations in the coastal districts and inland remained low, at least through 1924 based on 
reports published in the Proceedings of the Entomological Society of British Columbia for the 
years 1911 through 1924. 

Hence, it appears that only the inland ponderosa pine region of the province experienced high 
populations of pine butterfly in the years 1911 and 1912 and probably only in localized areas 
based on Cockle’s report. 

1915-1917 

Whitman National Forest, Oregon Outbreak (Griffin 1917) 
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A brief outbreak of pine butterfly occurred in the Burnt River drainage on the Whitman National 
Forest in the Blue Mountains of northeastern Oregon from approximately 1915 to 1917.  In early 
September of 1916 Alfred A. Griffin (Griffin 1917) reported observing pine butterfly adults 
infesting the mature ponderosa pine stands which covered approximately 19 400 acres (7 851 ha) 
within the boundaries of a timber planning area he was surveying for the U.S. Forest Service.  
The project consisted of a northeasterly-facing survey area of 59 701 acres (24 160 ha) located 
approximately between T.13S., R.35½E. (44.4676°N Latitude, 118.4322°W Longitude), and 
T.15S., R.37E. (44.2790°N Latitude, 118.1234°W Longitude), W.P.M. 

The survey party, of which Griffin was Chief of Party, encountered the abnormal numbers of 
pine butterfly adults as they conducted their survey of the forest approximately 20 miles (32 km) 
south of Sumpter, Oregon.  The purpose of this survey was to determine timber volumes for 
potential future timber sales.  In a statement regarding all types of insect damage to the timber 
Griffin (1917) remarked, “Insect damage is confined to a ‘normal infestation’ of bark beetles, 
with few noticeable centers of infection.  During early September [1916] large numbers of the 
‘pine butterfly’ were at work.  The visible damage, however, was nil.” 

If the survey party observed no defoliation, yet the high numbers of butterflies suggest such 
numbers could not have developed from immature stages with causing visible damage to 
conifers by larval feeding, where did this population come from?  The sighting of large numbers 
of pine butterfly with virtually no visible damage could indicate that wind carried the mass of 
butterflies into the stands from other infested areas. 

However, this is speculation and we must rely solely on the report by Griffin (1917) for 
authentication of this outbreak absent finding any other reports documenting it.  Consequently, 
lacking other validating evidence we assume the outbreak occurred in this location.  Because the 
start date and duration of the outbreak are unknown the dates given for this outbreak are 
estimates only.  We estimate the duration as one year for pine butterfly populations to build and 
another year for decline after the presumed “outbreak year” of 1916. 

1916-1918 

Idaho City, Idaho Outbreak (Barker 1924; Cole 1958) 

Around 1916 pine butterfly activity began increasing again in Boise County in southern Idaho, 
and probably Valley and Idaho Counties as well.  Although apparently the duration of this 
specific outbreak was brief, by the end of the decade the pine butterfly populations elsewhere 
would develop into a much more serious outbreak concentrated along the Little Salmon and 
Payette Rivers (see “Little Salmon and Payette Rivers Idaho Outbreak,” below). 

Walter Cole (Cole 1958) notes that a short-lived outbreak of pine butterfly occurred around 
Idaho City, Idaho, in 1917 without causing serious damage.  He provides no other information 
about this outbreak in his report.  The only other reference we could find on this outbreak was by 
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Barker (1924) and he was mainly concerned with observing and commenting on already known 
aspects of the life cycle of the pine butterfly, essentially adding nothing new to its biology or 
elucidating facts on the location, size, or significance of the outbreak.  In prefacing his 
comments, he states, “In June, 1917, the author watched specimens of the Pine White butterfly 
emerge from the pupae cases.  This happened near Idaho City, Idaho.”  Hence, the only 
information these two references provide is that a brief outbreak occurred.  The location and 
timing of this outbreak suggests that it was actually a precursor to a more serious one about to 
develop Idaho, which we describe next. 

We should point out that at least one government forest entomologist, James Cawston Evenden, 
lived and worked in this region of the country at the time of this outbreak, but was unavailable to 
investigate.  World War I (1914-1918) had drawn many Americans off to fight the war, 
including James Evenden who served with the U.S. Army in France from June 1917 to May 
1919.  Unfortunately, Evenden’s military service coincided with the Idaho City pine butterfly 
outbreak, and this may partially explain why no one apart from Barker (1924) investigated it.  
However, upon his return from the war, Evenden conducted detailed studies on the Little Salmon 
and Payette Rivers outbreak that followed, and published several papers on his work.  We cite 
some of the details from his studies on pine butterfly in the Little Salmon and Payette Rivers 
Idaho Outbreak described below. 

1920-1924 

Little Salmon and Payette Rivers Idaho Outbreak (Evenden 1924, 1926, 1940; Shellworth 
1922) 

As noted above the Idaho City outbreak appears to have been a precursor to a larger and more 
destructive outbreak that developed in ponderosa pine stands along the headwaters of the Little 
Salmon and Payette Rivers in Idaho and in other locations.  Helzner and Their (1993) note that in 
addition to the outbreak developing on the Payette National Forest, “In 1922, the Middle Fork of 
the Payette River, Boise National Forest, had evidence of the pine butterfly on every watershed 
investigated.  In addition to attack of ponderosa pine, higher elevations experienced injury to 
Engelmann spruce, lodgepole pine, and to a lesser degree, Douglas-fir…Heaviest butterfly 
infestations occurred at Meadows, McCall, Sphinx, Arling, and Clear Creek, where old growth 
was consumed and new, 1922, growth damaged (Evenden 1922).” 

The forestland ownership involved in the outbreak is unclear, but given the size of the outbreak, 
it certainly involved large parcels of both Federal and private lands.  On this latter point, Barker 
(1924) states: 

“One of the worst infestations of this butterfly occurred in 1922 upon the holdings of the Boise-
Payette Lumber Company in Valley County, Idaho.  Here the author found ten sections of 
matured yellow pine that had been almost completely defoliated by the caterpillars of the Pine 
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White butterfly.  Upon all of the second-growth pines examined the eggs of the butterfly were 
found in great numbers.  This was during the month of September.” 

Although the industrial private timberland owners viewed the defoliation as serious, the potential 
for attack by bark beetles raised an even greater concern by the employees of these companies 
for the health and status of the weakened trees in the aftermath of the pine butterfly outbreak.  
Barker (1924) conveys an anxiety for the timber on the Boise-Payette Lumber Company lands in 
the following remarks:  

“The chief danger from this insect is its weakening of the resistance of the trees to the 
subsequent attacks of the bark beetles.  The western pine beetle (Dendroctonus brevicornis) [sic] 
and the mountain pine beetle (Dendroctonus monticolae) find the weakened trees very favorable 
host material. 

Actual control of the outbreaks of the Pine White butterfly is impractical because of the immense 
areas infested and the expense involved.  Hope must be based on the history of previous 
outbreaks, when the natural enemies of the insect have always checked its ravages.  So far as is 
known to the author, the only thing timber-owners can do is to keep a close watch upon the 
infested areas, and to stamp out, by felling and destroying, all trees found to have been attacked 
by the bark beetles.” 

Jones and Schmitz (1923) expressed a similar sentiment as that of Barker (1924) above, while 
suggesting that chemical insecticide treatment to control the pine butterfly outbreak was not a 
practical solution: “Spraying as a method of control is not feasible on account of the cost 
involved.  The only hope of control, therefore, lies in the activity of natural parasites.”  In later 
outbreaks in the United States and Canada, however, the treatment of pine butterfly populations 
with chemical insecticides proved to be an effective control strategy. 

In total area affected during this outbreak pine butterfly defoliated more than 27 000 acres (10 
927 ha) in scattered areas in the upper Little Salmon and Payette River drainages, with the worst 
of the defoliation occurring over 3 years, from 1921 to 1923 (Evenden 1936).  Shellworth (1922) 
noted that the pine butterfly actually first showed up on the Salmon River Ranger District (Nez 
Perce National Forest) in 1920.  Pine butterfly defoliation of ponderosa pines in other areas of 
the Salmon and Payette River drainages followed in 1921.  Evenden (1936) states: “Though this 
outbreak was not reported until 1922, when the defoliation became so severe as to attract public 
attention, there was undoubtedly considerable destruction of foliage in 1921.  This outbreak 
continued through 1923, but decreased so rapidly that in 1924 very few caterpillars could be 
found.”  This outbreak occurred in essentially the same region as the two previous Idaho pine 
butterfly outbreaks, 1893 through 1895, and again in 1903 and 1904 (Evenden 1924; Shellworth 
1922). 

It was not until the summer of 1922 that the Idaho outbreak was first recognized as being serious, 
when it was found that nearly 30 000 acres (12 141 ha) of high-grade yellow pine was being 



 
66 

defoliated by caterpillars of the pine butterfly (Evenden 1924).  According to Evenden’s report 
(Evenden 1924), the defoliation occurred in varying sized patches of 1 000 to 5 000 acres (405 to 
2 023 ha) across a very large area.  The numbers of butterflies forming “clouds” in late August of 
1922 appear to be astounding.  According to Evenden, “So dense were some of these swarms 
that as they crossed the valley of New Meadows, Idaho, the sun was obscured.  Countless 
millions of their dead bodies were upon the forest floor in September.” 

Evenden (1940) observed severe defoliation in the tall mature pines in the peak outbreak year, 
1922, but noted pine butterflies defoliated smaller trees during the following year because large 
trees lacked needles upon which the butterflies could lay eggs.  According to Shellworth (1922) 
the state of the outbreak was unusually severe in 1922, not only due to the degree of defoliation, 
but also due to the size of the area covered by the infestation.  Shellworth states, “Practically all 
the mature timber on south and west ridges is heavily defoliated and a large percentage of the 
yellow pine timber on the Payette, Weiser and Little Salmon Rivers is infested to a greater or less 
degree.  The infestation seems to be most severe in the Salmon Meadows and Lake Fork tracks 
and on some slopes the defoliation is complete in the mature trees.”  The area defoliated in 1923 
increased by at least 25 percent over the previous year (Evenden 1940). 

During the course of the outbreak the buildup of natural enemies lagged behind the rapidly 
increasing pine butterfly population, but in 1923 heavy pine butterfly mortality resulted from 
larval parasitism by Theronia atalantae fulvescens.  In addition, large numbers of the predaceous 
hemipteran, Podisus placidus, destroyed many larvae.  Evenden (1940) observed, “In 1923 the 
hordes of feeding caterpillars were heavily parasitized and the outbreak subsided the same year.”  
The rapid appearance of immense numbers of the Theronia sp. wasp about three years into an 
outbreak has helped terminate several pine butterfly epidemics in the past (Scott 2012b).  
Evenden (1926) stated that the 1924 season substantiated his belief that 1923 would be the final 
year of the outbreak, given that “...it was practically impossible to find a larva, and no damage 
was observed that season [1924].”  In addition, Craighead (1924) remarked that, “There is a 
marked decrease in the pine butterfly epidemic throughout this region.” 

As the outbreak ran its course and eventually subsided the large diameter mature trees weakened 
by three years of severe defoliation set the stage for lethal attacks by bark beetles that would 
soon follow, but bark beetles alone did not cause all the tree killing that occurred in this 
outbreak.  Tree mortality began taking place in 1924 and 1925.  An estimated 25 percent of 
mature ponderosa pines died during the outbreak (Evenden 1940).  Of 100 mature, mostly 
severely defoliated pines studied for 13 years, Evenden (1940) found about 14 percent died from 
defoliation alone, about 17 percent from a combination of defoliation and western pine beetle, 
one tree was windthrown, and the remainder survived.  Moreover, Evenden reported that no 
mortality occurred in the groups of lightly or moderately defoliated trees he studied. 

Tree mortality from this outbreak occurring on valuable private commercial timberlands 
represented an economic loss unless the timber owner took prompt action to recover the 
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merchantable volume in the dead trees.  Ultimately, salvage of trees killed by insects prematurely 
removes a portion of the merchantable volume from stands undergoing outbreak, which may 
substantially alter stand characteristics.  Relative to the tree mortality and defoliation damage in 
the Little Salmon and Payette Rivers outbreak, Evenden (1936) vividly illustrated this point by 
the following statement: “The severity of the loss resulting from this injury is supported by a 
salvage cutting of a defoliated area of ponderosa pine near McCall, Idaho, owned by the Boise-
Payette Lumber Company.  During this operation, which occurred in 1925, all dying trees were 
removed, and it was estimated that nearly 40 percent of the stand was cut.” 

Pine butterfly, additionally, had other negative effects on trees that were defoliated.  For 
example, in this outbreak defoliation materially reduced the basal area growth of all trees studied 
by Evenden (1940).  He found that 89 percent of the study trees that recovered from defoliation 
failed to add any basal increment for varied amounts of time ranging from 1 to 11 years (or for 
an average of 2.6 years).  For trees surviving defoliation in this outbreak, Evenden (1936) has 
shown in his study that “…the average annual growth of the living trees was but 44 percent of 
the increment during a comparable period prior to defoliation.  Furthermore, these trees have not 
yet recovered from this injury, for the 1935 growth was only 61 percent of the prior defoliation 
increment.” 

Although this pine butterfly outbreak was not as serious in terms of tree mortality as the Yakima 
Indian Reservation Outbreak of 1893 to 1896 (see above), it certainly is one of the more serious 
outbreaks recorded.  The studies by Evenden (1936, 1940) clearly showed how severe 
defoliation by pine butterfly could negatively affect growth rates.  By extrapolation, it would be 
easy to show how growth reductions from multiple outbreaks in the same area could lead to 
reductions in potential future timber volumes of ponderosa pine sawtimber.  Detailed long-term 
studies of pine butterfly like those conducted by Evenden are uncommon but extremely valuable 
contributions to understanding the pine butterfly and its consequences on host stands and forests. 

1929-1932 

Nez Perce and Salmon National Forest, Northern Idaho Outbreak (Evenden 1930, 1931) 

With hardly enough time for trees defoliated in the last pine butterfly outbreak in Idaho to 
recover fully, in 1929 pine butterfly populations began increasing again within the state—this 
time in the northern half.  Evenden (1930) reported on the annual status of insects in north Idaho, 
noting that pine butterfly populations had been on the increase since 1929.  According to 
Evenden (1931) the 1930 field season progressed with the pine butterfly that had developed to 
outbreak in yellow pine, continuing to increase in area on the Nez Perce National Forest.  
Evenden did not report details about specific locations and size of this outbreak or the nature of 
defoliation damage, if any, in his reports.  Consequently, our information based on his report is 
incomplete.  We could not find that data in other sources, but it may be available in local 
unpublished Forest Service reports or correspondence archived by the U.S. Government. 
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Although we know little about these pine butterfly populations, insect numbers appear to have 
been on the increase in other parts of Idaho as well.  Evenden (1930) stated: “Observations of 
this insect made in other regions of central Idaho would seem to indicate that abnormal numbers 
existed.”  We are uncertain of the extent to which these areas reached epidemic conditions and 
damaged pine forests based on these reports.  Furthermore, we could find no record of the 
outbreak in the 1931 status report, so we assume the populations may have collapsed by this 
season.  We also to point out that an epidemic of pine butterfly defoliated ponderosa pines on the 
Salmon National Forest from 1928 to 1930.  Authorities allowed this infestation to run its course 
without intervention.  By 1931 this outbreak was essentially over. 

During this period other localized areas of the West also may have been undergoing minor 
infestations or small outbreaks of pine butterfly but these lack adequate documentation.  We 
note, for example, that a study of the butterflies of Yosemite National Park conducted during this 
same period found areas where pine butterfly was relatively abundant only in certain years of 
this period.  Garth (1935) reported, “Although not abundant in Yosemite in 1933, the writer saw 
them by hundreds in 1928 along the Big Oak Flat road.”  As with other regional-wide or West-
wide pine butterfly outbreaks, we again see indications of synchrony of the local infestations in 
California with those in Idaho.  These reports from different regions also reflect that although 
populations may exhibit considerable synchrony they do not always reach outbreak at the same 
time and some may not reach outbreak at all. 

1935-1939 

Northern Idaho, Montana, and Northeastern Washington Outbreak (Evenden 1936a, 1937, 
1938, 1939) 

The Annual Forest Insect Status Report for Idaho and Montana for the 1935, 1936, and 1937 
seasons (see Evenden 1936a, 1937, 1938) indicate that in 1935 pine butterfly populations were 
increasing on the Cabinet National Forest [note: in 1954, the Cabinet National Forest was 
divided up among the Kaniksu, Kootenai, and Lolo National Forests].  These populations 
decreased in 1936, eventually reaching normal levels in 1937.  These reports also indicate that 
populations on the Clearwater National Forest were at normal levels in 1935 and remained 
normal through 1937. 

In the 1939 Annual Status Report for Insects in Idaho and Montana Evenden (1939) states that 
“An outbreak of this insect [pine butterfly] was reported from the Kaniksu National Forest, 
where presumably it was attacking white pine.  There are a number of records as to the 
destruction of ponderosa pine by the white pine butterfly, although we have no record of losses 
in white pine.”  A later outbreak of pine butterfly again would occur in western white pine on the 
Clearwater National Forest (see “Clearwater River Drainage Outbreak,” below) apparently 
without causing defoliation of any consequence. 
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It appears that Evenden did not verify the Kaniksu NF outbreak as we could find no additional 
record of it mentioned in the status reports of subsequent years.  That none of the reports we 
examined provided acreages involved in these various pine butterfly infestations in the Northern 
Region during this period suggests they were probably mostly minor in nature, causing little if 
any damage. 

1940-1943 

Blue Mountains, Oregon and Cascade Range, central Washington Outbreak (Furniss 
1943) 

Populations of pine butterfly gradually increased again in the ponderosa pine forests of both 
Oregon and Washington from 1940 to 1943 based largely on ranger district reports of the period 
(Furniss 1943).  In 1943 Furniss (1943) reported adult pine butterflies to be numerous in both the 
Blue Mountains and on the eastern slopes of the Cascades in central Washington.  This is the 
second time the Blue Mountains of Oregon recorded an outbreak of pine butterfly. 

No appreciable defoliation or tree mortality occurred according to the report by Furniss (1943).  
The report lacked any description or size of the specific areas that may have been involved in the 
outbreaks. 

We do not know the extent to which the U.S. Forest Service or others investigated these 
outbreaks, if at all, since information in the Furniss report (Furniss 1943) is scant and we could 
not located any others.  A labor shortage due to wartime commitments would limit the ability to 
investigate the occurrence of insect infestations.  During this period the United States was 
preoccupied with the war efforts in Europe and elsewhere and this may partially explain why 
these outbreaks did not receive more attention or documentation.  

1940-1943 

Boise National Forest, Idaho Outbreak (Helzner and Thier 1993) 

Helzner and Thier (1993) reported that the 1940 annual insect report for Idaho contained an 
account of small numbers of pine butterfly in ponderosa pine stands around High Valley, Shirts 
Creek, and the Second Fork of Squaw Creek on the Boise National Forest. 

Observations recorded in the 1943 report indicated the ponderosa pine in the Squaw Creek 
drainage again contained an infestation of pine butterflies (Helzner and Thier 1993).  It is 
unknown whether the observers in these years were recording presence of larvae or adult 
butterflies in tree canopies, or if they actually observed defoliation.  The specific acreages 
involved are also unknown based on the information in Helzner and Thier (1993). 

The authors also reported that additional observations of pine butterfly on the Boise National 
Forest occurred in the years 1946 through 1949.  These apparently were nominal infestations and 
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were not damaging.  The next widespread outbreak on the Boise National Forest did not start in 
earnest until 1950 (see below). 

We again point out the synchronization of outbreaks in the Pacific Northwest.  The Blue 
Mountains, the eastern slopes of the Cascades in central Washington, and the areas on the Boise 
National Forest in pine butterfly outbreak all occurred simultaneously. 

1943-1949 

Vancouver Island and Southwestern British Columbia Outbreak (Lejeune 1975)  

Pine butterfly appeared in massive flights several times in Canada since 1896, but only a few 
times were populations recorded that developed to outbreak levels causing visible defoliation.  
Raymond R. Lejeune (Lejeune 1975) summarizing pine butterfly infestations in British 
Columbia, Canada up until 1975 observed: 

“Great flights were reported in 1896, 1943, 1944, and 1949 on Vancouver Island.  In 1959, an 
outbreak occurred in Cathedral Grove (MacMillan Park) at Cameron Lake, Vancouver Island, 
and continued until 1961, when about 1,500 acres were sprayed to prevent further damage.  Light 
infestations have been common in the Interior of British Columbia but no spraying operations 
have been carried out there.” 

While there is a fair amount of information in the literature on the 1896 and 1959 to 1961 
outbreaks we could locate virtually nothing on the infestations occurring on Vancouver Island in 
the period 1943 to 1949, excepting this report by Lejeune.  In all likelihood, local government 
entities or libraries in Victoria or Vancouver contain additional documentation on these 
outbreaks, but we did not investigate further.  Hence, we can only recount that these infestations 
occurred over this period based on Lejeune’s report.  Lacking additional details correlating the 
continuity of independent outbreak cycles for the years of the “great flights” of butterflies we 
aggregate the reports for these three years, 1943, 1944, and1949 and assume this is simply one 
outbreak cycle with duration of 6 years, 1943 through 1949. 

The synchrony of this outbreak with a similar increase in pine butterfly populations on the 
Olympic Peninsula in the same period (see “1943-1949 Olympic National Forest Outbreak,” 
below) further supports the occurrence of this outbreak.  

1943-1949 

Olympic National Forest Outbreak, Washington (Furniss 1945a, 1945b)  

A report of pine butterfly in the Olympic Mountains stretching along the northern Washington 
coast had not occurred since Chamberlin (1924) reported “a serious” outbreak occurring there 
in1898, referenced in the 1892 to 1898 outbreak in southern British Columbia, Vancouver Island, 
and Olympic Mountains (see above).  Correspondence between the Olympic National Forest and 
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the U.S. Forest Service Forest Insect Laboratory in Portland, Oregon in 1945, offers a glimpse 
into the population status of pine butterfly on the Olympic Peninsula during the same period the 
outbreak was ongoing in southern British Columbia and Vancouver Island (see “Vancouver 
Island and Southwestern British Columbia outbreak,” above). 

In early September 1945, W. E. Brown, the Acting Forest Supervisor of the Olympic National 
Forest, corresponded with the Regional Forester, Pacific Northwest Region, to inform him that 
heavy infestation of the pine butterfly had appeared along Hood Canal and near Soleduck Hot 
Springs, and that the infestations appeared to be widespread over the forest (Brown 1945).  
Concerning damage Brown stated, “We are unable to judge the degree of infestation or the 
damage which may result from it but the crown canopy of those portions of the forest noted 
above is literally ‘aflutter’ with the adult insects at this time.” 

R. L. Furniss (Furniss 1945a) provided an initial reply in a September 14, 1945 letter to Mr. A. J. 
Jaenicke, Timber Management, Pacific Northwest Region, in which he states:  

“We are most interested in learning of this flight of the pine butterfly for there were indications 
last season that it was on the increase in the Olympics.  What the role of Neophasia is in the 
Douglas-fir region remains obscure.  In 1930 a great many adults were observed about the tops 
of mature Douglas-fir in the vicinity of Sappho.  Evidence of larval feeding was not found. 

We would very much like to learn more about the pine butterfly and its habits west of the 
Cascade Range.  It seems peculiar that it should periodically become so abundant without 
leaving signs of having fed.  Any information that leads to clearing up of this mystery will be 
greatly appreciated.” 

The correspondence from Furniss (1945a) indicates he had a keen interest in this outbreak and 
that he would soon follow up.  Indeed, the week following Furniss’ letter he visited the Snider 
Ranger Station (now part of the Soleduck Ranger District) to look into the pine butterfly 
situation there. 

In the meantime, the district rangers on the Olympic Peninsula embarked on their own 
investigation of the distribution of pine butterfly on the Forest, and the Olympic National Forest 
Supervisor summarized their findings in a September 21, 1945 letter to the Regional Forester 
(Bates 1945).  The letter states in part: 

“Further investigation shows that the flight of the Pine Butterfly on the Olympic extends pretty 
well over the entire eastern half of the Forest from the Wynoochee to the Soleduck.  We are 
unable to judge the intensity of the flight but have not formerly noticed these insects in anything 
like the numbers which occur this year. 

The following are reports from the Rangers regarding the insects on their districts: 

Quinault – District Ranger, Fulton 



 
72 

‘The pine butterfly (Neaphasia [sic] menapia) infestation in the Quinault District is in a 
quiescent condition.  A few adults were seen in the West Fork Humptulips Area and in the 
Aberdeen Plywood Sale Area on the Queets.  There is no evidence that they have reached serious 
proportion in either case.’ 

Soleduck – District Ranger, Floe 

‘The pine butterfly has been seen in considerable numbers around Lake Crescent and at Sol Duc 
Hot Springs.  A few in Indian Valley and West Twin drainages.  None west of Snider Ranger 
Station. 

They do not appear to me to be unusually numerous or in the epidemic stage as they are nearly 
always numerous enough to notice if the weather is dry and hot in September.’ 

Quilcene – District Ranger – Anderson (Memo signed by Simonton) 

‘During the past three days Mr. Blodgett and I were on all of our timber sales.  The Pine butterfly 
was observed on all sales in about the same intensity.  The butterflies seemed to prefer the taller 
old-growth trees.  None were noted in the Snow Creek plantations.  I didn’t try to make any 
count but there seemed to be about 8 or 10 visible around the top of each tall tree.’ 

Shelton – District Ranger – Bryan 

‘Some of the Pine butterfly (neaphasia [sic] Menapia) estimated at about one-third of the 
number recently noted on the Nettleton sale have been seen in the vicinity of the La Velle claim 
east of the Wynoochee, but none were seen west of this river or during a recent trip to the West 
Branch of the Wynoochee nor have any been noticed on the Schafer sale.  None were noted on 
the Donahue sale on Dry Creek.’” 

In reply to the September 21, 1945 letter from the Olympic Forest Supervisor (Bates 1945) and 
as follow up of his visit to the Olympic National Forest R. L. Furniss responded with his own 
letter of October 9, 1945 (Furniss 1945b).  Furniss stated in part:  

“On September 20 and 21 I visited the Northern Olympics in a check-up of the black-headed 
budworm situation [Acleris gloverana  (Walsingham)].  At that time I examined several areas, 
chiefly on the Soleduck district, but found no evidence of pine butterfly activity.  This was rather 
to be expected for it was rainy on the 21st and overcast the following day.  I saw no evidence of 
defoliation attributable to the pine butterfly. 

All of this leaves us just about where we were.  The pine butterfly periodically becomes 
abundant in the fir stands west of the Cascade Range.  What its habits are there is not known.  
There is no recorded instance of timber killing in western Oregon or Washington, although such 
killing is said to have occurred in British Columbia. 
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We hope it will be possible in the reasonably near future to make a detailed study of the pine 
butterfly in order to determine its role in the Douglas-fir region.” 

These efforts by the U. S. Forest Service to understand the role of pine butterfly in the coastal 
Douglas-fir forests of the Pacific Northwest, and during this apparent outbreak in particular were 
unsuccessful, as Furniss (1945b) points out, above.  The periodic appearances of enormous 
numbers of adults in the Olympic Peninsula forests without trace of defoliation in the Douglas-fir 
host remains a mystery.  To our knowledge the detailed study of pine butterfly in the Douglas-fir 
region west of the Cascade Range spoken of by Furniss (1945b) has not happened in Washington 
or Oregon as of this writing. 

However, entomologists have made investigations of Douglas-fir infestations by pine butterfly in 
southern British Columbia and on Vancouver Island and have found that sometimes severe 
defoliation can lead to tree death in that region.  Why just across the Strait of Juan de Fuca, pine 
butterfly sometimes damages and kills Douglas-firs on Vancouver Island and elsewhere in 
southern British Columbia but not in the Douglas-fir forests on the Washington State side is 
perplexing.  Indeed, this ambiguity continues to remain a fascinating research problem for future 
resolution. 

1947-1951 

Clearwater River Drainage, Northern Region, Idaho and Bitteroot National Forest 
Outbreak (Evenden 1947; Denton 1952) 

The last time pine butterfly populations in northern Idaho increased to epidemic levels was the 
outbreak of 1935-1939, located largely in western white pine on the Kaniksu National Forest 
(now the Panhandle National Forest).  It appears that populations in north Idaho were again on 
the increase beginning in 1947.  Evenden (1947) observed that during the 1947 season the U.S. 
Forest Service received reports of pine butterflies in unusually large numbers in the West Fork 
District of the Bitteroot National Forest and in the southwest corner of the Yellowstone National 
Park, where pine butterfly populations were occurring simultaneous with western spruce 
budworm, Choristoneura freemani Razowski, in mixed-conifer stands containing hosts for each 
insect. 

We were unable to find a follow-up report to Evenden’s 1947 forest insect status report.  Hence, 
we are uncertain to what degree the Forest Service followed up on these reports.  However, the 
Forest Service did provide a few more details on the status of pine butterfly populations in 
western white pine stands in the Clearwater River Drainage in north Idaho in 1951.  Denton 
(1952) described the situation as follows: 

“The pine butterfly was found in increasing numbers in western white pine forests of the 
Clearwater River drainage, Idaho, in 1951.  This is based upon a comparison of the number of 
butterflies observed in flight in 1951 with that of recent years.  In 1951, an average of 10 to 14 
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butterflies per tree crown were observed in contrast to an average of 3 to 5 butterflies per crown 
during the past two to three years.  Despite this apparent increase in population, no evident tree 
damage was observed in 1951.  Because of the well-known destructive nature of butterfly 
epidemics, the 1951 observation warrants a further population check in 1952.” 

Although not stated in Denton’s report the degree of defoliation of trees by the subsequent 
season’s larval population that would equate to this level of adult population would have resulted 
in very light to light feeding damage only. 

We were unable to locate a follow-up report for the 1952 season to determine whether this 
population continued to increase to levels damaging to western white pines in the Clearwater 
River drainage.  We assumed that a serious outbreak of pine butterfly did not occur in this 
portion of the Region or it would have been more widely documented. 

The synchrony of outbreak cycles was once again evident across wide geographic regions.  In 
this case, the timing of these population swings corresponds within a few years of the upward 
trends in the pine butterfly populations reported for the southwestern British Columbia and 
Olympic Mountains region above. 

1950-1954 

Boise National Forest, Idaho Outbreak (Boise NF 1954; Cole 1955, 1958a, 1966) 

Midway through the twentieth century the Boise National Forest in southern Idaho experienced 
one of the largest pine butterfly outbreaks ever recorded.  Pine butterfly populations began 
increasing in 1950 in Boise, Valley, and Elmore Counties in southern Idaho, and continued 
through 1953.  Helzner and Their (1993), referencing October 4, 1951 correspondence to the 
Boise National Forest Supervisor by W.W. Doupe, state “The outbreak intensified in 1951, when 
pine butterfly populations were three to four times that of previous years.”  In 1953 severe 
defoliation became evident in an area between Deadwood Reservoir and the Middle Fork of the 
Boise River, initially appearing mostly on high ridges (Cole 1955, 1956b).  According to a Forest 
Service internal memorandum (USDA 1953) by July 1953 defoliation of both the old and new 
needles on some trees had exceeded 90 percent on at least 6 000 acres (2 428 ha), principally on 
the high ridges mentioned above.  The acreage infested from year to year was increasing at a 
phenomenal rate, going from 169 000 acres (68 392 ha) in 1953, to more than 255 000 acres (103 
195 ha) in 1954.  Cole (1966) estimated the number of acres ultimately affected between 1952 
and 1954 at 255 400 acres (103 357 ha).  The report by Helzner and Their (1993) contains 
additional details on the areas of the Boise National Forest defoliated by pine butterfly. 

Smith (1983) notes that the outbreak covering portions of Boise, Valley, and Elmore counties, 
resulted in the infestation by the pine butterfly of extensive areas of merchantable ponderosa 
pine.  Much of the infested area contained mature trees.  The U.S. Forest Service considered 
these pine stands to be some of the best in the state of Idaho (USDA 1953).  About 1.6 billion 
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board feet of timber (3 775 579.55 cubic meters) with an estimated stumpage value at the time of 
a half billion dollars (U.S. dollars) was at risk within the areas of heaviest infestation (Boise 
National Forest 1954; Orr 1954).  In addition, the worth of intangible forest benefits including 
watershed value, scenic beauty, recreational opportunities, and wildlife habitat that were at risk 
of damage from pine butterfly was incalculable (Boise National Forest 1954). 

Although the ichneumonid parasite, Theronia atalantae fulvescens, and the hemipteran predator, 
Podisus placidus (Uhler.) were both found present in high numbers and increasing in this 
epidemic of 1953, it was believed that large volumes of valuable timber would be destroyed 
before these natural controls could become effective (Cole 1955).  Hence, in June of 1953, the 
Boise National Forest began preparing for a possible extensive control operation against the pine 
butterfly, partly in response to the presence of a large acreage of valuable pine lying adjacent to 
the presently infested area that was potentially at risk of infestation within the next year or two. 

Prior to making a final decision to terminate the outbreak before further damage to the mature, 
high-valued ponderosa pines occurred, the Forest Service, in the summer of 1953, arranged to 
spray an experimental test block of 400 acres (162 ha) of infested timber with DDT 
(dichlorodiphenyltrichloroethane).  The purpose of this treatment was to evaluate the potential 
efficacy of the insecticide against pine butterfly and to determine the feasibility of stopping the 
epidemic and eliminating the threat to the valuable ponderosa pine forests.  The test area, located 
on the Beaver Creek sale area, was treated with about 400 gallons (1 514 liters) of a DDT-oil 
spray applied with a Ford Tri-motor airplane on July 18, 1953 (USDA 1953).  The test treatment 
provided excellent kill of pine butterfly larvae as well as western spruce budworm larvae that 
were abundant on the fir component in that area.   

With success in the experimental treatment in 1953, the Forest Service proceeded with a control 
decision for treatment the following year.  In 1953 Congress appropriated the necessary funding 
for the control project to proceed under authorization of the Forest Pest Control Act.  Having 
secured funding project organization began almost immediately with the selection of a project 
director, and by January 1954 plans for the control project were well underway (Boise National 
Forest 1954).  The control project primarily targeted pine butterfly infestations on Federal lands 
but infested areas on some State of Idaho forestlands were also treated. 

The expansive area of infestation requiring insecticide treatment entailed dividing the project 
into two control units due to lengths of flight, logistics related to loading facilities, and 
management of air traffic at the airfields.  The control units, Idaho City Unit No. 1 and Warm 
Springs Unit No. 2, required separate aerial application contractors to provide the insecticide 
treatment of each Unit.  The award for the contract for the Idaho City Unit went to Johnson 
Flying Service out of Missoula, Montana, and Ball-Ralston Flying Service of Hillsboro, Oregon, 
won the application contract for the Warm Springs Unit. 
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The Johnson Flying Service based their aircraft used on the Idaho City Unit at the Idaho City 
airport.  This Unit covered the Boise River Watershed.  Aircraft for this unit included a Douglas 
DC-3 (C-47), two Ford Tri-motors, and a Curtis observation plane (Boise National Forest 1954).  
The contractor for the Warm Springs Unit No. 2 used a single runway dirt airstrip located within 
the Boise National Forest, developed by the Forest Service in cooperation with the State of Idaho 
as an emergency landing field for small aircraft operating in the mountainous areas, and for use 
in smoke-jumping activities (Boise National Forest 1954).  The Warm Springs Unit covered the 
Payette River Watershed infestations.  The smaller aircraft operating out of the Warm Springs 
Unit included 2 converted TBM Avenger Navy Torpedo Bombers, a Stearman Biplane, an N3N 
Navy Trainer, a Fairchild “71”, a Ford Tri-motor, and a Piper Pacer observation plane. 

The Boise National Forest began conducting the aerial application of chemical insecticide 
against the pine butterfly on June 7, 1954.  The total project treatment included spraying 255,403 
acres (103 358 ha) with 1.0 pound of DDT diluted with 1.0 gallon of No. 2 fuel oil per acre (1.12 
kg/9.354 l/ha). 

The contractors successfully completed all insecticide applications on July 7, 1954.  The project 
concluded without any injury to ground crew or flying personnel in spite of an engine failure of 
the Stearman on June 18, leading to an emergency landing that demolished the aircraft (Boise 
National Forest 1954).  The total cost for this project was $224 760.66 (U.S. dollars) for 
treatment of the 255 403 acres (103 358 ha), or $0.88 per acre ($2.17 per ha).  This was a lower 
cost than had been originally projected by $0.42 per acre ($1.04 per ha). 

The treatment was timed, insofar as possible, to simultaneously achieve killing of western spruce 
budworm infestations in the true fir and Douglas-fir that were mixed in with the pine butterfly-
infested ponderosa pines.  Generally, the insecticide application targeted first- and second-instars 
of the pine butterfly.  Hence, damage from the 1954 larval feeding on ponderosa pine was very 
slight (Boise National Forest 1954).  Targeting these first two larval stages of pine butterfly 
proved beneficial in an unexpected way by leveraging the physiological process of severing 
needle resin ducts in pine needles by feeding of young larvae to aid in the process of larval 
mortality.  The authors of Pine Butterfly Control Project Report (Boise National Forest 1954) 
explain it this way: 

“Just after hatching, the pine butterfly larvae tend to cluster for feeding in groups of six to ten or 
more around the tips of the needles in a more or less circular arrangement.  In too many instances 
to be considered chance, a kill of all but three or four of the larvae by spray resulted in drowning 
of the others by resin flow from the ends of the needles.  In this way the physiological processes 
of the trees aided materially to supplement the effects of the insecticide.  Such a combination of 
factors would be impossible when the larvae reach the third and fourth instars and begin to feed 
individually.  This is another point in favor of applying the spray during the first and second 
instars.” 
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Insecticide treatments achieved 99.4 percent reduction of the pine butterfly population in the 
Idaho City Unit (No. 1) and 99.7 percent in the Warm Springs Unit (No. 2) (Cole 1956b).  The 
incidental western spruce budworm control in areas where infestations of budworm and pine 
butterfly overlapped resulted in larval mortality rates ranging from 77.2 percent to 100 percent 
with an overall average of 91.4 percent (Cole 1956b).  This successful control project was the 
first of its kind against pine butterfly in North America.  It would provide strong support to 
undertake future control efforts against outbreaks of this insect in both British Columbia and 
Montana as we will later show. 

Cole (1966) estimated that because of the control project only 1.3 percent of the stand and about 
0.6 percent of the volume succumbed to either direct or indirect effects of the defoliation.  In 
spite of control efforts five years after termination of the outbreak defoliation had reduced 
growth on trees to about 40 percent of expected normal growth increment gain (Cole 1966).  The 
annual growth loss resulting from defoliation in this outbreak was estimated by Cole (1966) to be 
72.1 bd. ft. per acre (0.42 m3 per ha). 

Many rank pine butterfly as one of the most serious and damaging insect herbivores of 
ponderosa pine in the West.  This widespread outbreak had the potential to inflict severe damage 
on some of the most valuable mature ponderosa pine resources of the State of Idaho at the time, 
as well as set the stage for a potentially massive western pine beetle epidemic.  Intervention to 
disrupt the outbreak cycle with chemical insecticides was deemed successful by the coalition of 
participating agencies, including the U.S. Forest Service, local timber industries, the State of 
Idaho Department of Forestry, the Keep Idaho Green Committee, the Southern Idaho Forest 
Protective Association, and other resource management or conservation entities (Boise National 
Forest 1954).  Based on damage from past large outbreaks there is little doubt that in this 
situation direct control avoided a greater amount of tree mortality—mainly from bark beetles—
than would have occurred had the treatment not proceeded.  It remains a striking example of how 
prompt action by a coalition of agencies with vested interest and like-mindedness of goal 
prevented major losses to the extensive areas of valuable merchantable ponderosa pine timber in 
the counties of southwestern Idaho. 

1953-1955 

Northern Arizona Outbreak (USDA 1954a, 1954b) 

Up until the mid-twentieth century pine butterfly populations in the southwestern United States 
have remained relatively low.  Even as of this writing outbreaks of pine butterfly in southwestern 
pine stands are rare.  Conversely, periodic explosions of pine butterfly flights may appear quite 
mysteriously in the southwestern pine stands, as they do elsewhere, but without any apparent 
visible defoliation or immature life stages evident.  Such was the situation in the early 1950s in 
northern Arizona.  Besides the account of the major outbreak on the Boise National Forest in 
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Idaho, the forest insect conditions report for 1954 (USDA 1954b) cited an increase in pine 
butterfly populations in northern Arizona in the southwestern United States: 

 “A heavy flight of the pine white butterfly was reported from the Coconino Plateau in Arizona 
during the year.  This is the first report of abnormal activity of this insect in the southwestern 
states, although it has occurred in small numbers annually throughout most of the pine stands in 
the area.  Neither abnormal defoliation or butterfly eggs were found in any area where the heavy 
flight was reported.” 

In a similar manner, The Cooperative Economic Insect Report for the week of September 17, 
1954 (USDA 1954a), referencing an Arizona Cooperative Report, states that the adult butterflies 
were found to be abundant in the Kaibab National Forest near Williams, Arizona, further noting 
that this was the first known occurrence in this area.  The report also maintains that a heavy 
flight of adults were reported from a locality between Cameron and Flagstaff, Arizona, and this 
suggested that the insect flights reported from the Kaibab National Forest near Williams had 
resulted from an invasion of the butterflies from the North. 

The meager detail from this second report does not indicate whether the survey detected any 
defoliation of host trees or whether follow-up assessments of potentially infested areas on the 
Kaibab National Forest took place subsequent to this report.  The choice of the term “abnormal” 
in the first report cited (USDA 1954b) is somewhat ambiguous.  For example, does the term 
mean that “some” visible defoliation occurred but it was light and inconsequential, or does it 
mean “no” visible defoliation occurred at all?  Without belaboring this question we can say that 
an infestation was not in evidence based on these reports, and this status is consistent with past 
pine butterfly behavior in the Southwest.  Although pine butterfly commonly occurs in 
ponderosa pine forests of the Southwest it apparently causes little defoliation in these forests and 
outbreaks are rare. 

We report this outbreak as a unique infestation for northern Arizona because the abundance of 
pine butterfly adults reported in all likelihood had to have developed from extant populations 
somewhere in the Kaibab National Forest ponderosa pine stands.  One can argue whether this 
represents a true “outbreak” or not.  We will leave it up to the reader to decide.  However, for the 
purpose of this discussion we will consider this event a minor “outbreak.”  Because the start date 
and duration of the outbreak are unknown the dates given for this outbreak are estimates only; 
we estimate one year for pine butterfly populations to build and another year for decline after the 
presumed “outbreak year” of 1954. 

Lastly, we find it interesting that pine butterfly populations in northern Arizona appear to have 
increased coincident with the increase in populations in southern Idaho, providing further 
evidence of synchrony of outbreak cycles even between pine butterfly populations occurring in 
two widely separated geographic regions.  In addition to increased populations in these regions 
of the West, pine butterfly populations in the Olympic Mountains in the Puget Sound area of 
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Washington State were also above normal at this time, but may not have reached outbreak levels.  
Reporting on the relatively high adult pine butterfly numbers in the Douglas-fir region of these 
coastal mountains during the 1952 season Frechin (1952) states, “Neophasia menapia was the 
only species to appear in above-normal numbers, it having been absent here for years.”  This 
suggests more evidence for support of widespread synchrony of pine butterfly populations with 
those in Idaho and Arizona. 

1956-1961 

Cathedral Grove, Cameron River Valley at McMillan Provincial Park, Vancouver Island, 
British Columbia, Canada Outbreak (Anonymous 1961; Silver and Ross 1962)  

Pine butterfly populations in Canada were quiescent from 1949 through 1954.  Records of the 
Forest Branch of the British Columbia Department of Lands show no abnormal activity of pine 
butterfly occurring in the Province during this period, but the status of pine butterfly was about 
to change. 

In 1955 Sugden (1956) reported flights of pine butterflies around the upper third of the crowns of 
ponderosa pines in the West Nelson District, noting, “They were quite common throughout the 
ponderosa pine stands of Lower Granby River Valley, and from Christina Lake south to the 
International Border.”  However, he did not find larvae to collect in these regions, nor was any 
defoliation apparent.  As it turned out, as happens sometimes with this insect, nothing came of 
this increase in pine butterfly adult activity on the West Nelson District, but it may have been a 
precursor pointing to other areas of southern British Columbia where populations were 
increasing and would become damaging to trees in the near term. 

Within a few years of the report of the apparent increasing populations in the West Nelson 
District pine butterfly began to rise in the Vancouver Island District.  E. G. Harvey reported on 
the status of pine butterfly in the South Vancouver Island District (Harvey 1958) as follows: 

“A moth flight reported at the headwaters of Englishman’s River, to the south-east of Mount 
Arrowsmith, proved to be pine butterflies.  This was at an elevation of 1,500 feet.  Butterflies 
were observed hovering around the tree tops and around freshly cut trees.  About 90 per cent of 
the 1957 foliage on Douglas fir was defoliated, and some of the 1956 foliage was also missing.  
As no other insects were found in this area the defoliation could have been caused by the pine 
butterfly.  However, 29.1 square feet of foliage, four branches taken from two trees, were 
examined and no eggs were found.” 

S. J. Allen reported a similar situation for the North Vancouver District (Allen 1958) stating, 
“Mass flights of pine butterfly adults were observed at Cathedral Grove, Elk River and Drum 
Lakes during September and October, 1957.  A moth flight was reported at Windy Point but no 
specimens were obtained for verification.”  Additionally, the North Vancouver Island District 
continued to see elevated activity by pine butterfly in various localities the next year, 1958.  
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Allen (1959) reported observations of mass flights of pine butterfly adults in the Neroutsos Arm 
area, at Nimpkish Lake, and in the Gold River Valley from August 1 to August 15, 1958.  In 
1959, Allen again observed massive pine butterfly flights from these areas, but also added 
Comox Lake and The Cathedral Grove areas to the localities where these flights were occurring 
(Allen 1960).  Clearly, these three years of unusual abundance of pine butterfly adults was 
pointing to an impending outbreak of pine butterfly within the region. 

Populations of pine butterfly were continuing to increase in several location on Vancouver 
Island, and by 1959 pine butterfly was causing visible defoliation over an area approximately 
1500-acre (607 ha) in size in the Cameron River Valley at McMillan Provincial Park, prompting 
the Forest Biology Division of the Department of Agriculture to initiate studies on this outbreak.  
Pine butterfly populations were high and persisting as characterized by the British Columbia Fish 
and Game Branch: “Spectacular and very intense flights of the pine butterfly were observed in 
the Cameron River Valley at McMillan Park in both 1959 and 1960” (Anonymous 1961).  The 
anticipated outbreak was now in full swing on Vancouver Island. 

To provide context to the pine butterfly situation in 1959 Harvey (1960) conducted further 
investigations, including making egg counts on some of the infested trees in MacMillan Park in 
November of 1959.  He summarized his findings as follows:  

“In 1958 a comparatively light flight was observed at Cathedral Grove (MacMillan Park), 
followed by a spectacularly heavy flight in 1959, with thousands of butterflies covering the trees 
and the roadway.  Light flights were also observed in the Nitinat River and Englishman River 
areas and another flight was reported in Herbert Inlet in 1959, which was believed to be the pine 
butterfly.  Egg counts were conducted in November, 1959. 

Four trees were sampled at Englishman River, and three trees from the area just outside the park 
at Cathedral Grove.  Only two trees were sampled in the Nitinat Valley.  Three branches were 
selected at random from the upper third of the crown of each tree, one branch from the mid-
crown and one from the lower third.  The area of each branch was calculated in square feet, and 
the foliage examined for eggs. 

The egg counts were very light at Englishman River averaging only 0.27 eggs per square foot of 
foliage. 

No comparable figure was obtained from the Nitinat Valley, as the sample trees were taken from 
an area about three or four miles from the observed flight.  However, some egg clusters were 
found. 

The egg counts from Cathedral Grove are shown in Table 4 [see original document].  The 
average of 7.4 sound eggs per square foot of foliage is not regarded as heavy enough to cause 
serious damage, but the area will be kept under close observation in 1960. 
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Over 21 per cent of the eggs were classified as unsound.  The major cause was predation which 
was evident in two ways.  Some eggs were punctured or holes chewed in the sides and the eggs 
were empty; other eggs were destroyed completely except for the base of the egg where it was 
cemented to the needle.” 

The egg densities obtained in 1959 suggested the Cathedral Grove area would be host to large 
larval populations in 1960.  The egg counts warranted additional sampling to evaluate the larval 
populations in 1960 to determine larval densities and possible parasitism rates.  However, as 
Collis (1961) pointed out, making collections of larvae was difficult “…because the insect is a 
crown feeder and Douglas fir in the infested stand are up to 250 feet in height.”  To work around 
this problem, on July 12, 1960, Collis made collections of larvae from understory hemlock trees 
found to be infested and from a recent wind fallen Douglas-fir that was infested. 

Additional sampling of the pupal stage provided information on pupal parasites.  Collis (1961) 
reported the following results from larval and pupal sampling in 1960: 

“Pupation commenced around July 25.  Larvae dropped on silk threads to the ground and moved 
about in search of suitable pupation sites.  These included crevices in old logs and stumps, the 
underside of sword fern, (the favorite site) small twigs on old branches lying on the ground and 
crevices in the bark of living trees.  Observations indicated that pupae were more frequent at 
ground level in open areas; where the stand was closer together and the tree trunks and ground 
shaded, they were more difficult to find.  Not all the larvae pupated on the ground as pupae were 
found all the way up the tree trunks and on the foliage.  On August 5, only one adult had 
emerged out of 91 pupae collected on the ground, although many adults were flying around the 
tree tops. 

The number of larvae and pupae collected and the parasite emergence is shown in Table 7 [see 
original document].  Parasitism was heavy in the larval collections made on July 25 and August 
5.  The larval parasites were mainly Tachinidae, most of which died or did not emerge.  The 
main pupal parasite was Apecthis ontario (Cresson). 

Feeding was much lighter than the heavy frass drop indicated.  Defoliation of three trees felled in 
Cathdral [sic] Grove did not average over 15 per cent.  The insects showed a preference for 
needles one and two years old.  There was almost no feeding on current foliage. 

For egg samples, three branches were selected randomly from the upper third of the crown, and 
one branch from the mid-crown and the lower third of the crown of each sample tree.  The area 
of each branch was calculated in square feet, and the foliage examined for eggs.  Egg counts are 
summarized in Table 8 [see original document], for 1959 and 1960. 

Based on the 1960 egg counts and the expected defoliation the stands in the Cameron River 
Valley are not in serious danger of tree mortality in 1961.  It is also believed that the stands in 
MacMillan Park will not be greatly weakened by defoliation of up to 45 per cent.  If the 
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population in MacMillan Park is found to be relatively greater than outside the park were egg 
counts were made, it may be desirable, because of the esthetic value of the trees involved, to 
consider chemical control as a precautionary measure.” 

This was the first time anyone alluded to the possibility of chemically controlling the pine 
butterfly in Canada to safeguard the aesthetic value of trees. 

In addition to the Cathedral Grove infestation, Collis (1961) provided information on the two 
other areas with high populations of pine butterfly: Cameron River Valley and Dunsmuir Creek 
area of Nanaimo River Valley.  Regarding populations in the Cameron River Valley which 
adjoins Cathedral Grove and is a similar type of stand, Collis observed: 

“Two egg samples were made in this valley, the first in block 35, two and one half miles south of 
Cathedral Grove and the second in block 81, five miles south of the Grove (Table 8) [see original 
document].  In block 35, total defoliation did not exceed 10 per cent and in the second area 
feeding was barely visible.  The small number of eggs indicate the population in 1961 will be 
light.” 

In the Dunsmuir Creek area Collis noted, “During the regular summer survey frass drop was 
observed in the Dunsmuir Creek area.  Egg counts were light, indicating light defoliation for 
1961, as it was in 1960.  Moth flights were reported over much of the Nanaimo River and Lakes 
country.” 

After considering the analyses of pine butterfly populations on Vancouver Island it was apparent 
that only portions of the island that included the MacMillan Provincial Park were at risk of being 
adversely affected by defoliation if the outbreak continued to run its course.  A report by Lejeune 
(1961) predicted that pine butterfly populations within MacMillan Park and surrounding stands 
would increase twofold in 1961.  Moreover, he elaborated, “This is not expected to cause severe 
damage to second-growth stands, but any weakening of trees in about 1,700 acres of overmature 
decadent stands may predispose them to attack by bark-beetles and wood-borers.”  The potential 
losses of this overmature tree structure to bark beetles would decidedly alter the aesthetic 
character of the park as Collis (1961) suggested. 

McMillan Provincial Park, of course, is famous for “Cathedral Grove,” a loop trail system well 
known for providing easy accessibility to the park’s giant Douglas-fir trees, some of which are 
more than 800 years old and quite spectacular.  The seriousness of this outbreak prompted 
concern that the pine butterfly defoliation would have a detrimental and weakening effect on the 
overmature old-growth trees present, and continued destruction of the stand would result from 
infestations of secondary insects such as bark beetles and woodborers (Anonymous 1961; 
Lejeune 1961).  Accordingly, the British Columbia Parks Division, and MacMillan, Bloedel and 
Powell River Ltd., who controlled the park stand and the surrounding forest, respectively, 
reached a collective decision that chemical control was necessary to prevent further injury and 
protect the beautiful and valuable stands near Cameron Lake, Vancouver Island (Lejeune 1975). 
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The project plan called for the treatment of 1,500 acres (607 ha) of the lower Cameron River 
Valley with DDT (Anonymous 1961; Lejeune 1975).  Of the total area about 350 acres (142 ha) 
were in the McMillan Provincial Park and the remainder was owned by MacMillan, Bloedel and 
Powell River Co., Ltd.  The treatment in the Cameron River Valley was a cooperative effort 
between MacMillan, Bloedel and Powell River Company, and the British Columbia Department 
of Recreation and Conservation (Silver and Ross 1962).  The MacMillan, Bloedel and Powell 
River Co., Ltd. was responsible for the project, but the overall cost was divided proportionately 
with the Parks Division of British Columbia. 

Lejeune (1975) provided detail notes on the application contractor and spray equipment and 
aircraft operating characteristics as follows: 

“Okanagan Copter Sprays was awarded the contract.  Spray was applied by a Bell 47G2 
helicopter, equipped with a 20-foot (6.1 m) boom.  Effective swath width was 100 feet (30.5 m) 
at 60 to 70 feet (18.3 to 21.3 meters) above the tree tops, at a speed of 30 mph (48.3 kilometers 
per hour).  The insecticide used was DDT diluted on location to a strength of ½ lb. /U.S. gal 
(0.56 kg/l) furnace oil, applied at the rate of 1 gal/acre (9.354 l/ha).  The spray was applied on 
the mornings of June 16 and 19, 1961.  The field studies associated with this project were carried 
out by G. T. Silver of the Pacific Forest Research Centre.” 

 Although the aerial spraying of the outbreak commenced on June 16, 1961 along the highway, 
because of wind and resulting spray-drift, the project postponed the operation until the next 
morning (Anonymous 1961).  On June 17, the aerial application contractor treated over 1,200 
acres (486 ha) with the DDT-diesel oil mix, and completed the treatment on June 19, 1961 
(Anonymous 1961).   

Researchers conducted a follow-up biological evaluation shortly after completion of spraying.  
However, due to the large size of the trees and lack of suitable understory hosts to sample as 
surrogates, branch sampling was not conducted in the usual manner (Lejeune 1975).  Hence, 
little information is available on actual larval mortality.  Lejeune (1975) further elaborates on the 
post-treatment population evaluation in the following: 

“Attempts to reach an indirect assessment of larval mortality through measurement of falling 
excrement in the treated and check areas, correlated with spray deposit assessments, were 
unsuccessful owing in part to unintended spraying of the adjacent check area.  Nevertheless, 
defoliation of the trees in the sprayed area was light in this last year of caterpillar abundance, and 
from this standpoint, the spray operation was judged to have been successful.” 

Although he based his assessment on relative observations of adult flight in 1961 compared to 
previous years Collis (1962), nevertheless, seemed to be in agreement with Lejeune, noting, 
“When the adults commenced flying at the beginning of August, it was soon apparent that the 
Grove flight was just a fraction of what it had been in 1959 and 1960.” 
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In addition, egg surveys for pine butterfly conducted in the sprayed areas in October 1961, 
indicated that the population had decreased to a low level and no serious defoliation was 
expected anywhere on Vancouver Island in 1962 (Silver and Ross 1962).  The fall egg surveys 
revealed a 97 percent reduction in egg populations from the 1960 levels, although the reduction 
was not entirely attributable to the spray treatment (Lejeune 1975).  Sampling from other areas 
nearby, as well as more distant from the treated areas, also experienced comparable reductions 
(Collis 1962; Lejeune 1975).  In the final analysis, Lejeune (1975) postulates: “Apparently, the 
Vancouver Island populations of this insect developed normally during most of the larval period, 
but subsequently underwent a decline from unknown cause.  No serious defoliation was expected 
in 1962, and this forecast proved to be correct.” 

In addition to the evaluation by the Pacific Forest Research Centre the entomologist for the 
South Vancouver Island District, D. G. Collis, conducted an independent assessment in the 
Annual District Survey for British Columbia (Collis 1962).  He summarized defoliation in 1961, 
following spraying, as follows: 

“Defoliation was light in all areas where trees were felled for egg samples, but varied 
considerably between adjacent trees and by crown level.  A few branches were up to 30 per cent 
defoliated while the rest of the tree showed almost no feeding.  In Cathedral Grove on two 
adjacent trees one had suffered only five per cent defoliation in the upper crown and 25 per cent 
in the lower, while on the next tree the upper crown had lost 20 per cent of its needles through 
insect feeding and only six per cent in the lower crown.” 

The possibility of the population collapsing on its own through its natural cycle begs the question 
of whether the chemical control effort at MacMillan Provincial Park with DDT was necessary, or 
actually prevented the potentially disastrous buildup of bark beetles that otherwise might have 
destroyed the aesthetically valuable overmature tree structure in the park.  Although we do not 
have the answer to that question, we suggest that when such irreplaceable, historically significant 
forest scenic and recreational resource value is at risk, as it was in this case, it is prudent to take 
the conservative approach and protect the resource in the most effective way possible. 

Though other pine butterfly epidemics have occurred here, this particular historic event is unique 
in that it is the only outbreak of this insect receiving treatment with a chemical insecticide to 
suppress the population in this Province.  In addition, it represents the most recent pine butterfly 
outbreak of significance to occur on Vancouver Island.  According to Guppy and Shepherd 
(2001) “Population outbreaks are rare now, possibly because most of the old forests of 
southeastern Vancouver Island have been eliminated.”  That hypothesis may have some merit.  
However, we do not believe the suggestion of pine butterfly infestations only developing to 
outbreak in old Douglas-fir coastal forests in southwestern British Columbia, or possibly in 
northwestern Washington State, is fully resolved yet.  For example, in dry pine communities in 
eastern Oregon we have observed thousands of acres of second-growth ponderosa pine—some 
with a light or moderate stocking of mature or overmature overstory pine component, others 
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without—nearly completely defoliated by pine butterfly in a recent outbreak.  The dynamics of 
pine butterfly outbreak in younger coastal Douglas-fir stands is unknown at present, since it is 
unstudied. 

1957-1962 

Intermountain and Northern Region Outbreak (Cole 1958b; USDA 1957a, 1958a; 
Anonymous 1959)  

Idaho populations of pine butterfly remained low after collapse of the last major outbreak on the 
Boise National Forest following treatment with DDT in 1954 (see “Boise National Forest, Idaho 
Outbreak,” above).  The significance of that outbreak and its treatment to protect the valuable 
merchantable, mature ponderosa pine timber at risk to pine butterfly subsequently encouraged 
the U. S. Forest Service to remain vigilant and conduct surveys, paying special attention to the 
relative abundance of adult pine butterflies in ponderosa pine stands in Idaho (Anonymous 
1959).  To summarize documentation of the surveys, Helzner and Thier (1993) affirm that, “No 
reference to pine butterfly was made in annual reports until 1957, when only small, localized 
infestations appeared.  A spot infestation of approximately 2,700 acres [1093 ha] occurred 
between Smithy Creek and Nez Perce Creek on the Salmon National Forest.”  The U. S. Forest 
Service also discovered infestations on the Boise and Payette National Forests in 1957, although 
the Forest Service considered none of those of serious consequence (USDA 1958a, 1958b). 

The reports of large numbers of pine butterfly adults continued to pour in to the U.S. Department 
of Agriculture from both northern and southern Idaho National Forests, and from other western 
states.  In northern Idaho large numbers of pine butterfly occurred on the Nez Perce National 
Forest in both ponderosa pine and western white pine forests in 1957, but no damage to either 
pine species was reported (USDA 1957b).  The varied reports of pine butterfly from so many 
forest locations in the Intermountain West suggested that populations were developing nearly 
simultaneously over much of the Intermountain Region, and several outbreaks potentially could 
be in the making. 

With additional investigation by aerial survey and ground checking, the U.S. Forest Service 
continued to gather data on this developing outbreak.  Although entomologists considered none 
of the infestations to be of serious consequence in 1957, sufficient numbers of adults were 
present to justify egg examinations (Anonymous 1959).  During the egg surveys in 1958, 
entomologists found the infestations in several drainages north and northeast of Salmon, Idaho 
on the Salmon National Forest had expanded to encompass 50,000 acres, but even then, damage 
to host trees was not great (Anonymous 1959; Cole 1958b; USDA 1957a, 1958a, 1959).  On the 
other hand, the Forest Service found sufficient egg deposition in the entire area to raise concern 
they were seeing the beginnings of a new pine butterfly epidemic (USDA 1959).  Within this 
area egg surveys disclosed about seven eggs per twig in the central portion of the outbreak to less 
than one along it edges, and the defoliation that was observed was light, although occasionally 
heavily defoliated trees were witnessed (Anonymous 1959). 
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More importantly, populations of the pine butterfly parasite, Theronia atalantae fulvescens 
already appeared to be present in high numbers, given this stage of development of an outbreak 
(Anonymous 1959).  The presence of Theronia sp. appearing so soon in this outbreak is no 
coincidence since populations of this wasp had already begun to build in 1953, especially in 
areas of the Boise National Forest outbreak that escaped spraying with DDT (see above).  
Clearly, large numbers of these wasps had developed in untreated areas, and were maintaining 
their population at high levels by parasitizing the residual pine butterfly that had escaped 
treatment in the earlier outbreak.  They were now poised to utilize hosts they would find in this 
newly developing outbreak.  After 1959 the Forest Service did not report the status of pine 
butterfly on the Boise National Forest, so we presume populations likely collapsed due to 
parasitism by Theronia sp. that built up there. 

By 1959 little additional damage occurred in areas reporting presence of pine butterfly.  
However, the Forest Insect Conditions Report for that year (USDA 1960b) and the Cooperative 
Economic Insect Report covering the year 1959 (USDA 1960a) both noted that pine butterfly 
was still numerous in parts of northern Idaho and western Montana.  These reports documented 
observations of adult pine butterflies hovering near the tops of tall trees on the Nez Perce and 
Clearwater National Forests, while further recording that no localized outbreak centers were 
located on these Forests. 

Pine butterfly adult populations continued to remain high in 1960 through 1962 in the forests of 
north Idaho and western Montana.  The Cooperative Economic Insect Report for the year 1961 
(USDA 1961) reported adults of pine butterfly being very abundant around the area of 
Gibbonsville, Lemhi County, near the border with Montana.  The Forest Service reported flights 
of adult butterflies in numerous stands of western white pine and ponderosa pine in various parts 
of north Idaho and in a stand of lodgepole pine in Montana in 1962.  However, damage to host 
trees was unapparent in those areas (USDA 1963c).  By 1963 populations throughout Idaho and 
Montana apparently had collapsed as we could find no further reports of pine butterfly from 
these states. 

As an addendum to these outbreaks in the Intermountain West we also should mention that 
between 1957 and 1963 the U. S. Department of Agriculture reported several observations of 
increased levels of pine butterfly adults in western Oregon and California.  Although these 
populations never reached outbreak of any consequence we mention them to document that these 
populations seem to be synchronized with those in Idaho during the same period. 

In 1957 the U. S. Department of Agriculture reported adult butterflies appearing in late 
September in large numbers over Douglas-fir trees in eastern Clackamas County in western 
Oregon (USDA 1957c).  Pine butterflies were active in stands from August 28 through 
September 15 with no host damage observed.  Again, in another report the same year, pine 
butterflies were said to be “extremely abundant” in the Cascade Mountains from eastern 
Clackamas County south to the Willamette Pass, though not causing visible damage (USDA 



 
87 

1958c).  These abundant flights of adult pine butterfly in western Oregon subsided by the next 
season. 

Meanwhile in California, pine butterfly populations were quiescent until 1963.  In that year the 
U. S. Department of Agriculture reported heavy flights occurring during a period of several 
weeks in the Kings Beach area along the north shore of Lake Tahoe, in Placer County, California 
(USDA 1963a).  That same year another U. S. Department of Agriculture report received an 
account of pine butterfly from the California Division of Forestry, stating, “Adults active about 
tops of ponderosa pines in Plum Creek Camp Ground near Davis Creek, Modoc County; no 
larvae noted” (USDA 1963b).  We could find no other reports of pine butterfly from California 
the next year, so the populations in that State apparently resolved to normal levels after 1963. 

1960-1968 

Vancouver Island, British Columbia Outbreak (Collis 1961, 1962, 1963, 1964, 1965, 1966; 
Alexander 1962, 1964) 

The outbreak of pine butterfly in the majestic coastal Douglas-fir forests at MacMillan Park on 
Vancouver Island was barely over before the next one was getting underway—this time in other 
Douglas-fir stands of the South Vancouver Island District, primarily in Nanaimo and Chemainus 
River valleys and in the North Vancouver Island District in Nimpkish Valley. 

Since 1957, pine butterflies on Vancouver Island had become more numerous in the valleys 
containing Douglas-fir as the predominant species (Collis 1961).  By 1960 Collis (1961) 
observed that pine butterfly larvae were also becoming more abundant in surveys in many of 
these valleys, but apparently they only posed a threat to the Cameron River Valley.  Ultimately, 
the worst of the areas, the Cathedral Grove and other areas in MacMillan Provincial Park, 
received treatment with DDT to control the outbreak that had developed there (see “Cathedral 
Grove, Cameron River Valley Outbreak,” above). 

The Provincial Government allowed pine butterfly populations in other areas of Vancouver 
Island to develop naturally, though they continued to monitor them annually.  At about the same 
time as the DDT treatment of pine butterfly at MacMillan Provincial Park Forest Biology 
Rangers also were finding low but measurable pine butterfly populations at Nanaimo Lakes, 
along Nanaimo River, at Copper Canyon, and along Dunsmuir Creek in 1960 and 1961 (Collis 
1961, 1962). 

In the North Vancouver Island District Alexander (1962) also reported that pine butterfly 
populations decreased in 1961.  Alexander’s egg sampling in the Nimpkish Valley at Kaipit 
Creek and Woss Lake found low numbers of eggs per square foot on Douglas-fir, indicating that 
the pine butterfly population increase did not develop as anticipated—a result correlating with 
the findings in the South Vancouver Island District.  Also, during the 1962 season Collis (1963), 
in the South Vancouver Island District, reports finding no larvae in surveys and rarely saw adults 
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in the woods, although a few were seen in a small grove of Douglas-firs located at the laboratory 
facility of the Department of Forestry in Saanich. 

The 1963 survey year for the Vancouver Island Districts also showed only modest activity by 
pine butterfly with a few exceptions.  For example, Collis (1964) noted that in the North 
Vancouver Island District “The pine butterfly in the Nimpkish Valley caused the heaviest 
defoliation ever recorded by this insect on Douglas-fir in coastal British Columbia.”  The status 
of pine butterfly in the southern portion of Vancouver Island this year is unknown as Collis 
(1964) did not include any other report on pine butterfly in his 1963 Insect and Disease Survey 
for the South Vancouver Island District. 

As alluded to in the foregoing, by 1963 Alexander (1964) found that conditions in the North 
Vancouver Island District had changed from what he had expected from his sampling the 
previous two years.  Populations in the North Vancouver Island District clearly were persisting 
and pine butterfly larvae were continuing to damage trees.  To appreciate fully the complex 
difficulty in accurately assessing populations of pine butterfly in the coastal Douglas-fir forests 
we extract the following text from the North Vancouver Island District report for 1963 prepared 
by Alexander (1964): 

“The pine butterfly occurred at infestation levels in the Nimpkish Valley, D. D. 024, in 1963.  
Because of this insect’s habit of feeding in the crowns of dominant and co-dominant trees no 
larvae were taken in the area in beating samples during the detection survey, June 18 – 20 and 
August 8 – 9.  That a large larval population had fed on the Douglas-fir became evident in early 
August at about the same time the adult butterflies started to fly. 

Defoliation varied greatly from tree to tree and from area to area.  At Nimpkish Mile 16, the area 
of heaviest defoliation, some trees lost as much as 55% of their total foliage.  The average 
defoliation at this spot was much lower, 10 trees examined at random ranged from 10 to 55% and 
averaged 27% (Table 2) [see original document].  The larvae prefer foliage one and two years 
old, and, on trees heavily defoliated, some branches had only the current year’s foliage left on 
the tips of the twigs.  Defoliation was twice as heavy in the upper third of the crown as it was in 
the lower third. 

Heavy defoliation was restricted to a small area at Mile 16.  It is not known if defoliation 
occurred in inaccessible stands in the Nimpkish Valley, however, no appreciable defoliation 
occurred in other areas where adults were seen in flight. 

The butterfly flight commenced about August 7 and continued until September 18.  At this latter 
date adults were observed frequently but in very low numbers in the area east of Woss Lake.  
Individual adults were also noted in other locations in the valley. 

The number of adults observed at the assumed height of the flight was not too impressive.  Thirty 
to 50 adults per tree crown were recorded at Mile 16 and immediately north of Woss Camp, the 
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areas of heaviest adult concentration.  The number of adults in other areas was lower.  The 
significance of the number of adults observed is not clear.  While the number of butterflies was 
much lower than reputedly occurred in Cathedral Grove (D. D. 002) in 1959 and 1960, 
defoliation in the Nimpkish is much greater.  The 1962 Nimpkish flight was of the same intensity 
as the 1963 flight. 

Egg counts were made in the Nimpkish during September 1963.  Three crown levels of three 
trees were sampled at each of four locations.  There was an over-all average of 2.0 good eggs per 
sq. ft. of foliage (Table 3) [see original document].  This ranged from a maximum of 4.9 eggs per 
sq. ft. to a low of 0.8.  The lowest figure was recorded in the area of heaviest defoliation.  Fifty-
four % of the total eggs counted were destroyed by predators, (Table 3) [see original document].  
The predated eggs are empty and white while the good eggs are green. 

Little is known of this insect’s behavior in this area but the egg counts indicate a low population 
in 1964. 

Pine butterfly adults were also observed in the Oktwanch, Gold, and Heber River drainages (D. 
D. 023) and at Elk Falls Park and Boot Lake (D. D. 022).  In none of these locations was there 
more than five adults to the crown.  To see butterflies in these numbers is quite normal.” 

These results suggest populations of pine butterfly continued to remain active through 1963 in 
the North Vancouver Island District but were clearly on the wane in most other areas, including 
some of Alexander’s (1964) sample plots, probably due to predation of eggs and other life stages 
and possibly from parasitism as well. 

Also by 1963 other districts in coastal areas of British Columbia were reporting light activity by 
pine butterfly.  In the South Prince Rupert District Ruth (1964) reported he had observed a light 
flight of pine butterfly adults 25 miles east of Bella Coola near Firvale, stating: 

“Small numbers of butterflies were observed flying amongst the crowns of mature and immature 
Douglas-fir commencing at Firvale and continuing to a point 19 miles east.  One to three 
butterflies were counted at stops made every one and a half to two miles for the 19 mile distance.  
No defoliation was observed.” 

On the mainland, in the South Vancouver District, Ruppel (1964) stated, “A flight of moths, 
presumably pine butterfly, was reported in Douglas-fir stands along the Squamish River.  Aerial 
observations over the area in October revealed no serious defoliation.”   

Clearly, pine butterfly populations were still present in other districts in British Columbia in 
1964, but for most, they occurred at relatively low levels; most districts observed only small 
numbers of butterflies in flight after July (Anonymous 1964).  However, the South Vancouver 
Island District was the one exception to this statement.  Collis (1965), in the South Vancouver 
Island District, received reports from members of the forest industry of pine butterfly flights in 
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September and October in an area extending from Parksville to Duncan.  The flights of the pine 
butterflies in the Chemainus and Nanaimo River valleys were unusually large in 1964 (Collis 
1966).  Collis (1965) also reported the following egg sampling results from his district: 

“Only one egg mass was found on foliage of felled Douglas-fir in the Nanaimo River Valley in 
December.  Some scattered light feeding had occurred on the 1963 foliage. 

Branches from three crown levels from three trees were examined in the Chemainus River 
Valley.  There was an average of 1.4 eggs per square foot of foliage, ranging from 0.6 eggs per 
square foot in the upper crown, 0.8 per square foot from the mid-crown and 2.9 per square foot 
from the lower crown.” 

Based on these and other records from past infestations he did not expect serious defoliation in 
1965.  However, due to the unusually large flights of butterflies that had occurred in 1964 it was 
important to keep close watch on areas where these flights occurred.  Collis (1966) detected light 
feeding activity by pine butterfly at sampling points in both the Chemainus and Nanaimo River 
valleys in 1965, but egg sampling later in the season found counts that did not point to high 
populations in 1966.  Defoliation at all sampling points was light. 

In the North Vancouver Island District Alexander (1965) found that pine butterfly populations in 
the Nimpkish Valley had declined in 1964 to a low level; he detected no areas with discernible 
feeding or significant adult flights.  However, in 1965 Alexander (1966) found an increased 
presence of pine butterfly with higher than usual numbers in the Nimpkish Valley (D.D. 024) as 
adult butterflies were abundant during the August flights. 

In the South Prince Rupert District Ruth (1965) found no populations of pine butterfly in 1964, 
though in 1963 a light but widespread adult flight had occurred in his district.  He speculated that 
the population had collapsed due to the cold wet weather that had prevailed during the summers 
of 1963 and 1964.  In 1965 he collected on four pine butterfly larvae and concluded the 
populations were very low. 

The 1966 season proved to be a year of several major insect problems on Vancouver Island, not 
the least of which was the pine butterfly.  The pine butterfly outbreak appeared to be reaching the 
peak phase of the cycle with populations rising to high levels in the South Vancouver Island 
District and heavy flights of adults occurring in the Chemainus and Nanaimo river drainages 
(Alexander 1967).  Frass collection trays placed in these areas indicated moderate larval 
populations.  Alexander (1967) also suggested that larval and pupal survival in 1966 was very 
high, given the heavy flights in these drainages and in the Nimpkish area (Drainage Division 
024) in the North Vancouver Island District.  He acknowledged that helicopter flights by 
industry personnel in late August yielded reports “…that the crowns of the trees were whitened 
and adults were abundant in the air high above the trees.  These aerial observations confirmed 
ground observations that the insect was most abundant in a ‘band’ running approximately from 
the Chemainus River northwest across the Rheinhart country to Dunsmuir Creek.”  He further 
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stated, “Egg counts throughout this and adjacent areas were generally high with some 
exceptionally high counts.”  Alexander found defoliation in some of the areas but he did not 
believe it to be either serious or extensive, but anticipated high populations and associated 
defoliation in 1967.  Previous experience with pine butterfly outbreaks in coastal Douglas-fir 
forests suggested that a single year of heavy feeding was unlikely to result in tree mortality, but 
the high 1966 populations indicated the need for continued monitoring in1967 Alexander (1967). 

Most pine butterfly populations continued to remain at levels considered below the dangerous 
level in the North Vancouver Island District in 1966 (Murfitt 1967).  Adult butterfly flights 
suggested a status of low to moderate populations and egg counts obtained from several locations 
were low in 1966.  Populations on this district continued to decline in 1967 (Bedford 1968) 

The increased larval populations predicted for 1967 for the Chemainus and Nanaimo River 
drainages did not materialize.  In fact, the larval population was light in all areas except near the 
junction of Jenkins Creek and the south fork of Jump Creek on the Chemainus River Road 
(Bedford 1968).  In addition, lower numbers of eggs in 1967 suggested the populations would 
decrease in 1968.  Indeed, populations did drop in 1968 in the South Vancouver Island District, 
as Allen (1969) observed virtually no adults in the study areas at Nanaimo Lakes and Chemainus 
River Valley.  A light population based on egg samples occurred in the McKay Creek area but 
essentially nowhere else (Allen 1969). 

By 1969 the pine butterfly outbreaks that had occurred on Vancouver Island and other districts of 
British Columbia were finally over.  Forest Biology Rangers throughout British Columbia did 
not detect any pine butterfly on any of their respective districts in 1969. 

Although we opt to separate them one could view all the outbreaks specifically occurring on 
Vancouver Island over the period 1956 through 1968 as one single outbreak.  If that were the 
case these outbreaks, collectively, would constitute the lengthiest outbreak in history.  However, 
we believe separating the outbreaks makes sense by virtue of the differing commencement and 
termination dates of the MacMillan Provincial Park outbreak from the other Vancouver Island 
outbreak. 

The interesting behavior of these outbreaks—how they waxed and waned—with multiple 
outbreaks on Vancouver island and the Okanagan Landing outbreak in the Interior (see below), 
all occurring over roughly the same decade, provides further verification of the synchrony of 
outbreak cycles. 

1961-1966 

Okanagan Landing, British Columbia Outbreak (Anonymous 1963, 1964; Downton and 
Ross 1969) 

Following on the heels of the last outbreak at MacMillan Park on Vancouver Island, and 
simultaneous with other outbreaks occurring on Vancouver Island, a different pine butterfly 
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outbreak was just beginning in the pine region in the Interior of British Columbia.  Not since a 
small localized outbreak occurred in the Kootenay District in 1911 (see “Southern British 
Columbia, Canada Outbreak,” above) had pine butterfly populations increased to epidemic 
proportions in the ponderosa pine stands in the Interior and been as well-documented as this one.  
An outbreak appeared in the British Columbia Interior in 1943, but we have few details on that 
infestation, probably because Canadian and United States involvement during World War II 
diverted most attention away from less serious entomological problems, and the 1943 pine 
butterfly outbreak was probably less apparent than other outbreaks.  Hence, to date, this is the 
fifth pine butterfly outbreak recorded for the Interior of British Columbia, with outbreaks having 
occurred in the Interior in 1892, 1901, 1910, 1943, and now in 1961. 

Grant (1963), in the annual Forest Insect and Disease Survey for the Kamloops Forest District in 
1962, reported discovering the latest pine butterfly outbreak in the Interior of British Columbia 
on July 28, 1962.  Most likely populations began building in this district in 1961 but did not 
become abundant enough to attract attention until the following year.  In a summary section of 
his report Grant succinctly states, “An infestation of white pine butterfly, the first in the history 
of the Forest Insect Survey in Interior British Columbia, caused light to moderate defoliation of a 
450-acre ponderosa pine stand near Okanagan Landing.  A high overwintering egg population 
indicated that defoliation will be heavier in 1963.”  Later in the report Grant describes the 
outbreak in more detail as shown by the following: 

“Thousands of adults were flying around the trees and the presence of numerous dead butterflies 
and newly laid eggs indicated that the flight period had begun some days earlier.  Considering 
the number of adults, defoliation was remarkably light; a few trees up to 60 feet in height had 
been almost stripped of all but the current year’s foliage, but the average defoliation in the stand 
was barely noticeable.  Scattered mature Douglas-firs within the infestation had no evidence of 
feeding.  The flight period continued, with diminishing intensity, until about the third week of 
August.  A few adults were emerging and living pupae were collected on August 9.” 

The Okanagan Landing outbreak occurred in the lightly timbered hillside stands facing eastward 
onto Okanagan Lake (Ross 1963).  This outbreak ultimately would persist for three years, 
severely defoliating ponderosa pines each summer from 1962 through 1964 (Downton and Ross 
1969). 

Probably, for a majority of residents of Vernon, the outbreak was an unusual event of nature they 
had not witnessed before.  It likely spawned a mixed local reaction ranging from mild curiosity 
to ardent concern and alarm.  For others it would engender a desire for scientific inquiry.  Indeed, 
this small outbreak contributed to a couple of studies in which investigators would explore 
different aspects of pine butterfly biology and behavior. 

One such study intended to address questions regarding the distribution of pupation sites and 
pine butterfly eggs on a host tree.  In this study Grant (1963) felled a 40 ft. tall tree, 14 inches in 
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diameter (d.b.h.), and enumerated empty chrysalises and eggs on each equal-length crown 
quarter.  Crown sections were obtained from four crown positions bearing foliage, from the top 
to the bottom of the crown.  He found that the pine butterfly tended to concentrate pupation 
behavior and egg deposition in the mid-portion of the crown during an outbreak.  We will 
discuss these results in detail in a later chapter, together with related studies of our own. 

Downton and Ross (1969) also exploited the outbreak for investigative purposes.  They took 
advantage of this event to research aspects of the pupal coloration differences observed in the 
population.  During their investigations they dispelled various opinions previously promoted in 
the literature that the color of the pupae relates to sex of adults, parasitism, or food availability.  
Their research found that visible light exposure was necessary for pupal pigment formation.  
However, pupation substrate color, or background color, appeared to override other factors.  
Their studies found light-green foliage or a white background suppresses pigment formation in 
pupae; pupation on defoliated twigs—darker background—or within a black box promoted 
heavy pigmentation; and pupation on dark-green foliage from the previous year produced 
intermediate results.  We will consider these findings in more detail in connection with our 
studies of pupae, in a later chapter. 

Additional studies also found that natural enemies seem to have played an important role in the 
dynamics of pine butterfly in this outbreak, right from the beginning.  Grant (1963) noted that 
even as early as the first year he became aware of the outbreak (i.e., 1962) some measure of pine 
butterfly egg predation was already occurring.  Damage from egg predators, either by chewing 
the capsule or by puncturing of the egg apparently to suck out the contents, accounted for the 
destruction of 13.7 percent of eggs. 

Grant (1963) also recorded other interesting facts that emerged from the studies as noted in his 
following comments: 

“It is noteworthy that the percentage of predation shown in Table 7 [see original document] was 
lower in the upper branches than in those close to the ground.  No evidence was obtained as to 
the identity of the predators; at the time that sampling was conducted no ants were present on the 
trees and the only predatory insects found were a few adults of Mulsantina sp. [family 
Coccinellidae]. 

The number of eggs per cluster ranged from one to 30, with an average of 7.6.  Although single 
eggs were the most numerous ‘groups,’ more eggs occurred in clusters of 12 than in any other 
single category. 

Dissection of 30 newly emerged female butterflies by J. Holms showed that they contained an 
average of 54 fully developed eggs, and 55 partly developed ones.” 

Results from branch sampling of trees in the outbreak area in late October gave Grant (1963) 
information which he could use to prognosticate the expected relative levels of defoliation over 
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the area in the subsequent season.  He posits, “It is expected that moderate to heavy defoliation 
will occur over much of the area in 1963.  But that there will be no appreciable spread of the 
infestation.” 

With high overwintering survival of eggs and a good hatch the status of the pine butterfly 
outbreak slightly worsened in the second season.  In a report of the Forest Pest Action Council 
on forest pest conditions in British Columbia for 1963 (Anonymous 1963) the authors described 
the outbreak in similar terms as did Grant the previous year (Grant 1963), but go a step further 
by suggesting that severe defoliation in portions of the outbreak could lead to tree mortality: 

“The pine butterfly, Neophasia menapia F. & F., infestation recurred near Okanagan Landing, 
Vernon, B.C.  Defoliation to open-grown ponderosa pine trees on some 100 acres was severe; 
some tree mortality is expected.  Egg counts indicate that moderate to severe defoliation on about 
400 acres can be expected in 1964.  No chemical control program is planned for 1964.” 

Ross (1963) provides additional details in his 1963 summary of the outbreak: 

“The majority of eggs overwintered successfully and hatching began late in May, 1963.  The 
larval population was extremely large but severe defoliation did not become apparent until the 
first week in July; by that time some 100 acres of ponderosa pine 2 to 14 inches d.b.h. had been 
almost completely stripped of needles.  By June 28, pupae were present; by July 9, male 
butterflies were in flight.  By mid-July butterflies were flying about the infested trees in 
spectacular numbers. 

The population in this stand of marginal ponderosa pine may decline because of the current 
unfavourable weather conditions and reduction in the available foliage.  Nevertheless, a good 
population probably will persist in 1964 around the periphery of severe infestation and it is 
predicted that some tree mortality will occur. 

Some dispersal of adults beyond the infested stand occurred late in July on hot, calm days and 
this could result in an increase in the number of infestations.” 

Also by 1963 other districts in Interior British Columbia were reporting light activity by pine 
butterfly on their districts.  Observations of adult flights and sampling for larvae on the Nelson 
Forest Districts yielded few pine butterflies in 1963.  Taylor (1964) reported finding no larvae in 
the district in 1963, although in his sampling the year earlier he collected but two larvae.  In the 
Central Nelson Forest District Wood (1964) reported the following: “Two larvae of the pine 
butterfly were collected in 1963 in the Central Nelson District, one from ponderosa pine at 
Winlaw on July 5 and one from western white pine near Kaslo on July 10.  A few adults were 
observed in flight around the tops of white pine on July 28 at Evans Creek and Nemo Creek on 
Slocan Lake watershed.  Adults were also reported along the Upper Arrow Lake where some 
specimens were collected by Celgar Ltd., foresters.”  In the East Nelson District, Geistlinger 
(1964) reported the following: 
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“Three pupae were collected near Kingsgate from lodgepole pine during July and six adults were 
counted fluttering about the upper crowns of lodgepole pine trees on August 2. 

Several male pine butterflies were observed in lodgepole pine stands along the Canuck Creek 
and Bugaboo Creek roads during the latter part of September.” 

Concurrently, at the outbreak location at Okanagan Landing in the East Kamloops District Grant 
(1964) continued his investigations of the pine butterfly in 1963, finding that although the 
intensity had increased during this season the outbreak had not expanded greatly.  Grant 
observed that by June 24, 1963, when an estimated 10 percent of the larvae had either reached 
the prepupal stage or pupated, defoliation across the outbreak had become quite apparent.  
Discussing the increasing severity of defoliation, pressure on the population from various 
mortality agents, and the adult flight at the end of the season, Grant states: 

“By July 3, defoliation was severe over 100 acres, and about 70% of the larvae had pupated.  
Larval mortality was low except on heavily defoliated trees where many caterpillars starved; a 
polyhedral virus was present in some dead larvae submitted to the Insect Disease Survey, but it 
apparently was not widespread enough to cause much mortality.  Dipterous and hymenopterous 
parasites, as yet unidentified, were reared from the pupae. 

The first male butterflies appeared on July 9, and by the middle of the month spectacular 
numbers were in flight.  Although there was considerable dispersal from the infestation area, all 
of the butterflies observed along the opposite lake shore which was separated from the 
infestation by a mile of open water, were males.” 

In branch sampling to estimate egg densities by crown position, Grant (1964) reported the 
highest egg densities occurring in the upper crown: 

“Of 13,471 eggs found in all samples [see original document for sampling details], 67% were on 
the samples cut from the upper crown.  Predators of unknown identity had destroyed 10.1% of all 
eggs examined; 18.2% of the eggs in the lower crown had been destroyed, compared with only 
6.2% at the upper levels.  As in 1962 there was a high inter-tree variation in the degree of 
predation.  No egg parasites were recovered.” 

Probably, the point of most interest to landowners is how much defoliation this outbreak of pine 
butterfly will cause this year and in the future.  An ability to estimate severity of defoliation from 
eggs would be a useful capability.  Although Grant’s (1964) study had attempted to determine 
the minimum number of eggs necessary to result in light or moderate defoliation, nearly all egg 
densities resulted in very heavy defoliation of his study trees.  Even trees averaging 37 viable 
eggs per foliated foot of branch, the lowest overall egg density, produced an estimated 
defoliation of 85 percent.  Lacking a way of predicting the severity of defoliation, Grant 
addressed the impact of pine butterfly on local lands by the following: 
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“It was found that an increase in the overwintering egg population had occurred over much of the 
area, presumably as a result of butterfly dispersal from the heavily defoliated northeastern part of 
the infestation.  Unless preventive action is taken by property owners it is expected that moderate 
to heavy damage may occur in 1964 along the lower slopes as far to the south as Adventure Bay.  
Many of the partially defoliated trees around the perimeter of the heavy 1963 defoliation will be 
stripped in 1964, however the infestation has not spread extensively to the northwest.  Although 
only two trees yielded negative results, egg counts were fairly low in the extreme western and 
northwestern parts of the area, facing the north arm of Okanagan Lake.” 

Regarding possible mortality of the severely defoliated trees Grant (1964) proffered, “Heavily 
defoliated pines had few eggs, but it seems unlikely that many will recover.  Red turpentine 
beetles had attacked some of these trees by late summer.” 

By midsummer of 1964 the pine butterfly infestation at Okanagan Landing had declined sharply 
but did not collapse completely (Grant 1965).  Grant further records: 

“Although egg surveys indicated that there would be moderate to heavy defoliation over about 
450 acres, the larval population was drastically reduced during June, and very little damage 
occurred.  Cold, wet weather was believed partly responsible for larval mortality; at least one 
infectious disease contributed to the population decline. 

Pupal parasitism was higher than in 1963; 52% of a mass collection of more than 500 pupae 
were parasitized.  By far the most numerous parasite was an ichneumonid, tentatively identified 
at Theronia fulvescens Cress. 

As a result of heavy mortality of the immature stages, the butterfly flight was greatly reduced 
from the level of the previous year.  Egg sampling in November showed that the population was 
returning to an endemic level; the numbers of viable eggs on 17 trees decreased an average of 
94% from the 1963 level.  Predators had destroyed 35% of the eggs examined in 1964, compared 
with 10% in 1963. 

Although the butterfly population decreased in 1964, mortality of trees heavily defoliated in 
1962 and 1963 increased.  On November 3, 1964, 28% of the trees on a mortality plot were dead 
or dying.  In October 1963 it had been estimated that these trees were 87% defoliated, compared 
with an average for the stand of 80%.  Death in many cases resulted from attack by scolytids; 
Dendroctonus valens Lec., D. ponderosae Hopk., D. brevicomis Lec. And Ips pini (Say) were 
present.” 

The pine butterfly infestation at Okanagan Landing continued to decline in 1965, although 
above-average numbers continued to persist causing negligible defoliation (Grant 1966).  
Moreover, Grant (1966) notes that “A light, localized infestation was reported in the city of 
Vernon.  No defoliation was visible on ponderosa pines growing in a residential district, or on 
pines on an adjacent, open, south facing slope, but on July 23 as many as 100 butterflies were 
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said to be in flight around the crowns of dominant trees.”  In addition, Grant stated that an 
unusual concentration of larvae were still present in an isolated group of about 50 mature 
ponderosa pines located two miles east of Winfield. 

Pine butterfly populations were still present in other districts in British Columbia in 1964, but for 
most they occurred at relatively low levels; the districts observed only small numbers of 
butterflies in flight after July (Anonymous 1964).  However, the South Vancouver Island District 
was the one exception to this statement.  Collis (1965), in the South Vancouver Island District, 
received reports from members of the forest industry of pine butterfly flights in September and 
October in an area extending from Parksville to Duncan.  The flights of the pine butterflies in the 
Chemainus and Nanaimo River valleys were unusually large in 1964 (Collis 1966).  Collis 
(1965) also reported the following egg sampling results from his district: 

“Only one egg mass was found on foliage of felled Douglas-fir in the Nanaimo River Valley in 
December.  Some scattered light feeding had occurred on the 1963 foliage. 

Branches from three crown levels from three trees were examined in the Chemainus River 
Valley.  There was an average of 1.4 eggs per square foot of foliage, ranging from 0.6 eggs per 
square foot in the upper crown, 0.8 per square foot from the mid-crown and 2.9 per square foot 
from the lower crown.” 

Based on these and other records from past infestations, he did not expect serious defoliation in 
1965.  Collis (1966) did detect light feeding activity by pine butterfly at sampling points in both 
the Chemainus and Nanaimo River valleys in 1965, but egg sampling later in the season found 
counts that did not point to high populations in 1966. 

In the North Vancouver Island District Alexander (1965) found that pine butterfly populations in 
the Nimpkish Valley had declined in 1964 to a low level; he detected no areas with discernible 
feeding or significant adult flights.  In the South Prince Rupert District Ruth (1965) found no 
populations of pine butterfly in 1964, though in 1963 a light but widespread adult flight had 
occurred in his district.  He speculated that the population had collapsed due to the cold wet 
weather that had prevailed during the summers of 1963 and 1964. 

The pine butterfly populations in the Nelson Forest Districts also were at endemic levels in 1964.  
In the West Nelson District Taylor (1965) found groups of 3 to 6 adults flying around the tops of 
ponderosa pines near Champion Creek and Deer Park in early August, but found no larvae on 
trees.  In the Central Nelson District Morris (1965) found adult butterflies in flight along the 
Galena Bay Road from Nakusp to St. Leon on August 24, 1965, but collected no larvae.  He 
reported the adult butterflies were observed around the tops of second-growth white pine and 
Douglas-fir.  The East Nelson District reported observing no adults or larvae on that district in 
1964 (Geistlinger 1965). 



 
98 

Hence, for nearly all of Interior British Columbia only small numbers of butterflies remained 
active in 1964.  The outbreak at Okanagan Landing at Vernon, British Columbia, persisted 
through 1965, but for all practical purposes, was over by 1966. 

1968-1974 

Intermountain Region Outbreak (Helzner and Thier 1993; USDA 1970, 1972, 1973, 1974)  

The Intermountain Region and Idaho in particular, seems to be one of the most biologically 
active regions in the West for forest defoliating insects.  Outbreaks of Douglas-fir tussock moth 
and western spruce budworm frequently occur in the Douglas-fir and true fir forests of this 
Region, and pine butterfly is probably the most serious recurring defoliator of ponderosa pine 
and other Pinus species occurring here.  Although history records the pine butterfly only 
periodically erupting into abnormally severe, widespread epidemics in the dry pine zones of the 
western United States, this ponderosa pine herbivore has recurred repetitively as the dominant 
defoliator of pine in this Region since the recordkeeping of these outbreaks commenced.  When 
viewed in total, the frequency of occurrence of pine butterfly outbreaks in this Region is quite 
remarkable.  Up to this date we have documented eleven prior outbreaks from this Region since 
recording the first for the Payette and Boise River watersheds during the period 1893 to 1898 
(see above). 

The Forest Insect Conditions report for 1969 (USDA 1969) states, “A resurgence of pine 
butterfly, Neophasia menapia (Felder & Felder), may be in the offing in remote areas in southern 
Idaho.”  Sightings of adult butterflies increased in portions of the Boise and Payette National 
Forests in 1970, which may portend increased feeding damage for 1971 (USDA 1970).  It had 
been just seven years since the end of the last pine butterfly outbreak in Idaho, yet already large 
flights of pine butterfly adults were appearing on these Forests.  Visible defoliation so far was 
absent (Parker and Tegethoff 1971, cited in Helzner and Their 1993). 

Noticeable defoliation, detectable only from the ground, occurred along the south side of the 
Salmon River, Payette NF, and in parts of the Boise NF in 1971 (USDA 1972; Helzner and Thier 
1993).  In 1972 the defoliation of ponderosa pine in central Idaho intensified and became visible 
from the air—aerial survey personnel reported that defoliation during the aerial detection surveys 
that year (Helzner and Their 1993).  By 1972, 6,000 acres of defoliation occurred on the northern 
half of the Payette NF, and more occurred to the north across the Salmon River on the Nez Perce 
NF (USDA 1973). 

Natural enemies of pine butterfly soon developed populations in various parts of the outbreak in 
response to the increasing abundance of prey.  Predators began to build up on both the Boise and 
Payette National Forests by as early as 1972.  Egg predators occurred primarily at Cow Creek on 
the Boise, and at Studebaker Saddle, Split Creek, and Fall Creek on the Payette (Helzner and 
Their 1993).  In a pupal parasite study on the Fall Creek area of the Payette National Forest in 
1973 entomologists found wasps and flies had parasitized 92 percent of the 453 pupae that they 
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reared; only 38 of the pupae transformed to butterflies and emerged as adults from the 
chrysalises (Helzner and Their 1993).  This high percentage of parasitism was a strong indication 
that the outbreak was tottering on collapse and probably would not persist much longer than one 
more season. 

Despite the building populations of natural enemies, moderate to heavy defoliation continued to 
occur along portions of the Salmon River that was involved in the infestation on the Payette NF 
in 1973.  Aerial insect detection surveys in 1973 reported especially heavy pine butterfly flights 
from Warm Springs Creek to Studebaker Saddle on the main Salmon River (Helzner and Their 
1993).  The defoliated acreage along the south side of the Salmon River peaked in 1973, 
exceeding 8,000 acres (Helzner and Thier 1993), but declined overall in 1974 (USDA 1974). 

Given that severe pine butterfly defoliation occurred in 1973 on the Payette National Forest, bark 
beetles failed to build in those stands, and apparently no tree mortality occurred, even though 
some stands had lost all their old needles and some or all of the new needles (Parker 1973, cited 
in Helzner and Thier 1993).  On portions of the Payette National Forest and adjacent Bureau of 
Land Management, State, and private lands in Idaho, major populations persisted through the 
1973 season, particularly along the Salmon River (Helzner and Thier 1993).   

In the outbreak areas further south, Helzner and Their (1993) reported that during the 1973 
season, “Ground surveys indicated about 20 acres [were] heavily infested near Harris Creek 
Summit on the Boise National Forest.  Extremely high numbers of adults were seen ovipositing 
near Centerville, Idaho making this a new infestation center.  An egg mass survey in that area 
indicated heavy defoliation potential for 1974.” 

With pine butterfly populations on the Payette and Boise National Forest rapidly declining 
beginning in the fall of 1973, mostly by the actions of parasites and predators, collapse of these 
outbreaks was imminent.  Indeed, the Forest Service detected no defoliation from the air or from 
ground surveys on the Payette National Forest in 1974 (Helzner and Thier 1993). 

On the Boise National Forest, while in decline in most of the Forest, pine butterfly populations 
continued to  persist at Harris Creek Summit on the Boise National Forest in 1974 (Helzner and 
Thier 1993).  Although the Idaho City Ranger District and the Boise National Forest received 
several reports of “conspicuous flights” of butterflies in 1975, the aerial detection survey that 
year failed to turn up any defoliation on the Boise National Forest in either 1974 or 1975 
(Helzner and Their 1993). 

Hence, both of these outbreaks were over by the 1974 season. 

As an addendum to this outbreak, we make note that pine butterfly populations had also 
increased in other Regions during this same period.  The Northern Region outbreak (see below) 
was occurring nearly simultaneously with this one in the Intermountain Region. 
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In western Oregon in 1967 entomologists reported an abundance of pine butterfly adults 
appearing on the west side of Santiam Pass in Linn County, Oregon, down to an elevation of 
approximately 3 500 ft. (1 067 m), in an area where no ponderosa pine occurred (USDA 1968a, 
1968b).  According to the reports, the peak flight of these pine butterflies was probably during 
mid-August.  The fact that no ponderosa pine occurred near where this adult butterfly flight was 
observed indicates that an infestation of pine butterfly likely developed in the ponderosa pine 
stands near Sisters or Bend, Oregon, and adults were carried by wind and air currents, en masse, 
over the Santiam Pass area. 

Forested areas in northeastern Washington State around Spokane also experienced a large flight 
of pine butterflies in late July and early August 1971.  Dullenty (1971) writes, “…according to 
Robert E. Summerlin of Deer Park, [Washington] Department of Natural Resources farm 
forester,…pine butterfly…has infested most of Opportunity Terrace in Spokane Valley.  Swarms 
of the ‘critters,’ as Summerlin calls them, can be seen in pines lining such streets as Saltese and 
Blake.”  Dullenty (1971) further notes, “However, the state forester cautioned that the several 
block area infestation at present does not represent an ‘epidemic.’  He said his office has 
received reports of from eight to 10 butterflies a tree in some South Hill areas [Spokane].  Unless 
the insect is found in swarms of from 100 to 200 a tree, the situation is not considered serious.  
There is no doubt, Summerlin said, such an infestation has occurred at Opportunity Terrace.” 

Local residents and the Inland Paper Company expressed concern about the spread of the insect 
to public and private commercial timberlands.  In the news article Dullenty (1971) cites 
Summerlin as suggesting that property owners may need to take action and spray trees in the 
spring if the problem worsens in 1972.  However, a Spokane Daily Chronicle article the 
following spring (Spokane Daily Chronicle 1972) states, “An extensive study has indicated the 
Spokane Valley won’t be infested with pine-tree killing butterflies this spring—as predicted last 
summer…”  Hence, the pine butterfly invasion of the Spokane area in 1971 was not unlike other 
areas that have seen pine butterfly populations increase numerically, but apparently not enough 
to qualify as an “epidemic.” 

1967-1974 

Northern Region Outbreak (Bousfield and Ciesla 1971; USDA 1967, 1968c, 1970, 1972, 
1973, 1974)  

Outbreaks of pine butterfly historically occur less frequently in the Northern Region than in the 
Intermountain and Pacific Northwest Regions.  The earliest infestation of pine butterfly in 
Montana dates from 1903 (see “Big Fork, Lake County, Montana Outbreak,” above).  In 
addition, only two other infestations involving Montana have occurred prior to the present one: 
1935 to 1939 and 1957 to 1962 (see above).  Of all the Northern Region outbreaks of record to 
date, this current outbreak was the most serious one.  This current outbreak also is one of the few 
intensively studied outbreaks in the West, and one of only a few on which insecticides were 
tested or used. 
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Pine butterfly populations first began increasing on dry ponderosa pine sites in the Bitterroot 
Valley in 1967.  The Forest Insect Conditions Report for that year (USDA 1967) noted that pine 
butterfly caused only light defoliation of ponderosa pine in the Bitterroot National Forest in 
Montana; and pine butterfly populations in the region were expected to be endemic in 1968.  As 
predicted, the U. S. Forest Service did report endemic pine butterfly conditions in 1968 (USDA 
1968c).  In 1969, however, the Forest Service entomologists reported observing large numbers of 
pine butterfly adults in north-central Idaho, and southwestern and west-central Montana (USDA 
1969).  The 1969 Forest Insect Conditions Report for the Northern Region specifically states: 

“Large numbers of pine butterflies were observed hovering over large ponderosa pine trees on 
the Nezperce National Forest, Idaho, and Lolo National Forest, Mont.  As many as 200 adults 
were observed flying around trees near Missoula.  Egg mass counts averaged 10 eggs per needle.  
Increased defoliation is expected next year.” 

Pine butterfly activity increased as anticipated in the infested ponderosa pine stands of the 
Bitterroot and Lolo National Forests in Montana in 1970.  Light feeding on ponderosa pines 
occurred in 1970 (Bousfield and Ciesla 1971).  That year the defoliation was visible from the 
ground for the first time, and egg abundance indicated a potential population increase in 1971 as 
well (USDA 1970). 

In 1971, defoliation became much more evident with 4 600 acres (1 862 ha) moderately 
defoliated in the Bitterroot Valley from Bass Creek to Blodgett Creek, along the west side of the 
valley (Bousfield and Ciesla 1971).  Moreover, in other parts of the Northern Region, the pine 
butterfly also had notably increased in area from 1970 levels.  An aerial survey of northern Idaho 
in 1971 revealed an area of 4 200 acres (1 700 ha) of ponderosa pine heavily defoliated along the 
south-facing slopes of the Salmon River breaks east of Riggins, in the Nez Perce National Forest 
(Dewey and Ciesla 1972). 

The 1971 season also saw unusual flights of pine butterfly adults occurring across various 
communities located around the region.  These large flights of butterflies aroused public 
attention and concern by landowners about the possibility of tree mortality (Bousfield and 
Dewey 1972).  The U. S. Forest Service (USDA 1971) reports: “Flights of adult butterflies were 
reported from numerous locations including residential areas in Spokane, Wash.; Elk City, 
Idaho; and Missoula and Lincoln, Mont.  Egg mass surveys on the Bitterroot National Forest 
indicate that an increase in pine butterfly activity can be expected in 1972.” 

In both the Lolo and Bitterroot National Forests the U. S. Forest Service conducted various types 
of sampling to evaluate populations in 1971.  Sampling of areas with highest density of eggs per 
5-inch foliated branch tip and associated visible defoliation on the Bitterroot National Forest 
included the Bass Creek, Big Creek, Blodgett Creek and Cow Creek sites.  On the Lolo National 
Forest the Forest Service found the highest egg densities and defoliation at Grant Creek, 
Rattlesnake Creek, and South Fork of Lolo Creek (Bousfield and Ciesla 1971). 
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Bousfield and Ciesla (1971) stated another important finding of their evaluation of pupal 
collections: “Very little parasitism occurred in the areas sampled in 1971.  The highest percent 
parasitism was 5 percent at Big Creek, caused by a wasp of the family Ichneumonidae.  Two 
dipterous parasites emerged from the Skalkaho collection area.”  They did not immediately 
identify these parasites as they submitted the specimens to specialists at the U. S. National 
Museum for identification (Bousfield and Dewey 1972).  Egg sampling also revealed evidence of 
predation by pentatomids.  Bousfield and Meyer (1972) recorded observing a pentatomid feeding 
on pine butterfly eggs in October 1971.  They furthermore noted that in their sampling of eggs 
that season, “Egg predation was relatively uniform between areas ranging from a high of 35 
percent at Lolo Creek to a low of 18 percent at Lost Horse Creek (Table 2) [see original 
document].” 

Concerning pine butterfly parasitism rates in relationship to pupation site, Bousfield and Dewey 
(1972) found some interesting results in studies they conducted.  They collected 300 pupae to 
rear for parasites from each of four collection sites: (1) lower dead branches of large ponderosa 
pines; (2) lower trunk of large ponderosa pines; (3) branches of small ponderosa pines (trees less 
than 3 feet tall); and (4) Snowberry underbrush.  They found the highest rate of parasitism, 71 
percent, in pupae from the first collection site, lower dead branches of large ponderosa pines; the 
next highest parasitism rate, 37 percent, in pupae from the second collection site listed above; 
and pupae from the remaining two sites both had parasitism rates of 16 percent.  Assuming that 
pine butterfly make no distinction among these choices in pupation site preference, it remains 
unclear why parasites prefer to parasitize the pupae located in the lower dead branches of larger 
ponderosa pines, unless they find their target search image is somehow enhanced when pine 
butterfly pupate in those more “open” locations. 

The first appearance of parasites and predators in the population, even at relatively low levels, is 
a positive and encouraging indication that natural mortality is beginning to develop to help check 
the prey population.  Due to lag time in development of natural enemy populations behind the 
prey population, it requires a few years for these parasites and predators to “catch up” with the 
populations of pine butterfly and really begin to reduce their numbers. 

Disease can also play a role in reducing pine butterfly numbers along with other natural enemies.  
In this outbreak it is noteworthy to reiterate a brief discussion by Bousfield and Dewey (1972) on 
entomopathogenic disease.  They state: 

“Some disease activity has been observed in the butterfly population.  A fungus, Aspergillus 
probably flavus [identified by Dr. C. G. Thompson, Pacific Northwest Forest and Range 
Experiment Station, USFS, Corvallis, Oregon], killed many of the butterfly larvae that were 
being laboratory reared.  However, it is suspected this pathogen is only significant under 
laboratory conditions and will not affect the butterfly outbreak. 
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Dr. C. G. Thompson, insect pathologist, Pacific Northwest Forest and Range Experiment Station, 
has identified a virus pathogen associated with the butterfly larvae and feels it may ultimately 
contribute to the collapse of the infestation.” 

By 1972 the outbreak on State and private ownerships and on the Bitterroot NF had increased to 
about 40,000 acres (USDA 1973).  Various forested areas were becoming involved as the 
outbreak persisted.  The aerial survey in 1972 detected pine butterfly defoliation covering about 
1,500 acres near Rattlesnake and Grant Creeks and in Sawmill Gulch north of Missoula, and 
visible defoliation occurred on the National Bison Range near Moiese as well (Kohler 1973).  
Another localized outbreak also was occurring on the Flathead Indian Reservation (USDA 
1973).  We will address these two areas following the discussion of this outbreak below. 

Meanwhile, the 1972 aerial survey of northern Idaho found that pine butterfly was expanding its 
extents there too.  The U. S. Forest Service mapped approximately 22 000 acres (8 903 ha) of 
pine butterfly defoliation during the 1972 aerial survey (Dewey and Ciesla 1972).  According to 
the authors of that report: 

“In addition to the infested areas east of Riggins, defoliation exists as far north as Slate Creek 
and also on the ‘island’ to the south (Fig. 1) [see original document]. 

Defoliation intensities range from just detectable to complete removal of the foliage.  Most of the 
trees still have their 1972 needles.” 

In addition, from egg surveys on the pine butterfly infested areas of the Nez Perce National 
Forest in 1972, it appears enough pine butterfly eggs were present to contribute to an increase in 
the size and intensity of the outbreak again in 1973 (Dewey and Ciesla 1972).  A recognition of 
evidence of predation and parasitism in this outbreak on the Nez Perce National Forest led 
Dewey and Ciesla (1972) to write: 

“Natural enemies (parasites and predators) have been attributed as causing the collapse of past 
pine butterfly infestations.  Eggs of a predaceous bug of the family [we believe authors intended 
“order” rather than “family”] Hemiptera, Apateticus bracteatus (Fitch), were found frequently 
during the collecting of the butterfly eggs.  It was also apparent from the unemerged pine 
butterfly pupae that parasitism is also common in the current infestation.” 

Parasites and predators also were rapidly building in the localized outbreak populations on the 
Lolo NF, the Flathead Indian Reservation, and the National Bison Range near Ravalli, Montana 
(USDA 1973).  Parasitism exceeded 50% at some locations (USDA 1973). 

In context of the ever-increasing populations and damage, landowner concern and other factors 
impelled the U. S. Forest Service and State of Montana to consider conducting an aerial spray 
project to suppress pine butterfly populations and prevent additional defoliation damage 
expected to occur in 1973 and beyond, and to reduce the probability of tree mortality if this 
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outbreak continued.  DDT had been used in the past to control a large pine butterfly outbreak in 
Idaho in the 1950s (see “Boise National Forest, Idaho Outbreak,” above), as well as other 
defoliators in the West, but its use in the United States was suspended in 1972 by William 
Ruckelshaus, Administrator of the Environmental Protection Agency (EPA 1972).   

If the U. S. Forest Service were to undertake a control project against this outbreak of pine 
butterfly in the Northern Region the question remained as to what insecticide the government 
would use.  Up to this time DDT was the only chemical insecticide ever applied to control pine 
butterfly infestations and now its use was suspended.  At the time of this current outbreak there 
was no other chemical registered for use against this insect (Dewey et al. 1974b).  Given this 
limitation, the Forest Service decided to conduct a field experiment in 1973 on infested stands in 
the Bitterroot National Forest to develop alternative control methods for pine butterfly, with the 
goal of having one or more options available for pilot testing the following year. 

Lyon and Brown (1971) previously tested 14 chemical insecticides on pine butterfly larvae in the 
laboratory as possible substitutes for DDT.  Among several other potential candidate insecticides 
that emerged from these tests the Forest Service selected Zectran® to use in the field experiment 
because it was one of the promising chemicals showing good efficacy, and was 2.4 times more 
toxic than DDT against pine butterfly in the laboratory (Lyon and Brown 1971).  The 
performance of Zectran® against pine butterfly in the laboratory suggested it should be effective 
against field populations of pine butterfly as well. 

Additionally, to establish field efficacy of another possible alternative insecticide, the Forest 
Service tested Abbott Laboratory’s Dipel® wettable powder, a biological insecticide containing 
the bacterium, Bacillus Thuringiensis Berliner (Bt), to compare with Zectran®.  The Bt product is 
a naturally occurring insecticide with a wide-spectrum of activity, but narrow in specificity due 
to the fact this product is only effective against Lepidoptera, and might prove to be a worthy 
biological option for controlling pine butterfly. 

Zectran® is the Dow Chemical Company trademark for 4-dimethylamino-3, 5-xylyl 
methylcarbamate.  Zectran® (Mexacarbate) is a phenylcarbamate contact and systemic 
insecticide that is effective against a broad array of invertebrates and some mollusks (Matsumura 
1975).  In the field test conducted in June 1973, the Forest Service applied Zectran® at two 
dosage rates on June 4 and 5, 1973: 0.15 lbs/gal./acre (0.168 kg/9.354 l/ha) and 0.3 lbs/gal/acre 
(0.336 kg/9.354 l/ha).  They applied the Dipel at 0.5 lbs/2 gal/acre (0.56 kg/18.708 l/ha) and 1.0 
lbs/2 gal/acre (1.12 kg/18.708 l/ha) on June 19 and 20, 1973, in the field test along with Zectran® 
against pine butterfly, but timed later to target a more appropriate stage of the insect for this 
biological insecticide (Dewey et al. 1974b).  Both insecticides were applied to 40-acre (16.2 ha) 
test plots which were replicated three times, including untreated check blocks.  The test was 
conducted on the Bitterroot National Forest and on adjacent State and private lands. 
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The applications were made by two Bell 47G-3 helicopters equipped with conventional spray 
systems that included spray booms containing 30 and 59 spray tips (80015 Spray Systems, Inc.) 
for the Zectran® test and the Dipel® test, respectively (Dewey et al. 1974b).  Dewey et al. 
(1974b) provide additional details on the aircraft and application parameters: 

“A pressure of 40 pounds/square inch (2.8 kg/cm2) and an airspeed of 50 m.p.h. (80.5 km/hr) 
were maintained to provide a droplet size of approximately 250 microns VMD (volume median 
diameter).  Nozzles were attached to the boom perpendicular to the line of flight.  Swath width 
was 50 feet (15.2 m), airspeed was 45 m.p.h. (72.4 km/hr) and a flying height of 50 feet (15.2 m) 
above the tree crowns was maintained by the spray aircraft.” 

The Forest Service assessed efficacy of the treatments by measuring foliage protection and 
population reduction in late July.  There was very little noticeable defoliation in the Bitterroot 
Valley at that time since the infestation was in general decline due to a complex of natural causes 
including poor egg viability, predation, and parasitism (Dewey et al. 1974b).  Furthermore, it is 
unknown whether the declining population influenced the test results.  However, populations in 
the check blocks remained quite constant (Dewey et al. 1974b).  The natural decline of late instar 
larval populations precluded an evaluation of differences in degree of defoliation between treated 
and untreated areas.  Dewey et al. (1974b) state that, “The survival ratio after treatment for the 4-
day postspray sample was 84 percent in the Zectran check plots and 65 percent for the 12-day 
postspray sample in the Dipel check plots.”  All treatments except the 0.5 lbs B.t. achieved 
excellent population reduction.  Both materials were considered good candidates for pilot testing, 
but the project recommended the Zectran® FS-15 applied at the rate of 0.15 lbs/gal./acre (0.168 
kg/9.354 l/ha) and the Dipel® applied at 1.0 lbs/2 gal/acre (1.12 kg/18.708 l/ha), for pilot testing 
(Dewey et al. 1974b).  The declining populations, however, precluded further insecticide testing 
in the Northern Region in 1974. 

In addition to the aerial application field test to identify candidate insecticides as potential 
alternatives to DDT for pine butterfly control, The Montana Department of Natural Resources 
and Conservation, in conjunction with the U. S. Forest Service, conducted a ground application 
test on June 5-10, 1973 near Florence, Montana, of four nonpersistent insecticides: malathion, 
Zectran®, stabilized pyrethrins, and resmethrin (Kohler and Dewey 1974).  As with the aerial 
field test this ground test was designed to test chemical alternatives for efficacy and potential 
registration with EPA for ground application treatment of pine butterfly by private homeowners 
and forest managers to protect valuable trees in yards, recreation areas, and other sites.  The test 
involved using conventional ground spray equipment to treat 24 test clusters of 10 trees each.  
Each of the four insecticides was tested at two dosages, a low dosage rate and a high dosage rate.  
The low dosage rates were 0.1 lbs/10 gallons (45.4 g/37.9 l) for resmethrin and the stabilized 
pyrethrins, 0.21 lbs/10 gallons (95.3 g/37.9 l) for the malathion, and 0.05 lbs/10 gallons (22.7 
g/37.9 l) for the Zectran®.  Kohler and Dewey (1974) found all four chemical insecticides 
successfully killed pine butterfly larvae at both low and high test dosages, producing percent 
control ranging from 98.53 percent to 100 percent corrected mortality.  Hence, all these 
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nonpersistent insecticides offered excellent potential for use in ground application spraying for 
controlling pine butterfly in limited size infestations in residential yards, parks and other 
recreation settings, and in municipalities. 

By September of 1973 populations on the Bitterroot, Lolo, and Nez Perce National Forests in the 
Northern Region had declined due to natural factors to near endemic levels (Dewey et al. 1974c; 
USDA 1974).  Egg mass surveys predicted light to negligible defoliation in 1974 (USDA 1974).  
Egg and larval predation by pentatomids, poor egg viability, pupal parasitism, and starvation 
were significant factors responsible for the population decline in all areas (USDA 1974).  To 
elaborate, Bousfield and Dewey (1972) discussed details on the natural enemies that had played 
such a large role in the decline of this outbreak, in the following: 

“There is a diverse complex of natural agents working on the current infestation.  To date, three 
species of predatory bugs of the family Pentatomidae have been observed feeding on pine 
butterfly eggs, larvae, and pupae.  At least three species of parasitic wasps and three parasitic 
flies have been reared from pine butterfly pupae.  The identification of several of these insects is 
still pending.  The ones currently identified are T. atalantae, Apateticus bracteatus (Fitch), P. 
placidus Uhler, Podisus serieventris Uhler, and two dipterons[sic]—a tachinid, Ceromasia 
auricaudata Tsn., and a sarcophagid, Agria housei Shewell.” 

Concerning the impact of this outbreak on the timber resource, Bousfied and Dewey (1972) 
speculated that some measure of tree mortality and reduced increment is likely to occur, and the 
U. S. Forest Service would evaluate these impacts over a five-year period.  Beginning the fall of 
1972 Forest Service entomologists initiated a survey in the Bitterroot Valley to determine the 
extent of tree mortality from the outbreak, and to measure the effect of the outbreak on radial 
growth of surviving trees (Dewey et al. 1973).  During the establishment year of the survey, 
1972, the survey revealed that defoliated trees suffered no mortality, even though some were 
heavily defoliated.  All went into winter dormancy alive.  The other fact learned from the survey 
the first year was that the most severe damage appears to be on the harshest sites.  Dewey et al. 
(1973) found that the dry, south-facing slopes are those areas with the heaviest defoliation and 
which contained a relatively low initial stocking of 66 trees per acre (163.3 trees per ha). 

In December 1973, the U. S. Forest Service resurveyed the pine butterfly impact plots 
established the previous year.  Although they found populations of pine butterfly persisting into 
1973, the numbers were low and defoliation in 1973 turned out to be light in most areas (Dewey 
et al. 1974c).  An interesting observation on the host physiological response to larval feeding 
may have accounted for some unknown measure of pine butterfly mortality—resulting in low 
levels of defoliation—in addition to the other mortality causes such as egg predation, nonviable 
eggs, larval predation, parasitism, and larval mortality.  Dewey et al. (1974c) state: 

“Part of this natural mortality probably resulted from what Cole (1956) refers to as being unable 
to survive the resin flow of injured needles.  It appears that early instar pine butterfly larvae need 
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to feed gregariously to overcome normal resin flow.  Many of the eggs deposited in 1972 were 
laid singly or in clusters of two or three.  These contributed to the egg counts but likely did not 
survive long as larvae.  As a result additional defoliation in 1973 was light in most areas.” 

As to the resulting impacts of pine butterfly to the forest resource as measured in the survey of 
1973, Dewey et al. (1974c) summarize as follows: 

“Very little tree mortality (2.9 percent of the heavily defoliated stands) has occurred to date.  
This is quite surprising considering that 30 percent of the stand in the heavily defoliated areas 
was almost completely defoliated by the fall of 1972.  Trees recovered dramatically in 1973 and 
now most trees have at least 1 year’s complement of needles.  In 1972, 67 percent of the trees in 
the heavily defoliated areas and 16 percent in the moderately defoliated areas were rated as 
heavily and severely defoliated (Classes 3 and 4) [see Dewey et al. 1973].  In 1973 only 8.5 
percent of the trees in the heavily defoliated areas and 1.5 percent in the moderately defoliated 
areas were rated Classes 3 and 4.  From this, it appears that tree recovery will be almost 
complete. 

Localized areas have suffered significant bark beetle mortality, but in general beetles seem to be 
endemic.  Still, the potential exists for a bark beetle buildup in the next few years.  Though most 
trees appear to be recovering, they will probably be in a somewhat weakened condition for a few 
more years and, as such, could be susceptible to bark beetle attack.  The drought in 1973 could 
be a contributing factor.  Some activity of mountain pine beetle, Dendroctonus ponderosae 
Hopk.; pine engraver, Ips pini (Say); red turpentine beetle, D. valens Lec.; and western pine 
beetle, D. brevicomis Lec., has been noted in the area of pine butterfly defoliation.  These insects 
are also active in areas which were not defoliated by pine butterfly. 

Because all effects of pine butterfly defoliation (reduced increment growth and mortality of 
weakened trees by bark beetles) may not become manifest within 1 or 2 years after defoliation 
(Evenden 1940), the plots will be resurveyed in the fall of 1977.  Increment cores will be taken at 
that time to evaluate the effect of defoliation on radial growth.” 

It is unknown if a resurvey of these plots actually occurred in 1977, as we could not find a report 
from the Northern Region summarizing that information.  The last record of this survey (i.e., 
Dewey et al. 1974c) found very little bark beetle related tree mortality by the time they 
conducted that survey in December 1973.  The mortality occurred only in the stands that were 
heavily defoliated; no bark beetle-caused tree mortality occurred in the moderately defoliated 
pine stands.  In the heavily defoliated stands Dewey et al. (1974c) report that bark beetles 
accounted for mortality of less than 1 percent of the defoliated stand, and only 0.5 percent of the 
stand volume, representing 25 board feet per acre (0.14 cubic meters per ha) in trees averaging 
26 inches (66.0 cm) in diameter at breast-height (dbh). 

It seems logical to assume that some level of additional tree mortality from bark beetles probably 
occurred in subsequent years, but if a significant number of defoliated trees or volume of pine 
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butterfly-weakened timber died, it seems the Forest Service would have reported it.  That we 
could find no such report, suggests that the additional tree mortality from bark beetles in 
subsequent years was inconsequential. 

As a postscript to this outbreak we should mention the U. S. Forest Service also reported pine 
butterfly adult populations occurring in unusual numbers in the California region in1967 as well.  
The Forest Insect Conditions Report for 1967 (USDA 1967) states, “Unusual numbers of adults 
of the pine butterfly, Neophasia menapia (Feld. & Feld.), were reported from both pine and 
Douglas-fir areas, but no defoliation was apparent.”  It does not appear that an outbreak of any 
significance developed in the California region subsequent to the 1967 report.  To our knowledge 
the California region historically is not prone to large outbreaks of pine butterfly as is the Pacific 
Northwest, Intermountain, and Northern Regions. 

1971-1974 

Black Hills, Rocky Mountain Region Outbreak (USDA 1973, 1974) 

Although endemic pine butterfly populations occur in virtually any host-type stands across the 
range of its host, geographic regions vary considerably in the occurrence and frequency of 
outbreaks.  From an historical standpoint distinct pine butterfly outbreaks in the Rocky Mountain 
Region appear to be somewhat uncommon relative to other geographic regions.  Interestingly, 
however, although outbreaks in the Rocky Mountains are rare, this region can claim one of the 
earliest on record, a Colorado outbreak dating back to 1871 (Mead 1875).  The present outbreak 
that began in this region about 1971 is the only other one we are aware of occurring here, up to 
this date.  Our research suggests that the available published information for this outbreak is 
limited. 

In 1972 the U. S. Forest Service reported observing light defoliation of ponderosa pines by pine 
butterfly in the forests of  the Black Hills near Mount Rushmore National Memorial, near 
Keystone, South Dakota (USDA 1973).  The 1973 report also documents observations of large 
numbers of adults in this area in late summer of that year, similar to the previous year.  In 
addition to this account from South Dakota aerial insect detection survey personnel also 
observed a low population of adult butterflies during the aerial survey of the Pike National Forest 
near Woodland Park, Colorado (USDA 1973).  The appearance of these populations corresponds 
with the timing of the developing outbreak in northern Idaho and western Montana (see 
“Northern Region Outbreak,” above). 

In 1973 pine butterfly populations had become relatively more common in portions of the Rocky 
Mountain Region.  Aerial survey reports document the presence of adult butterflies across 
several thousand acres around Keystone in the Black Hills of South Dakota and along the Front 
Range in Colorado (USDA 1974, 1975).  The season of 1973 witnessed the third summer in 
which large numbers of butterflies appeared at the end of the summer in the Keystone area 
(USDA 1975).  The U. S. Forest Service (USDA 1975) collected larvae from some of these 
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areas, possibly for rearing to determine rates of parasitism, although the report does not identify 
the reason for the collection, nor could we find other reports that may have documented results 
of larval rearing.  Defoliation of ponderosa pines in both the Black Hills infestation and along the 
Front Range was light to unnoticeable in 1973 (USDA 1974, 1975). 

In 1974 pine butterfly populations caused light defoliation in the Keystone area of the Black 
Hills of Wyoming and again along the Front Range in Colorado (USDA 1975), thus extending 
this relatively light outbreak into another year without significantly expanding the area involved.  
These infestations had ended by the end of 1974 (USDA 1975).  The cause of termination of this 
brief outbreak is unknown.  The levels of defoliation observed in this outbreak preclude the 
occurrence of serious damage to hosts. 

Probably most notable about the Rocky Mountain Region outbreak is the synchrony of this brief 
outbreak with the Northern Region Outbreak involving the Lolo and Bitterroot National Forests, 
and other simultaneous outbreaks occurring on the Boise, Nez Perce, and Payette National 
Forests, and the Flathead Indian Reservation, at about the same time. 

1971-1979 

Flathead Indian Reservation and National Bison Range Outbreak, Montana (Bousfield 
1972a, 1972b; Tunnock and Meyer 1977, 1978; USDA 1978, 1979) 

A pine butterfly outbreak developed on the Flathead Indian Reservation (FIR) and the 18 500-
acre (7 487 ha) National Bison Range (NBR) which is integral to the reservation, as part of the 
larger outbreak occurring mostly in the Bitterroot and Missoula valleys in western Montana and 
in north Idaho during this same period (see “Northern Region Outbreak,” above).  The Northern 
Region outbreak of pine butterfly had been at epidemic levels since 1970 (Ciesla et al. 1971).  
Several reports of conspicuous pine butterfly flights in 1972 on the Flathead Indian Reservation 
alerted the U. S. Forest Service to the possibility of an outbreak there.  This prompted an 
evaluation of the potential for pine butterfly defoliation on the reservation in 1973 (Bousfield 
1972b).  According to Tunnock and Meyer (1977) Bousfield (Bousfield 1972a) first detected 
evidence of light pine butterfly defoliation on the reservation in portions of the National Bison 
Range while conducting a survey of insect conditions on the NBR in 1972 (see below). 

To help evaluate the pine butterfly population on the reservation, personnel from the Bureau of 
Indian Affairs collected ponderosa pine branch samples from 10 trees from each of five areas 
where butterfly flights were noticed in August of 1972 (Bousfield 1972b).  Entomologists 
examined these branch samples for the presence of viable and nonviable eggs.  Bousfield 
(1972b) summarized the results from these samples as follows: 

“The sample station in the Mud Lake area northeast of Ronan had the highest egg count, 10.67, 
of all areas sampled (Table 1) [see original document].  Two areas in the Jocko Valley (Evaro 
and Pistol Creek) had counts of 6.17 and 5.14 viable eggs per 5-inch [12.7 cm]branch tip 
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respectively.  The percent nonviability is about the same as was found in previous samples from 
the Bitterroot area.  Based on these counts, less than 10 percent of the trees will show noticeable 
defoliation next year.  The infestation should be evaluated next year to determine its trend.” 

On August 28, 1972, Bousfield (1972a) conducted an evaluation of forest insect conditions on 
the National Bison Range at Moiese, Montana.  He found pine butterfly infesting ponderosa 
pines in the southwest and lower south ranges.  The aerial insect detection survey conducted in 
August also revealed light defoliation in this area.  Bousfield (1972a) summarized the results of 
an egg mass survey, conducted in a manner similar to evaluation on the FIR, as follows: 

“An egg mass survey to predict the trend of the infestation was conducted on September 6.  An 
average of 20.16 eggs were [sic] recorded per 5-inch [12.7 cm] branch tip for the lower south 
range and 12.65 eggs in the southwest range. 

From this data we predict that the pine butterfly infestation will continue on the Bison Range at 
or above the 1972 level in 1973.” 

Commencing in 1972 and continuing through 1976, Hubert E. Meyer, U. S. Forest Service, 
conducted ground surveys for pine butterfly.  He detected light defoliation in spots along the 
Mission Mountains from Pablo south to St. Ignatius in most of those years (Tunnock and Meyer 
1977).  The pine butterfly outbreak on the FIR and NBR continued to increase annually, 
eventually leading to another evaluation conducted by Tunnock and Meyer in February 1977 
(Tunnock and Meyer 1977), in which they state: 

“In late fall of 1976, patches of moderate defoliation containing some heavily defoliated trees 
were detected by Bureau of Indian Affairs (BIA) personnel in about 1 500 acres (607 ha) west of 
Big Arm in the Irvine I Logging Unit.  At the request of BIA, personnel from the U. S. Forest 
Service, Forest Insect and Disease Management Staff, made an evaluation to determine potential 
damage in 1977.” 

During this evaluation Tunnock and Meyer (1977) examined defoliation and counted 
overwintering eggs on foliated branch tips from four plots in the Irvine I Logging Unit, noting 
that these data predicted defoliation to be moderate on three of the plots and light on the fourth 
plot in 1977.  They generally expected defoliation to remain similar to the 1976 levels which was 
light to moderate throughout the infested area.  In addition, they found some of the trees—in 
particular the dominant, overmature pines—were heavily defoliated in 1976, while other smaller 
trees had all their old needles consumed, leaving only the 1976 growth.  In the North Crow 
Creek Campground they found defoliation difficult to detect in 1976, but expected defoliation in 
1977 to be light based on egg counts.  These data suggested the infestation here was decreasing. 

However, given the assumption that some of the merchantable high-risk ponderosa pines (Keen’s 
Classification; see Keen 1943) in the Irvine I Logging Unit may receive additional moderate 
defoliation in 1977 and potentially experience stress by drought, they were determined to have a 



 
111 

high probability of being killed by pine butterfly or predisposed to bark beetle attack.  Hence, 
Tunnock and Meyer (1977) recommended the BIA harvest these trees during the present logging 
operation. 

During the summer of 1977 Tunnock and Meyer (1978) report that higher than normal numbers 
of adult pine butterflies were observed flying in pine stands in the Bitterroot Valley, and aerial 
surveys detected about 200 acres (81 ha) of defoliation in the southwest corner of the National 
Bison Range.  They also report that defoliation occurred again in the Irvine I Logging Unit and 
on 1 200 acres located about two miles (3.2 km) to the southwest.  The National report, Forest 
Insect and Disease Conditions in the United States for 1977, reported that pine butterfly 
moderately defoliated 1 100 acres (445 ha) on the Flathead Indian Reservation in 1977 (USDA 
1978).  Why this report shows fewer defoliated acres than the acreage reported by Tunnock and 
Meyer (1978) is unclear. 

With defoliated acres increasing in 1977 from 1976 levels, additional evaluation of pine butterfly 
to determine if this trend would carry over into 1978 appeared warranted.  Therefore, to 
determine potential defoliation in 1978 Tunnock and Meyer (1978) conducted a survey of 
overwintering pine butterfly eggs from 19 plots during January 1978 that included 3 plots from 
the National Bison Range, and the remainder divided between the Lolo and Bitterroot National 
Forests.  Their report summarized the results of this sampling for the National Bison Range and 
the Flathead Indian Reservation as follows: 

“National Bison Range. —The area in the southwest portion of the Range was heavily defoliated 
in 1977 (figure 1) [see original document].  An average of 38.2 eggs per 5 inch branch was found 
in this area (table 1) [see original document].  It is predicted that 50 percent of the remaining 
needles on these trees will be consumed in 1978 (table 1) [see original document].  This 
infestation may spread to other ponderosa pine stands on the Range.  More plots will be taken at 
different points in 1978 to determine any spread.  If heavy defoliation continues in 1979, which 
is doubtful, some trees may be killed in the southwest stand. 

Flathead Indian Reservation. —The infestation in the Irvine Logging Unit (figure 1) [see original 
document] is decreasing and defoliation should be very light in this area in 1978 (table 1) [see 
original document].  Most of the overstory ponderosa pine trees were heavily defoliated in 1976 
and 1977 and many contain only 1977 needles.  Some top kill is beginning to appear.  If the 
infestation ends in 1978, these damaged trees should gradually accumulate more needles and 
recover. 

Samples were not obtained from the defoliated 1,200-acre [486 ha] area southwest of Irvine Unit.  
Defoliation will likely continue in this area during 1978. 

No defoliation is predicted in North Crow Creek (figure 1) [see original document] during 1978 
(table 1) [see original document].  This infestation seems to have died out.” 
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They conclude by stating: 

“Pine butterfly populations are not increasing alarmingly in western Montana as conjectured in 
1977.  The only heavy damage expected in 1978 will be on the National Bison Range.  The 
infestation on the Flathead Indian Reservation is lasting longer than expected, and may be 
increasing on the southern portion.  This area will be checked more closely during the 1978 
survey season.” 

In the 1978 season the infested area on the Flathead Indian Reservation and the National Bison 
Range decreased to only 383 acres [155 ha] (USDA 1979), and is assumed to have collapsed by 
1979.  As evidence of collapse Dooling (1980) reports, “The pine butterfly outbreak that started 
in the early 70’s in western Montana has ended.  No defoliation was visible from the air, and 
only a relatively few adults were seen flying around crowns of ponderosa pines in previously 
infested areas.” 

We suspect parasites and predators had increased within the infested stands and ultimately 
caused the collapse of this outbreak as they had in the nearby Northern Region outbreak and 
others.  The reports covering this outbreak, however, discuss very little about the role of natural 
mortality agents in this outbreak and suggest to us that the authors of the reports probably did not 
conduct larval or pupal rearing to monitor parasitism in these pine butterfly populations. 

The references we reviewed reported no tree mortality of defoliated trees, although trees in some 
areas received heavy defoliation from pine butterfly during this outbreak, potentially weakening 
them enough to predispose them to future bark beetle attacks.  This outbreak was relatively mild 
and did not cause severe defoliation over most of the outbreak area.   

Once again we hasten to emphasize the point of the synchronization of this outbreak with other 
simultaneous outbreaks that occurred in the Northern and Intermountain Regions at about the 
same time.  Although we could find no record of an outbreak in the Pacific Northwest Region at 
this time it is noteworthy that Spokane, Washington residents became alarmed in 1977 when 
pine butterflies appeared hovering in large numbers over pine trees in their yards (Spokane Daily 
Chronicle 1977).  Some residents apparently had contacted the county extension program 
assistant for advice, and they were reassured that enough of the butterfly’s natural enemies were 
present to keep the population down.  By the next year the butterflies were gone and apparently 
no damage to ornamental pines resulted from this brief invasion of pine butterflies in the 
Spokane area of Washington State. 

1971-1978 

Southern British Columbia and Vancouver Island Outbreak, Canada (Cottrell 1972, 1973; 
Cottrell and Koot 1973, 1975, 1976; Cottrell and Adams 1974; Morris et al. 1978, 1979; 
Morris and Wood 1977; Wood and Koot 1972, 1973 1974, 1975) 
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Pine butterfly populations in British Columbia, Canada remained inactive for a few years after 
the last outbreak ended in 1966.  Given multiple outbreaks occurring in the Intermountain, 
Northern, and Rocky Mountain Regions of the United States during the 1970s (see above), 
however, given the synchrony of outbreaks, it was not surprising to see populations in southern 
British Columbia and Vancouver Island also begin to rise during this time. 

Reports of pine butterfly activity in British Columbia from the end of the last outbreak up until 
about 1971 were unremarkable.  In 1971, however, the Vancouver Forest District reported 
observing numerous pine butterfly adults in flight in South Vancouver Island (Wood and Koot 
1972).  This report was the first to alert Forest Research Technicians with the Forest Insect and 
Disease Survey at Victoria, British Columbia, that pine butterfly may be increasing numbers 
within the Province.  Conversely, no other forest district in British Columbia reported detecting 
pine butterfly during the 1971 survey.  All the while, unbeknownst to the Canadian Forestry 
Service, pine butterfly populations in the Kamloops District were increasing, and would soon be 
causing visible defoliation to host trees. 

By the next survey season in 1972 pine butterfly had reached a level of activity that forced the 
focus of attention on the Kamloops Forest District.  After only about six years absence from the 
district pine butterfly populations had expanded enough to again cause defoliation to become 
apparent on ponderosa pines near Okanagan Lake.  In his annual report for the insect and disease 
survey for 1972 Forest Research Technician C. B. Cottrell reported the following regarding the 
status of pine butterfly on the Kamloops Forest District: 

“Pine butterfly larvae lightly defoliated mature ponderosa pine on the west side of Okanagan 
Lake from Peachland to Summerland.  On July 25, hundreds of adults were observed fluttering 
around the crowns of the trees.  Although no egg survey was done, the large numbers of 
butterflies indicated that further defoliation may occur in 1973.” 

The reappearance of pine butterfly around Okanagan Lake prompted Cottrell to issue a special 
Forest Insect and Disease Survey Pest Report on August 1, 1972 (see Cottrell 1972).  His 
purpose in issuing the Pest Report probably was an effort to inform the public at large that a pine 
butterfly epidemic was underway again, since it is doubtful people outside the government would 
have access to the Annual District Report.  The Pest Report essentially repeated the information 
contained in the Annual District Report for 1972. 

Meanwhile, in the Vancouver Forest District, Wood and Koot (1973) continued to report the 
occurrence of numerous adults in flight over Douglas-fir stands in South Vancouver Island in 
late summer of 1972.  Similar to the previous year no other Forest District in British Columbia 
reported pine butterfly activity in 1972. 

In 1973 the Kamloops Forest District again reported pine butterfly defoliation on the west side of 
Okanagan Lake without specifying the actual number of acres or hectares defoliated.  The report 
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also seems to suggest that the outbreak is expanding slightly.  Cottrell and Adams (1974) and 
Cottrell and Koot (1973) described, verbatim, the same situation, writing: 

“Pine butterfly larvae lightly defoliated mature ponderosa pine on the west side of Okanagan 
Lake from Peachland to Summerland for the second consecutive year.  In 1973, pine trees near 
Duck Lake and along the north arm of Okanagan Lake were also lightly defoliated.  Large 
numbers of butterflies fluttering around the crowns of trees in July indicated that further 
defoliation may occur in 1974.” 

While no other forest districts reported the detection of pine butterfly in 1973, the Vancouver 
District (Wood and Koot 1974) recorded pine butterfly activity on that district, giving an account 
of adult flights of pine butterfly over Douglas-fir in the Nimpkish Valley in 1973.  These 
populations would continue to remain active over various portions of the Vancouver District.  In 
1975, for example, Wood and Wood (1975) reported heavy flights of pine butterfly in the 
Neroutsos Inlet area of Vancouver Island and near the Campbell River, Victoria. 

Contrary to expectations of continuing defoliation in 1974, the pine butterfly outbreak in the 
Kamloops Forest District apparently collapsed by the end of the 1974 season since we found no 
additional information about an ongoing outbreak in the Kamloops Forest District after this year.  
This is substantiated in that there is no mention of pine butterfly being detected in that district in 
either 1974 (Cottrell and Koot 1975) or 1975 (Cottrell and Koot 1976). 

Pine butterfly populations throughout British Columbia would fluctuate for a few more years 
before the outbreak waned to endemic levels.  As we mentioned, the Vancouver Forest District 
would continue to experience abnormal flights of adult butterflies in 1975 and even beyond. 

In 1976 Morris and Wood (1977) documented a small population of pine butterfly infesting 
about 20 exotic pines in Gorge (Kinsmen) Park, in Victoria.  The authors stated that the larval 
feeding was restricted to an occasional branch, and that they made collections of 25 adults for the 
insectary at the Pacific Research Centre.  In 1976 in the Nelson Forest District, Cottrell and 
Erickson (1977a, 1977b) reported spotting moderate numbers of pine butterfly “…hovering 
around the crowns of Douglas-fir, ponderosa pine, and lodgepole pine trees near Castlegar, 
Robson, and Brilliant, and in an extensive area between Kitchener, Yahk, and Kingsgate.”  They 
further reported there was no noticeable defoliation present in any of these areas. 

No forest district reported observing pine butterfly anywhere in British Columbia in 1977.  
However, in 1978 pine butterfly was still active in the Vancouver Forest District, as Morris et al. 
(1978, 1979) reported observing numerous adult pine butterflies hovering around the crowns of 
mature Douglas-fir trees from Alberni to Parksville, and especially in the Cathedral Grove 
(MacMillan Park).  They stated that pine butterfly adults were also common in the Greater 
Victoria, Sooke, Sidney, and Gulf Islands area, but no appreciable defoliation was apparent, 
noting further, “The last major outbreaks resulting in defoliation occurred in the Nimpkish 
Valley in 1965 and in Cathedral Grove from 1959 to 1961.” 
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It seems that from 1979 on the Forest Insect and Disease Conditions report for British Columbia 
record no further observations of pine butterfly in that Province until 2008 (see “Princeton, 
Southern Interior Forest Region, British Columbia, Canada Outbreak,” below).  Given the 
synchrony of outbreaks in differing geographic regions, the observations suggesting the likely 
termination of the British Columbia pine butterfly outbreaks in 1978, correspond well with the 
most recent outbreak in the Flathead Indian Reservation and National Bison Range (see above), 
which also terminated about the same time. 

1978-1980 

Nevada County, California Outbreak (USDA 1981) 

Although a few sources suggest that pine butterfly adults periodically appeared in abnormally 
high numbers over ponderosa pine stands in California, limited published evidence seems to 
support that these infestations were anything other than minor outbreaks of limited extent, 
damage, and duration, occurring within that region.  Moreover, Keen (1928) affirmed that pine 
butterfly has never been reported as causing serious damage in northern California. 

There are some documented records of abnormal pine butterfly flights in various locations in 
California but these lack additional details.  We have previously reported that unusually heavy 
flights of adult pine butterflies appeared in California in 1963 in the Lake Tahoe area (USDA 
1963a) and in Modoc County (USDA 1963b).  Abnormal numbers also appeared in California in 
1967 (USDA 1967).  What’s more, there may have been a small outbreak of pine butterfly 
develop in pine stands along the Big Oak Flat road (Highway 120) in Yosemite National Park 
around 1928, based on the records and comments by Garth (1935). 

While these adult populations may have originated from small nearby infestations of pine 
butterfly larvae feeding in ponderosa pine, Department of Agriculture reports do not record any 
observations of visible defoliation related to the flights.  We now have uncovered another report 
of the occurrence of pine butterfly in the Sierra Nevada Mountains of California in 1981.  
However, documentation of this outbreak is extremely limited containing no details whatsoever 
other than it occurred there. 

The National Forest Insect and Disease Conditions report for 1979 for the Pacific Southwest 
Region contained a single notation in a table of “Other Insects,” documenting the occurrence of 
pine butterfly in Nevada County, California, presumably on ponderosa pine (USDA 1981).  
Because the report contained no other information or data about this outbreak, the amount of 
acreage involved, severity of defoliation, and length of time the populations persisted are 
unknown. 

We were not able to locate other information to fill in these gaps.  However, additional details on 
this infestation may be contained in local or Regional reports not available to us. 
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Because the start date and duration of the outbreak are unknown, the dates given for this 
outbreak are minimum estimates only: we estimate one year for pine butterfly populations to 
build and another year for decline after the presumed “outbreak year” of 1979. 

In addition, adult flights of pine butterfly became quite common in ponderosa pine stands in the 
Sierra Nevada Foothills of Mariposa County, California in 1981 and 1983 (Shields 1997), but 
defoliation was not obvious, or at least not reported.  Interestingly, bird predation of adult 
butterflies may have been prominent in this infestation as Shields (1997) comments that, 
“Occasional wings and dead individuals on the ground and beak-marked wings suggest a fair 
amount of bird predation.”  If this was actual bird predation it would be one of the few times bird 
predation has been observed or reported. 

Because observations of abnormally high numbers of adult pine butterfly in flight are 
unpredictably periodic, of short duration, and usually occur without presentation of visible 
defoliation, they typically are not investigated further.  Hence, regrettably many reports like 
these deficient in details. 

1980-1987 

Rocky Mountain Region, Colorado Outbreak (USDA 1982a, 1985, 1986; Young 1986; 
Hoffacker et al. 1987) 

Published survey records reveal that in 1981 the U. S. Forest Service detected a pine butterfly 
outbreak of minor importance in the Rocky Mountain Region.  This is only the third time since 
1871 that a pine butterfly outbreak has been documented from this region.  Previous outbreaks 
occurred in 1871 (Mead 1875) and 1971 (USDA 1973, 1974, 1975).  Neither of those previous 
outbreaks caused serious damage to host conifers. 

Populations of pine butterfly in the Rocky Mountain Region began increasing in 1980, 
eventually reaching levels in 1981 in which areas of light defoliation became visible to aerial 
survey crews.  The National forest insect and disease conditions report for 1981 documented the 
detection of “low-level populations” of pine butterfly on ponderosa pine in Colorado, without 
providing other details (USDA 1982a).  Even though the report provided no information about 
the exact location of these populations, we believe this outbreak occurred in Douglas County, 
near Parker, Colorado (USDA 1985).  Likewise, the government’s report from 1981 specified no 
details on acreage affected, defoliation severity, or tree mortality.  Interestingly, for unknown 
reasons, the 1982 aerial insect detection survey apparently did not detect defoliation by pine 
butterfly in Colorado.  The 1982 report, “Forest Insect and Disease Conditions in the United 
States 1982” contains no mention of pine butterfly for the Rocky Mountain Region, but it does 
record detection of the butterfly in other regions (USDA 1983). 

Regardless, we know the outbreak remained active through 1982 and 1983, because in 1984 
outbreak populations of pine butterfly were observed near Parker, Colorado, in the central part of 
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the State, while “Moderate to heavy defoliation occurred in southern Colorado where pine 
butterfly and pine budworm infestations overlap” (USDA 1985).  Again in 1985 the U. S. Forest 
Service detected pine butterfly defoliation during the annual aerial survey, describing it that year 
as, “Spotty populations in ponderosa pine in southwest Colorado” (USDA 1986).  Moreover, the 
Forest Service used almost identical prose in describing the status of pine butterfly in Colorado 
the next year, in 1986, as well (USDA 1987). 

Adult pine butterfly mass emergence records also demonstrate that the insect was active in west-
central Colorado over the course of this outbreak.  Young (1986) provided specific information 
on mass emergence of adult pine butterfly in 1983 and 1984 in the pinon-juniper forest of 
western Colorado, wherein he describes mass emergence activity as follows: 

“The location was Eagle Co., White River National Forest, Frying Pan River Valley, 8.85 km E 
Basalt, ca. 2,196 m elev.  In both years the emergence lasted 3 days; 13-15 August 1983 and 3-5 
August 1984.  The emergences were sudden, synchronized, truly massive in nature, and all the 
adults disappeared as abruptly as they appeared.” 

Young’s observations on the adult flight and searching-mating behavior of pine butterflies in 
pinyon pines are of particular interest.  He describes this as follows: 

“Earliest flight on calm, sunny mornings was recorded ca. 0745 h, and it was that of males 
typically searching for females around the high outer branch tips of mature pinon pine.  Not until 
ca. 0900-0930 h did flight get fully underway, giving one the sense of the forest being alive with 
butterflies. 

Feeding was never observed in spite of special efforts to confirm Ferris and Brown’s [Ferris and 
Brown 1981] observation of early morning nectaring at flowers, which were abundantly 
available throughout the area.  The pinon-juniper association showed no evidence of damage by 
larvae, densities of which can only be imagined.  Both tree species were growing vigorously, and 
the pinon were filled with developing green cones.  Considering their apparent three-day life 
span and the lack of feeding, it seems possible these adults are non-feeders. 

Male-to-female ratio of specimens collected was 5:1 (n = 58 in 1983, 72 in 1984), though I 
believe that to be distorted by my efforts to locate the rare females.  A ratio of 50:1 is probably 
closer to the true situation.  Females collected were so heavily gravid they struggled to fly. 

In the 10 years I lived at this locality (1976-85) this population explosion of N. m. manapia 
occurred only during the aforementioned 2 years.” 

This report of pine butterfly activity in pinyon pine-juniper woodlands within the semidesert 
zone in Colorado is somewhat unusual in that typically pinyon pine is a minor species for this 
pierid; normally it has greater affinity for ponderosa pine.  Published information about pine 
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butterfly activity on hosts other than ponderosa pine and Douglas-fir is limited.  Hence, this 
report by Young (1986) is both interesting and unique given the conifer host species involved. 

The Colorado outbreak of pine butterfly continued to be active through 1987, making it one of 
the longest duration outbreaks on record.  In late summer of 1987 the U. S. Forest Service 
detected 47 acres (19 ha) of ponderosa pine and limber pine defoliated by pine butterfly in the 
Black Forest near Colorado Springs, Colorado, (Hoffacker et al. 1987; USDA 1988).  The 
outbreak terminated in 1987, and no additional pine butterfly activity was detected in Colorado 
over the next decade. 

This Rocky Mountain Region outbreak coincides with outbreaks in the Intermountain and 
Northern Regions (see below) during approximately the same period.  Synchronized outbreaks 
occurred during this time across the Interior Western United States, as they have in earlier 
decades. 

1978-1984 

Intermountain Region, Boise National Forest, Idaho Outbreak (Helzner and Thier 1993; 
Thier 1985; USDA 1982a, 1983, 1984) 

Flights of adult pine butterflies throughout much of the ponderosa pine type in southwestern 
Idaho in 1978 were the first indication that a resurgence of pine butterfly was underway again in 
the Intermountain Region in the late 1970s and early 1980s (Thier 1985).  The National forest 
insect and disease conditions report for 1981 contained a notation of light to moderate defoliation 
of ponderosa pine over a small area on the Boise National Forest, but mentioned nothing more 
(USDA 1982a).  Helzner and Thier (1993) and Thier (1985) expanded on the National report, 
noting that ground surveys in 1981 revealed 500 to 600 acres (202 to 243 ha) of ponderosa pine 
defoliation had occurred around Dry Buck Summit on the Emmett Ranger District, northwest of 
Banks, Idaho. 

In 1982 the U. S. Forest Service detected additional moderate to heavy pine butterfly defoliation 
of ponderosa pine, again around Dry Buck Summit on the Boise NF, and private lands east of 
Cascade Reservoir (Thier 1985; USDA 1983).  Neither of these reports specified the acreages 
involved in 1982.  However, Helzner and Thier (1993) provided the missing details by indicating 
survey personnel had detected 5 800 acres (2 347 ha) of defoliation in the 1982 aerial insect 
detection survey on the Boise NF and surrounding areas. 

The defoliation around Dry Buck Summit worsened in both 1982 and 1983, while Helzner and 
Thier (1993) noted that the appearance of the new area of defoliation in 1982 on private lands 
centered around Arling Hot Springs, northeast of Cascade, Idaho. 

A survey for parasitized pine butterfly pupae at Buck Creek Summit found that natural controls, 
in particular, Theronia atalantae fulvescens, were beginning to exert regulatory pressure on the 
pine butterfly populations (Helzner and Thier 1993).  The evaluation found that this wasp had 
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parasitized about 64 percent of the sampled pupae, and entomologists believed that the 
population would soon decline. 

By 1983 the Payette National Forest, the Boise National Forest, and the Salmon National Forest 
all had ponderosa pine forestlands involved in the pine butterfly outbreak.  The aerial insect 
detection survey in 1983 found that pine butterfly defoliation on the Payette, Salmon (Owl Creek 
drainage), and Boise National Forests, and private lands east of Cascade Reservoir, had increased 
to over 16,280 acres (6 588 ha) (Helzner and Thier 1993; Thier 1985; USDA 1984).  The 
defoliation in these areas north of Cascade, Idaho, was mostly moderate to heavy. 

In 1984 the pine butterfly populations were declining but were still resulting in light to moderate 
defoliation covering 2 800 acres (1 133 ha) on the Boise National Forest.  However, the Forest 
Service reported no defoliated acres this year for the Salmon and Payette National Forests, and 
on the Dry Buck Summit area of the Boise NF (Helzner and Thier 1993; USDA 1984).  Helzner 
and Thier (1993) noted a general decline in the populations based on egg surveys in 1984.  
Moreover, the egg data predicted that the worst defoliation intensity in 1985 would be the 
occurrence of low severity defoliation at Pearsol Creek and Scriver Creek. 

Pupal parasite surveys conducted in two areas east of Cascade Reservoir on the Boise National 
Forest revealed parasitism rates of 59 percent and 86 percent by T. atalantae (Helzner and Thier 
1993).  Clearly, this wasp species and other mortality agents were exerting pressure on the pine 
butterfly populations, and appeared to be effective in terminating the outbreak in 1984 as in  
many previous outbreaks.  The U. S. Forest Service reported finding no defoliation during the 
1985 aerial survey, but did find small numbers of pine butterfly adults in scattered ponderosa 
pine stands in various locations in Idaho in 1985 (USDA 1986) and 1986 (USDA 1987). 

1981-1984 

Northern Region, Clearwater National Forest, Idaho Outbreak (USDA 1983, 1984, 1985) 

Pine butterfly populations began increasing in lodgepole pine and ponderosa pine stands in 
northern Idaho and western Montana in 1981, signifying the potential start of another outbreak in 
the Northern Region.  Because two or more geographically distinct populations that begin to 
“release” and develop toward outbreak at about the same time is indicative of outbreak 
synchronization, two spatially separated outbreaks occurring within the same state may appear as 
one outbreak.  Accordingly, this Northern Region pine butterfly outbreak almost seems to be an 
extension of the ongoing outbreak in the Intermountain Region (see outbreak “1978-1984”) just 
to the south. 

The first documentation of this current outbreak appears in the National forest insect and disease 
conditions report for 1982, which contained a notation on the occurrence of scattered pine 
butterfly populations in the Clearwater area, as well as near Winchester, Idaho (USDA 1983).  
This report also documented a noticeable increase of pine butterfly populations in Montana, 
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mainly in the Bitterroot Valley south of Missoula, Montana, but the survey did not detect any 
visible defoliation that year.  Absent the defoliation, we assume aerial surveyors observed high 
numbers of adult butterflies flying above the ponderosa pine canopy as they conducted the aerial 
survey over the forests surrounding the Bitterroot Valley.  The report from the aerial detection 
survey (USDA 1983) specified no affected acreage or defoliation severity for any of the areas 
with pine butterfly. 

Pine butterfly populations in the Northern Region were still increasing in 1983 according to the 
U. S. Forest Service’s insect and disease conditions report (USDA 1984).  The report for the 
1983 season noted increasing pine butterfly populations in the Bitterroot Valley south of 
Missoula and along the Salmon River in Idaho.  However, aerial survey personnel still did not 
observe visible defoliation during this survey (USDA 1984). 

In 1984 U. S. Forest Service survey personnel again observed adult pine butterflies flying in the 
tops of large ponderosa pines, including a new area near Coeur d’Alene, Idaho, during the aerial 
insect detection survey (USDA 1985).  In spite of the presence of large numbers of adult 
butterflies personnel still had not detected visible defoliation in either northern Idaho or western 
Montana (USDA 1985).  Apparently, the Forest Service based the qualitative evaluations of 
changes in pine butterfly densities each year of this outbreak solely on the relative abundance of 
adult butterflies observed in flight during the surveys. 

We do not have information on whether pine butterfly larvae infested host stands heavily enough 
to cause visible defoliation anywhere in this region during this outbreak.  Moreover, we are 
uncertain whether any agency conducted ground surveys to determine egg densities or larval 
infestation levels.  We assume that ground surveys are unavailable.  If that assumption is correct, 
the apparent lack of observations on the occurrence of visible defoliation anywhere in the region 
greatly limits the extent of reporting of information on this outbreak. 

The pine butterfly population declined to endemic levels by 1985, as there is no further report of 
pine butterfly occurring in this region in the National insect and disease conditions report for that 
year (USDA 1986). 

1981-1984 

Pacific Northwest Region, Ochoco National Forest and Warm Springs Indian Reservation, 
Oregon Outbreak (USDA 1982b, 1983) 

Documented outbreaks of pine butterfly in the Central Oregon geographic region are rare.  We 
know of only one other possible outbreak to have occurred here, the western Ochoco unit of the 
Deschutes National Forest in 1910 (Chaffee 1910), although it is unclear if visible defoliation 
actually appeared in stands during that outbreak.  The current outbreak is the first time pine 
butterfly detection occurred during the aerial insect detection survey since the survey began in 
1947 (USDA 1982b). 
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Sparse numbers of adult pine butterfly or an occasional individual adult flittering about the tops 
of ponderosa pines are relatively common sights in the pine forests of this region in late summer 
or fall.  However, observations of larvae, particularly at levels high enough that their feeding 
activity becomes visible from the ground, is a much rarer event here.  Still, a west-wide increase 
in pine butterfly populations, more or less synchronized across the western United States during 
this time, gave rise to an outbreak of the pine butterfly in both Central and eastern Oregon, when 
endemic populations began rising during the 1981 season. 

The report, “Forest Insect and Disease Conditions in the United States for 1982” (USDA 1983), 
recorded damage to ponderosa pine from pine butterfly in three areas on the Ochoco NF and the 
Warm Springs Indian Reservation.  The report stated, “This is the first report of defoliation by 
this insect in the Region since annual aerial surveys were begun in 1947.”  The estimated total 
acres defoliated in both areas were 2 677 acres (1 083 ha) and included 2 581 acres (1 044 ha) of 
federal lands, and 96 acres (39 ha) of private lands (USDA 1982b).  The status of this outbreak in 
the successive years is unknown, since forest insect and disease conditions reports after 1982 
contain no mention of this outbreak.  We presume it terminated naturally. 

1981-1984 

Blue Mountains, Pacific Northwest Region, Malheur National Forest, Oregon Outbreak 
(Tatum 2010) 

In 1981 rising endemic populations of pine butterfly in the Blue Mountains, synchronized with 
other pine butterfly populations throughout the West, began the movement of the eastern Oregon 
populations toward epidemic status.  This represents the third time pine butterfly has been in 
outbreak in the Blue Mountains.  It is possible this pine butterfly outbreak involved some of the 
same geography as in the past.  Other pine butterfly outbreaks occurring in the Blue Mountains 
developed in 1908 and 1940 (see above). 

During “release phase” pine butterfly populations typically build for a year before abnormal 
numbers of adults first become noticeable at the tree crowns for the duration of that year’s adult 
emergence and flight.  Sometimes this is a relatively reliable indicator that a potential outbreak 
may be imminent.  However, abnormal numbers of adult butterflies do not always guarantee 
development of an outbreak.  Populations of pine butterfly in eastern Oregon reached this stage 
of adult abundance in 1982 when clouds of butterflies began appearing around the upper crowns 
of ponderosa pines in the southern Blue Mountains. 

Decades later Tatum (2010) described that beginning in 1982 he had observed high numbers of 
pine butterfly adults in portions of the Prairie City Ranger District on the Malheur National 
Forest.  Within the ponderosa pine stands where these high numbers of adults appeared 
defoliation of host trees was not easily observed due to severe foliage damage from pine needle 
sheathminer, Zelleria haimbachi Busck, that was simultaneously occurring (Tatum 2010). 
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The pine butterfly flights were most prominent in two specific areas of the Prairie City RD, an 
area east and south of Antelope Lookout and a second area west and northwest of Antelope 
Lookout.  The butterflies were noticeably present in the fall of the year for 2 or 3 years at both 
sites, appearing there from 1982 to 1984.  It is interesting to note that these are some of the same 
areas on the easternmost extent of the 2008 to 2013 outbreak in the Blue Mountains (see 
below)—the areas where the most severe defoliation from pine butterflies occurred. 

According to Tatum (2010) the pine needle sheathminer outbreak underway in this area of the 
forest was much more substantial and damaging to ponderosa pines than pine butterfly; damage 
by sheathminer tended to draw attention away from the pine butterfly defoliation that was 
present.  For that reason the extent of the area actually involved in the pine butterfly outbreak is 
unknown; the aerial insect detection survey failed to detect pine butterfly defoliation.  Curiously, 
it appears that the aerial survey also overlooked the pine needle sheathminer defoliation as none 
was mapped.  The southern and southeastern portions of the area south and east of Antelope 
Lookout had both insects present simultaneously in 1983 and early 1984, and ultimately the mid-
story and under-story ponderosa pines lost tops and branch tips and according to Tatum looked 
like “lollipops” for about 5 years following the sheathminer damage (Tatum 2010).  The pine 
butterfly flights peaked in 1983 and the population declined in 1984. 

During the course of the outbreak the severe defoliation of ponderosa pine prompted Tatum to 
request a site evaluation by Forest Pest Management personnel from the U. S. Forest Service, 
Regional Forester’s Office in Portland, Oregon.  The Forest Service subsequently made an 
evaluation, but focused their attention exclusively on the pine needle sheathminer, and did not 
address damage by the pine butterfly.  This is quite apparent in Tatum’s report (Tatum 2010): 

“Everywhere we went to look at damage we attributed it to the sheathminer because of its 
distinctively different manner of attack than the butterfly.  We made several stops and at each 
stop we saw massive numbers of the little <¼ inch Theronia wasps…whole clouds of them 
around every tree.  After that summer I saw no further damage from either pest in 1985 or later at 
either location.”  

Tatum further suggests that the population buildup of the wasp on the sheathminer may have 
effectively kept the pine butterfly population from exploding because the pine butterfly 
population began building only after the sheathminer had been defoliating stands for at least a 
year prior.  We believe these wasps were likely some other wasp species, as Theronia are too 
large to attack pupae of the pine needle sheathminer. 

To our knowledge there is no published record of this pine butterfly infestation available other 
than the email documentation of Tatum’s recollection of this outbreak.  It is probable that other 
areas of the Blue Mountains also experienced large pine butterfly flights during this same period, 
but we have no way of confirming that.  Had pine butterfly defoliation been in evidence in any 
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other areas of eastern Oregon that year, it is reasonable to assume that ground or aerial surveys 
would have recorded it, but to our knowledge, the surveys did not. 

During years when pine butterfly adults are numerous, or as Fletcher (1905a) terms it, a 
“menapia year,” it is common to receive reports of phenomenal pine butterfly flights but not 
necessarily reports of defoliation.  Indeed, in a correspondence with the Director of the 
Intermountain Forest and Range Experiment Station in 1961, Robert L. Furniss (Furniss 1961), 
entomologist with the Pacific Northwest Forest and Range Experiment Station at that time 
observed: 

“On the attached map [see original document], we have sketched in the three recorded outbreaks, 
the locations where the two Hopk. U. S. collections were made, and some locations where F.S. 
rangers reported adults on the wing.  Over the years, there have been many such reports by 
rangers and others.  We have not attempted to ferret them out for most of them were not 
supported by specimens and in any event merely serve to confirm that the pine butterfly is 
generally distributed in the ponderosa pine and Douglas-fir forests of this region.” 

During certain years pine butterfly populations display dramatic increases in numbers with 
impressive adult flights, often attracting much public attention, but for some reason never 
reaching epidemic status in which severe defoliation occurs.  Such a population increase 
occurred in the Spokane area in eastern Washington the end of July, 1985, where clouds of pine 
butterflies were observed hovering around the tops of pine trees (Fitzgerald 1985).  These 
infestations then decline to low levels, usually the next year or two.  In some cases, perhaps the 
competitions with other insects such as pine needle sheathminer and sawflies (Neodiprion spp.), 
limit pine butterfly success.  In addition, foliage damage by these other insects obscures damage 
by pine butterfly when these species cohabitate the same trees, thus making detection of pine 
butterfly defoliation difficult, if not impossible.  Although documentation of defoliation by pine 
butterfly during this outbreak is limited to recollections and comments from Tatum (2010), and 
we cannot find other sources for confirmation, we believe this outbreak of pine butterfly might 
have been worse had the pine needle sheathminer not been present to compete with the butterfly. 

1985-1992 

Spokane, Washington Area, Pacific Northwest Region, Outbreak (Fitzgerald 1985; 
Windishar and Massey 1989; Clark 1991) 

Near the end of the 1981-1984 pine butterfly outbreak in the Blue Mountains in eastern Oregon 
(see above), pine butterfly populations in the Spokane, Washington, area also began to increase.  
The pine butterfly populations in the Spokane area apparently grew over a period of 4 or 5 years 
to become a weak outbreak that amounted to such little significance that it essentially went 
unnoticed by Federal and State entomologists.  Developing larval populations did not reach 
levels high enough in ponderosa pine to cause defoliation intensity that was visible from the air.  
Hence, none of the aerial insect detection surveys through the 1980s detected pine butterfly 
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defoliation in eastern Washington during this decade, even though locally some defoliation 
occurred.  In addition, we found no reference to pine butterfly outbreaks in the eastern 
Washington region in our search of the entomological literature in the 1980s, including the 
annual insect and disease conditions reports produced by the U. S. Department of Agriculture, 
Forest Service.  References to the outbreak were only uncovered by searching local newspaper 
records of the period. 

Although state or national attention was lacking, by contrast local residents were keenly aware of 
the buildup of this insect.  The concern for the development of another outbreak in the Spokane 
area and surrounding ponderosa pine forests promptly rose to the forefront of public interest in 
the Spokane Valley when abnormally high numbers of adult pine butterflies appeared throughout 
the time of emergence and flight.  High endemic populations earlier occurred in the Spokane 
Valley and surrounding areas during the 1970s.  We previously referenced these infestations in 
the 1968-1974 Intermountain Region Outbreak and the 1971-1979 Flathead Indian Reservation 
and National Bison Range Outbreak, Montana (see above).  Now, news sources at the time 
verified that another pine butterfly outbreak likely was recurring again in the same location in 
eastern Washington.  Several local newspaper articles documented large numbers of pine 
butterfly adults converging on the Spokane area in late July of 1985, and local residents surmised 
that an outbreak of this insect was imminent.  In the paragraphs that follow, we relied on these 
historic local news reports for our documentation of this outbreak. 

The first hint of this pine butterfly outbreak appeared in a Spokane, Washington, Spokesman-
Review article dated July 25, 1985.  In that article, Washington State University (WSU) 
Cooperative Extension Agent, Tonie Fitzgerald (Fitzgerald 1985) writes: 

“Perhaps you’ve noticed lots of white butterflies flitting around the tops of pine trees this 
summer. 

Don’t panic.  They don’t do much damage.  Named, appropriately, Pine Butterflies (Neophasia 
menapia), outbreaks of them occur occasionally in Eastern Washington; the last time they 
showed up in force in Spokane was the summer of 1979…The pine butterfly situation is 
noticeable this year, but hasn’t reached damaging populations.  We’ll see what happens next 
year.” 

While the appearance of the butterflies was newsworthy, Fitzgerald (1985) attempted to 
neutralize some of the concern by reassuring the public the populations had not reached 
damaging levels. 

The largely unseen outbreak waned somewhat, but persisted a few more years until the 
butterflies reappeared again in 1989.  The Spokane Chronicle newspaper carried an article on 
July 27, 1989, in which the reporter Anne Windishar and staff writer Steve Massey (Windishar 
and Massey 1989) wrote: 
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“A population boom of the pine butterfly this summer could mean two things: Either Mount St. 
Helens is rarin’ to blow again or the small white-winged insects are persistent little buggers. 

The pine butterfly has been increasing its numbers in Washington since 1980, when its highest 
recorded population was diminished by the cloud of volcanic ash, entomologists say [note: this 
would have corresponded with the eruption of Mount St. Helens in mid-May 1980]. 

Spokane residents—especially on the South Hill and in the Spokane Valley—may be noticing a 
flutter of the insects in neighborhoods with pine trees.  The adult butterflies are mating and 
laying eggs that next spring will produce thousands of tiny caterpillars that will feast on pine 
needles.” 

According to a quotation by Tonie Fitzgerald, the WSU extension agent, “some damage to the 
needles” could occur, but the trees were not expected to be injured overall.  Then she also 
embraced optimism by stating, “We’re hoping that natural predators will kick in next year and 
whittle the numbers down again.” 

Probably most telling about the comeback this pine butterfly outbreak was making in 
Washington State, and the level of public concern, are the statements at the end of Windishar and 
Massey’s (Windishar and Massey 1989) article, in which they write: 

“Fitzgerald’s staff has never seen quite so many of the butterflies in Spokane.  The extension 
office is receiving 15 to 20 calls a day about them, said horticulture assistant Nancy Cashon. 

‘This has been several years in the making, and every year we wonder if they’ll peak,’ she said.  
‘mostly, people are very pleased to hear they’re not killing trees.’” 

The pine butterfly outbreak continued through 1990 and into 1991 in South Hill and other 
Spokane area residential neighborhoods.  However, by 1991 the South Hill community was 
experiencing such large numbers of larvae feeding on the ponderosa pines growing in residential 
yards that the accumulations of fecal pellets (“frass”) in yards, sidewalks, and driveways were 
becoming a major nuisance. 

A humorous column by reporter Doug Clark, in the July 18, 1991, issue of the Spokesman-
Review and Spokane Chronicle newspaper (Clark 1991), provides a vivid—albeit, 
unappetizing—picture of the unwelcomed “rain of frass” from larvae.  To illustrate the problem, 
we quote a small portion of this article by Clark: 

“…We [the Doug Clark family], too, live on the South Hill and have been spending our casual 
summertime hours relaxing and eating on our deck. 

The deck, however, is situated under several tall pines, which of late have been co-opted by a 
New Jersey-sized colony of—you guessed it—WEIRD GREEN CATERPILLARS [his 
emphasis, not ours]. 
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Until George’s alarming phone call, we tried to ignore the green granules that rained out of the 
sky.  Like innocent babes, we swept it off the picnic table to make room for our dinner plates. 

‘Yug, we’ve been sitting under the world’s largest insect toilet,’ I told my family. 

‘Groooooooss,’ yelled my wife, kids and Elvis, our dog. 

My friend Hoover, who manages to show up in time for every meal, took the news poorly. 

‘The other night, when we ate out on the deck, I noticed that little green stuff was all over my 
potato salad,’ said Hoover, looking queasier by the second. 

‘I thought it was seasoning.’ 

One can only imagine how many other potato salads have been thusly defiled. 

Even Tonie [extension agent Tonie Fitzgerald] has a South Hill horror story. 

Before she established her feces thesis, Tonie couldn’t figure out why her husband, Gary, who 
likes to relax on the patio, kept spitting out his beer and hollering, ‘Honeee, what the hell is this 
green stuff?’ 

Now we know.  In a week or so, Tonie predicts that these caterpillars will pupate and then turn 
into the biggest marauding gang of white pine butterflies Spokane has ever seen. 

‘We have them every year, but never like this,’ she said; ‘It’s going to be an explosion of white 
butterflies.’ 

The insects, Tonie said, are harmless. 

Hah!” 

It would appear that the outbreak may have peaked in 1991, but we have no record of the level of 
parasitism or predation that occurred, especially during the pupal stage this particular year, that 
eventually, in all likelihood, caused the population to collapse.  We assume the population 
collapsed in 1992 as we were unable to find any further newspaper articles or other published 
literature referring to this outbreak after 1991. 

1997-2001 

Rocky Mountain Region, Black Hills of South Dakota (Harris et al. 2001, 2002) 

The Rocky Mountain Region hosted a minor pine butterfly outbreak in the Black Hills region of 
South Dakota from 1997 through 2001.  Our research indicates this is only the second such 
outbreak recorded from the Black Hills over the previous 125 years.  The Rocky Mountain 
Region as a whole has endured relatively few pine butterfly outbreaks in the past due to 
relatively stable endemic populations occurring here.  Consequently, for reasons unknown, this 
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region does not seem to be one of high risk to pine butterfly in which pine butterfly populations 
fluctuate to any great degree.  Pine butterfly populations in this region only rarely reach epidemic 
status. 

Harris et al. (2001, 2002) documented the current outbreak in ponderosa pine, noting that pine 
butterfly (we assume populations and defoliation) was “very light and scattered in the Black 
Hills.”  These populations of pine butterfly apparently resolved to endemic levels on their own in 
2002 since the U. S. Forest Service provides no further mention of detection of pine butterfly in 
subsequent reports on forest insect and disease conditions in the Rocky Mountain Region for the 
period 2002 through 2013.  The brief nature of the reports by Harris et al. (2001, 2002) does not 
permit us to elaborate further on this outbreak, neither could we find other references to this pine 
butterfly outbreak that might lead to a better understanding of its course and severity.  From our 
limited information this epidemic apparently was negligible and likely resulted in only minimal 
and inconsequential damage to the ponderosa pine forests of the Rocky Mountain Region. 

2007-2009 

Princeton, Southern Interior Forest Region, British Columbia, Canada Outbreak (Westfall 
and Ebata 2008) 

In 2008, British Columbia Ministry of Forests and Range personnel, while making ground 
observations in the Southern Interior Forest Region, detected pine butterfly defoliation in 
ponderosa pine forests around Princeton in the Similkameen District of southern British 
Columbia, Canada (Westfall and Ebata 2008).  The observations apparently did not include a 
survey of affected stands as the 2008 Summary of Forest Health Conditions in British Columbia 
did not provide an estimate of the hectares defoliated by pine butterfly.  In addition, Ministry 
aerial observers did not detect the defoliation from this insect during the July through mid-
August aerial overview survey of the Southern Interior Forest Region in 2008 (Westfall and 
Ebata 2008).  Subsequent years’ Summary of Forest Health Conditions in British Columbia, up 
to the time of this writing, makes no mention of detection of pine butterfly.  Thus, it appears 
there was no follow-up on this reported minor pine butterfly outbreak in Southern British 
Columbia. 

To the extent that we lack information about this outbreak we can only estimate the period of its 
occurrence.  Because the start date and duration of the outbreak are unknown, the dates given for 
this outbreak are minimum estimates only.  We estimate one year for pine butterfly populations 
to build and another year for decline after the presumed “outbreak year” of 2008. 

2008-2013 

Blue Mountains, Pacific Northwest Region, northeastern Oregon Outbreak (Flowers et al. 
2010, 2011, 2013, 2014) 
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The Blue Mountains in northeastern Oregon, with its diverse conifer assemblages and complex 
mix of ecosystems, habitats, and landforms, is a fertile region for multiple types of forest insect 
activity.  It is not surprising, then, that the Blue Mountains have been host to three prior pine 
butterfly outbreaks, and now the fourth outbreak would commence in 2008 (Flowers et al. 2011), 
persist over the next 6 years, and finally terminate through the actions of natural enemies in 
2013.  In terms of area affected and intensity of defoliation, this outbreak has the distinction of 
being the worst pine butterfly outbreak to occur in the state of Oregon, as well as the largest ever 
to occur in the State to this date (Flowers et al. 2013).  Although this epidemic caused severe 
defoliation to ponderosa pines across tens of thousands of acres during its passage, as of this 
writing, total tree mortality remains relatively low. 

This outbreak started in a year that proved to be anything but normal from a weather standpoint.  
Werth (2008) characterized the 2008 fire season outlook as being below average for the Blue 
Mountains of northeastern Oregon, with a cooler and wetter summer than normal.  His analysis 
showed snowpack conditions in 2008 were above normal for Oregon with April 1 snowpack at 
139 percent of normal, with increasing snow during the month reaching a May 1 snowpack of 
175 percent of normal for Oregon.  He indicated a delay in snowmelt in 2008 of several months 
due to the cold April.  In addition, Werth’s analysis showed the May 10 Palmer Drought Severity 
Index (PDSI) in most of eastern Oregon with an unusual moist spell.  The naturally occurring 
climatic cycle in the tropical Pacific Ocean, the “Southern Oscillation,” exhibited a temperature 
anomaly pattern over the 2007-2008 winter that is characteristic of a moderate to strong La Niña 
(Werth 2008). 

If, how, and to what extent, these climatic factors favored insect populations in 2008, is 
unknown.  It seems somewhat counterintuitive that climatic conditions characterized as favorable 
from a moisture, snowpack, and drought severity standpoint could promote and facilitate a forest 
defoliator outbreak.  Nevertheless, in late summer of 2008, personnel from the Emigrant Creek 
Ranger District of the Malheur National Forest observed light defoliation of ponderosa pines and 
clouds of white butterflies in the canopies of the pines on the eastern side of the Silvies Valley, 
about 30 miles northeast of Burns, Harney County, Oregon.  These were the first indicators 
warning of an impending outbreak. 

Over the summer of the following year, 2009, personnel with the Blue Mountains Pest 
Management Service Center at La Grande, Oregon, received multiple reports of defoliation by 
both pine sawfly and pine butterfly from this same area.  Follow-up visits to the area during the 
summer confirmed a limited-sized outbreak of pine butterfly and simultaneous infestation by a 
Neodiprion spp. of sawfly, later identified as Neodiprion autumnalis Smith.  The ratio of pine 
butterfly to pine sawfly averaged about 2.6:1 in the defoliated stands. 

The aerial insect detection survey conducted in 2009 mapped 3 857 acres (1 561 ha) of 
defoliation in several infestation centers scattered across multiple ownerships, including the 
Malheur National Forest, Bureau of Land Management, and private lands (Flowers et al. 2010).  
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Heavier defoliation and further expansion of the epidemic occurred in 2010 (Flowers et al. 
2011).  Ground surveys conducted by the Emigrant Creek Ranger District in late summer 2010 
mapped 68 569 acres (27 749 ha) of visible defoliation by pine butterfly, while the aerial survey 
in late summer could detect only about 24 000 acres (9 712 ha).  The size of the outbreak area in 
2010 increased almost 18 times over the previous year based on the ground survey acres. 

In 2010 we installed 18 replicated long-term monitoring plots in “high-,” “moderate-,” and “low-
” or no-infestation intensity sites, based on relative defoliation levels.  We used these monitoring 
plots to evaluate changes in pine butterfly population density and severity of defoliation over the 
course of the outbreak.  We will present the results of monitoring on these plots for three years of 
the outbreak in a later chapter. 

As the pine butterfly populations increased and flourished, and infested areas expanded each year 
of the outbreak, we began observing increases in the populations of various natural enemies as 
well.  A few insects, in particular, soon rose to prominence as major mortality factors of different 
developmental stages of pine butterflies in this outbreak.  The insects we initially observed were 
hemipterans (Podisus and Apoecilus spp.) and a diperan (Agria spp.).  We first observed these 
predators to be common in 2010, but the primary agent we expected eventually to appear on the 
scene and cause collapse of this outbreak as it had in several other outbreaks in the past, the 
ichneumonid wasp, Theronia atalantae fulvescens, had not appeared in detectable numbers in the 
population by the end of the 2010 season. 

Whether defoliation damage to trees the first couple of years of the outbreak would sufficiently 
weaken trees to cause mortality was unknown.  Defoliated ponderosa pines across large areas of 
the outbreak, though stripped of a large proportion of the older needles, seemed to be holding up 
reasonably well going into the 2011 season.  In spite of this, we surmised that additional stresses 
on trees from droughty weather or pressure from other insect herbivores could prove detrimental 
to the more severely defoliated trees in the future.  Only time could solidify confidence.  Flowers 
et al. (2011) sized up the situation best in their forest health report on the 2010 season in Oregon: 
“Adding to the uncertainty, defoliation by a pine sawfly (Neodiprion spp.) has been co-occurring 
in these areas and it appears to be the primary damaging agent at some locations.”  Going 
forward, the severity of this outbreak was difficult to gauge, especially with the uncertainty of 
how much damage multiple defoliating agents must inflict on ponderosa pines before reaching a 
threshold that predisposes these trees to bark beetles; the answer to that question would be 
deferred for additional study.  The one thing that was clear by the end of the 2010 season was 
that this epidemic would persist through 2011 and likely beyond while continuing to expand in 
area until brought in check by natural controls.  There was also this additional clarity provided 
by Flowers et al. (2011) to help put at ease a concerned public regarding the fate of trees growing 
in public and residential areas: 
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“The risk of tree mortality in non-forest settings is relatively low and despite public concerns as 
to the large number of butterflies moving through populated areas near outbreaks, they do not 
pose any health concerns.” 

As expected the pine butterfly continued to show its voracious appetite and aggressive expansion 
powers in 2011.  The aerial insect detection survey for that year mapped over 250 000 acres (101 
172 ha) of defoliation (Flowers et al. 2013).  An even greater—but unquantified—area of 
infestation detectable only by ground survey extended for some distance beyond the bounds of 
aerially mapped acres, so the true size of the outbreak was undoubtedly substantially more than 
250 000 acres.  In addition, behind the scenes populations of the Theronia wasp were moving 
into areas of the outbreak and beginning to numerically respond to the enormous populations of 
the butterfly. 

Other predators and parasites continued to increase in numerical response to the increased pine 
butterfly populations in 2011. 

By the next year these natural enemies began to have a noticeable impact on the pine butterfly 
numbers, given the measureable decline in the acres defoliated in 2012.  The aerial survey 
detected about 91 000 acres (36 826 ha) of mostly ponderosa pine defoliation in 2012, an amount 
substantially less than the previous year.  This acreage represented a decline to 64 percent of the 
previous years, thereby providing a ray of hope that the outbreak had peaked in 2011.  The 
decline in defoliated acres notwithstanding, defoliation intensity remained in a moderate to 
severe category on over 90 percent of the affected area, similar to the previous year (Flowers et 
al. 2013). 

Possibly one of the most encouraging events of the 2012 season was the much-awaited nearly 
ubiquitous appearance of the parasitic wasp T. a. fulvescens.  State and Federal government 
officials, industrial forest workers, forest recreationists, local forest landowners, and the general 
public at large, suddenly began reporting the occurrence of this wasp from virtually all over the 
outbreak area, signaling a strong indication—coincident with the declining defoliated acres—that 
the outbreak was beginning to collapse in 2012.  We prognosticated a complete collapse for 
2013. 

Meanwhile, cooperative monitoring and research efforts on the pine butterfly were continuing to 
address objectives like the relationship between stand structure and defoliation severity and 
cumulative effects of defoliation on tree growth and survival (Flowers et al. 2013).  These and 
other monitoring and research results are reported in subsequent chapters. 

While the pine butterfly outbreak was actively defoliating thousands upon thousands of acres of 
nearly pure ponderosa pine—and to a lesser extent lodgepole pine—the western spruce budworm 
was doing the same simultaneously in the Douglas-fir, true fir, Engelmann spruce, and western 
larch stand components of the Malheur National Forest as it had for several years prior.  
Defoliation was occurring in stands proximate to the pine butterfly outbreak area as well as in 
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other locations.  More importantly, in ponderosa pine-dominated mixed-conifer stands within the 
pine butterfly outbreak, the budworm often was found active on the same acres in which pine 
butterflies were actively defoliating the pine stand components.  The pattern of total acres 
defoliated by both defoliators from 2008 to 2013 is virtually identical (see Fig. 12 in Flowers et 
al. 2014).  These interesting outbreak patterns suggest that the pine butterfly and western spruce 
budworm were likely sharing some of the same generalized predators and parasites that were 
building up in populations of both defoliators over the course of their respective outbreaks.  We 
know, for example, that the primary mortality agent for pine butterfly, Theronia atalantae 
fulvescens, utilizes western spruce budworm as well as numerous other lepidopterous forest 
defoliators (see Chapter ?????, below).  In the sense that these two defoliators share some 
common natural enemies, there is benefit gained in terms of control of both defoliators when 
these shared predators and parasites build up in adjacent or co-occurring outbreaks areas. 

After commencing in 2008 and thriving while defoliating thousands of acres through several 
consecutive years, the pine butterfly outbreak in the Blue Mountains abruptly collapsed in 2013.  
A number of parasites and predators headlined by the wasp, Theronia atalantae fulvescens, and 
the hemipterans, Apoecilus bracteatus (Fitch) and Podisus serieventris Uhler, finally brought the 
pine butterfly in check.  Aerial insect detection survey did not reveal any visible pine butterfly 
defoliation in 2013.  Hence, the collapse of the outbreak was virtually complete by the end of 
that season.  As anticipated, the outbreak collapsed largely from the buildup of natural enemies 
and larval starvation due to host depletion among other factors (Flowers et al. 2014).  Research 
and monitoring led by Oregon State University will continue annually for up to three years after 
the outbreak.  However, results to date indicate very low tree mortality (Flowers et al. 2014). 

Judging from the geographically diverse reports of high numbers of adult butterflies reported to 
U. S. Forest Service and State Forestry offices in Washington, Oregon, Idaho, and Montana, it is 
noteworthy that populations of pine butterflies were generally higher all across the West 
beginning in 2010 through 2013.  The year 2011, however, seemed to be the one in which the 
August flights of pine butterflies were especially prolific.  Television and radio news reports, 
websites, and internet blogs frequently mentioned the massive and unusual flights of the 
butterflies in various Pacific Northwest and Intermountain West communities ranging from 
Bend, Oregon, to Spokane, Washington, and parts east from Boise, Idaho, to Missoula, Montana. 

The occurrence of outbreaks in these other western locations supports the synchronization of the 
Oregon outbreak with those in other Regions, except that the pine butterfly outbreak occurred in 
the Blue Mountains from 1 to 2 years earlier than in the other Regions.  Like the numerous 
synchronized outbreaks of the past no one has yet explained the causes of these population 
explosions over such large and geographically separated areas.  Most troubling during this 
outbreak seemed to be the sudden appearance of thousands of pine butterflies in the pine trees 
planted as ornamentals in parks, businesses, public agency campuses, and private yards in areas 
like the Tri-Cities metropolitan area (Kennewick, Richland, and Pasco) of southeastern 
Washington state.  These trees are not native to these cities where the climate is semi-arid and 
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the natural landscape is dry, desert-like, and typically barren, supporting a shrub-steppe 
ecosystem.  It is unknown what future damage these insects could cause in these unnatural 
situations should the insect become established there. 

Further north in the native ponderosa pine stands of north-central Washington, entomologists 
also reported the occurrence of light defoliation of ponderosa pine on about 60 acres in an area 
located roughly 15 miles northwest of Wenatchee, Washington, in 2011—the result of feeding 
by both diprionid sawflies and pine butterfly (Dozic et al. 2012).  Information about this 
outbreak, however, is limited.  It appears the feeding damage from these insects was relatively 
minor.  We found no other reports on this outbreak so we presume it was just a 1- or 2-year 
event. 

Finally, an interesting footnote to this Blue Mountains outbreak entails reports on the response of 
domestic animals to the unusual abundance of pine butterflies during the late summer adult 
emergence and flight.  The reports are odd narratives of insectivory by domestic animals.   

Accounts on internet blogs and websites describe instances of family pets consuming various 
species of butterflies.  In one such case the post relates to a dog eating pine butterflies during the 
recent outbreak in eastern Oregon.  In this particular brief comment posted on the facebook.com 
website on August 23, 2011 during the height of the adult pine butterfly flight in August of that 
year, Kelly (2011) writes: “My dog has tried her hardest to eat as many as she can!!”  Anyone 
who owns a pet knows that it is not uncommon for dogs to find it difficult to resist eating or 
chewing items typically not part of their normal diet—insects being no exception.  Consequently, 
it is not hard to imagine the temptations dogs or cats face when being entertained (or harassed) 
by hundreds of adult pine butterflies flitting all around them, and no surprise when they 
eventually test the palatability of these insects. 

In comparison with the other pine butterfly outbreaks that have occurred in the Blue Mountains, 
there is no argument that this current outbreak is the most important of the lot.  But we should 
not neglect the opportunity to communicate information these outbreaks reveal when analyzed 
together.  For example, we find some interesting statistics by analyzing the frequency of all four 
pine butterfly outbreaks occurring in the Blue Mountains to date.  These four outbreaks averaged 
29.3±3.5 years between outbreak cycles, and the average length of these outbreaks was 3.5±0.5 
years.  It appears that when the frequency of local pine butterfly outbreaks is analyzed 
independent of other outbreaks within a larger Region, the time of outbreak recurrence in the 
localized or geographically restricted area amounts to decades.  However, when the records of all 
20 outbreaks that have occurred in the Pacific Northwest Region since 1880 are analyzed as a 
group, the average length of time between outbreaks reduces to slightly more than one decade 
between outbreaks (see “Conclusions,” below).  So, although several decades may pass before 
the next serious pine butterfly outbreak would be anticipated to occur in the Blue Mountains, 
somewhere within the Pacific Northwest Region, another pine butterfly outbreak may arise after 
a period of  a little more than a decade from the end of this last Regional outbreak. 
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2010-2013 

Intermountain Region, Southern Idaho Outbreak (Bennett 2010; Dudley 2010a, 2010b, 
2012) 

In August of 2010, coinciding with the 2008-2013 pine butterfly outbreak in the Blue Mountains 
in eastern Oregon, reports of large swarms of white butterflies hovering around ponderosa pine 
trees began trickling into the Boise National Forest Supervisor’s Office in Boise, Idaho (Bennett 
2010).  Reports regarding the swarms of white butterflies on the Boise National Forest 
represented sightings in geographically distinct forests located some 190 miles (306 km) due east 
of the Oregon outbreak.  Most of the reports were from concerned citizens and seemed to 
originate from the Cascades, Idaho, area.  These accounts were the first indications of another 
pending pine butterfly outbreak in the Intermountain Region of southern Idaho. 

Pine butterfly was last in outbreak in Idaho from 1981 to 1984 on the Clearwater National Forest 
in the Northern Region  (see above).  During this outbreak pine butterfly populations increased 
not only primarily on the Boise National Forest and the Salmon-Challis National Forest in the 
Intermountain Region of Idaho, but also on the Idaho Panhandle National Forest in the Northern 
Region of Idaho (see below). 

During a review of insect activity in the Gibbonsville Timber Sale on September 7 and 8, 2010, 
Forest Health Protection (U.S. Forest Service) personnel observed pine butterfly adults flying in 
“extremely high numbers” in several timber sale units located on the North Fork Ranger District, 
Salmon-Challis National Forest (Dudley 2010b).  The Forest Service also found pupae of pine 
butterfly on trail signs and on other off-host sites and pine butterfly eggs on the needles of pines 
in a regeneration stand.  Although the Forest Service personnel did not specifically state that they 
observed defoliation of host trees in this timber sale, they stated that visible defoliation on 
residual pines would very likely occur during the next year.   

Meanwhile, in northern Idaho on the Coeur d’Alene River Ranger District, Idaho Panhandle 
National Forest, the appearance of pine butterflies in mature ponderosa pines on the ranger 
district compound raised concerns and questions about the infestation by the district staff.  These 
concerns led the district to request pest management assistance from the Coeur d’ Alene Field 
Office of Forest Health Protection (Dudley 2010a).  An entomologist with the Forest Health 
Protection Staff evaluated the situation at the Coeur d’ Alene River Ranger District on August 
26, 2010, confirming the identification of the insects as Neophasia menapia, and noting that an 
estimated average of eight adults were flittering about the upper crown of each mature tree.  Cole 
(1971) observed that 24 or more pine butterflies per tree, observed from the ground in the current 
year, were required to predict an outbreak the following year.  Based on Cole’s research the adult 
populations on the Coeur d’ Alene River Ranger District compound were still well below the 
average needed to reach an outbreak threshold.  We have no subsequent follow-up information 
relative to this infestation in the Idaho Panhandle National Forest. 
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In 2011 U. S. Forest Service personnel observed pine butterfly defoliation at low to moderate 
levels of intensity in ponderosa pines from the ground in various locations on the North Fork and 
Cascade Ranger Districts, Salmon-Challis and Boise National Forests, respectively (Dudley 
2012).  Epidemic levels of pine butterfly were observed by Forest Health Protection staff near 
Council, Cascade, McCall, and Salmon, Idaho.  Sightings of unusually large pine butterfly 
populations also occurred near Crystal Lake on the Payette National Forest in Valley County, 
while other outbreaks were reported even from the urban areas of Ada and Canyon Counties, 
Idaho.  The concern about impacts from pine butterflies during this outbreak were widespread in 
2011, and many were raised by private landowners from the forested regions of southern Idaho. 

To address concerns about the outbreak and predict future defoliation, in 2011 the U. S. Forest 
Service initiated egg mass surveys in the southern Idaho areas observed with highest numbers of 
butterflies in 2010 and 2011.  The sampling plots established for evaluation consisted of three 
sites on the North Fork Ranger District and two sites on the Cascade Ranger District.  At each 1-
acre site (0.4 ha) entomologists estimated defoliation on and sampled 20 mature trees by 
collecting five 15-inch (38.1 cm) branch samples cut from the low- to mid-crown of each tree 
with an extendable pole pruner.  The branch samples were bagged and transported to a laboratory 
in Boise, Idaho, where the foliage of the outermost 5 inches (12.7 cm) of each branch was 
examined for eggs.  A regression equation (Tunnock and Meyer 1977; Bousfield and Dewey 
1972) was used to predict defoliation based on the viable egg counts and percent of trees with 
visible defoliation.  The results of this evaluation reported in the letter by Dudley (2012) found 
numbers of eggs per sample ranged from 2 to 92 for the Cascade Ranger District, and from 2 to 
93 for the North Fork Ranger District.  Egg predation, likely from pentatomids, ranged from 4-89 
percent at Cascade and from 4-72 percent at North Fork.  The egg mass surveys suggested 
similar levels of defoliation for 2012 (Dudley 2012). 

Parasitism by Theronia atalantae fulvescens became evident with high levels “swarming” in 
areas on the Boise National Forest in mid or late October 2011, particularly from the Yellow 
Pine, Idaho, area (Dudley 2012).  Although this pine butterfly outbreak extended into 2012 the 
parasitic wasp continued to build up on populations of pine butterfly and the western spruce 
budworm that simultaneously occurred in some of the mixed-conifer stands.   The Theronia 
wasp, along with pentatomids and other natural enemies of these defoliators, eventually caused 
the collapse of this pine butterfly outbreak in 2012.  By 2013 pine butterfly populations in 
southern Idaho were again at endemic levels. 

2010-2013 

Northern Region, Idaho and Montana Outbreak (Gannon and Sontag 2010; Hayes 2012, 
2013; USDA 2010) 

In the most recent period of pine butterfly outbreaks the areas of pine butterfly population 
increase expanded across the Pacific Northwest into the Intermountain West and also 
encompassed some portions of the ponderosa pine forests in the Northern Region of the U. S. 
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Forest Service that includes portions of northern Idaho and western Montana.  The synchrony of 
outbreaks of pine butterfly across these regions during the last couple of years of the first decade 
through the first half of the second decade of the twenty-first century, is yet another 
demonstration of the behavior of pine butterfly in which outbreaks often occur simultaneously or 
in close synchrony with one another in western North America. 

In 2010 ground observations indicated pine butterfly populations were on the increase in Ravalli 
County, Montana, as they were in many other localities.  However, pine butterfly defoliation 
within the pine forests encircling the Bitterroot Valley was not detectable by aerial survey that 
year (Gannon and Sontag 2010; USDA 2010).  Residents of the Bitterroot Valley saw scores of 
the white butterflies filling ponderosa pine stands on the west side of the Bitterroot Valley in 
2010 (Backus 2011).  Pine butterfly outbreaks producing severe defoliation along with attacks by 
bark beetles resulted in killing some of the mature ponderosa pines in this area in the past 
(USDA 2010). 

In 2011 populations of pine butterfly continued to increase in western Montana, primarily on the 
Darby Ranger District and vicinity.  New areas of defoliation appeared in localities east of 
Hamilton and elsewhere, with approximately 600 acres (243 ha) of ponderosa pine moderately to 
severely defoliated along the Skalkaho Highway (Hayes 2012).  Outbreaks of pine butterfly 
during the early1970s were previously recorded from this area (see “1967-1974 Northern Region 
Outbreak,” above).  The U. S. Forest Service identified other smaller areas of pine butterfly 
defoliation in the Bitterroot Valley. 

Outbreak levels of this insect occurred throughout Ravalli County during the 2011 season (Hayes 
2012).  Hayes notes that forestland ownerships in Ravalli County recording pine butterfly 
defoliation in 2011 included 737 acres (298 ha) of National Forest lands and 47 acres (19 ha) of 
private lands. 

Ponderosa pine stands throughout the county received variable levels of defoliation.  According 
to Hayes (2012): 

“Despite high populations of caterpillars, defoliation primarily occurred at low levels (less than 
15 percent crown defoliation).  Some locations, such as just north of Skalkaho Pass, had 
extensive levels (up to 80 percent crown defoliation) of pine butterfly defoliation across 600 
acres.” 

Pine butterfly populations began to wane in 2012 with only 2 acres (0.8 ha) of new defoliation 
mapped by aerial survey on private forestlands in Ravalli County (Hayes 2013).  Although not 
specifically identified, natural enemies were beginning to have a marked impact on pine butterfly 
populations as the nearly flat increase in defoliation suggested that mortality agents were holding 
the butterfly in check in 2012.  In August of 2012 the Forest Service revisited areas in which the 
pine butterfly had been epidemic in 2011.  The ground surveys found no discernible levels of 
defoliation (Hayes 2013).  Hayes (2013) records that “Skalkaho Pass was the only site where 
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pine butterfly defoliated trees in 2011, and surveys of the area in 2012 indicated new growth of 
the affected ponderosa pine and no apparent defoliation in 2012.” 

The pine butterfly populations in Ravalli County, however, would remain active for at least one 
more year.  Hayes (2014) reported that aerial surveys detected an additional 103 acres (42 ha) of 
defoliation on National Forest lands in 2013.  However, the 2013 season saw the collapse of the 
pine butterfly outbreak in the Northern Region; the insect was not detected in Montana in 2014 
during the aerial survey. 

It is worth mentioning that while the outbreaks of pine butterfly were active and attracting much 
attention in the pine habitat types in Southern British Columbia, Washington, Oregon, Idaho, and 
Montana, during this outbreak cycle, populations of the butterfly had also risen with little fanfare 
in the Southwestern Region of the Forest Service.  The Forest Insect and Disease Conditions in 
the Southwestern Region, 2012 (USDA 2013) contained this statement: 

“…In Arizona, a large population of pine butterflies was observed south of Vernon.  The 
butterflies were so numerous that they were easily caught with the bare hand.  This insect has 
historically not caused any significant defoliation of ponderosa pines in the state and no visible 
defoliation has been detected.” 

The detection of a massive adult flight of pine butterfly in 2012 in Arizona with no reported 
defoliation indicates that populations had increased to high endemic levels, or perhaps even 
epidemic levels, although resulting in no detectable damage to hosts.  We could find no other 
references to this inconsequential infestation, and therefore assume it was a temporary and minor 
defoliator episode.  It was similar to the “minor outbreak” that occurred in the Coconino Plateau 
in northern Arizona in the 1950s (see “1953-1955 Northern Arizona Outbreak,” above) which we 
believe was slightly worse by the descriptions in references. 

Once again, this Arizona event characterizes the remarkable synchrony with other outbreaks that 
occurred during this cycle. 

Conclusions 
 

A review of the literature indicates that over the last 135 years, from 1880 to 2015, endemic 
levels of pine butterflies have alternated with documented outbreaks at least 58 times across 
Western North America.  If taken on average that would mean that a pine butterfly outbreak 
occurred once every 2.3 years.  This, however, is not the case because in many instances multiple 
outbreaks have occurred simultaneously within the same Region or across two or more Regions.  
Hence, it seemed more logical to analyze these outbreaks on a Regional basis.  We report the 
results of these analyses in this section. 



 
137 

Outbreaks have erupted in the past at seemingly irregular intervals, often covering thousands of 
acres and resulting in measureable annual growth losses that may persist for up to a decade or 
longer.  In some cases these outbreaks have resulted in direct tree mortality or they have 
weakened trees increasing their susceptibility to western pine beetles and others. 

The historic records of pine butterfly epidemics and population increases afford an opportunity 
to analyze population trends, outbreak periodicity, and other interesting aspects of population 
behavior.  Accurate and complete records of these infestations are necessary for comprehensive 
analysis.  Records summarized here are not complete enough to perform anything other than a 
cursory assessment of outbreak periodicity. 

Of the primary Regions reported on here, (i.e., southern British Columbia, including Vancouver 
Island (SBC), Pacific Northwest (PNW), Pacific Southwest (PSW), Southwest (SW), 
Intermountain (INT), Northern (N), and the Rocky Mountain (RM) regions), only the Pacific 
Southwest and Southwest Regions do not provide sufficient data from multiple outbreaks to 
allow for a meaningful assessment.  From 1880 to present records for these areas document 20 
outbreaks in the Pacific Northwest, the greatest number of any Region, with an average of 
11.4±4.1 years (mean±standard error) between outbreaks; 10 outbreaks from the SBC Region 
with an average of 11.8±4.9 years between outbreaks; 1 outbreak from the PSW Region; 1 
outbreak from the SW Region; 11 outbreaks in the INT Region with an average of 7.8±2.4 years 
between outbreaks; 11 outbreaks in the N Region with an average of 8.9±3.3 years between 
outbreaks; and 4 outbreaks in the RM Region with an average of 6.5±1.2 years between 
outbreaks.  Although not all of these 58 pine butterfly “events” resulted in aerially mapped 
visible defoliation the populations had increased to levels high enough to be detected from the 
ground and to merit mentioning in annual Forest Insect and Disease Conditions reports or 
various other documents, including news media. 

The overall average length of the 58 pine butterfly outbreaks is 3.4±0.2 years.  On an individual 
Regional basis, the average length of an outbreak was 2 years for each of the PSW and SW 
Regions; 4.7±0.5 years for the SBC Region; 3.4±0.3 years for the PNW Region; 4.0±0.4 years 
for the INT Region; 4.0±0.6 years for the N Region; and 4.0±1.1 years for the RM Region. 

These results seem to suggest that in at least some Regions of the West pine butterfly outbreaks 
have occurred with greater frequency than initially thought (c.f., Evenden 1947).  Instead of 
many decades elapsing between outbreaks these data suggest that most pine butterfly 
populations, particularly in the Pacific Northwest, Southern British Columbia, Intermountain, 
and Northern Regions have increased to levels detectable from the ground or from the air on the 
average of once a decade or less.  In fact, only 12 out of the total 58 documented outbreaks 
across all Regions occurred after the passage of 10 or more years since the last outbreak in the 
same Region. 
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There may be climatic links that correlate with these infestations, but to our knowledge no one 
has explored these relationships in any detail.  Stretch (1882) first raised the possible link with 
climatic influences when he pondered whether the sudden increase in pine butterfly he found in 
1881 may have resulted from the destruction of great numbers of its parasitic and other natural 
enemies during the particularly severe winter of 1880-1881 without impairing the vitality of the 
pine butterfly eggs.  This question, while intriguing, remains unresolved. 

Also unresolved is whether trends in outbreaks exist that support some predictable pattern of 
occurrence.  The evidence we present suggests that pine butterfly population increases are highly 
synchronized within and often between Regions and may be cyclical in nature, but incomplete 
data precludes any attempts to statistically demonstrate a possible cyclical trend in population 
increase.  Dendrochronological studies might prove useful in elucidating the pattern of 
occurrence of pine butterfly epidemics as they have in other defoliators. 

The role natural enemies play in pine butterfly population dynamics is evident from many of the 
chronologies presented.  Pentatomid predators, Diptera and Hymenoptera parasites, especially 
the ichneumonid wasp, Theronia atalantae fulvescens (Cresson), and numerous other insects and 
spiders (see Chapter ????), all gradually build up their populations in response to the increasing 
prey base in most, if not all, pine butterfly outbreaks, exposing multiple life stages of the 
butterfly to increasing natural mortality pressure until the population collapses.  Although land 
managers have undertaken direct control intervention with chemical or biological insecticides for 
valid reasons in a limited number of the outbreaks in the past, we believe the historic evidence 
supports a conclusion that outbreaks of pine butterfly eventually collapse on their own under the 
weight of pressure from diverse guilds of natural control agents. 

 

 

Chapter 3: Monitoring Insect Populations and Damage 
In this chapter we describe studies we designed and conducted on permanent monitoring plots in 
which we evaluated pine butterfly population dynamics and host-tree damage in a large pine 
butterfly outbreak.  The outbreak we studied occurred on the Malheur National Forest from 2008 
to 2013 in the Blue Mountains of northeastern Oregon (see “2008-2013 Blue Mountains, Pacific 
Northwest Region, northeastern Oregon Outbreak” in Chapter 2, above). 

Permanent monitoring plots provided a convenient framework of replicated sampling units on 
which we could assess the population of pine butterfly and associated host-tree damage to 
address the primary objectives described in Chapter 1.  This series of replicated plots also 
permitted us to overlay other studies designed to collect additional biological and ecological data 
as well as develop a defoliation model. 
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Pine butterfly population monitoring is fundamentally important because of the presumed 
correlation of measures of insect density with host damage.  In addition, annual population trends 
assist in validating population phases, which are useful in predicting outbreak collapse.  Due to 
time limitations we were unable to evaluate population effects on growth-loss, but we were able 
to assess annual defoliation rates and rates of tree mortality based on repeated sampling of the 
replicated monitoring plots.  We report those results later in this book. 

Our initial review of areas affected by pine butterfly also revealed the presence of a pine-feeding 
sawfly, Neodiprion autumnalis Smith, simultaneously feeding with pine butterfly in certain 
portions of our sampling areas.  Populations of sawflies were dramatically lower than pine 
butterfly and the foliage feeding activities of pine butterfly through the course of the outbreak 
competitively excluded pine sawfly infestations from some but not all areas.  Preliminary 
statistical analysis of 2010 larval population data by analysis of variance (ANOVA) showed 
mean larval densities to differ significantly (F = 59.49; df = 1,30; P < 0.01) between pine 
butterfly and pine sawfly.  Although defoliation from sawfly feeding could be distinguished from 
pine butterfly by the trained eye, it complicated our study because sawfly defoliation could not 
be easily or accurately separated from defoliation caused by pine butterfly when making 
estimates of whole-tree defoliation.  In all cases of estimating whole-tree defoliation we chose to 
ignore the light sawfly damage which we believed was inconsequential to the total defoliation in 
estimating defoliation rates or developing regression models.  However, we did measure and will 
report in this book the population density trends of both pine defoliators during the outbreak. 

Methods 

Study Area 
Our study was located in ponderosa pine stands in the southern Blue Mountains of eastern 
Oregon about 8-10 kilometers southeast of Silvies, Oregon, on a portion of the Malheur National 
Forest in southern Grant County and northern Harney County.  Stands were nearly pure 
ponderosa pine but varying in structural class and past management history.  Nearly all stands 
were dominated by an abundant second-growth component of ponderosa pine with the majority 
of trees between 90 and 120 years of age.  A few stands supported a small component of 
Douglas-fir of about the same age.  Most of the stands also contained a scattered mature or 
overmature ponderosa pine constituent varying in age from about 200 to 350 years old.  Nearly 
all stands bore some level of pine understory component or advanced pine regeneration 
(seedlings and saplings) and small pole-sized trees where trees had re-established in larger stand 
openings created by past disturbances of varying origins.  Average tree quadratic mean diameter 
(mean±SE) at breast-height (about 1.4 m above the ground) based on sample plot mensuration 
measurements (n = 108) was 44.7±1.5 cm, and average tree height was 21.8±0.7 m (table 1).  
Average basal area stocking of trees larger than 7.6 cm was 20.8±0.7 m2/ha (table 1). 
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All stands received some level of partial-cut harvest in the past.  Most stands were subsequently 
precommercially or commercially thinned after cutover areas were regenerated many decades 
ago.  In addition, some areas were underburned by prescribed fire, either after harvest or more 
recently in hazardous fuels reduction treatments. 

Dominant plant associations of the study area include Ponderosa pine/common snowberry 
(Symphoricarpus albus (L.) Blake), Ponderosa pine/elk sedge (Carex geyeri Boott), Ponderosa 
pine/mountain snowberry (Symphoricarpus oreophilus Gray var. utahensis (Rydb.) A. Nels.), 
Ponderosa pine/pinegrass (Calamagrostis rubescens Buckl.), Ponderosa pine/bluebunch 
wheatgrass (Agropyron spicatum Pursh), Ponderosa pine/Idaho fescue (Festuca idahoensis 
Elmer), Ponderosa pine/mountain big sagebrush (Artemisia tridentate Nutt. ssp. vaseyana 
(Rydb.) Beetle)/elk sedge, and Ponderosa pine/mountain big sagebrush/Idaho fescue-bluebunch 
wheatgrass (Johnson and Clausnitzer 1992). 

The climate in this portion of the Blue Mountains is Temperate Continental – cool summer phase 
(Johnson and Clausnitzer 1992; Trewartha 1968).  The local climate varies with aspect due to its 
influence on solar insolation.  Plots located on south-facing slopes are warmer and drier than 
north-facing slopes due to higher levels of evapotranspiration, and insect development tends to 
be accelerated on these aspects due to temperature-driven elevated metabolic processes.  Plot 
elevations ranged from 1 466 through 1 641 m.  Mean daily temperature based on long-term 
averages measured at Seneca, Oregon, from June 1 through August 31 was 13.8º C.  Mean 
monthly rainfall during this period was 2.2 cm (NOAA 2012). 

Growing sites of the study area support gravely loam to clay soils typified by the taxonomic 
subgroups, Lithic Argixerolls, Typic Haploxerolls, and Vertic Argiaquolls (Carlson 1974).  Most 
of the monitoring plot soils have some level of volcanic ash surface deposit varying in depth up 
to about 30.5 cm. 

Defoliation Mapping 
Pine butterfly defoliation on the Malheur National Forest was mapped each year from 2009 to 
2012 by an annual cooperative aerial insect detection survey conducted by the U.S. Forest 
Service and State of Oregon Department of Forestry.  In addition The Emigrant Creek Ranger 
District, Malheur National Forest, conducted an informal ground survey of defoliation in 2010 
by Forest road system “windshield” observation.  Ground surveys were not conducted during the 
remaining years of the outbreak, 2011 and 2012. 

Population Monitoring Experimental Design 
In 2010 we established a series of sample plots in ponderosa pine stands within the main portion 
of the pine butterfly outbreak to monitor population trends, estimate whole tree defoliation, and 
collect other biological data (fig. 1).  The study is a completely randomized design having six 
replications of three relative defoliation intensity classes.  We monitored populations on the 
replicated plots over two consecutive years (2010 and 2011).  Hence, the three defoliation 
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intensity classes and the two consecutive years of outbreak are the main effects studied.  We also 
estimated whole-tree defoliation rates on all plot trees during 2010, 2011, and 2012. 

Selection of study areas--  
Variable levels of defoliation occurred over 1 561 ha during the first year of the outbreak (2009), 
hereafter “initial defoliation.”   This variable defoliation offered the opportunity to evaluate the 
pine butterfly population at different initial defoliation intensities; hence, relative population 
levels.  A preliminary survey of adult butterfly densities in late summer 2009 resulted in 
mapping varying levels of numbers of butterflies per tree during the late summer period in which 
mate selection, mating, and oviposition was occurring in host tree crowns.  We assumed the 
relative numbers of adult butterfly populations active in tree crowns and in proximity to host 
trees roughly corresponded with relative levels of defoliation caused by feeding of the immature 
stages earlier that year.  These data provided presumptive biogeographic population information 
with which we could establish potential sampling areas defined by initial defoliation intensity. 

In spring 2010 we revisited the stands identified by the preliminary survey of 2009 to begin 
establishing sampling plots.  To classify defoliation intensity and select areas in which we could 
establish plots we broadly defined three relative classes of stand-level defoliation based on 
ocular estimates of the approximate percentage of old needles destroyed: “zero to low” or “light” 
(0- to 20-percent defoliation); “moderate” (30- to 60-percent defoliation); and “high” (> 75-
percent defoliation).  Through a portion of the outbreak we selected sampling areas that 
replicated each defoliation intensity condition (low, moderate, high) six times by randomly 
selecting each of these areas using this ocular estimation classification scheme.  Each replicate 
was separated by a distance of ≥ 0.5 km along existing forest roads within the infestation.  We 
established a single sampling plot with six host trees within each replicate of the three defoliation 
intensity classes.  The selection of each sampling replicate was contingent on the initial stand 
defoliation intensity rating being more or less consistent over an area of at least 4 or more 
hectares within which the sampling plot was established.  All plot locations lie between latitudes 
44º 1’ and 43º 57’ N and longitudes 118º 52’ and 118º 48’ W (fig. 1). 

Selection of sample trees--  
Within each plot we established a sampling transect across an area of about 2 hectares and used a 
nearest-neighbor-like technique to select six sample trees along the sampling transect.  We 
included a 20 m non-sampled buffer around the plot perimeter to reduce influence of roads.  We 
first established a permanent reference point at the edge of the sampling site and used a random 
compass bearing and random distance to locate the starting point of the transect.   We then used a 
compass to establish a random direction for the transect.  From the starting point of the transect 
we selected the nearest dominant or codominant ponderosa pine that was ≥1 chain (20.1 m) 
distance away and ≥22.9 cm in diameter at breast-height (dbh) on either side of the transect as 
the first sample tree.  We continued to choose sample trees while following the transect by 
selecting the nearest dominant or codominant tree ≥22.9 cm dbh along either side of the transect 
that was ≥1 chain distance away from the previously selected tree until a total of 6 trees were 
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selected.  Distances between trees varied from 20 to 62 m.  We used a Laser Technology®, Inc. 
Impulse 200 Laser Rangefinder to determine distance to each consecutive sample tree along the 
transect.  Each sample tree was consecutively numbered at breast height with an aluminum tag 
and the location geocoded with latitude and longitude using a DELORME Earthmate® model 
PN-20 GPS unit for relocating and resampling in the future.   

Population and tree damage sampling scheme--  
In 2010 and 2011, we collected five lower crown lateral branch tips, about 38 cm in length, from 
around the base of the live crown of each sample tree just before egg eclosion.  Each branch tip 
was clipped from the branch and collected in a catch basket attached to a 7.6 m Hastings® model 
SH 200 fiberglass telescoping pole pruner.  Each branch tip was individually bagged in a clear 
polyethylene bag for transport to the lab for processing.  Each sample bag was closed using a 
paper shipping tag, and the tag marked with sampling date, plot replicate code, and tree number.  
All egg sampling occurred between June 16 and June 22 in 2010, and between June 7 and June 
12 in 2011.  Stand and tree metrics also were recorded for each sample tree and sampling 
location.  Tree metrics included GPS location of tree, tree species, diameter, height, crown base 
height, crown class, and percent live crown ratio.  Stand metrics included plant association and 
basal area surrounding each sample tree.  All samples were transported back to the laboratory 
located in La Grande, Union County, Oregon, within 48 h of collection, and placed in a walk-in 
cooler maintained at 5.4±0.2 ºC and 85.7±1.9 percent relative humidity until processed. 

In mid-July of 2010 and late July of 2011, we again collected branch samples from plot trees on 
all replicates when the majority of pine butterfly larvae were fourth-instar or older, to monitor 
larval parasite populations and compare pine butterfly and pine sawfly larval densities.  Branch 
samples were bagged in the field in the same manner as the egg mass samples and transported 
back to the laboratory for storage in the walk-in cooler until processing.  All larval branch 
sampling occurred between July 12 and July 20 in 2010, and between July 25 and July 28 in 
2011.  Collection dates varied for the two sampling years due to weather related insect 
development and plant phenology differences between the two years. 

We monitored pupal parasitism rates over a two-year period, 2011-2012, by rearing pupae 
collected from four forest locations within the outbreak and recording parasitism rates from each.  
Our initial objective was to test for pupal parasite homogeneity within the population, i.e., 
whether the responses related to pupal parasitism are consistent across populations within the 
outbreak.  However unforeseen confounding factors precluded statistical testing, therefore we 
will report these data as case studies only. 

Table 2 displays metrics for the pupal parasite monitoring collections from five sites.  Analyses 
of data from site 1 will be reported in Part II of this report below.  Collections of pupae to 
monitor parasitism were made on sites 2 and 3 in August 2011; these collections yielded 261 and 
624 pupae, respectively.  Collections from sampling sites 4 and 5 the end of July 2012 were 
conducted in a relatively newer infested area 27-32 kilometers north of the other sites and at a 
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greatly reduced sampling intensity which yielded far fewer numbers of live pupae than in 2011.  
Also, the 2012 pupal sampling occurred during a period when many adult butterflies and 
possibly some parasites had already emerged from cocoons.  Nevertheless, the sampling of sites 
4 and 5 resulted in 48 and 49 pupae, respectively, for parasite monitoring in 2012.  Although 
sites 4 and 5 were separated by many kilometers from sites 2 and 3 the four sites were quite 
comparable in many aspects.  Both contained stand types of second-growth ponderosa pine with 
a scattered overstory of large, mature pine, and having other site and stand characteristics similar 
to those shown in table 1, with the exception that sites 4 and 5 contained slightly higher tree 
stocking levels than sites 2 and 3.  Terrain is flat to rolling on all sites and all were upland 
general forest type stands. 

At all sites the pupae were haphazardly collected from various pupation substrates including 
trunks, branches, and foliage of host trees, fence posts, barbed wire fencing, ground vegetation, 
Carsonite™ Composites road signs and markers, and other substrates.  The pupae were carefully 
removed using butterfly forceps so as not to injure them.  As they were collected the pupae were 
placed into 0.9 l heavy paperboard leak-resistant ice cream containers containing shredded paper 
in the bottom.  The containers were placed in a Coleman™ plastic cooler containing Blue Ice™ 
(Rubbermaid™ Incorporated).  All samples were transported back to the lab within 24 h of 
collection and placed in the walk-in cooler for storage until processed. 

Whole-tree defoliation estimation was conducted to determine defoliation trends across 
consecutive outbreak years on each of the initial defoliation intensity classes.  We estimated 
defoliation rates on all plot trees annually from 2010 through 2012 using an ocular estimation 
procedure with 10-percent categories.  In some cases whole-tree defoliation estimates were made 
at 5-percent categories when defoliation was either extremely light or severe.  The defoliation 
estimates were made each year when an estimated 90-percent or more of the larvae had pupated.  
We conducted the whole-tree defoliation estimates on October 25, 2010, September 13, 2011, 
and September 7, 2012.   To reduce subjectivity bias, 2 to 4 observers were used to make 
independent estimates of whole-tree defoliation each year and the mean of the observations 
calculated and used for analyses. 

During the course of conducting annual whole-tree defoliation estimates we also documented 
any mortality of plot trees that had occurred and the cause of the mortality if it could be 
determined.  

Sample Processing--  

Branch egg mass sample processing from the 2010 population sampling season consisted of 
counting and recording the number of 2008 and 2009 egg masses and number of eggs per mass 
for each branch.  In the 2011 samples only the 2010 egg masses and eggs per mass were 
enumerated and recorded.  The 2008 eggs were distinguished from 2009 eggs by being devoid of 
embryos, having either hatched during 2009 or showing signs of having been preyed upon by 
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various insect predators.  Predation of eggs was indicated when the shell displayed a ragged 
opening where the egg had been punctured near the top surface and the empty egg shell appeared 
translucent.  The 2009 eggs had not hatched at the time the 2010 branch samples were processed, 
but some eggs within the 2009 masses were empty and appeared to have been subjected to 
predation. 

In 2010 we initially clipped all needles containing unhatched 2009 egg masses from the branch 
to monitor egg eclosion.  From each branch we counted and recorded on data sheets the total 
number of egg masses and eggs per mass and the number of eggs in each mass with viable 
embryos, and then placed each mass individually in a 60 x 15 mm plastic Petri dish containing a 
single sheet of Whatman® 55 mm round filter paper in the bottom of the dish moistened with 
distilled water and re-moistened as necessary.  Viable pine butterfly eggs are distinguishable 
from nonviable eggs by their bright green color and presence of yolk material, while nonviable 
eggs are gray and dry. 3  We monitored the eggs daily and recorded the dates of the first and last 
larval hatches and total numbers of larvae hatched from each egg mass.  About halfway through 
the branch egg mass sample processing we determined it was taking too long to process every 
viable egg mass so we subsampled masses and limited the number of egg masses to set up in 
Petri dishes for monitoring to five egg masses from each branch.  However, we continued to 
collect all other information as before.  In addition, we collected any needles with sawfly egg 
punctures and similarly placed them in plastic Petri dishes for monitoring of hatch.  We recorded 
the number of sawfly egg punctures per needle, number of sawfly larvae hatched per needle, and 
date sawflies hatched. 

Processing of 2010 and 2011 larval branch samples consisted of removing all pine butterfly and 
pine sawfly larvae on each branch and recording the total numbers of each insect per branch.  We 
then placed five larvae of each insect species in a 150 x 15 mm plastic Petri dish containing a 
single sheet of Whatman®150 mm round filter paper in the bottom moistened with distilled water 
and re-moistened as necessary.  The “extra” larvae of both pine butterfly and pine sawfly 
collected from the branches after removing the five individuals of each species for rearing were 
placed in separate Petri dishes similarly prepared as above and used for feeding various predators 
collected from the branch samples—primarily spiders and pentatomid bugs.  We placed a sprig 
of fresh ponderosa pine foliage, with needles still attached to a small section of branch, in each 
Petri dish to provide food for larvae.  The larvae were reared until pupation or death, and any 
parasites emerging from the larvae were collected for identification.  The dates of these events 
were recorded as they occurred.  The larvae were monitored daily, and fresh foliage was 
provided when necessary. 

Pupal collections from the 2011 sample were processed by placing groups of 20 pupae in 
individual 192.4 ml polystyrene collection cups and securing the top with either a heavy 
paperboard lid or a double layer of 11.4 x 21.6 cm Kimwipes® cleaning tissue secured with a size 
64 (0.6 x 8.9 cm) rubber band.  The collection cups were placed on a Metro-Wire® stem caster 
cart maintained outdoors in a lath house storage structure where the pupae were reared under 
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natural seasonal ambient climatic conditions until adult butterfly emergence, parasite emergence, 
or death.  The cups were checked daily for adult butterfly or parasite emergence.  Any parasite 
adults free-roaming in the cups or appearance of immature parasites emerging from pine 
butterfly pupae were collected and placed individually in small 60 x 15 mm polystyrene Petri 
dishes containing a single sheet of Whatman® 55 mm round filter paper in the bottom of the dish.  
The filter paper was moistened with distilled water and re-moistened as necessary to keep larvae 
or adults from desiccating.  The Petri dishes containing parasite larvae or adults were moved into 
the laboratory where they were maintained for continued development or later identification.  
After removing to the laboratory parasite larvae were reared under constant mean temperature 
and relative humidity of 22.0±0.1 ºC and 41.2±0.6 percent, respectively, until they either pupated 
and emerged as an adult wasp or fly, or expired.  All emergence data (date emerged, number 
emerged, gender, etc.) were recorded on data forms. 

All emerged adult parasites were processed by killing with ethyl acetate in a killing jar, followed 
by pinning.  All specimens were taxonomically identified and labeled and placed in an insect 
collection storage cabinet maintained at the laboratory for future reference. 

Several of the pine butterfly pupae that failed to produce an adult butterfly or parasitic wasp or 
fly were dissected and found to contain one or more unidentified fly larvae.  We reasoned that 
these larvae would overwinter in the pine butterfly cadaver and the adult parasites emerge the 
following spring or summer.  Hence, the remaining pine butterfly pupae were retained on the 
Metro-Wire rearing carts in the lath house over the winter to monitor possible parasite 
emergence in the spring.  On May 1, 2012, we began monitoring these pupae daily, and collected 
the emerging adult flies for pinning and identification as they emerged over the period of May 
16, 2012, through July 25, 2012.  We continued to monitor the pupae until the end of August. 

The pupae collected in the 2012 sample were returned to the laboratory within 24 h of field 
collection and set up in Petri dishes for parasite monitor rearing in the laboratory at ambient 
temperature and relative humidity in the same manner as described above.  Upon emerging, adult 
parasites were immediately placed in the killing jar, pinned, labeled, and identified within a few 
days after expiring. 

All data obtained from egg and larval sample processing and pupal parasite emergence 
monitoring were recorded on forms and later entered into a Microsoft® Excel® (Microsoft 
Corporation, Redmond, WA) spreadsheet for further analysis. 

Data Summarization and Statistical Analysis 

Individual tree data for total egg counts per branch and total egg mass counts per branch were 
summarized for each replicated initial defoliation intensity class (low, moderate, high) for three 
consecutive outbreak years, 2008, 2009, and 2010.  Egg counts and egg mass counts per branch 
data were transformed by the square root transformation (√𝑌𝑌 + 1.0) to render the variances 
independent of the means (Sokal and Rohlf 1969), then each data set was analyzed by a repeated 



 
146 

measures multivariate analysis of variance (MANOVA) with between-subjects factors in 
Microsoft® Excel® using StatistiXL® software, version 1.9, 2012, Nedland, WA, Australia 
(StatistiXL 2012).  Initial defoliation intensity and outbreak year were fixed factors (Model I) in 
the MANOVA.  Before conducting the MANOVA test we verified the distributions of both data 
sets followed the multivariate normal distribution by testing for multivariate normality, applying 
Mardia’s multivariate skewness and kurtosis test in the PAST software (Hammer et al. 2001).  
We performed the Levene’s test in Excel® on the data sets to verify that the data met the 
assumption of equality of variance/covariance matrices of the different groups analyzed.  
Statistical significance was accepted at values of P≤0.05 for all statistical tests in this study.  
Unless otherwise indicated all other statistical tests were performed using either the StatistiXL® 
software or StatMost32™ version 3.6 for Microsoft® Windows® (DataMost® Corp 1995).  
Results are reported as mean ± standard error unless otherwise indicated. 

Pine Butterfly egg viability data from the 2010 sample (i.e. proportion of viable eggs of the total 
2009 eggs per branch) were evaluated across initial defoliation intensities (fixed factors) by 
single factor analysis of variance (ANOVA) after first transforming proportions (𝑝𝑝) with the 
arcsine transformation (𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎�𝑝𝑝) to normalize the data (Sokal and Rohlf 1969).  Post hoc 
multiple contrasts were made using the Tukey procedure (Zar 2010). 

We analyzed the egg densities of the two primary ponderosa pine defoliators in the outbreak area 
(pine butterfly and pine sawfly) by egg deposition year (2009 and 2010) and by species and 
initial defoliation intensity class. These data were first transformed by the Freeman-Tukey 
(1950) square root transformation, �𝑦𝑦 + �𝑦𝑦 + 1 , to meet normality assumptions for ANOVA 
and to stabilize variance.  This procedure is particularly useful in stabilizing the variance of the 
Poisson distribution (Freeman and Tukey 1950).  The transformed data were analyzed by a three-
factor full factorial model ANOVA, with defoliator species, initial defoliation intensity, and year 
of the outbreak in which eggs were deposited as fixed factors (Model I).  The back-transformed 
approximations of means and confidence intervals are reported here.  To further investigate 
group means we pooled data to consolidate means across initial defoliation intensities, and after 
re-running the analysis in a one-way ANOVA on the pooled data, we performed a multiple 
comparisons procedure that controlled familywise error rate using a stepwise, sequentially 
rejective method in Microsoft® Excel® using Daniel’s XL Toolbox, version 5.06, a free open 
source add-in to Excel®.  We used the post hoc test specifying the Bonferroni-Holm correction to 
correct the set of P -values for multiple pairwise comparisons of the pooled species data for each 
year across initial defoliation intensity classes. 

In all analyses of variance, normality tests were performed using the Shapiro-Wilk test with 
coefficients approximated by Royston’s algorithm (Shapiro and Wilk 1965; Royston 1995) and 
using measures of symmetry and kurtosis.  We used Levene’s test to determine the equality of 
variances in factor groups. 
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Whole-tree defoliation data sets for 2010, 2011, and 2012, were analyzed with repeated measures 
ANOVA in Excel® using Daniel’s XL Toolbox.  Data sets were tested for normality with the 
Shapiro-Wilk test and for equality of variance using the Levene’s test before ANOVA.  Outbreak 
year is the independent variable or within-subjects factor in this analysis.  The null hypothesis for 
this analysis was to test if mean percentage of whole-tree defoliation was the same at all three 
time points (outbreak years).  The alternative hypothesis was that mean percent whole-tree 
defoliation is significantly different at one or more time points.  To determine whether initial 
defoliation intensity mean percent whole-tree defoliation responses differ between years of the 
outbreak we used the Bonferroni correction available on the GraphPad QuickCalcs website 
http://graphpad.com/quickcalcs/posttest2/ (accessed January 31, 2013), to adjust for multiple 
post hoc comparisons. 

We analyzed tree survival time from the beginning of the outbreak until the study was terminated 
in 2012.  The Kaplan-Meier survival method (Kaplan and Meier 1958) was used to evaluate the 
tree survival function and the hazard function as related to pine butterfly-caused defoliation 
during the pine butterfly outbreak.  Using probability values calculated by these functions we 
estimated the probability of tree survival at the end of the study, and display the survival curve 
and 95-percent confidence intervals based on the Kaplan-Meier method.  In this analysis a tree 
was considered dead when the complete crown was red and no live buds could be found on a 
random inspection of branches. 

Results 

Defoliation Mapping 

Pine butterfly defoliation was first detected on 1 562 ha (3 857 ac) in three general locations in 
Grant and Harney Counties on the Malheur National Forest in 2009.  Based on aerial surveys 
populations exponentially increased to a high of 101 382 ha (250 325 ac) in 2011, and thereafter 
declined to 42 376 ha (104 633 ac) when populations began collapsing in 2012 (fig. 2).  The 
ground survey in 2010 detected 27 770 ha (68 569 ac) of defoliation, or nearly three times more 
area than the area of defoliation that could be detected from the air that year. 

Egg Density Monitoring 

Egg Mass and Egg Density trends— 
Pine butterfly egg mass densities, measured as mean numbers of egg masses per 38.1 cm branch 
length, were estimated across all initial defoliation intensities at about the same densities in 2009 
as in 2008.  However, when averaged across all factor levels in 2010, densities had increased 
8.6±0.1times from 2008 to 2010, and 7.9±1.2 times the 2009 to 2010 (fig. 3).  The mean egg 
density per branch estimates also followed a similar pattern as the egg mass densities.  Egg 
densities increased an average 10.7±0.8 times from 2008 to 2010 and 8.3±2.0 times the 2009 to 
2010 (fig. 4). 

http://graphpad.com/quickcalcs/posttest2/
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Multivariate analysis of variance (MANOVA) of the egg mass data set revealed a significant 
outbreak year x defoliation intensity interaction (Wilk’s Lambda=0.430, P=0.016), and 
significant differences among years for dependent variables in this study (Wilk’s Lambda=0.091, 
P<0.001). 

We found a similar result in the MANOVA analysis of the eggs per branch data set.  There was a 
significant outbreak year x defoliation intensity interaction (Wilk’s Lambda=0.516, P=0.048), 
and the MANOVA revealed significant differences in mean egg densities among outbreak years 
in this case (Wilk’s Lambda=0.091, P<0.001).   

These multivariate test results indicate that egg and egg mass densities across the three time 
points (outbreak years) have at least one mean vector pairing which produced a significant 
difference based on the significance of the computed Wilk’s lambdas.  Pine butterfly egg and egg 
mass densities increase dramatically as the outbreak progressed from 2008 to 2010 (figs. 3 and 
4). 

Egg Viability— 
Analysis of 2009 pine butterfly egg viability performed on arcsin-transformed mean proportions 
of viable (healthy yolk or live-embryonated) eggs by single factor ANOVA found a highly 
significant (𝐹𝐹(2,15)=10.147, P=0.001) difference in mean proportion of viable eggs between 
initial defoliation intensity classes (factors) during the spring of the second year (2010) of the 
outbreak. 

Post hoc test using Tukey’s multiple comparison test indicated significant difference in the mean 
proportions of viable eggs between the low and high defoliation intensities (q=5.822, P=0.002) 
and between the high and the moderate intensity classes (q=5.151, P=0.006).  The light vs. 
moderate intensity post hoc comparisons failed to show significant differences in the mean 
proportions (q=0.672, P=0.884).  In the second year of the outbreak we found the percentage of 
pine butterfly egg viability to be highest among the light initial defoliation intensity replicates 
and declining to a slightly lower percentage in the moderate replicates, but declining 
precipitously in the heavy defoliation intensity replicates (fig. 5). 

Pine Butterfly vs. Pine Sawfly Egg Densities— 
We used a 3-factor (defoliator species x initial defoliation intensity x outbreak year) full factorial 
ANOVA to evaluate all main effects and interactions on egg density response in this factorial 
design.  The detailed summary concludes that there exists a significant interaction between 
defoliator species and initial defoliation intensity (𝐹𝐹(2,60)=8.152, P=0.001), between defoliator 
species and year of outbreak (𝐹𝐹(1,60)=96.972, P<0.001), and between initial defoliation intensity 
and year of outbreak (𝐹𝐹(2,60)=9.419, P<0.001).  In the detailed summary of the factorial ANOVA 
(table 3) egg density was found to differ significantly among defoliator species (𝐹𝐹(1,60)=32.458, 
P<0.001) and among the years of outbreak (𝐹𝐹(1,60)=5.447, P=0.023).  Hence, the hypothesis of 
equal effects of species and the hypothesis of equal effects of year of outbreak on egg density are 
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both rejected.  Therefore, from this analysis it is evident that although mean egg densities in the 
sampled populations are concluded to be different for the two species and different at the two 
years of the outbreak included in the sample, the differences among the species are dependent on 
both initial defoliation intensity and year of the outbreak. 

 In 2009 pine butterfly mean egg densities were more or less equal across all initial defoliation 
intensities and were considerably lower than pine sawfly densities on the moderate and heavy 
initial defoliation intensity plots, while only slightly higher than pine sawfly mean egg densities 
on the light defoliation plots (fig. 6).  The heavy defoliation plots in 2009 were found to contain 
dramatically higher average densities of sawfly egg punctures (nearly 65 eggs per branch) verses 
pine butterfly egg densities that same year averaging 7.5 eggs per branch.  However, in spite of 
these numeric differences, when means were pooled across all initial defoliation intensities and 
reanalyzed by ANOVA, the post hoc comparisons among defoliator species in 2009 failed to 
show any statistically significant difference (table 4).  As the outbreak expanded the following 
year pine butterfly densities profoundly increased across all initial defoliation intensity classes.  
In 2010 pine butterfly mean egg densities approached exponential rates of increase ranging from 
a factor of nearly 7 fold increase for heavy defoliation plots to over 14 fold increase for light 
defoliation plots, compared to 2009 pine butterfly average egg densities (fig.6).  The post hoc 
comparison of 2009 pine butterfly egg densities with 2010 pine butterfly egg densities showed 
this increase in 2010 mean egg densities to be very highly significant (P<0.001).  On the 
contrary, mean egg densities for pine sawfly dropped to near zero in 2010. 

Whole-tree Defoliation 
The repeated measures analysis of variance found a highly significant effect of outbreak year on 
whole-tree defoliation rates (percent defoliation) (𝐹𝐹(2,30)=25.7, P<0.001).  The interaction 
between initial defoliation intensity and outbreak year was also found to be statistically 
significant (𝐹𝐹(4,30)=4.4, P=0.006).  The Bonferroni within-subjects pairwise post hoc comparison 
revealed significant differences between the 2010 light and 2010 high defoliation intensities 
(P<0.05); the 2010 light and 2011 light intensities (P<0.05); the 2010 light and 2012 light 
intensities (P<0.05); the 2010 moderate and 2011 moderate intensities (P<0.05); and the 2010 
moderate and 2012 moderate defoliation intensities (P<0.05). 

Whole tree defoliation trends are shown in figures 7 and 8.  Mean percentage of whole-tree 
defoliation for the low initial defoliation intensity plots was lowest of the three classes of initial 
defoliation at the end of the first outbreak season.  However, defoliation rapidly increased from 
37.4±2.6 percent in 2010 to 67.5±2.7 percent in 2011 (fig. 7), resulting in the highest average 
level of whole-tree defoliation of the three classes of initial defoliation for that year.  During the 
third year of the outbreak (2012) mean whole-tree defoliation for the low defoliation intensity 
plots decreased slightly to 63.6±2.1 percent, ending season with the lowest—but by only a slight 
amount—average level of whole-tree defoliation of the three classes of initial defoliation.  
Average whole-tree defoliation for the moderate initial defoliation intensity plots ended 2010 
with 46.7±5.7 percent defoliation, and then increased to 66.5±4.0 percent in 2011 and 68.7±1.8 
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percent defoliation in 2012, ending the third outbreak year with the highest average percentage 
of whole-tree defoliation (fig.7).  Mean percentage of whole-tree defoliation for the heavy initial 
intensity plots finished 2010 with 59.0±3.3 percent defoliation, the highest average level of 
defoliation of all three classes of initial defoliation for that year (fig. 7).  Over the next two years 
of the outbreak average whole-tree defoliation for the heavy initial intensity plots followed a 
weakly increasing trend, rising to an average 60.8±4.0 percent defoliation in 2011, and 66.0±3.9 
percent defoliation in 2012. 

When we examined the average whole-tree defoliation by classes of initial defoliation we found 
average percentages of whole-tree defoliation corresponded directly to the relative initial 
defoliation intensity classes.  The results revealed low initial defoliation intensity plot trees 
remained low through the 2010 season, with plot trees displaying the lowest average percentages 
of whole-tree defoliation (37.4±2.6 percent).  Moderate defoliation intensity plot trees were 
found to be moderately defoliated at the end of the season (46.7±5.7 percent), and the heavy 
initial defoliation intensity plot trees had the highest average percentage of whole-tree defoliation 
(59.0±3.3 percent) at the end of 2010 (fig. 8).  However, during the following two years of the 
outbreak average whole-tree defoliation increased, especially in the low and moderate initial 
defoliation intensity plots, and then stabilized at nearly equal average percentages across the 
relative classes of initial defoliation (fig. 8). 

Pupal Parasite Monitoring 
In 2010, the second year of the outbreak, we collected and reared 1 831 pine butterfly pupae 
from site 1 (table 2), but the rearing of this pupal collection did not produce a single parasite.  
The third year of the outbreak we collected more pupa but from different locations within the 
outbreak (table 2) to monitor parasitism rates.  We reared a total of 496 parasitic wasps and flies 
from a collection of 982 pupae made in the combined years of 2011 and 2012. 

Over the period 2010 to 2012 the percent parasitism rate of pupae in our random collection 
increased from zero percent in 2010 to 47.8 percent in 2011 to 72.2 percent in 2012 (fig. 9).  
Most parasite species associated with the 2011 pine butterfly pupae emerged from pupae in early 
or mid-August through about mid-October 2011. 

A portion of the pupae in this collection produced neither adult butterflies nor parasitic wasps or 
flies by mid-October 2011.  These pupae were found to contain fly larvae when we dissected 
several of them.  To rear these pupal parasites to the adult stage we allowed them to overwinter 
inside a screened lath-house that allowed exposure to the diurnal ambient air temperature and 
relative humidity conditions while protecting the specimens from direct precipitation conditions.  
We then monitored the specimens the following spring, identified, and recorded any adult 
parasites that emerged over the spring and summer.  We monitored the pupae until the end of 
August 2012. 
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Adults of the parasitic fly, Agria housei (Shewell) (Diptera: Sarcophagidae: Agriinae), began 
emerging from the overwintering parasitized pupae in mid-May of 2012 and continued for about 
a month through June 18, 2012.  A total of 106 A. housei were reared from the overwintering 
pupae.  No other parasite species emerged from these pupae during this emergence period. 

In addition to A. housei parasite rearing from the 4 pupal monitoring sites (sites 2-5; table 2) 
produced 4 additional parasite species including 361 Theronia atalantae fulvescens (Cresson) 
(Hymenoptera: Ichneumonidae: Pimplinae), 5 Exorista mella Walker (Diptera: Tachinidae: 
Exoristinae), 2 Brachymeria ovata ovata (Say) (Hymenoptera: Chalcididae: Chalcidinae), and 5 
Apechthis componotus Davis (Hymenoptera: Ichneumonidae: Pimplinae).  The proportion of 
pine butterfly pupae parasitized by the individual species varied across the 2 different years of 
collections and 4 different collection areas within the outbreak (figs. 10-13). 

Without exception the Theronia sp. consistently totaled a higher proportion of the total pupal 
parasitism than any of the other parasites reared from pupae at all locations over both monitoring 
years.  In the collections the percentage of pupal parasitism accounted for by Theronia sp. ranged 
from 44-100 percent.  We observed that mostly male Theronia sp. emerged at the beginning, and 
by about the first week in September females began emerging and continued to emerge until 
around mid-October. 

A. housei was the next most commonly reared parasite and was present in all sites except site 4.  
It ranged from 24-39 percent of pupal parasitism in the collections.  E. mella, B. ovata ovata, and 
E. componotus formed only minor components of the parasite guild in the pupal collections from 
the pine butterfly areas we monitored (figs. 10-13). 

Tree Mortality 
Over the course of this 3-year study, a total of 5 out of the 108 monitoring trees were lost 
through various causes: 1 tree was windfallen, 3 trees were killed by other insects, and 1 tree 
apparently was harvested in an on-going timber sale.  Woodborers (primarily Buprestidae), or 
woodborers in concert with western pine beetle (Dendroctonus brevicomis LeConte), attacked 
and killed three of the trees, presumably, because they had been weakened by pine butterfly 
defoliation. 

In our analysis of tree survival we performed the Kaplan-Meier survival analysis (Kaplan and 
Meier 1958) on the tree survival data from our replicated monitoring plots.  The Kaplan-Meier 
curve (i.e., survival time curve) is given in figure 14.  This curve graphically depicts the days of 
survival time of the trees in our study up to the time of termination of our study.  With each tree 
death the Kaplan-Meier curve drops to a lower calculated survival probability level, providing an 
accurate estimation of survival rates (Kaplan and Meier 1958). 

In our tree survival analysis we found 103 of the 108 sample trees on the replicated plots had a 
high probability (P=0.943) of surviving at least 1 461 days (> 4 years), if repeatedly defoliated 
for 3 consecutive years in a pine butterfly outbreak (fig. 14).  For the earliest tree mortality in the 
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study this tree had a 98.1 percent probability of surviving at least 835 days (2.3 years) from the 
beginning of the outbreak (fig. 14).  The tree that was inadvertently removed from our study by 
harvest was considered a “censored” tree in our study for the purposes of the Kaplan-Meier 
survival analysis, as were the other 103 remaining live monitoring trees.  These trees were 
censored from the analysis because our primary target parameter in the analysis was the time 
until a death event occurs.  For these trees the time until a death event occurs remains unknown 
due to the termination of the study or the premature removal of one of the subjects from the 
study by harvest.  

Discussion 
 

Defoliation Mapping 
Pine butterfly populations can remain low and largely undetectable for many years and then 
suddenly increase greatly in numbers over large areas resulting in outbreaks that defoliate and 
damage trees over thousands to hundreds of thousands of acres in a relatively short time (Cole 
1966; Evenden 1940; Scott 2012b).  In a dry-pine forest habitat—the primary plant habitat 
within which the pine butterfly occurs—the constitution and character of the forest is relatively 
constant over lengthy periods.  Frequent, low-intensity surface fire is the principal disturbance 
agent in these types of communities.  The frequency and nature of these fire events serves to 
maintain stability of pine-dominated plant associations (Harrington and Sackett 1990).  Although 
the dynamic character of fire would seem to affect great changes to many forests under more 
severe and intense presettlement fire regimes, such was not the case in the dry-pine communities.  
Instead, the regime of frequent, low-intensity surface fire maintained the dry-pine communities 
in open stocking by periodically “cleansing” them of underbrush and fire-susceptible species 
while thinning younger stands of ponderosa pine and preserving older trees protected by thick 
fire-resistant bark.  The vast contiguous dry-pine forests, previously maintained by low-intensity 
fires, now serves as extensive habitat for potentially damaging populations of pine butterfly. 

However, it is not a foregone conclusion that given available habitat an outbreak of pine butterfly 
will develop.  Populations of pine butterfly are normally at the endemic level where they cause 
little noticeable defoliation.  During endemics the relatively sparse larvae mostly feed in the 
upper portions of the crown where the eggs are deposited (Evenden 1926), resulting in such light 
defoliation that it is rarely detected and the crowns look normal (Scott 2012b).  However, once a 
pine butterfly outbreak commences under optimum conditions innocuous populations are 
released and begin expanding rapidly until they reach outbreak.  The release phase corresponds 
to rapid population growth, expansion of infested area, and slight thinning of host tree crowns as 
infestations intensify and spread throughout the crowns.  As pine butterflies continue to increase 
in numbers and widen their distribution through the forest the transition of release to outbreak 
phase occurs.  This transition likely occurs over one or two generations similar to other forest 
defoliating insects (Elkinton and Liebhold 1990). 
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In the Malheur National Forest (“Malheur”) pine butterfly outbreak we believe the transition 
from release phase to outbreak phase occurred after 2009.  In 2008 no visible defoliation was 
observed from the air or ground.  The following year larval feeding was heavy enough to begin 
thinning crowns of trees over most of the infested stands.  Heavier defoliation also occurred in 
localized stands resulting in the mapping of 1 562 hectares of defoliation by aerial observers 
which was visible from the air during the 2009 aerial insect detection survey (fig. 2).  By the end 
of the season the following year (2010) the outbreak had intensified and expanded resulting in 
impressive changes in crown biomass of host tree over large areas.  Host tree defoliation in 2010 
had increased 6.7-fold over defoliated acres in 2009.  By comparison, in a pine butterfly outbreak 
along the Little Salmon and Payette Rivers in Idaho in 1922-1923 Evenden (1926) reported the 
area defoliated by butterflies in 1923 was at least 25 percent larger than the 1922 defoliated area.  
In our study the increase from 2009 to 2010 in defoliated area mapped by aerial survey was 
nearly 524 percent (i.e., increase from 1 562 to 9 745 hectares, respectively)—a substantial 
amount more than in the 1922-1923 Idaho outbreak.  Our aerial-based survey covered the entire 
outbreak, probably resulting in more recorded acres than Evenden’s ground survey.  Yet, even 
more impressive was the 10.4-fold increase in area from 2010 to 2011 when the aerial detection 
survey mapped the total area of defoliation at 101 382 hectares in 2011, compared to 9 745 
hectares the year prior.  As far as our research has shown this marked the largest recorded 
outbreak of pine butterfly within the State of Oregon since the first Oregon pine butterfly 
outbreak was recorded on Mt. Hood in 1894.4 

We believe decline of this outbreak began in earnest in 2011 with the first appearance of massive 
numbers of the ichneumon wasp parasite, Theronia atalantae fulvescens, in several locations of 
the outbreak.  Predacious insects had become common in many locations within the outbreak, 
and the limited availability of needles—both new and old—on trees that had been heavily 
defoliated for three consecutive years was resulting in starvation due to overcrowding.  
Moreover, in these heavily defoliated areas a limited supply of intact needles on trees on which 
adult females prefer during oviposition (Scott 2012b) forced female butterflies to migrate to new 
areas to find adequate needle substrate on which to oviposit.  We assume high dispersal losses 
probably were occurring during this migration.  It has been previously noted for Douglas-fir 
tussock moth, Orgyia pseudotsugata (McDunnough), that in overcrowded populations dispersal 
loss, starvation, infertility, and disease become increasingly important causes of mortality as an 
outbreak progresses (Mason and Wickman 1988). 

Losses in numbers of pine butterfly across the outbreak area resulted in a steep decline in 
defoliated hectares mapped in the 2012 aerial insect detection survey (fig. 2).  A total of 42 376 
hectares of defoliation was mapped in 2012.  We have reason to believe that the decline in 
populations and hectares defoliated will likely continue in 2013. 
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Egg Density Monitoring 

Egg Mass and Egg Density trends— 
Surveying pine butterfly by aerial observation is effective in mapping acreage and delineating 
areas of defoliation only after an outbreak has begun.  To evaluate populations during the release 
phase requires sampling immature life stages and associated defoliation from the ground since 
the latter is usually too light to be detected from the air during this phase (Cole 1955). 

Confidence and reliability of defoliator density estimates from a sample are important for 
accurately evaluating populations and predicting trends and future defoliation.  Egg surveys of 
forest defoliating insects are one of the most common methods of assessing populations by 
sampling canopy strata and other sites on forest and shade trees in North America (Fettig et al. 
2001).  The egg stage is often used to predict stand level defoliation after hatch—an important 
parameter in pine butterfly outbreaks.  For most pine-defoliating Lepidoptera eggs are deposited 
on or in the host foliage, and unlike the larval stage that may change positions and redistribute 
within the crown, the sedentary nature of eggs makes them ideal for sampling.  In addition, 
because many defoliator eggs must overwinter before eclosion sampling this life stage is less 
time-sensitive than sampling other life stages. 

Cole (1955) found that the egg stage of the pine butterfly is the most expedient stage of this 
insect to sample to obtain counts for surveys to delineate areas for potential suppression 
treatment.  Furthermore, he found that populations are uniformly distributed in the crown.  
Hence, lower crown sampling could provide just as reliable pine butterfly population data as 
sampling in other canopy strata.  Given Cole’s observations we elected to follow his protocol for 
monitoring the pine butterfly populations on the Malheur outbreak by sampling the egg stage in 
the lower crown of host trees, although our sampling allocation and intensity differed from his. 

Cole (1955) also provided a basis on which to estimate the degree of pine butterfly infestation 
(i.e., to classify infestation conditions) relative to estimated average egg densities per 15 in (38.1 
cm) branch tips.  Using his classification criteria our analysis of the egg density samples from the 
2008 increase year for the “light” initial defoliation intensity plots indicated that 100 percent of 
these plots contained “endemic” populations of pine butterfly.  Our data showed that 83.3 
percent of the “moderate” class plots also had endemic infestations, while 16.7 percent were 
“lightly” infested.  In addition, we found that 66.6 percent of the “heavy” initial defoliation 
intensity replicate plots contained egg densities at endemic levels, 16.7 percent at “lightly” 
infested levels, and another 16.7 percent were “moderately” infested. 

By the end of the release year in 2009 33.3 percent of the “light” initial defoliation intensity 
replicates had light infestations of pine butterfly and 66.7 percent had moderate infestations.  In 
2009, the “moderate” initial defoliation intensity plots had increased pine butterfly infestations 
with 83.3 percent now moderately infested and 16.7 percent heavily infested.  Of the “heavy” 
initial defoliation intensity plots in 2009, 100 percent of the plots were now moderately infested 
by pine butterfly. 
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As pine butterfly numbers continued to increase on all initial defoliation intensity-sampling areas 
in 2010 high populations were becoming more common.  High egg densities resulting in heavy 
infestations were becoming equivalent nearly everywhere.  Ultimately, egg sampling on plots in 
2010 revealed heavy pine butterfly infestations on all classes of initial defoliation intensity plots 
based on Cole’s (1955) infestation criteria  (figure 15).  The change in gradation patterns of 
infestation to greater densities in figure 15 represents changes in levels of infestation, with higher 
levels represented by denser bars on the chart as the outbreak progresses through time.  The 
changes in infestation patterns of these plots from 2008 through 2010 probably reflect similar 
changes in pine butterfly infestation across the larger area of the outbreak, since these plots 
represent replicated samples of the varying initial defoliation intensity and stand conditions 
across this area of the outbreak. 

Examination of egg mass and egg density trends makes it clear that regardless of defoliation 
intensity class both egg mass and egg average densities increased as the pine butterfly outbreak 
progressed from 2009 through 2011 (figs. 3 and 4).  Neither egg mass nor egg densities were 
measured in 2012.  Statistical analysis revealed significant differences between the three years of 
the outbreak that were sampled and an interaction of these years with the initial defoliation 
intensity classes.  Significant differences of egg densities between years of the outbreak is 
intuitive, since populations build during an outbreak at near exponential rates, with egg mass and 
egg densities profoundly increasing from year to year due to high fecundity and survival rates. 

The interaction of outbreak year with initial defoliation intensity is an interesting one.  When we 
examined the density plots for egg masses and eggs over the three outbreak years (figs. 3 and 4, 
respectively) we found that the 2010 average density of egg masses and eggs of the light initial 
defoliation intensity plots had the highest numbers per branch followed by the moderate plots.  
The heavy initial defoliation intensity plots had the lowest average egg masses and eggs per 
branch in 2010.  The reason for these trends seems to result from higher infestations of pine 
butterfly in the high and moderate initial defoliation intensity plots causing more rapid 
defoliation of the host trees in these plots over the course of the outbreak than the light initial 
defoliation intensity plots.  By the third year (2010) depletion of foliage in the moderate, and 
especially the high initial defoliation plots, occurred to such an extent that adult butterflies were 
forced to migrate.  Adults preferentially sought out the low initial defoliation intensity plots and 
other non-defoliated stands where they could find adequate needle substrate on which to deposit 
eggs and provide food for the larvae hatching from those eggs, while avoiding severe 
competition for food.  The initial defoliation intensity or infestation level is an important variable 
in the population dynamics of pine butterfly as it has immense influence on migration patterns 
and population spread.  Our results suggest that host stands with lowest initial defoliation 
intensity or infestations will become the locations of the highest pine butterfly populations later 
in the outbreak as adult butterflies migrate to these stands seeking breeding and rearing habitat 
for immature stages, owing to the rapid depletion of foliage in stands with higher initial 
defoliation intensities and infestation rates. 
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Due to our ability to sample only populations in the lower crown third, we were not able to 
assess the distributions of pine butterfly populations over the entire crown on any of our plot 
trees.  However, in a pine butterfly infestation covering about 400 acres (161.9 ha) in open-
grown ponderosa pine on the East Kamloops District, British Columbia in 1962, Grant (1963) 
examined crown distributions of egg masses and empty chrysalises on both new and old foliage 
by crown quarter.  In this study he felled a 40 ft. tall (12.2 m), 14 in. dbh (35.6 cm) host tree, 
removed the branches, and counted the empty pine butterfly chrysalises and eggs.  We plotted 
the egg distribution data of Grant (1963) in figure 16, and it shows that in the top quarter and the 
quarter below it slightly more eggs were deposited on new needles than on old; the reverse was 
true for the bottom two quarters.  About the distribution of eggs throughout the crown, the 
second quarter, or the next quarter up from the bottom quarter contained the highest number of 
eggs on both new and old foliage.  The third quarter, just below the top quarter, contained the 
next highest number of eggs deposited on both new and old needles.  The bottom quarter 
contained the next to the lowest concentration of eggs on both new and old foliage, and the top 
quarter contained the lowest numbers of eggs deposited on either new or old foliage.  The 
distribution of empty chrysalises in the crown followed this exact same pattern (fig. 17).  Hence, 
from the data it appears that the pine butterfly tends to concentrate pupation behavior and egg 
deposition in the mid-portion of the crown during an outbreak.  During endemic phases pine 
butterfly populations tend to prefer the upper crown of taller trees (Evenden 1926). 

Grant (1963) also notes that predators damaged many of the eggs, either by chewing the capsule 
or puncturing the egg to remove the contents.  This predation, as a percentage of the numbers of 
eggs, was reported as being lower in the upper branches than in those close to the ground.  The 
identity of the egg predator was not verified in this study, but Grant (1963) noted that ants were 
present on the trees and he also found a few adults of a beetle predator, Mulsantina sp. 
(Coleoptera: Coccinellidae).  The most common predators we encountered in the Malheur pine 
butterfly outbreak were the predaceous stinkbugs, Apoecilus bracteatus (Fitch) and Podisus 
serieventris Uhler  (Hemiptera: Pentatomidae: Asopinae).  We observed both species feeding on 
eggs, larvae, and pupae of pine butterfly in the Malheur outbreak.  We will provide additional 
discussion of these predators in later sections of this chapter. 

Egg Viability— 
Analysis of egg density data coupled with other observations indicates that initial defoliation 
intensity may have an indirect influence on pine butterfly egg viability.  The egg data collected 
during the 2010 outbreak year indicated the percentage of viable pine butterfly eggs in masses 
was highest among the light initial defoliation intensity replicates and decreased only slightly in 
the moderate replicates. However, the percentage of viable pine butterfly eggs declined steeply 
in the heavy defoliation intensity replicates (fig. 5).  Differences in relative prey abundance 
among these plots are responsible for helping determine abundance of predators and intensity of 
competition between predators. 
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In plots with heavy initial defoliation intensity we found that the correspondingly high pine 
butterfly population levels on these plots apparently attract and hold higher numbers of such 
generalist predators as stinkbugs, spiders, snakeflies, and others, than lighter areas of initial 
defoliation intensity and lower butterfly population levels.  Moreover, each of these predators 
consumes several prey in the course of their development without expending much energy in 
searching to locate this prey.  Although these conclusions are based more on observations than 
documentation by data, they seem likely to reflect patterns of both functional and numerical 
response of the predators to changes in prey density (Solomon 1949).  It seems natural that these 
predators would inflict heavier losses to pine butterfly eggs on heavy initial defoliation intensity 
plots than on plots at other defoliation levels since areas with high prey population densities 
would provide a source of nearly unlimited food for predators, at least temporally.  In addition, it 
is well established that predators respond numerically to ever-changing prey densities, although 
they must compete with a disparate guild of other predators (Crawley 1975; Rogers 1972; 
Royama 1971; Thompson 1951). 

The practical implication of high predator abundance and diversity is that heavy initial 
defoliation intensity plots supported the lowest percentage of egg viablility (eggs with healthy 
yolk or live embryos) than any other defoliation intensity.  Post hoc analyses showing significant 
(P<0.05) differences in the mean proportion of viable eggs between light and heavy, and 
between moderate and heavy initial defoliation intensity plots, and the fact heavy defoliation 
plots supported lowest percentages of viable eggs, appears to correlate with higher predation 
rates on heavy initial defoliation intensity plots. 

Pine Butterfly vs. Pine Sawfly Egg Densities— 
The guild of ponderosa pine folivores is extraordinarily diverse.  Furniss and Carolin (1977) list 
58 different species of insects and mites that fed in or on foliage of ponderosa pine; these species 
represent 2 taxonomic classes and 8 orders.  The primary guild of defoliators we observed on our 
plots included the pine butterfly (Neophasia menapia), pine sawfly (Neodiprion autumnalis), and 
the pine needle sheathminer, Zellaria haimbachi Busck (Lepidoptera: Yponomeutidae).  
Although our plots undoubtedly supported much greater species richness we focused on these 
three because they were the most prominent canopy defoliating insects on our plots causing 
visible defoliation. 

During the larval development stage the pine butterfly and pine sawfly share the same resource 
base.  The pine needle sheathminer, however, feeds within the sheath in the base of needle 
clusters of new shoots and does not compete for the same resource unless the pine butterfly and 
pine sawfly have destroyed virtually all of the older needles.  When that food source has been 
depleted they move over onto the new needles to feed.  By this time, however, the new needles 
are largely damaged by the sheathminer and provide little nutrition for the voraciously feeding 
butterfly and sawfly larvae, likely leading to starvation of these two competitors. 
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Our data suggests that pine butterflies are consuming more foliage than pine sawfly, 
competitively excluding pine sawfly in this habitat, and having a greater impact on the host than 
the sawfly in defoliating host trees.  Although, in 2009, average pine sawfly populations were 
much higher than pine butterfly based on egg counts on all initial defoliation intensity plots 
except for the lightest (fig. 6), in 2010, pine butterfly egg densities greatly surpassed pine sawfly 
densities, and the latter stabilized at very low levels on all initial defoliation intensity plots.  The 
high numbers of pine butterfly larvae produced in 2010 consumed so much of the available food 
base on our plots that little was available for sawflies to maintain their populations except at very 
low levels.  We did not continue to empirically follow egg densities of these insects after the 
2010 deposition of eggs, but observations of relative larval densities of sawflies in 2012, 
compared to pine butterfly, indicated that populations had remained low.  Interguild competition 
not only limits the nutritional needs of the competing species but also the availability of 
oviposition sites.  Severe defoliation of host trees on our plots forced both pine butterflies and 
pine sawflies to seek out other less-defoliated or non-defoliated sites for oviposition in order to 
sustain their populations.  These facts would help account for expansion of the outbreak to new 
areas as the outbreak progressed. 

Although the competition for food and oviposition sites between pine butterfly and pine sawfly is 
keen, the interaction of these species seem to result in a somewhat stable coexistence given that 
the competition did not lead to local extinctions of pine sawfly.  Pine sawfly populations—albeit 
low—were retained on many of our replicated plots across all initial defoliation intensity classes. 

Considering the nutritional requirements of insects inhabiting a shared conifer host resource, we 
can conclude from our data that the populations of the species comprising the primary defoliator 
guild on ponderosa pine are resource limited.  Niches overlap as the food base is exploited by 
one of the species, in this case pine butterfly, over the others.  Hence, pine butterfly is the more 
efficient member of the defoliator guild on ponderosa pine in ultimately converting the common 
resource base into future offspring, leading to near elimination the pine sawfly by the process of 
competitive exclusion (Arthur 1988). 

Whole-tree Defoliation and Tree Mortality 
The sustained defoliation of host trees by pine butterfly is physiologically important due to the 
obvious fact that extreme loss of foliage biomass profoundly reduces photosynthetic capacity of 
trees (Kulman 1971; Webb 1980, 1981; Webb and Karchesy 1977).  Widespread defoliation in 
the Malheur outbreak was visually striking by the third year of the outbreak with most trees 
stripped of nearly all older needles as well as some of the current-year needles (fig. 18).  The 
appearance of such severely defoliated pines was alarming to some members of the public in 
Grant and Harney County who believed the trees were dead or dying (Greer 2012; Jacobson 
2012; Scott 2012a).  However, close inspection of trees revealed that current shoots still 
contained live needles or portions of live needles, green cambium, and live buds—larvae do not 
ordinarily feed on buds—indicating that the trees would produce new photosynthetically active 
needles the following spring.  Hence, trees would likely survive barring attack by secondary 
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insects that feed in phloem or wood.  In reality, we do not know how severely ponderosa pine 
can be defoliated and still survive since we did not specifically study that relationship.  There is 
ample evidence from other outbreaks, however, that, while pine butterfly defoliation alone is 
capable of causing direct tree mortality, many times it does not.  We will present some of this 
evidence below.   

By 2012 pine butterfly populations had begun to decline with the buildup of populations of 
parasites and predators.  In addition, adult butterfly populations had migrated to other areas in 
search of more favorable habitat for egg deposition, easing the feeding pressure on trees in 
locations where severe defoliation had previously occurred.  These events have allowed trees to 
begin recovering from the intense larval feeding damage. 

The percentages of whole tree defoliation in 2010, the second year of the outbreak in which 
defoliation was visible from the air (fig. 2), varied between the different initial defoliation 
intensity classes (fig. 7), but only the light and heavy classes that year were significantly 
different based on analysis of variance and post hoc Bonferroni pairwise comparisons of the 
data.  As the outbreak progressed over the next two seasons, percent whole-tree defoliation 
became increasingly similar among the three classes until in 2012 no statistical difference could 
be found between any of the initial defoliation classes (figs. 7 and 8).  We can conclude a couple 
of things from these data: (1) differential initial population levels can lead to significantly 
different percentages of whole-tree defoliation in stands in distinct locations early in the 
outbreak; and (2) rapid and widespread buildup of larval populations during the course of the 
outbreak and redistribution of the population during adult migration ultimately leads to similar 
crown biomass reductions across the outbreak.  Additionally, the differences in our plots in 2011 
are so small that we cannot statistically separate them. 

On a stand basis, although defoliation may be severe overall (fig. 19), and radial growth impact 
significant (Cole 1966; Evenden 1940), tree mortality following pine butterfly outbreaks is 
oftentimes low.  Typically, most ponderosa pines recover from severe defoliation alone except in 
unusual circumstances.  In a few of the more well-known pine butterfly outbreaks authors have 
reported considerable levels of tree mortality of severely defoliated hosts, sometimes extending 
years after the outbreak; in other less well-documented outbreaks, and in the outbreak we 
studied, the levels of tree mortality have been low and inconsequential. 

Evidence that defoliation alone caused tree mortality is recorded in the 1922-1923 Idaho 
outbreak of pine butterfly in the Payette Lakes area.  In this outbreak Evenden (1940) reported 
that 12 out of 84, or 14.3 percent of the severely defoliated mature trees he followed died from 
defoliation alone.  However, additional trees died when bark beetles attacked the weakened, 
severely defoliated trees.  In this outbreak most of the trees died in the first 5 or 6 years 
following the outbreak, but for the trees that apparently died from the effects of defoliation alone 
tree mortality extended out to the ninth and tenth years after the outbreak. 
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In some outbreaks infestations of bark beetles attracted to weakened trees can lead to extensive 
tree mortality resulting in significant volume losses.  For example, in the Cedar Valley pine 
butterfly outbreak which covered about 607 000 hectares (1.5 million acres) on the Yakima 
Nation in Washington State from 1893 to 1896, the volume losses of the mature ponderosa pine 
forest were estimated at nearly 2 359 737 m3 (one billion board-feet) (Weaver 1961).  In the 
previously mentioned Payette Lakes outbreak in Idaho, where defoliation occurred on about 10 
927 hectares (27 000 acres), Evenden (1940) reported that 26 percent of the mature ponderosa 
pines were ultimately killed, representing 36 percent of the volume.  Western pine beetles clearly 
played a major role in the mortality of large-diameter mature ponderosa pines in these previous 
outbreaks.  By contrast, Cole (1966) reports that in a later southern Idaho outbreak of pine 
butterfly during 1952-1954 that was treated with DDT to terminate the outbreak early, tree 
mortality over a five year period after the outbreak equaled 1.3 percent of the stand or 0.6 
percent of the volume (i.e. 10.3 m3 ha-1).  These reports indicate considerable variability in 
volume losses among earlier, well-documented pine butterfly outbreaks, but terminating the 
outbreak early by treatment with DDT appears to have helped reduce some of those losses in the 
1950s outbreak. 

On our research plots in the Malheur pine butterfly outbreak tree losses amounted to less than 
12.3 trees per ha (<5 trees per acre) and occurred in the 22.9-27.7 cm diameter class (9-10.9 in) 
and 33.1-37.8 cm diameter class (13-14.9 in).  The pine butterfly-related volume loss on our 
plots, not including the 2 trees lost to blowdown and harvest, was roughly 2.4 m3 ha-1, or 2.8 
percent of a total stand volume of 84.9 m3 ha-1 (14 554 bd-ft acre-1), based on analysis of 
mensuration data using the FINDIT software (Bentz 2000). 

As a point of reference, we suggest that Meyer (1934) provides some insight into “normal 
background” tree mortality of ponderosa pine, although representative ponderosa pine stands that 
he reports on from 70 or 80 years ago were different than today’s pine stands which contain 
much fewer large-diameter “old-growth” trees.  Nevertheless, he estimated that the average 
annual mortality loss per acre (0.4 ha) in selectively cut ponderosa pine forests in the Pacific 
Northwest was 21.2 bd-ft (0.0063 m3 ha-1).  Tree mortality on our plots was considerably higher 
than what we might assume background tree mortality to be based on Meyer’s estimates.  
Nevertheless, our data suggests that tree mortality on our plots is relatively low compared to 
mortality on other outbreaks reported by Evenden (1940), Weaver (1961), and even Cole (1966) 
in which the outbreak was terminated early.  The tree volume losses per hectare in the 1952 to 
1954 southern Idaho outbreak reported by Cole (1966), for example, were almost 4.3 times 
higher than the volume losses on our plots, although the difference may be partially due to the 
smaller average diameter of trees on our plots than in the 1950’s Idaho outbreak. 

We suggest that, notwithstanding potential post-defoliation outbreaks of bark beetles or drought 
stress, the low tree mortality we observed on our plots the first three years of the outbreak is 
characteristic of other more recent outbreaks of pine butterfly in other states, and is largely 
inconsequential.  Evaluation of heavily defoliated ponderosa pines in a 1969 through 1973 
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outbreak on the Bitterroot National Forest in Montana found very little tree mortality with about 
2.9 percent of the heavily defoliated stands killed. 5  Moreover, in the 1971 through 1973 
outbreak on the Payette National Forest in Idaho, no tree mortality was observed in heavily 
defoliated stands, and there was no buildup of bark beetle populations. 6   Thier 7 similarly 
reported that pine butterfly caused no tree mortality in an outbreak near Dry Buck Summit 
northwest of Banks, Idaho, that occurred from 1981 through 1984 and covered 7 365 hectares 
(18 200 acres).  He did observe, however, that several trees in the 12.7 cm to 22.6 cm dbh class 
(5-8.9 inch) on 1 of the 4 areas he monitored were killed by bark beetles.  These data are 
consistent with the low tree mortality we observed in our monitoring plots, although these 
studies were specific to years of active defoliation only, with no measurements taken after pine 
butterfly populations collapsed. 

The tree losses on our plots were caused primarily by attacks of flatheaded woodborers (family 
Buprestidae) with some western pine beetles present as well.  These insects, along with other 
bark beetles, typically cause what Patterson (1929) referred to as “secondary injury” by attacking 
physiologically-impaired trees that results from severe defoliation.  It is generally agreed that 
defoliated trees recover unless bark beetles follow several years of defoliation (Hopkins 1908; 
Scott 2012b).  High levels of mature ponderosa pine mortality caused primarily by bark beetles 
followed the Cedar Valley outbreak (Weaver 1961).  Moreover, Evenden (1940) reported that 
defoliation of mature ponderosa pine by the pine butterfly resulted in the loss of 26 percent of the 
mature trees on study plots in the Payette Lakes region of central Idaho.  Western pine beetles in 
conjunction with severe defoliation were responsible for 16.7 percent of the total tree mortality 
in the latter outbreak (Evenden 1940).  It is fair to point out that tree losses related to bark beetles 
in these outbreaks were largely limited to the large-diameter, mature and overmature classes of 
trees that dominated stands in these outbreaks.  These trees were likely stressed and not growing 
well going into the outbreak due to their old age and declining vigor.  Hence, it should not be 
surprising that they would be attractive to bark beetles after being severely defoliated by pine 
butterfly.  Evenden (1940) showed that the growth rate of the large-diameter trees before 
defoliation was an influencing factor in the recovery of trees from injury by pine butterfly. 

Clearly, bark beetles are an important mortality consideration of severely defoliated trees in 
some outbreaks of pine butterfly.  They are also important in outbreaks of other ponderosa pine 
defoliators such as the Pandora moth, Coloradia pandora Blake (Bennett et al. 1987; Massey 
1940; Patterson 1929; Speer and Holmes 2004), and a pine looper, Phaeoura mexicanaria 
(Grote) (Dewey et al. 1974a).  Also, Langström et al. (2001) reported on a bark beetle outbreak 
in Scots pine after defoliation by Diprion pini (L) in Scandinavia. 

Although tree mortality was relatively low on our replicated plots we have observed elevated 
endemic localized tree mortality from bark beetles in a few locations within the outbreak but 
outside of our study plots.  The tree mortality we have seen invariably is in the larger classes of 
trees that may be preferred by western pine beetle and may have been in weakened condition 
going into the outbreak.  Craighead et al. (1931) observed that endemic populations of western 
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pine beetle shows a decided preference for slower-growing trees, usually limiting attacks to trees 
in the overmature stands on poorer sites, but becoming less discriminatory when infestations 
become epidemic.   In particular, we have noted some of the stands in the vicinity of the Idlewild 
Campground (43°47'59"N latitude, 118°59'20"W longitude) and Rock Springs Campground 
(43°59'55.62"N latitude, 118°50'22.66"W longitude) have had mortality of large-diameter, 
severely-defoliated ponderosa pines showing up by the third year of the outbreak.  These trees 
were killed by western pine beetles and flatheaded woodborers.  We expect to see more pockets 
of this type of mortality of large pines continuing for a while after this outbreak has subsided as 
we suspect some of these mature or overmature trees embodied poor vigor before the outbreak.  
Such trees would seem less able to recover fully from the 3 or 4 years of heavy defoliation 
following an outbreak, than younger healthier trees.  

Although some tree mortality may continue for a time into the future we do not expect an 
epidemic of western pine beetles to arise in the outbreak area.  Similar levels of mature 
ponderosa pine mortality from bark beetles have been reported in other pine butterfly outbreaks 
where localized areas suffered significant tree mortality—but at endemic levels—and bark beetle 
populations did not develop to outbreaks. 8   

Ponderosa pines recovering from severe defoliation will remain in a somewhat weakened 
condition for a time since carbohydrate production is impacted by impaired photosynthesis due 
to defoliation.  Starch, a product of photosynthesis, is an important carbohydrate reserve in the 
physiology of trees owing to the fact that it is the primary carbohydrate of current photosynthesis 
used directly in respiration after hydrolysis (Eifert and Eifert 1963, cited in Webb 1981).  In 
addition, starch is a precursor for various secondary compounds used in defense against insects 
such as tannins, terpenes, phytoalexins, steroids, and phenolic acids (Hanover 1975; Waring and 
Schlesinger 1985). 

Starch reserves may become limited if defoliation persists for very long.  A limited supply of 
starch will eventually affect the production of defensive compounds, and these changes in host 
biochemistry will compromise the resistance of trees to attack by insects (Webb 1981).  More 
importantly, an exhaustion of starch reserves predictably could adversely impact the survival of 
the tree.  Bamber and Humphreys (1965) found that trees that died after defoliation had no 
detectable starch reserves in sapwood.  Webb (1981) showed that starch content of Douglas-fir 
tussock moth-, Orgyia pseudotsugata (McDunnough), defoliated Douglas-firs and white firs 
forms a reliable basis for predicting survival or mortality of these trees.  He observed that trees 
without detectable starch in twigs after defoliation did not recover, but trees having some starch 
present in twigs survived as long as no additional defoliation occurred.  We did not measure 
starch content of twigs in our study, but indicators such as live buds and green twig cambium 
suggested that most defoliated trees on our plots still maintained adequate reserves of starch and 
were likely to survive from the defoliation alone, pending the assumed soon collapse of the 
outbreak. 
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Kaplan and Meier survival analysis (Kaplan and Meier 1958) of trees on replicated plots found a 
majority of the trees (95.4 percent) had a high probability of survival (P=0.943) for the full 
period of the study consisting of 1 461 days, after enduring 3 consecutive years of defoliation.  
The analysis also found that all trees survived the first 835 days from the beginning of the 
outbreak (fig. 14), with only a few trees succumbing after that period, and after experiencing one 
additional season of defoliation.  Because 103 of the 108 sample trees we followed were 
censored data (i.e., trees that were lost during the study, or survived beyond the termination date 
of the study) we do not know if, or how many of those 103 trees, in time would have died as a 
result of defoliation, but we do know their minimum survival time is equal to our observation 
period of 1461 days. 

We employed the non-parametric Kaplan and Meier survival analysis rather than calculating 
survivorship as the proportion of trees that died by time t, because the latter can overestimate the 
survivorship when censored data are present due to the fact that the actual survival time of the 
censored trees is unknown (He and Alfaro 2000).  As noted above, our data did contain some 
censored trees in the dataset with their actual survival time unknown.  Accordingly, the Kaplan 
and Meier survival analysis technique we used allowed us to describe the response pattern of 
ponderosa pines to herbivory by pine butterfly in a manner that is more precise than simply 
estimating the proportion of tree mortality at time t. 

The methodology also provides an accurate temporal dimension to analysis of tree survival over 
the course of study.  Mensurational data and defoliation rates for each of the trees allowed us to 
quantify the effects of these covariates on the patterns of mortality across the temporal scale.  
When we examined the covariates (i.e., annual whole-tree defoliation percentage, tree diameter, 
live-crown ratio, and basal area/hectare of trees that died), we found no consistent pattern except 
in the basal area.  Among all the trees that died we measured the basal area at between 22.9 and 
27.5 m2 ha-1 (100-120 ft2 acre-1).  It may be that host trees growing at high densities before the 
outbreak of pine butterfly were stressed going into the outbreak and additional weakening by 2-3 
years of heavy defoliation during the outbreak created a “tipping point” for these trees, causing 
them to succumb during the end of the outbreak. 

As we alluded to earlier the real economic impact of pine butterfly defoliation on ponderosa pine 
is the profound reduction in radial growth rather than death of the tree (Evenden 1940).  These 
growth losses have been measured on a couple of past outbreaks.  In the 1950s outbreak in 
Idaho, Cole (1966) found that the rate of tree growth before defoliation in the outbreak 
significantly differed from the combined amount of radial growth that occurred during and 
following defoliation from the outbreak.  Cole computed the annual loss in radial growth due to 
the pine butterfly at 39.3 percent of the normal increment estimated since the beginning of the 
outbreak in1952.  Annual volume loss was measurable in this outbreak.  Cole estimated that 
annual growth loss represented the volume loss equivalent of 0.4152 m3 ha-1 (71.2 bd-ft acre-1).  
In some cases the growth loss from pine butterfly defoliation can have rather lasting 
consequences.  Evenden (1940) reported marked reduction of growth on severely defoliated 
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pines in the Payette Lakes area outbreak and noted that 89 percent of study trees failed to add 
any basal increment for a period that varied from 1 to 11 years, with an average of 2.6 years after 
the infestation. 

Pupal Parasitism 
Parasitism of the pupal stage appears to be the primary stage of insect development in which 
natural control is expressed most strongly in pine butterfly.  Pupal parasites of pine butterfly did 
not begin appearing in sites we monitored in the proximity of our study plots on the Malheur 
outbreak until the third year of the outbreak (2011).  They continued to increase in abundance the 
following year.  The proportions of pupal parasites that were present in 2012 had increased from 
48 percent in the 2011 collections to 72 percent in the collections obtained in 2012 (fig. 9).  It is 
noteworthy that we did not find any parasites present in rearing of pupal collections made in 
2010, but we believe that low levels of parasites were present and might have been detected if 
pupae had been sampled more intensively that year, and sampled from other locations of the 
outbreak.  Although we collected 1 831 pupae, our sampling design was biased since the 
collections all came from one area, and it lacked sensitivity to detect low densities of building 
populations of parasites.  In essence, due to restrictions of time and personnel, our intention was 
to monitor parasite levels near our plots only and not over the entire outbreak area. 

In spite of sampling design deficiencies to track parasitism trends on the Malheur outbreak, 
parasite monitoring from other outbreaks reveal consistency with patterns of parasite abundance 
found in our results.  Bousfield and Ciesla9 also first observed parasitism the third year of the 
1969-1973 Bitterroot National Forest pine butterfly outbreak in Montana, but at much lower 
percentages.  They reported the highest rate of parasitism was by an unidentified wasp of the 
family Ichneumonidae which reached 5 percent at a site near Big Creek.  They also collected two 
dipterous parasites that emerged from pupae collected from the Skalkaho collection area.  Later 
data on this outbreak collected the next year by Bousfield and Dewey10 found that an unidentified 
dipteran that had not emerged in 1972 turned out to be the most abundant parasitoid in the 
population during this fourth year of the outbreak.  Parasite monitoring was also conducted from 
the Idaho pine butterfly outbreak that began in 1950 but this monitoring was apparently 
hampered by the fact that the outbreak was chemically treated with DDT during the peak year in 
1954.  The insecticide treatment probably killed many of the parasites as well as the pine 
butterfly host as Cole (1956a) reported finding very few parasites during the fall of 1954 
following treatment earlier in the year, and also reports finding no parasites during sampling in 
September and October of 1953, the year before treatment. 

Parasite populations respond to prey densities in a density-dependent manner (Clark et al. 1967).  
Initially, at the beginning of an outbreak when resident predator and parasite populations are low, 
low-density populations of pine butterfly exploit a window of time in which they can increase in 
an ecosystem superficially free of natural enemies.  Pine butterfly parasite and predator densities 
may be at such low levels at the onset of an outbreak that sampling and rearing may detect few, 
if any, of their numbers.  As we observed during the outbreak phase in 2010-2011 on the 
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Malheur National Forest, without natural checks present, prey populations are free to expand 
rapidly nearly unimpeded by biological constraints. 

It is well established that as natural enemy populations increase there is a lag-time between the 
prey population buildup and that of their enemies (Soloman 1949, 1957).  The lag time is due to 
the functional response of the natural enemy to the prey density.  As food supply for the parasite 
or predator becomes more abundant the densities of these natural enemies increase, though with 
their numbers lagging a year or more behind the prey. 

We observed a density-dependent response of parasitoid populations during the outbreak phase 
of pine butterfly in 2010-2011 on the Malheur National Forest.  Before 2009 pine butterflies on 
the Malheur National Forest were operating in an innocuous mode, but entered a release phase in 
2009 and began building thereafter.  Natural enemies during this time were relatively low within 
the ponderosa pine communities inhabited by the pine butterfly.  However, adjacent mixed-
conifer stands in this portion of the Forest had been experiencing an outbreak of western spruce 
budworm for several years before the release and building phase of the pine butterfly.  During 
these years we believe Theronia atalantae fulvescens populations, as well as other parasites and 
predators, had been increasing in the budworm population and were now quite abundant in the 
mixed-conifer stands inhabited by budworm.  Because this parasitoid utilizes a number of varied 
lepidopterous hosts, including the pine butterfly (fig. 20), the wide occurrence of increased 
populations of pine butterfly began drawing Theronia sp. populations from budworm-infested 
stand edges and transition mixed-conifer-ponderosa pine stands into the pine butterfly-infested 
pine stands.  Hereafter, Theronia sp., as well as other natural enemies began building in the pine 
butterfly-infested pine stands, and by 2011 this species had reached stunning levels in several 
locations within the bounds of the outbreak.  Other parasitic wasps and flies and predaceous true 
bugs (Hemiptera), spiders and various other natural enemies had also increased, and were 
commonly observed on pine butterfly infested foliage in 2011 and 2012. 

Pupal parasites found in our study included 3 species of Hymenoptera (wasps) and 2 species of 
Diptera (flies).  By far the most common parasitoid was the hymenopteran, Theronia atalantae 
fulvescens.  Near the end of the outbreak this parasitoid had become so abundant that it was 
nearly ubiquitous in pine butterfly infested stands and numbers of individuals could be easily 
located on flowering plants where they rested and obtained nectar (fig. 21).  Flower visiting by 
floral nectar-feeding parasitic Ichneumonidae and several other parasitic wasp families 
commonly occurs, but aside from the presumed carbohydrate acquisition for utilization as an 
energy source for Theronia sp., the significance of this behavior is largely unknown.  A number 
of authors have variously reported this behavior for numerous other species of Hymenoptera 
(e.g., Jervis et al. 1993; Kevan 1973; Leius 1960; Tooker and Hanks 2000). 

The proportions of pine butterfly pupae collected in 2011 and 2012 and parasitized by Theronia 
sp. varied by site.  The proportions of pupae parasitized varied from 0.4±0.021 to 1.0±0.15 (figs. 
10-13).  Of the overall total pupae parasitized 73.2 percent (361 out of n=493) of the pupae were 
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parasitized by Theronia sp.  We note that pupae from the site with 100 percent of the sampled 
pupae parasitized by the Theronia sp., the 1619 Road North site (fig. 12), were collected in the 
fourth year of the outbreak, and the percentage was based on a sample size of only 48 
individuals.  However, at this stage of the outbreak we strongly suspected that Theronia sp. was 
becoming widespread in the outbreak since 72 percent of all pupae collected for parasite 
monitoring were parasitized, and other pupal sampling locations not sampled in 2012 had high 
percentages of parasitism by Theronia sp. 

Indeed, given the high percentages of pupae parasitized coupled with our field observations and 
verbal reports from various National Forest System employees, we believe this insect will likely 
be the primary cause of collapse of the Malheur pine butterfly outbreak in 2013.  Numerous 
other earlier pine butterfly outbreaks apparently have been terminated by this wasp species.  
Various studies—published and unpublished—identify Theronia sp. as having terminated pine 
butterfly outbreaks including outbreaks in southern British Columbia and Vancouver Island, 
Canada (Fletcher 1896), an outbreak on Moscow Mountain near Moscow, Idaho (Aldrich 1912; 
Hopkins 1908), an outbreak on the Boise National Forest, Idaho (Helzner and Thier 1993), and 
the Payette Lakes outbreak, Idaho (Evenden 1924, 1926, 1940). 

Our parasite rearing data corresponds well with parasite diversity recorded in other outbreaks.  In 
the 1970s Bitterroot and Missoula, Montana, pine butterfly outbreak, Bousfield and Dewey12 
reared 3 species of parasitic wasps and 3 species of parasitic flies from pine butterfly pupae 
collected from 5 areas in the outbreak.  The Theronia sp. was well represented in their 
emergence results, but they indicated that an unidentified dipteran that had not emerged by the 
time their monitoring was completed in 1972 apparently was most common.  It appears that this 
parasitic fly would have to overwinter before the adults could emerge.  In our pupal collections 
from 2011, we also observed that the most common dipteran parasitoid, Agria housei (fig. 22), 
required overwintering in the pine butterfly host pupa before emerging the following summer.  
Therefore, there is a possiblity the dipteran species reported as “common” in the Bitterroot and 
Missoula pine butterfly outbreak may have been Agria housei, but other species also overwinter 
in the host.  In our study, we recorded this species as the second most common parasite in the 
pupal rearing collections with 123 pupae (25 percent) parasitized by this fly.  We found the 
highest numbers of this fly infesting pupae from Site 2 (Forest Road 28 South) and Site 5 (1619 
Road South).  Only in the 1619 Road North collection site (fig. 12) did we not find this species 
to be present. 

A brief discussion of each of the parasites observed on the Malheur pine butterfly outbreak 
follows. 

Theronia atalantae fulvescens (Cresson)— 

Theronia atalantae fulvescens is a moderate-sized member of the hymenopteran family, 
Ichneumonidae.  This is a rather large family of wasps, and Bennett (2008) suggests that it 
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possibly may be the most important group for control of forest pests.  Theronia sp. is a primary 
endoparasitoid of pine butterfly pupae, normally developing as a solitary internal parasite within 
the host pupa.  It is widespread in distribution with populations extending all across North 
America and parasitizing a diverse array of important forest-dwelling lepidopterous hosts 
including, among others, gypsy moth, Lymantria dispar (L), in the northeast, Douglas-fir tussock 
moth and western spruce budworm in the Pacific Northwest, and many others in between. 

In the forest setting extremely large numbers of these wasps often develop during outbreaks of 
their hosts.  In the 1896-1898 pine butterfly outbreak near Moscow Mountain in Idaho, Aldrich 
(1912) reported that populations of this parasitoid reached a maximum in 1898, when it reached 
“incredible” numbers in the woods around Moscow, Idaho, in late summer.  He observed that the 
air was so full of them they made a perceptible humming sound like a swarm of bees.  He goes 
on to say that by the next spring the extermination of pine butterflies was essentially complete all 
over the northwest largely due to this wasp.  We observed similar abundance of Theronia sp. in 
various locations of the Malheur pine butterfly outbreak in 2011 and 2012 when this insect 
reached prodigious numbers, undoubtedly parasitizing and killing millions of pine butterfly 
pupae. 

Theronia sp. is often found in deep woods, including mesophytic deciduous forests in the 
northeast (Townes and Townes 1960).  It seeks its host under shady conditions and occasionally 
along the border of a defoliated area, but rarely is found in the open (Campbell 1963).  It 
parasitizes pupae of medium- to large-size Lepidoptera, especially those that pupate on the trunk 
and lower branches of trees.  Eggs are laid only in a prepupa or a freshly formed pupa, and the 
development from egg to adult takes 14-18 days (Townes 1940).  Evenden (1926) states that 
eggs are laid on the caterpillars, and though weakened by the parasite, they are still able to reach 
the pupal stage.  This seems contrary to information on the biology provided by Townes (1940).  
We did not observe this parasite laying eggs on larvae, although we cannot entirely rule out that 
possibility. 

Townes and Townes (1960) present compelling evidence that females of this species overwinter.  
On the Malheur outbreak adults of Theronia sp. have been found in large assemblies beneath 
woodborer-loosened bark of western larch, Larix occidentalis Nutt., that was cut in late fall for 
firewood. 13 (Larry Amell, personal communication).   In addition, they noted that this wasp can 
assume the role of either a primary or a facultative hyperparasite.  Townes (1940) states that if 
the host that is attacked by Theronia sp. has already been attacked by another ichneumonid, the 
Theronia sp. becomes a secondary parasite; otherwise it lives as a primary parasite within the 
host. 

Some ichneumonid wasps cause host mortality that cannot be attributed to actual “parasitism.”  
This may seem paradoxical, but in this context, we qualify that successful parasitism of the host 
must include the deposition of eggs leading to the development of one or more offspring in order 
to distinguish bonafide “oviposition” from “wounding” by “pseudo-oviposition” behaviors.  
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Torgersen (1981) and Mason (1976) stated that Theronia sp. exhibits a behavior when 
parasitizing Douglas-fir tussock moth larvae in the Blue Mountains of northeastern Oregon in 
which it simply “stings” the larvae without actually depositing eggs.  Stinging hosts has also 
been reported to occur in gypsy moth populations (Campbell 1963).  Gypsy moth prepupae or 
pupae reported by Campbell as stung by Theronia atalantae and three other ichneumonid 
species, resulted in wounds characterized by a drop of body fluid oozing from the point of attack 
which ultimately caused the death of many of these stung individuals.  He further notes that as 
many as 250 host pupae were stung for each pupa that was parasitized successfully (i.e., in which 
an ichneumonid offspring was produced).   This behavior could lead to an indeterminate amount 
of unidentified pupal mortality that could be significant if such occurrence is common.  We 
believe that the stinging behavior also may occur with Theronia sp. during parasitization of pine 
butterfly hosts, but we have not verified that with empirical data supported by dissections or 
rearing.  However, we have made field observations in which we viewed adult female Theronia 
sp. that appeared to probe and sting one pupa, then move on to another pupa.  The length of time 
on the first pupa, in our opinion, was not long enough to deposit an egg.  While being stung or 
parasitized, the pupa typically flails the abdomen back and forth violently to try to deflect the 
ovipositing parasite.  However, due to the tenaceous grip of the parasitoid on the pupa, it does 
not appear to be dissuaded by this behavior by the host. 

Cases of multiple parasites (super parasitism) in individual pine butterfly pupae appear to be 
common in the Malheur pine butterfly outbreak.  During forest collections of pupae, we observed 
multiple Theronia sp. females parasitizing a single pine butterfly pupa.  We believe this behavior 
can lead to double and triple parasitism when eggs are deposited.  This was verified ipso facto 
when in rearing our forest-collected pupae we observed several cases in which individual pine 
butterfly pupae contained more than one wasp. During our pupal parasitism studies dissections of 
some of the pupae that were not emerging revealed multiple occurrences of wasp larvae of this 
species.  We found up to 3 individuals living within a single chrysalis, but usually 2 individuals 
was more common.  Fiske and Thompson (1909) suggested that multiple parasites in a host 
occur because of the apparent inability of the ovipositing female parasite to distinguish between 
parasitized and nonparasitized hosts in which to raise her progeny.  Other studies have shown 
that while many mature female parasitoids have the ability to discriminate between 
nonparasitized and parasitized hosts by means of “host marking” some parasitoids are not able to 
make this distinction in hosts recently parasitized by either their own species or by other species 
(Vinson and Iwantsch 1980). 

A parasitism strategy of multiple-parasitized hosts makes sense as a means of maximizing 
utilization of the host when hosts are limited, but during the phase of an outbreak when parasites 
begin showing up in large numbers pine butterfly pupae are usually so abundant that it does not 
seem plausible parasite hosts could be limiting.  Under these circumstances host economy would 
not seem to be an issue, but rather lack of an ability by the parasite to mark already parasitized 
hosts seems more likely.  Townes (1940) states that when a wasp larva develops as a secondary 
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parasite the wasp larva is external to the secondary host but internal to the primary host.  For 
pine butterfly we do not know if one or more of the secondary parasites in this case would 
survive to the adult stage.  However, Fiske and Thompson (1909) observed this phenomon and 
described cases where one of the parasites was primary feeding externally on the other parasites 
and destroying them. 

Overwintering adult female Theronia sp. have become active as early as April in some localities; 
Theronia sp. apparently has at least two broods a year in the northeastern United States (Townes 
1940; Townes and Townes 1960).  All Theronia sp. we reared from pine butterfly emerged from 
pupal collections made in August—the  majority emerged during late August through the first 
two weeks of September.  From our studies, if two broods occur, we believe Theronia sp. 
produces its second generation of the year in pine butterfly and the first generation in a different 
host, perhaps western spruce budworm since it develops to the pupal stage earlier than the pine 
butterfly and populations overlap where pines occur in adjacent budworm-infested mixed-conifer 
stands. 

After spending a few weeks feeding in the host Theronia sp. larvae reach maturity, wherein they 
spin a delicately constructed cocoon within the host in which they pupate.  After transforming to 
an adult wasp they gnaw a small hole in the anterior end of the host pupa and emerge.  In a few 
cases we found pupae from which wasps failed to emerge, and upon dissection of these we 
discovered that the adult wasps had expired.  The reason for their death was undetermined.  Fiske 
and Thompson (1909) reported finding gypsy moth cocoons containing dead, fully formed adult 
Theronia sp. that had been unable to escape the dense silken walls of the host cocoon.  However, 
the chrysalis of the pine butterfly is not encased within any kind of thickened silken cocoon like 
the cocoon of the gypsy moth.  Therefore, it seems more likely that the death of the Theronia sp. 
must have been caused by some other unknown factor. 

The adults can be found throughout most of the season.  It is interesting to note that the adult 
parasite varies in size with the size of its host (Townes 1940).  According to Townes, male 
Theronia sp. is usually smaller and more abundant than females, except for in the fall when only 
females are common.  Our late summer parasite rearing data showed male Theronia sp. to be 
nearly as common as females, in contrast to Townes’ claim.  Clausen (1939) presented evidence 
showing that parasitoid hymenopterous males develop from smaller hosts and females from 
larger hosts, and their physical size reflects these host size differences.  A cursory visual 
inspection of the size of adult male and female Theronia sp. reared in our study does not show 
that males necessarily are smaller than females.  Although some certainly are, the majority is not.  
The genders of the Theronia sp. we reared appear to be more or less equally distributed in size. 

Theronia atalantae fulvescens must be considered a major—the most important—natural control 
agent in the Malheur pine butterfly outbreak.  It has appeared in nearly every pine butterfly 
outbreak on record, and has controlled several of these outbreaks as well.  We believe reliance on 
this wasp as an indicator of pending pine butterfly collapse is warranted when wasp populations 
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become so ubiquitous they are nearly everywhere, and the forest “sings” with the incessent 
humming sound of their beating wings.   

Exorista mella (Walker)— 

Exorista mella (Diptera: Tachinidae) is a generalist parasitic fly of lepidopterous larvae.  The 
host range of this insect is striking in diversity, extending across dozens of species and 
representing a broad range of families (Arnaud 1978; Simpson 1957; Schaffner and Griswold 
1934).  It is one of the more common tachinid parasites of Lepidoptera making it important in its 
role in natural control of various pest species.  E. mella parasitizes principally caterpillars of the 
families Arctiidae, Noctuidae, Notodontidae, Lymantriidae, and Lasiocampidae (Simpson 1957).  
Multiple eggs are typically deposited on various locations on the larval bodies of species in these 
families.  Schaffner and Griswold (1934) state that host insects usually contain 1 or 2 individuals 
of E.  mella, but some hosts have been recorded with as many as 11.  Because the adult flies 
attack the larval stage, but their progeny emerge as adults from either larvae or pupae, Knight et 
al. (1991) considered them by definition to be larval parasitoids.  All specimens we obtained 
were reared from pine butterfly pupae, but they may have been attacked when these hosts were 
late-instar larvae. 

Exorista mella attacks a number of important forest defoliators throughout the United States and 
Canada.  Among them are included the whitemarked tussock moth, Orgyia leucostigma (J.E. 
Smith) (Howard 1897), eastern tent caterpillar, Malacosoma americanum (Fabricius) (Schaffner 
and Griswold 1934), forest tent caterpillar, Malacosoma disstria Hübner (Knight et al. 1991), 
gypsy moth (Burgess and Baker 1938; Simons et al. 1979) Douglas-fir tussock moth (Furniss 
and Carolin 1977; Torgersen 1981) Satin moth, Leucoma salicis (Linnaeus) (Furniss and Carolin 
1977) the pine butterfly, and perhaps others.  To our knowledge, the pine butterfly represents a 
new host record for E.  mella since we could find no other reference in the literature to E.  mella 
using this lepidopteran as a host. 

Exorista mella is multivoltine (Simons et al. 1979); it produces 2-3 generations per year 
(Schaffner and Griswold 1934).  The fly overwinters as an immature maggot within the 
overwintering host (Simons et al. 1979).  Conversely, Torgersen (1977) states that after this fly 
attacks the larval stage of Douglas-fir tussock moth and matures the maggot emerges from the 
dead host pupa and forms a puparium and then overwinters in the duff.  We do not have 
information on how this fly overwinters when hosted by pine butterfly, but we found that mature 
larvae pupate outside the host chrysalis when reared in Petri dishes in the laboratory.  Hence, we 
strongly suspect it overwinters as a pupa in the duff. 

Populations of Exorista mella are active throughout most of the summer and fall, but vary 
temporally depending on temperature, elevation, and climate.  Simpson (1957) reported active 
adult populations of E.  mella across the southern half of Arizona from April to November.  
Schaffner and Griswold (1934) note that E.  mella are active in May, and from June to October in 
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the northeastern United States.  On the Malheur pine butterfly outbreak we observed adults 
searching out larvae during the later larval stages of development corresponding roughly from 
mid-July through August. 

We reared out 4 adults in 2011: 3 from pupae collected from Site 2, and 1 from a pupa collected 
from Site 3 (figs. 10 and 11, respectively).  From the collections we made in 2012, the only 
specimen of E.  mella we reared was from a pupa collected from Site 5 (fig. 13).  Overall, we 
believe E.  mella probably functions as an occasional parasitoid in pine butterfly outbreaks 
owing to the low numbers we reared from pupal collection sites during the peak of the outbreak 
on the Malheur National Forest.  This seems to be consistent with the relatively low abundance 
of E.  mella reported in infestations of other forest defoliators (Knight et al. 1991; Parry et al. 
1997; Sabrosky and Reardon 1976). 

Agria housei Shewell— 

The sarcophagid fly, Agria affinis (Fall.), which parasitizes numerous forest-dwelling and 
agricultural Lepidoptera across North America, was replaced in the Nearctic Region by a sibling 
species, Agria housei n. sp., described by Shewell (1971).  Shewell claims that A. affinis has 
never been found in North America in spite of labels on specimens reared from gypsy moth in 
the early 1900s in Massachusetts suggesting otherwise.  Apparently, that species was actually 
reared from imported gypsy moth specimens; there is no recorded reference of this parasitoid 
having been released on this continent.  Hence, A. affinis specimens purported to parasitize pine 
butterfly (see Cole 1956a, 1971; Furniss and Carolin 1977), are probably Agria housei. 

The detailed biology of A. affinis (=A. housei ) has been described by Coppel et al. (1959) from 
spruce budworm, Choristoneura fumiferana (Clem.) (= Choristoneura freemani).  Unless 
otherwise noted, the following biological description is based on their study.  Agria housei is 
viviparous; the mated adult female deposits living larvae on their hosts.  The larvae are 
oviposited in crevices and depressions on the surface of the host within an average of 21 days 
after mating.  After spending roughly a week in the three immature (larval) stages, fully matured 
larvae form puparia, taking up to 3 days for this process.  Under forest conditions most A. housei 
developing in pine butterfly pupae and probably in other species, must overwinter to break 
diapause, and adult flies begin emerging around mid-May the following year.  Overwintering 
occurs within puparia in the duff at a depth of about 25 to 40 mm (Torgersen 1977).  In a British 
Columbia budworm population adults from overwintered puparia appeared from mid-June to 
mid-July, coinciding with the maturing of budworm larvae and pupation (Coppel et al. 1959).  
Males emerge a few days before females.  Adult males apparently live only a short time, but the 
average longevity of female flies extends more than 40 days.  This parasitic fly is believed to 
produce only one generation per year. 

Populations of Agria housei were important in several western forest defoliator outbreaks, 
including spruce budworm (Wilkes et al. 1948), Douglas-fir tussock moth (Torgersen 1981), and 
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pine butterfly (Bousfield and Dewey 1972).  In populations of spruce budworm in British 
Columbia, A. housei is considered one of the top 15 dominant parasites of a complex of 45 that 
are important in the natural control of budworm (Wilkes et al. 1948).  In that 1940s outbreak it 
was responsible for 1.63 percent of the parasitism of budworm in pupal collections.  In Douglas-
fir tussock moth populations, A. housei is considered secondary in importance to a tachinid fly, 
Carcelia yalensis Sellers, in parasitizing pupae of tussock moth (Mason 1976; Torgersen 1981).  
Cole (1956a) reported that A. affinis (= A. housei) was found to be a common pupal parasite of 
pine butterfly in the Idaho outbreak in August of 1953. 

In our pupal sampling locations on the Malheur pine butterfly outbreak we found Agria housei 
representing parasitism rates ranging from 0.39±0.011 in Site 2 (fig. 10) to 0.24±0.015 in Site 3 
(fig. 11).  A total of 106 A. housei adult flies were reared from pine butterfly pupae collected on 
the Malheur outbreak in 2011 and 27 were collected in 2012.  Although A. housei was the second 
most common parasite of pine butterfly in our study after Theronia atalantae fulvescens, we do 
not believe it plays anything more than a modest role in natural control of pine butterfly 
epidemics relative to Theronia sp..  In the 2011 collection, the numbers of Theronia sp. produced 
from pine butterfly pupae outnumbered the A. housei by 3 to 1. 

Very few other reports of Agria housei occur in the literature.  We could find only two other 
infestations where it has been reported.  It was identified from the 1970s outbreak in Montana15, 
and was reported as A. affinis during the 1950s outbreak in Idaho (Cole 1956a).  Cole speculated 
that populations of this parasitic fly might have increased in the 1950s outbreak had the 
treatment with DDT not been so effective.  The relative status of this fly as a natural control 
agent has yet to be proven, but our belief is that although it may commonly occur in outbreaks of 
pine butterfly, it probably does not occur with great enough abundance to be considered a 
significant factor in natural control, and by itself would not likely be able to control an outbreak.  
In other forest insect infestations it appears to cause greater amounts of parasitism than in pine 
butterfly.  Dodge (1956) and Wickman et al. (1971) reported that as much as 96% of cocoons of 
Douglas-fir tussock moth they collected had been parasitized by this fly.  In concert with 
Theronia sp. and a number of other parasites and predators it serves a beneficial role in providing 
limited levels of pupal mortality and helps bring about the collapse of pine butterfly outbreaks. 

Brachymeria ovata ovata (Say)— 

Brachymeria ovata ovata is a small wasp of the Family Chalcididae believed to be distributed all 
across North America as a general internal parasitoid of Lepidoptera (Howard 1897).  Its 
occurrence has been recorded from Quebec to Florida, Texas, Nebraska, New Mexico to 
California, and Oregon, according to Muesebeck et al. (1951).  The host list includes 35 species 
of Lepidoptera and one tachinid fly, Exorista larvarum (L.) (Muesebeck et al. 1951); we add 
Neophasia menapia menapia as a new host to the host list based on our rearing this species from 
pine butterfly pupae.  To our knowledge this parasite has not been reared from pine butterfly 
before.  This species, given as Chalcis ovata, is considered the most important primary parasite 
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of populations of whitemarked tussock moth next to Gregopimpla inquisitor (Scopoli) (=Pimpla 
inquisitor (Scopoli)) (Howard 1897).  This parasite has also been reared from Douglas-fir 
tussock moth (Burke 1907; Mason et al. 1983; Torgersen 1981) and several species of budworm 
(Carolin and Coulter 1959; Schaupp et al. 1991; Wally 1953)—all important conifer defoliators 
in North America. 

The entire life-cycle of the parasite is believed to last from 3-4 weeks (Howard 1897).  The wasp 
parasitizes host pupae and apparently sometimes the last instar or prepupal stage in late summer 
and fall, and emerges as an adult several weeks later.  Wally (1953) reported that this wasp 
attacks mature larvae as well as pupae.  Mason et al. (1983) states that B. ovata ovata was the 
only hymenopteran appearing in a guild of other pupal parasites of Douglas-fir tussock moth 
which oviposits in free-living larvae and emerges from the cocooned host.  The adult wasp exits 
the pupa through a small hole cut in the dorsum through the thoracic segments, usually off-center 
from the median line (Howard 1897).  A single wasp develops in a single host pupa as no one 
has yet observed multiple wasps of this species issuing from a pupa; at least this is the case with 
Orgyia leucostigma, where many pupae apparently were reared by Howard (1897).  The adult of 
this insect is the stage which hibernates over winter and is active from about July to October. 

We reared only two specimens of B. ovata ovata from our pupal collections from the Malheur 
pine butterfly outbreak.  The emergence dates of parasite adults were September 1 and 6, 2011.  
Both specimens came from pupae collected from Site 3 (fig. 11).  The incidence of occurrence 
was low in this population, and we suspect their overall role in the natural control of pine 
butterfly populations is probably minor. 

Apechthis componotus Davis— 

Apechthis componotus (Hymenoptera: Ichneumonidae) is a Neartic Region endoparasitoid of 
pupae of Lepidoptera which apparently occurs only in the western part of the United States 
(Townes 1940).  Specimens in the U.S. National Museum collection have been obtained from 
British Columbia, California, Idaho, New Mexico, and Oregon (Krombein et al. 1979).  In 
addition, Torgersen and Dahlsten (1978) reported it from Arizona and Montana. 

The host list that has been published to date is quite small but contains some important forest 
lepidopterous defoliators.  Probably the most important one—certainly the most well-document 
host—is the Douglas-fir tussock moth.  Other hosts of A. componotus include the rusty tussock 
moth, Orgyia antiqua (L.), whitemarked tussock moth, and pine butterfly (Krombein et al. 
1979).  It seems reasonable to assume that other hosts also occur.  Otherwise it would be difficult 
for this parasitoid to maintain populations during periods when the host abundance declines to 
such low levels that it is difficult for parasites to locate suitable hosts.  A related species, 
Apechthis ontario (Cresson), is transcontinental in distribution and parasitizes the pupae of 
western spruce budworm and other forest defoliators, including species of Lambdina, Acleris, 
Dioryctria, and Nepytia (Furniss and Carolin 1977). 
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In that Apechthis componotus has so few known hosts it is interesting that Torgersen (1981) 
considered the distribution of this species during the outbreak phases of Douglas-fir tussock 
moth to be “cosmopolitan.”  Even more interesting, he states that parasite densities did not 
appear to be dominant at high host densities as one might expect, but rather comprised a greater 
proportion of the parasite complex when host densities were sparse.  Torgersen and Dahlsten 
(1978) assert that Ephialtes componotus (=Apechthis componotus) and two other wasps are 
relatively common in rearings of Douglas-fir tussock moth cocoons from California, Arizona, 
and Montana.  Tunnock and others16 reported the occurrence of E. componotus in populations of 
Douglas-fir tussock moth in an Idaho infestation, noting that it ranked among the most abundant 
parasitoids in collections from tussock moth cocoons.  Dahlsten et al. (1970) cites A. componotus 
as one of several ichneumonid parasitoids reared from cocoons of the Douglas-fir tussock moth 
obtained in a declining population in Lassen County, California in 1964 and 1965.  In other 
California Douglas-fir tussock moth infestations located in El Dorado and Placer Counties, 
Dahlsten et al. (1977) reports A. componotus as a pupal parasite in a table with other parasitoids, 
alluding to it as a “primary” parasitoid, but providing no other specific information. 

Adult females oviposit into the cocooned host pupa of Douglas-fir tussock moth in late summer 
and the fall within which it overwinters, and after resuming development in the spring it reaches 
the adult stage and emerges (Torgersen 1977).  Tunnock et al. 16 reported that E. componotus 
reared from Douglas-fir tussock moth near Coeur d’ Alene, Idaho, in 1974 attacked prepupae and 
pupae.  We have no other information to add about the biology of this parasitoid based on our 
rearing from pine butterfly pupae other than that we assume it attacked the pupal stage in 
August, and it emerged in mid-September of the same year pupae were collected.  We reared 2 
specimens from pupae in 2011 and 5 specimens in 2012.  We did not have any A. componotus 
from our pupal rearing overwinter in host chrysalises as it apparently does in Douglas-fir tussock 
moth (Torgersen 1977).  Pupae parasitized by this wasp in the Malheur pine butterfly outbreak 
were collected from Site 3, which represented a proportion of 0.005±0.002 of the total parasitism 
of pupae from this site (fig. 11), and from Site 5, which represented a proportion of 0.06±0.03 of 
the total parasitism of pupae from this site (fig. 13). 

Relatively low numbers of Apechthis componotus occurred in pupal monitoring areas of the 
Malheur pine butterfly outbreak in 2011 and 2012.  Because the data from the two sites (Sites 3 
and 5) are not directly comparable for the two years, it would have been useful to know the 
densities at which this parasitoid occurred during both years the pupae were sampled.  However, 
the low overall numbers for both years suggest to us that this may be a parasitoid capable of 
causing only modest levels of pupal mortality during pine butterfly outbreaks.  We are quite sure 
that this parasitoid acting alone would not even come close to controlling an outbreak but 
because Torgersen (1977) found this wasp to comprise a greater proportion of the parasite 
complex when Douglas-fir tussock moth densities were sparse, we wonder if it might function in 
a similar role in sparse densities of pine butterfly.  If so, then it might take on greater importance 
in helping regulate populations to maintain them at low, endemic densities. 
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To recap the results of pine butterfly pupal parasite monitoring, it is clear to us that only 
Theronia atalantae fulvescens is fully capable of controlling an outbreak of pine butterfly.  Agria 
housei populations reach fairly high levels during an outbreak, but probably would not control an 
outbreak.  We believe the other hymenopteran and dipteran parasitoids we reared probably never 
reach anything more than modest, but inconsequential levels during an outbreak, and are more 
likely to be important in helping regulate populations at low densities rather than provide 
meaningful natural control during pine butterfly outbreaks.  This conclusion seems to be 
consistent with the role of these same natural enemies of pine butterfly identified from previous 
documented outbreaks. 

Predation 
We did not conduct specific studies to evaluate predation effects on the pine butterfly population, 
but over the course of our monitoring we made field observations of the actions of predators and 
collected and reared samples of predator eggs or immature stages.  In addition, various 
predaceous insects and spiders occurred on the branch samples we collected and processed from 
the replicated plots.  Whenever possible we collected these organisms and attempted to maintain 
them in the laboratory by rearing them in Petri dishes and providing them pine butterfly larvae as 
food.  Our purpose was to rear them to the adult stage so they could be identified.  We conclude 
this section of the study by noting several of the predators we observed and provide cursory 
information about them. 

Many of the pine butterfly predators have not been ascertained because they have not been 
closely observed, are uncommon, or may feed on pine butterfly incidentally.  An unidentified 
species of snakefly, Raphidia sp. (Raphidioptera: Raphidiidae), and robber fly (Diptera: 
Asilidae), for example, have been observed feeding on pine butterfly, either in the field or from 
our laboratory samples, but we have little more than cursory information about their feeding 
behavior.  We observed that robber fly populations seemed to increase as the outbreak 
progressed, perhaps in numerical response to pine butterfly densities, but we did not obtain 
quantitative data on the increase.  Overall, we believe both of these species are relatively minor 
mortality factors and expect them to have an inconsequential effect on pine butterfly infestations. 

Of the more common predators known from pine butterfly populations, hemipterans are probably 
the most generally recognized and referenced; they may play a more meaningful role in natural 
control of pine butterfly populatons.  Hence, we will provide more detailed information on this 
taxon in the following.  We will also include sections discussing spider and bird predation before 
finishing with diseases. 

Hemipteran predators— 
Without a doubt the most common predators we observed under forest conditions feeding on all 
stages of pine butterfly except adults, were two hemipteran (true bug) predators of the Family 
Pentatomidae (the stink bugs).  Most pentatomids are phytophagous, and several have economic 
importance, but the members of the Subfamily Asopinae are predaceous on other insects (De 
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Clercq 2000; McPherson and McPherson 2000).  The two asopine predators which occurred in 
large numbers on the Malheur outbreak were Podisus serieventris Uhler (fig. 23) and Apoecilus 
bracteatus (Fitch) (fig. 24).  Over the course of the outbreak, like the parasitoids previously 
described, their numbers increased with each year of the outbreak in numerical response to prey 
increases until reaching widespread abundance throughout the outbreak the summer of 2012. 

These predators have been described from other pine butterfly outbreaks in the past, although 
Apoecilus bracteatus has sometimes occurred in the literature under older names.  For example, 
Apoecilus bracteatus was reported occurring in the first described pine butterfly outbreak in 
1882 near Spokane, Washington, under the name Podisus crocatus Uhler (Hagen 1884).  
Bousfield and Dewey (1972)  reported observing populations of Apoecilus bracteatus in the 
1970s Montana outbreak, under the name Apateticus bracteatus (Fitch).  Bousfield and Dewey 
also reported pine butterfly predation by P. serieventris, and Podisus placidus Uhler.  Although 
it clearly occurs in pine butterfly outbreaks elsewhere, we have not seen this latter species 
appearing in the Malheur pine butterfly outbreak.  Evenden (1926) also reported the occurrence 
of high numbers of Podisus placidus Uhler in the 1920s pine butterfly outbreak in Idaho. 

Podisus serieventris appears to be a common predator which occurs in many different forest 
defoliator populations as a transcontinental predator.  In research on other forest defoliators 
Dahlsten et al. (1977) observed predation of Douglas-fir tussock moth larvae by P. serieventris.  
Coppel and Jones (1963) studied P. serieventris and three other Podisus species in populations of 
introduced pine sawfly, Diprion similis (Htg.) in Wisconsin.  Allen et al. (1970) recorded P. 
serieventris preying on various stages of the jack-pine budworm, Choristoneura pinus Freeman, 
and observed that populations of this predator exhibited a numerical response to increases in 
budworm numbers.  Of the predators these authors studied they found P. serieventris offered the 
greatest potential for temporarily checking increases of C. pinus, if the numbers were sufficiently 
high.  That these hemipteran predators were readily found in various pine butterfly outbreaks 
across the West is not unexpected given the broad host range and geographic distributions where 
they have been previously reported. 

Both P. serieventris and A. bracteatus appear to be phytophagous as first-stage nymphs and feed 
on the juices of coniferous and deciduous foliage before switching over to eggs and larvae of 
caterpillars that occur within their habitat (Downes 1920; Prebble 1933).  We did not observe P. 
serieventris feed on pine butterfly eggs, but did observe them feeding on young larvae of pine 
butterfly and pine sawfly in the laboratory when offered ad libitum.  We observed A. bracteatus 
preying on eggs, larvae, and pupae of pine butterfly in the natural forest setting. 

Apparently the occurrence of phytophagy in later life stages of P. serieventris and A. bracteatus 
is required by these predators.  Older nymphs and adults periodically take up plant juices and 
free water in addition to animal food in order to complete development (De Clercq 2000). 
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Aggregation is another behavioral trait of many pentatomid first-instar nymphs after hatching, 
but the reason why some species aggregate at certain other times in their development is unclear.  
Evans and Root (1980) reported that nymphs of Apateticus bracteatus (= Apoecilus bracteatus) 
have a tendency to molt in aggregations between stints of solitary feeding.  Aggregation feeding 
has also been observed during the nymph stage in this species (fig. 25). 

These predator species differ in overwintering habits.  Apoecilus bracteatus overwinters in the 
egg stage, whereas P. serieventris have been shown to hibernate as adults in Nova Scotia 
(Prebble 1933).  Allen et al. (1970) also notes that this species overwinters as adults, probably on 
jack pines or in the duff beneath them in Michigan forests.  We do not know whether these 
predators in the Malheur pine butterfly outbreak differ in hibernating preferences from behaviors 
described from other regions, but we have no reason to suspect that they would. 

Another difference between these two species is that A. bracteatus has a single generation per 
year (Evans and Root 1980), while P. serieventris in some localities evidently can produce more 
than one (Prebble 1933).  We did not verify the number of generations per year in our pine 
butterfly outbreak. 

While we indicated that these predators feed on all stages of Lepidoptera except for adults, 
Prebble (1933) notes several occurrences in which he observed P. serieventris feeding on a 
couple of different species of adult moths, an adult pine spittlebug, Aphrophora parallela (Say), 
and an adult plecopteran.  These are unusual reports since caterpillers of moths and butterflies 
and larvae of sawflies seem to be the usual food for these predators in coniferous forests. 

There is little doubt these hemipteran predators have measurable impact on pine butterfly 
populations.  However, we did not have an opportunity to quantify these impacts due to other 
research priorities.  We observed numerous new egg masses, both in the forest and on branch 
samples processed in the laboratory, with eggs that had been punctured or torn open and the yolk 
or embryo missing—presumed to have been removed by some type of predator.  We could not 
verify that pentatomids had preyed upon these eggs in every case, although we have observed 
this type of feeding, and it is clear from figure 26 that they do.  Other insects and spiders have 
demonstrated the practice of insectivorous oophagy (feeding on eggs) during forages for food 
(Foltz et al. 1972; McDaniel and Sterling 1979, 1982; Nyffeler et al. 1994; Whitcomb and Bell 
1964). 

The extent to which insects and spiders feed on pine butterfly eggs is uncertain but a few cases 
have been reported in the literature.  Hagen (1884) observed feeding by the stilt bug, Neides 
muticus Say, on eggs of pine butterfly in the first recorded pine butterfly outbreak that occurred 
in Washington State.  Cole (1956a) also reports observing a species of Raphiidae (snake flies), 
Raphidia sp., feeding on eggs of pine butterfly and states that this predator destroyed many egg 
masses.  In addition, while many coccinellid beetles prey on aphids some have been reported to 
feed on eggs of Lepidoptera and Coleoptera (Krafsur et al. 1997).  We have observed coccinellid 
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species in the forests associated with the pine butterfly but have not observed them feeding on 
pine butterfly eggs. 

The prolific feeding on pine butterfly larvae by both of these predators is stunning.  Beneath 
nearly every tree experiencing pine butterfly defoliation the ground is littered with cadavers of 
pine butterfly larvae that have fallen prey to either P. serieventris or A. bracteatus or both as well 
as other unidentified predators.  The sheer numbers of pine butterfly cadavers beneath these trees 
suggests a voracious appetite by these stink bugs.  The predators’ numerical response to the 
increasing prey base, the feeding on all but the adult stage of pine butterfly, the active feeding by 
juveniles and adults alike, and the presence of these true bugs all summer long, offers the 
possibility that these predators sustain a measurable impact on the pine butterfly population. 

Perhaps most noteworthy is that these predators appear to inflict greatest harm to the egg and 
larval stages of pine butterfly, whereas the parasites by and large function by targeting the pupal 
stage of the population.  Together they present a formidable plethora of natural control agencies 
that no doubt facilitate collapse of pine butterfly epidemics. 

Spider predators— 
Spider predation on pine butterfly and pine sawfly larvae was directly observed in the laboratory 
by collecting spiders from branch samples, placing them in Petri dishes, and challenging them 
with larvae of pine butterfly or pine sawfly.  We identified two spider species from defoliator-
infested branch samples that we observed consuming prey offered them ad libitum: the western 
lynx spider, Oxyopes scalaris Hentz (Araneae: Oxyopidae) and the sixspotted orbweaver, 
Araniella displicata (Hentz) (Araneae: Araneidae).  Neither species has been previously 
documented as predators of pine butterfly.  Moreover their status as potential predators in natural 
populations of pine butterfly is unknown, although they are known predators in other defoliator 
populations. 

Oxyopes scalaris and Araniella displicata are generalist carnivores; they feed on a wide variety 
of mostly insect prey occurring within their habitat range. They immobilize their prey by 
injecting venom and may also use silk as an aid in prey restraint (Nyffeler et al. 1994).  Both 
species are common to the Pacific Northwest and are well represented among spider species 
occurring on Douglas-fir and true firs (Halaj et al. 1996; Moldenke et al. 1987) where they likely 
feed on larvae of Douglas-fir tussock moth (Fichter 1984; Fichter and Stephen 1984) and other 
defoliators.  These two spiders and a number of other species of spiders have also been recorded 
preying on various insects on or associated with ponderosa pine.  Jennings and Pase (1975) 
observed Oxyopes scalaris and Theridion goodnightorum Levi (Araneae: Theridiidae) on 
ponderosa pine feeding on adult pine engraver beetles, Ips pini (Say) (Coleoptera: 
Curculionidae), and on ponderosa pine infested with southwestern pine tip moth, Rhyacionia 
neomexicana (Dyer) (Lepidoptera: Tortricidae).  Mooney and Haloin (2005) report that 
Paraphidippus aurantia (Lucas) (=Paraphidippus aurantius) (Araneae: Salticidae) feeds on 
unknown prey inhabiting ponderosa pine.  The crab spider, Misumenops asperatus (Hentz) 
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(Araneae: Thomisidae) feeds on the metallic pitch nodule moth, Retinia metallica (Busck) 
(Lepidoptera: Tortricidae) infesting ponderosa pine (Dix and Jennings 1995).  The jumping 
spider, Metaphidippus aeneolus (Curtis) (Araneae: Salticidae) and 13 other species of spiders 
feed on unknown prey associated with a ponderosa pine dwarf mistletoe (Arceuthobium sp.) 
(Jennings et al. 1989).  Finally, a Misumenops species (Araneae: Thomisidae) was found feeding 
on adult pine butterfly captured on goldenrod, Solidago ridiga L. (Asterales: Asteraceae), 
growing within a ponderosa pine forest (Jennings and Toliver 1976). 

The nature of prey foraging patterns of the two species of spider we observed feeding on pine 
butterfly varies considerably between them.  The first species (Oxyopes scalaris) is a hunter or 
wanderer, while the latter (Araniella displicata) is a web spider that utilizes a web to entrap prey 
(Nyffeler et al. 1994).  These spiders seemed to have a size feeding preference when offered 
larvae of pine butterfly in the laboratory.  They readily went for the smaller size of the early 
instars of pine butterfly larvae but were more reserved when attacking larger-sized mid- or late-
instars.  Oxyopes species are vagrant species that wander over vegetation actively searching for 
prey (Cutler et al. 1977; Dahlsten 1961), whereas Araniella displicata awaits its prey to be 
ensnared by its web.  In our laboratory studies O. scalaris and A. displicata readily fed on most 
pine butterfly and pine sawfly larvae when offered ad libitum.  These spider species are reported 
as predators of various other coniferophagous insects in a number of studies.  Dahlsten (1961) 
observed and collected O. scalaris preying on Neodiprion spp. sawflies feeding on ponderosa 
pines and Jeffrey pines (Pinus jeffreyi Grev. & Balf.) growing in plantations at Willits, 
California.  Jennings and Dimond (1988) reported these two spiders preying on spruce budworm 
in Maine.  Both species are reported as predators from Douglas-fir tussock moth populations 
(Dahlsten et al. 1977; Fichter 1984; Mason 1992). 

It is clear that a modest guild of arboreal spiders occurs on ponderosa pine as well as on other 
conifer species.  However, we surmise that the limited numbers of those species that prey on pine 
butterfly probably limit their ability to affect mortality to pine butterfly populations in little more 
than minor ways compared to other natural enemies.  Both O. scalaris and A. displicata appear 
to be widespread species of Nearctic spiders.  However, O. scalaris is reported to be most 
abundant west of the Rocky Mountains (Cutler et al. 1977).    In the Malheur outbreak we 
collected a number of various predatory species from ponderosa pine branch samples from our 
study plots and identified them to Order (table 5).  Spiders comprised over half (53.3±5.4 
percent) of the total number of individual predators collected.  We did not attempt to identify all 
the species of spiders in our collection but only the two identified above.  Consequently, we are 
uncertain as to which species actually preyed on pine butterfly.  However, we determined from 
laboratory studies that O. scalaris and A. displicata readily feed on pine butterfly larvae.  Based 
on these studies and the proportion of total predators accounted for by spiders (table 5) it seems 
indisputable that spiders make up an important guild of natural predators within the ponderosa 
pine habitat of the pine butterfly.  Yet the true impact of spiders on the pine butterfly population 
presently remains to be discovered. 
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Avian predators— 
Probably the most perplexing observation from our monitoring of the Malheur NF pine butterfly 
outbreak was the conspicuous lack of avian predators in the forested areas undergoing 
defoliation.  The superabundance of larvae and other life stages of pine butterfly present in this 
outbreak would suggest a nearly optimal feeding habitat for insectivorous birds.  Yet, few birds 
were observed and those that were present did not appear to be interested in eating any of the life 
stages of the pine butterfly.  Stretch (1882) was the first to observe lack of bird presence in the 
earliest recorded pine butterfly outbreak in Washington State, wherein he stated, “Certain it is 
that the silence of the forest was most remarkable, the absence of birds being specially 
noticeable, while bats were more than rare throughout the whole region transversed by our party, 
on both sides of the great plateau.”  Later he speculated that perhaps the birds did not like the 
pine butterfly, finding them distasteful. 

During our study of the Malheur outbreak we received two separate reports of bird predation: 
one of an English sparrow, Passer domesticus (L.), and one of a Northern flicker, Colaptes 
auratus (L.), taking adult pine butterflies on the wing. 18,19   However, the reporters could not 
confirm the butterflies were actually eaten by the birds.  The only report of avian predation on 
pine butterfly we could find in the published literature was made by Foxlee (1945).  He states 
that while collecting butterflies (presumably in British Columbia, Canada) he observed “…a 
flycatcher dart out and catch three successive Neophasia menapia F. & F., as they came 
along…”  He further speculated that such birds must be important in the natural control of pine 
butterfly.  Unfortunately, we do not believe this to be the case or we would have seen evidence 
all around of birds taking immature or adult stages of pine butterfly but we did not. 

At this juncture one can only speculate that perhaps birds avoid eating various life stages of pine 
butterfly because the insect sequesters compounds obtained from pine needles that may be toxic 
or distasteful to the predator while having no effect on the insect.  That aposematic phytophagous 
insects acquire and store these plant compounds as defensive allomones20 has been shown in 
certain other insects such as the swallowtail butterfly, Atrophaneura alcinous (Klug) 
(Lepidoptera: Papilionidae), which sequesters seven aristolochic acids present in the leaves of 
host plants, enabling their availability as major defensive deterrents because of their toxicity to 
birds (Blum 1992; Nishida and Fukami 1989).  In another example milkweed plants belonging to 
the family Asclepiadaceae contain cardiac glycosides or cardinolides which act on the heart of 
vertebrates much like the drug digitalis.  However, they also have an unpleasant side effect 
wherein they activate the nerve center in the brain that controls vomiting, and in higher doses 
potentially cause death (Brower 1969).  Monarch butterflies (Lepidoptera: Danaidae) are avoided 
as food by avian predators, because while the insect sequesters the cardiac glycosides in their 
bodies with no adverse effect to them they invoke emesis if eaten by the bird. 

Ponderosa pine needles contain a variety of secondary chemical substances that may serve as 
defensive deterrents to avian predators via ingestion of insect defoliators sequestering them.  
Some important ones which may provide potential protection against phytophagous insects are 
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the class of compounds known as cis disubstituted piperidine alkaloids (Stermitz et al. 1994).  
Mixtures of these alkaloids from needles of ponderosa pine have proven to be highly 
embryotoxic and teratogenic to a frog, and are implicated in causing calf abortions in range cattle 
which feed on ponderosa pine needles (Tawara et al. 1993).  Piperidine alkaloids have been 
reported toxic to a variety of avian species, including chickens, quails, and turkeys (Frank and 
Reed 1990), ostriches (Both et al. 2011), and the northern crested caracara (Morrison et al. 
2007).  These alkaloids have also been shown to protect a lepidopteran species from the giant 
tropical orb spider, Nephila clavipes (L.) (Araneae: Nephilidae) (Brown 1984). 

Whether these compounds, or some other bioactive chemical constituent of ponderosa pine 
needles are sequestered by larvae and adults of pine butterfly, and thereby confer protection from 
predation by birds, remains unresolved.  Initial biochemical analysis concerning potential 
sequestration of piperidine alcohols as defensive deterrents in pine butterfly has shown that 
sequestration may not occur (Kamm 1997; Kamm et al. 1998).  Although whatever defensive 
allomones or other factors involved in protecting pine butterfly from avian predation remains a 
mystery, it seems clear that the agent has the capacity to actively preclude avian fauna from 
functioning as natural control agents during pine butterfly outbreaks. 

Disease 
Observations of the pine butterfly and pine sawfly larval populations on the Malheur outbreak 
revealed little evidence of disease in this population.  In 2011 several sick-appearing larvae of 
both species were sent to a microbiologist with the U.S. Forest Service Northern Research 
Station in Hamden, Connecticut, for examination.  Microscopic examination of stained smears of 
six larvae of each species at 1000x revealed presence of a Streptococcus sp.-like bacterium in all 
pine butterfly larvae examined.  They also found small (< 1.0 µm) refractile occlusions, which 
might be some type of insect baculovirus (Baculoviridae), in the sawfly larvae.21  Although some 
streptoccal bacteria such as S. faecalis Andrewes and Horder ( = Enterococcus faecalis) 
(Lactobacillales: Enterococcaceae)—typically encountered in insects suffering wounds or 
environmental stress—can be potentially pathogenic (Poinar and Thomas 1978), it can also be 
saprophytic.  We have no further data to suggest either way about our specimens.  In addition, 
we found a few dead pine butterfly pupae in July 2011, in one location in the outbreak with 
portions of the pupal cases containing what appeared to be the mycelium and conidia of a 
fungus.  The infection was characterized by the presence of a white powdery mold on the surface 
of the cadaver that we presumed to contain fungal spores of an entomopathogenic fungus.  We 
suspected the infection to be caused by Beauveria bassiana (Balsamo-Crivelli) Vuillemin 
(Hypocreales: Clavicipitaceae).  That particular fungus is relatively common and naturally 
occurs in soil.  When spores of this organism encounter the body of an insect host and germinate, 
the result is an infection causing white muscardine disease.  We cannot confirm this disease, 
however, as we did not collect these specimens for microscopic examination. 

The infrequency of large outbreaks that would provide substantial numbers of potential 
specimens for study may account for the fact that so little is known of the diseases of pine 
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butterfly.  However, Morris (1983) catalogued known disease microorganisms identified from a 
number of insect outbreaks, providing listings of microorganisms isolated from a variety of 
forest insects in British Columbia.   He listed several microorganisms obtained from pine 
butterfly, including a nuclear polyhedrosis virus (Baculoviridae), a microsporidian (Protozoa), 
and the bacteria, Bacillus thuringiensis var. galleriae and B. thuringiensis var. canadensis 
(Bacillales: Bacillaceae).  He further notes that pine butterfly is one of several forest defoliators 
that appears to be highly susceptible to natural diseases, which may play some role in the 
population dynamics of this insect.  As far as we know there has not been a report of natural 
disease epizootics by any of these microorganisms reported for pine butterfly populations in the 
published literature.  However, insect pathologist, Dr. Clarence G. Thompson, up until his 
retirement from the U.S. Forest Service Pacific Northwest Research Station in 1980, preserved a 
small supply of an isolate of nucleopolyhedrosis virus of the pine butterfly that he had collected 
from an outbreak wherein the nucleopolyhedrosis viral disease had developed. 22  The isolate 
consisted of a serum bottle containing frozen virus-killed pine butterfly larval cadevers in a 
buffer solution which he maintained in a freezer in his laboratory. It is possible the source of this 
virus may have been the pine butterfly outbreak on the Bitterroot and Missoula, Montana, areas 
in the early 1970s, since Bousfield and Dewey 23 indicated that Dr. Thompson had identified a 
virus pathogen associated with pine butterfly larvae from this outbreak, and speculated that it 
might ultimately contribute to the collapse of the infestation. 

Certain isolates of nucleopolyhedrosis viruses can be extraordinarily virulent in populations of 
some defoliating insects (Shapiro et al. 1984); lepidopteran larvae can become systemic with 
infection where most or all major tissues are affected (Tanada and Kaya 1993).  Viral disease 
epizootics are common among several forest defoliators, as well as other non-forest-dwelling 
insects (Hughes 1957; Martignoni and Iwai 1977; Martignoni and Langston 1960). Yet before 
Morris’ listing in 1983 or even thereafter we find no other record of diseases in pine butterfly in 
the published literature.  Perhaps this lack of published information on the pine butterfly 
nucleopolyhedrosis virus may be due to the fact that this virus is not extremely virulent in pine 
butterfly populations and is incapable of inducing high enough mortality to effectively reduce 
high densities of the insect.  On the other hand Dr. Thompson must have believed that this 
pathogen could cause enough mortality and disease transmission in the population in Montana 
that he suggested it might contribute to termination of that outbreak. 

The potential role of  disease in the population dynamics of pine butterfly notwithstanding, in 
most past outbreaks it has been the parasitic wasp, Theronia atalantae, fulvescens, becoming so 
abundant that it largely captured the attention of most investigators to the exclusion of other 
potentially important natural control factors, such as diseases.  Perhaps greater effort should be 
given to  investigating the role of diseases in the outbreak population dynamics of pine butterfly 
in future outbreaks. 
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PART II: ADVANCES IN PINE BUTTERFLY BIOLOGY AND ECOLOGY 

Chapter 1: Pine Butterfly Larval Instar Determination 
The immature stage of pine butterfly manifests polymorphic changes as larvae progress through 
each of six instars.  Edwards (1897) provided a comprehensive description of each larval stage of 
the pine butterfly, detailing setal patterns, color characteristics, and various other anatomical 
physiognomies.  Although in many cases descriptions based on these types of characteristics can 
be helpful in identifying immature growth stages of insects, observing molts between successive 
stages of immature growth and development while following out the life history of an insect is a 
more accurate way of determining the number of larval or nymphal stages or identifying a 
specific instar.  Still, this usually requires laboratory rearing and close observation which can 
become tedious and it may not always yield satisfactory results. 

Dyar (1890) reported another means of identifying instars, noting that in Lepidoptera successive 
widths of head-capsules follows a geometric progression described by 𝑦𝑦 = 𝑎𝑎𝑎𝑎𝑥𝑥, known as 
Dyar’s law or Dyar’s rule, where 𝑦𝑦 is a measure of size (head-capsule width), 𝑥𝑥 is the instar 
number, and 𝑎𝑎 and 𝑎𝑎 are constants describing the initial amount and rate of exponential growth, 
respectively.  This function is more commonly called the exponential function but when the 
domains or, “𝑥𝑥” variables are common numbers (such as instar “counts”) the function becomes a 
geometric sequence (Larson 2010).  Dyar’s observations on 28 species of Lepidoptera 
demonstrated that the ratio of widths of the larval head-capsule in a given instar to that in the 
following instar is more or less constant throughout the period of larval development of those 
species. Thus, postembryonic growth in insects during the immature stages is predicted by a 
relatively constant factor of increase by which head-capsule widths follow a geometric pattern 
known as “Dyar’s Law” (see Dyar 1890).  Because the width of the highly sclerotized head-
capsule is assumed to remain constant during any given instar yet increases geometrically with 
each molt to the next instar, it can be measured accurately and can be used to determine instars at 
any given point during the immature larval or nymphal stage of the insect 

Preliminary head-capsule measurements of 180 pine butterfly larvae ranging from second- to 
sixth-instar obtained from the Malheur outbreak in 2011 did not compare well with head-capsule 
distribution ranges representing 60 pine butterfly larval head-capsule measurements reported by 
Cole (1956a) from the 1950s Idaho outbreak.  The disparity of these two data sets was 
perplexing.  Moreover, we did not feel we had enough data to construct reliable instar 
distribution curves for all instars, thus we needed to supplement our data. 

In 2012 we decided to make a larger field collection of larvae for measurement of head-capsule 
widths.  We began collecting larvae when field monitoring of egg masses showed egg hatch 
beginning.  Thereafter we collected pine butterfly larvae from the time of this first hatch through 
all remaining larval stadia until pupation.  We pooled the larvae from 2011 and 2012 together 
into one data set for analysis since preliminary analysis indicated range of head-capsule widths 
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for instars from each data set were similar. The objective of the study was to use pine butterfly 
head-capsule width measurement for larval instar determination in the Malheur pine butterfly 
outbreak, and describe head capsule range for each larval instar. 

Methods 

Study Area 
Beginning the first week in June (June 3-9) 2012 and continuing weekly through July 31, 2012, 
we collected 5 258 pine butterfly larvae from infested ponderosa pine branch tips from the lower 
crowns of 17-33 year-old trees located along a spur road within the outbreak area.  Our 
collections were made near Haystack Meadows on the Malheur National Forest at 
43o51’44.23”N latitude and 118o48’17.72”W longitude, at an elevation of 1 635 m (5 363 ft.).  
During each collection time, infested apical 30.5 to 38.1 cm (12 to 15 in) lateral branch tips from 
the lower crowns of ponderosa pines were clipped from multiple trees using hand shears, until 
about 20 infested branch tips were obtained.  We collected the infested branch tips into 41.6-liter 
(11 gal.) polyethylene bags measuring 61.0 x 63.5 cm (24 x 25 in), and transported them back to 
the lab in La Grande, Oregon, for processing within 24 hours of collection. 

Laboratory Preparation and Processing 
In the laboratory we removed all pine butterfly larvae from the pine branch samples and 
pasteurized them in sub-boiling water for 15 minutes before placing the larvae into 30 ml (25 x 
95 mm) glass screw-cap vials containing 70 percent (by volume) isopropyl alcohol for storage 
until measurement.  We obtained head-capsule widths of all larvae by measuring under a Dino-
Lite® Pro2 variable magnification USB Digital Microscope, series AD-413T24, connected to a 
laptop computer running DinoCapture® 2.0 software (AnMo Electronics Corporation).  All head-
capsule widths were measured to the nearest 0.001 mm.  Accuracy of measurements according to 
the AnMo Electronics Corporation, in the Dino-Lite Digital Microscope product literature, 
claims an error of measurement up to 3 percent deviation from the correct measurement.  
Including the larvae collected in 2011 from branch samples processed from the replicated 
monitoring plots from July 1, 2011, through July 28, 2011, we collected and measured head-
capsules on 5 438 pine butterfly larvae from the Malheur National Forest outbreak area for 
determination of instar distribution. 

Head-Capsule Measurement and Analysis Procedure 
We used the computer program, HCAP, (Logan et al. 1998) for preliminary analysis of the head-
capsule width data collected in 2011.  The program runs under MATLAB® (Mathworks® 2012) 
and estimates instar distribution parameters necessary for determining optimum instar separation 
rules assuming that the head-capsule width distribution for each instar is normally distributed 
(Logan et al. 1998 and references within).  After combining the 2011 and 2012 data sets, we re-
plotted the histogram of the complete data set (n = 5,438) and fitted the normal probability 
distribution density function to the data set using the Histogram module within the PAST 
software (Hammer et al. 2001), employing a parametric estimation procedure rather than by 
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least-squares fitting.  The number of bins used by the Histogram module in PAST is set by 
default to an “optimal” number using the zero-stage rule of Wand (1997).  The PAST software 
optimized the number of bins for our data set at 91.  We tested the combined data set to verify 
that a normal distribution adequately described the data set and to detect departures from 
normality using the Anderson-Darling goodness-of-fit test (Anderson and Darling 1952, 1954).  
Normality of individual instar distributions were also checked using the Shapiro-Wilk test.  We 
assumed the head-capsule width measurements of instar components are normally distributed, 
allowing us to separate the distribution into Gaussian components representing the larval instars 
of the pine butterfly (Bhattacharya 1967). 

We then used Mathwave Technologies® EasyFit® Professional (Version 5.5) software to fit final 
normal probability density function curves to the histogram data delineating each instar, and to 
test the goodness-of-fit.  We tested goodness-of-fit of the theoretical normal probability density 
function to our empirical individual instar frequency distributions using three procedures: 
Kolmogorov-Smirnov test, Anderson-Darling test, and the Chi-squared test.  All tests were 
performed at an alpha level of 0.05.  We included the Anderson-Darling Test because this test 
gives more weight to the tails than the Kolmogorov-Smirnov test.  The Anderson-Darling test 
seemed especially appropriate for the “first instar” distribution because the histogram plot for 
this data set clearly showed a unimodal asymmetric distribution (Zar 2010), whereas all the other 
instar plots had distributions that were more or less symmetrical.  The Kolmogorov-Smirnov 
goodness-of-fit test and the common Chi-squared test would be appropriate for these. 

After fitting the multimodal frequency distribution of head-capsule widths we tested the 
hypothesis that the insect increased its size at each molt by a constant factor, as per Dyar’s rule 
(Dyar 1890).  This was done by plotting the natural logarithm of each larval head-capsule width 
against the instar number (Logan et al. 1998).  We tested the significance of the slope of the 
regression line with one-way ANOVA, as in Logan et al. (1998).  In addition, we used one-way 
ANOVA to test if there was a statistically significant difference in head-capsule size due to 
instar.   Multiple-comparisons of larval instar mean head-capsule widths were made with the 
Bonferroni-Holm posthoc comparisons test. 

Results 
 
We examined 5 438 pine butterfly larvae collected from branch samples from replicated study 
plots in 2011 and from random trees at a separate location in the outbreak in 2012.  The larval 
head-capsule widths ranged from 0.31 mm to 3.52 mm.  The frequency distribution of head-
capsule widths indicated six distinct peaks, corresponding to six instars, with some overlap 
among head-capsule widths of adjacent instars based on the fitted normal probability density 
function (fig. 27). 
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Selection of instar class boundaries were made partially based on HCAP  analysis (Logan et al. 
1998) and partly by demarcation of the distribution overlap between adjacent instars as generated 
by the fitted normal probability density function using PAST.  Table 6 shows the mean head-
capsule widths and head-capsule width ranges for each instar of pine butterfly and the growth 
ratio between instars.  The mean head-capsule widths varied from 597 µm for first instar to 2 850 
µm for sixth instar.  The average growth ratio for all instars was 1.37. 

Cole (1956a) demonstrated that pine butterfly had six larval instars based on a small number of 
samples.  However, initial HCAP analysis determined five instars in the Malheur outbreak.  To 
reconcile these differences the following year we collected substantially more larvae, pooled the 
two years of data, and after reanalyzing it using PAST, identified a sixth peak as indicated by the 
current multimodal distribution plot (fig. 27).  We then estimated the instar distribution 
parameters for the optimum separation rules for instars shown in table 6.  HCAP  analysis 
provided an analytical basis for the classification rule that allows separating instars at the points 
of intersections of the individual instar frequency distributions (Logan et al. 1998).  The normal 
distribution density function plots provide further visual confirmation of the overlapping instar 
separation points provided by HCAP, thus providing a means of verifying the correct selection of 
sequential instars on the polymodal frequency distribution plot. 

Individual frequency plots of the head-capsule widths of instars 1 through 6 and their fitted 
normal probability density functions are shown in figs. 28 through 33, respectively.  When we 
tested the goodness-of-fit for each individual instar frequency distribution plot we found nearly 
unanimous agreement among the three methods: Kolmogorov-Smirnov (K-S), Anderson-Darling 
(A-D), and Chi-squared (C-S) goodness-of-fit tests.  The null hypothesis that the head-capsule 
width sample data comes from a normal continuous distribution was rejected for first-instar by 
the Anderson-Darling test and the Kolmogorov-Smirnov test (A-D, 𝑊𝑊𝑛𝑛

2 = 3.692; K-S, D = 0.157, 
P=0.025), but not by the Chi-squared test (C-S, 𝑥𝑥2 = 5.277, P=0.383).  All three tests also 
rejected the null hypothesis for the fourth-instar (A-D, 𝑊𝑊𝑛𝑛

2 = 3.701; K-S, D = 0.046, P=0.021; 
and C-S, 𝑥𝑥2 = 37.03, P<0.001).  Goodness-of-fit tests for individual frequency plots for instars 
2, 3, 5, and 6, were all accepted by all three test procedures at the 0.05 alpha level. 

In the one-way ANOVA of larval head-capsule width data from the Malheur outbreak we found 
a very highly significant difference in the mean widths of pine butterfly head-capsules due to 
instar (𝐹𝐹(5,5257)=22 344.99, P<0.001).  A Bonferroni-Holm pairwise post hoc comparison 
revealed significant differences between all the paired instar comparisons (P<0.001).  These 
results provide statistical evidence that the separation of instars by head-capsule width ranges is 
credible for pine butterfly larvae collected from the Malheur outbreak. 

Regression analysis of natural logarithm of larval head-capsule width and instar number revealed 
a strong positive relationship between these variables (fig. 34).  The strong association between 
natural log of head-capsule width and instar number was indicated by a Pearsonian correlation 
matrix where the correlation coefficient between variables was calculated at R = 0.976, with 
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significance at P<0.001.  The coefficient of determination for the regression model (R2 = 0.952) 
based on natural logarithms of pine butterfly larval head-capsule width (µm) indicates that the 
regression model explains 95.2 percent of the variation in instar number (y) about its mean.  The 
small Standard Error of the Estimate, SEE = 0.243 is further indication that the regression model 
based on natural log of head-capsule width explains a high proportion of the variation in instar 
number since precision of the estimate depends on the magnitude of the correlation between the 
independent and dependent variables: when the correlation increases, the Standard Error of the 
Estimate decreases.  The error probability for the intercept (a; t = -257.189) and slope (b; t = 
322.673), to test whether they significantly differ from zero is highly significant for both 
(P<0.001).   

The regression ANOVA found a highly significant relationship between natural log of larval 
head-capsule width and instar number (F = 104 117.9; df = 1,5 261; P < 0.001), providing strong 
confidence that the model reflects a true relationship between head-capsule width and instar 
number rather than one simply due to chance sampling. 

A plot of the change in mean head-capsule width (mm) by weekly larval collection period (fig. 
35) depicts the increasing larval instars through the development period, as well as the total 
length of the immature development stage. 

Discussion 
 
The frequency plot of head-capsule measurements obtained on larvae from the Malheur pine 
butterfly outbreak revealed six distinct instar peaks when the pooled data sets from 2011 and 
2012 were fitted with a normal probability density function (fig. 27).  The sample sizes for each 
of the instars varied considerably from instar to instar, resulting in varying densities for each of 
the frequency plots representing the six instars.  Had we collected a larger sample size of first-
instar larvae it would have made the separation from second-instars much easier, and the 
polymodal frequency graph more visually distinctive for these first two larval stages. 

Fitting the normal probability density function to each of the individual instar frequency data sets 
independently (figs. 28 through 33) produced symmetric bell-shaped density curves for all 
instars except the first-instar, and perhaps the fourth.  In both cases some degree in lack of 
symmetry relative to the fitted normal density functions is apparent.  In the the first-instars 
represented by the lower range of head-capsule measurements we believe too few data 
measurements accounted for negative skewing of the frequency distribution of the first-instar 
(fig. 28); the skewing of normal density plot for the fourth-instar frequency diagram (fig. 31) is 
not as apparent. 

The goodness-of-fit tests for four out of six of the instar frequency distributions showed that the 
head-capsule width data for each of these instars came from a normal continuous distribution, 
but the head-capsule width data for first-instars and fourth-instars did not.  We suspect that 
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perhaps both temporal and spatial variability in larval samples resulting from combining larval 
samples collected from different years and different locations in the outbreak may have 
contributed to lack of normality of these data sets.  Various biological factors can interact to 
affect both instar number and the morphometrics obtained from the immature stages of insects 
(Daly 1985).  These varying morphometrics may in turn affect the shape of the normal 
distribution density function of a sample drawn from the population.  In our situation the 2011 
larval collection came from areas in the outbreak that had two previous years of heavy 
defoliation, and the 2012 collection was obtained from an area with only one year of light 
defoliation.  It is conceivable that there was an influence on larvae due to tree biochemical 
changes in the more heavily- and longer-defoliated trees in the 2011 collection areas, and this 
influence may have been manifested in head-capsule widths of those larvae.  Gender differences 
resulting in variations in growth rates and morphometrics have been documented in insects (Daly 
1985, and references therein).  Daly also reports multiple cases where the morphometrics of 
larvae of the same instar may differ if reared in the laboratory verses in the field, on different 
foods in the laboratory, at different localities in the field, and in different years.  Hence, it 
appears from the foregoing that many factors can influence the measurement and analysis of 
insect form.  Given these factors which can introduce variability in measurements from larvae, 
we are not surprised to find lack of normality in the analysis of some of our head-capsule width 
frequency data. 

The application of Dyar’s rule in analysis of frequency distributions of head-capsule widths in 
other orders besides Lepidoptera has not been entirely satisfactory for some insects (Daly 1985, 
Friend 1933, Ghent 1956, Kishi 1971), particularly for those with growth pattern more 
appropriately described by linear rather than exponential relationships (Ghent 1956).  However, 
it seems to work reasonably well for separating larval stages of pine butterfly, as well as for the 
numerous examples from the literature on which it was applied to other lepidopterans (e.g., 
Caltagirone et al. 1980; Dyar 1890; Gaines and Campbell 1935; Ghafoor 2011; McClellan and 
Logan 1994). 

Head-capsule width data and their means, corresponding to the individual instar peaks of a 
multimodal frequency distribution, will fall along a straight line if each observation of bivariate 
data represented by natural logarithms of head-capsule width, and the presumed instar number 
for the measured head-capsule width, are plotted against one another in a scatter diagram (Daly 
1985).  The bivariate plot of instar number against the natural log of head-capsule width for 
larvae collected from the Malheur outbreak indicated that the growth pattern of the head-capsule 
of pine butterfly follows the geometric progression pattern of Dyar’s rule reasonably well.  The 
growth ratio from one instar to the next averaged 1.37, and the growth was relatively constant 
across all instars (table 6).  

However, as we will explain below, a negatively skewed distribution for first-instars resulted in a 
mean head-capsule width that is probably smaller than the true population mean for this instar 
since negative skewing tends to pull the mean toward the left extremity of the frequency plot, 
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where head-capsule width measurements are smallest.  This has consequences in using Dyar’s 
rule to predict a series of successive instars.  When we applied Dyar’s rule to our data set using 
the average growth ratio, it predicted slightly smaller progressive measures of mean head-
capsule widths than shown by our empirical data for all subsequent instars except the second-
instar.  For example, the predicted series of mean head-capsule widths in micrometers for instars 
2, 3, 4, 5, and 6, using Dyar’s rule and the average growth ratio of 1.37, are 818, 984, 1 386, 1 
969, and 2 740, respectively.  All values except the first are lower than means calculated from 
empirical data (see table 6).  However, when these predicted variables were compared to the 
empirical variables in an ANOVA, we found no statistically significant differences between 
them (F = 0.002; df = 1,8; P = 0.96).  Hence, the predicted values are close enough to the 
observed values that we would not discredit them on this basis alone. 

Unfortunately, although our expressed intent of supplemental sampling of larvae in 2012 was to 
collect more first-instars as well as later stages to increase the density of frequency plots for 
each, our data was still inadequate at this low extremity of the frequency distribution.  We had 
only 86 larvae that fell into the first-instar growth stage (table 6), and though we could 
reasonably demonstrate the linearity of the relationship of log head-capsule width with instar 
number (fig. 34), the strength of confidence we have in the first-instar frequency distribution 
(fig.28) is mediocre.  More first-instar samples would have likely resulted in a normal 
distribution as required by the statistical tests executed in this study.  Although, as Logan et al. 
(1998) pointed out, deviations from normality of head capsule width measurements may not be a 
serious problem due to the robustness of these techniques and their ability to produce high levels 
of significance.  Since we had thousands of observations across the entire immature stage of pine 
butterfly, we do not believe the lack of abundance of the smallest head-capsule widths within the 
range of first-intars would adversely affect the results of the regression analysis, although our 
analysis may slightly overestimate the mean head-capsule widths for first-instars. 

Field collection of first-instar larvae of pine butterfly is serendipitous at best, since one may not 
know how long larvae have been emerged from eggs unless egg hatch was directly observed.  
Without actually observing hatch, the first larvae observed in the field that are presumed to be 
first-instar, may not be.  Consequently, we agree with Ghent (1956), that only by relying on 
careful rearing of larvae from egg masses to establish first-instars will enough larvae be obtained 
to accurately estimate mean and other parameters from the frequency distribution of that stage. 

Weekly collections of larvae for head-capsule measurement obtained from first hatch through the 
last (6th) instar, before pupation, provides sequential time-based data on insect growth to help 
map development time through each instar, as well as total development time.  In our plot of 
mean head-capsule width and mean instar, against week of collection (fig. 35), we found that 
pine butterfly larval development during 2012, at 1 635 m elevation, progressed at the average 
rate of 0.75 instars per week requiring 8 weeks from egg hatch to reach, but not necessarily 
complete, the last instar.  Variability in development timing, of course, will be influenced by 
climatic variation from area to area and microclimatic differences within forests (Barbosa and 
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Wagner 1989).  Elevation and exposure (Evenden 1926), diurnal temperatures, cloud cover, 
rainfall, air circulation, relative humidity, and many other abiotic factors can translate into 
biologically important processes that have bearing on insect development time. 

Other authors have found considerable variation in development time from our pine butterfly 
infestation development in the southern Blue Mountains of Oregon.  Edwards (1897), for 
example, reared pine butterfly larvae on Scotch pine foliage, Pinus sylvestris L., under an open 
outdoor shed in Coalburgh, Kanawha County, West Virginia, at an elevation of about 195 m 
(640 ft.), from eggs provided to him from a pine butterfly infestation in southern British 
Columbia.  He found larval development time from hatch through sixth-instar to take only 37 
days, with instars 1, 2, 3, 4, 5, and 6, requiring 8, 6, 6, 5-6, 7, and 4 days, respectively.  The 
pupal stage lasted 11 days.  Cole (1956a) indicated that larvae from the 1950s pine butterfly 
outbreak on the Boise National Forest required about 1 week for each instar in laboratory rearing 
at constant temperature.  Thus, at that rate, a total of 42 days would be required.  Evenden (1926) 
claims development time for pine butterfly to reach the full-grown larval stage by the last of July 
in the New Meadows area of Idaho requires about 50 days; according to Evenden, the pupal 
stage lasts 15 to 20 days.  Our data, shown in fig. 35, corroborates Evenden’s timing of the larval 
stage, with development time of larvae on the Malheur outbreak lasting about 56 days.  We did 
not determine the exact length of time pine butterfly are in the pupal stage, but our observations 
on the first appearance of the imago is within the timeframe given by Evenden. 

Previous reports by Edwards (1897) and Cole (1956a) found six instars in pine butterfly.  Cole’s 
report on larvae collected and measured from the Boise National Forest outbreak in Idaho in the 
1950s, however, is somewhat perplexing.  His data on mean head-capsule width measurements 
corresponding to each instar differed radically from ours (fig. 36).  In the publication of his 
results he displays head-capsule widths and ranges for each instar in “microns.”  However, his 
measurements of larval head-capsule width for each instar deviate so profoundly from the width 
dimensions of larval head-capsules from the Malheur outbreak, which were also measured in 
micrometers, that we wonder if his measurements might have been inadvertently converted from 
micrometers to millimeters, as they appear to differ from ours by a magnitude of 10 or more.  
Furthermore, Cole’s mean head-capsule widths also seem to follow a nearly linear growth 
pattern, whereas the Malheur data are demonstrably geometric in relationship to instar number.  
In essence, Cole’s data from the 1953 through 1954 Idaho pine butterfly outbreak do not appear 
to follow Dyar’s rule for some inexplicable reason. 

We suggest that the few numbers of larvae measured in each instar (10 per instar) in the Idaho 
data set may not have been large enough to adequately characterize the means for each instar.  
Bliss and Beard (1954) described an alternative approach in which they measured head-capsules 
of the same individuals repeatedly through their larval or nymphal development, rather than 
measuring and computing the means from different lots of insects for each instar, as one would 
do using field-collected larvae.  They demonstrated the procedure with the large milkweed bug, 
Oncopeltus fasciatus (Dallas) (Hemiptera: Lygaeidae), and concluded that if the same insect 
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specimens are followed all the way through their development a relatively small number of 
individual insects would provide quite an adequate test of Dyar’s rule. 

We conclude that while meaningful tests of Dyar’s rule can be made for some insects with 
measurements of less than 1 000 larvae or nymphs (Caltagirone and others 1983), our results and 
those of others (Logan et al. 1998; McClellen and Logan 1994) suggest that measurements of 
thousands of individuals of field-collected immatures are required for obtaining the most 
accurate estimates of means with which to determine instars and validate Dyar’s rule for the 
species in question. 
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Chapter 2: Pine Butterfly Biomass Reduction Model 
The economic and ecological significance of pine butterfly are inextricably tied to the quantity of 
foliage biomass reduced by larvae.  Pine butterfly larvae consume living tissue on host trees, 
which, during outbreaks can sustain high rates of biomass removal for several consecutive years.  
Chronic reduction of living biomass (needles) affects the carbon balance of trees through 
reductions in photosynthesis and disruption of normal allocation of carbohydrates for production 
and maintenance of tissues.  Surplus carbon produced during photosynthesis is typically stored 
and then utilized during periods when there are high demands for manufacture of tissues and 
other physiological processes (Mooney 1972).  Carbohydrate storage occurs in different tissues 
in plants, but in evergreen trees foliage has been shown to be the single largest reservoir of total 
carbohydrates (Schaberg et al. 2000).  Conifer needles accumulate starch before bud-break and 
later mobilize these reserves when growth starts (Ericsson 1979; Ericsson et al. 1980).  Foliar 
carbohydrates aid trees growing in cold northern regions with development and maintenance of 
cold tolerance and winter survival and may contribute energy for budbreak and shoot growth in 
spring when carbohydrates stored in stem and roots may be limited due to low temperatures 
(Schaberg et al. 2000, and references therein). 

Severe defoliation by insects represents potentially enormous losses of the carbon-producing 
capacity of trees and creates untimely demands for carbohydrates to regrow tissue destroyed 
during defoliation.  Shifting of carbohydrates between physiological processes in trees during 
prolonged periods of severe defoliation can tax the supply of reserve carbohydrates and lead to 
partitioning of carbohydrate away from stemwood production (Ericsson et al. 1980; Mooney 
1972).  Studies by Ericsson et al. (1980) suggest that when carbohydrate resources are scarce, as 
during severe episodic defoliation, trees allocate carbon to give needle production priority over 
stem growth.  This allocation of carbon makes sense for defoliation by herbivores.  This carbon 
allocation is necessary to replace foliage lost during defoliation.  Relative to pine butterfly 
defoliation this reallocation of carbon may result in a quantifiable decline in annual stemwood 
growth and negatively affect the accumulation of stand volume, as documented in the studies by 
Cole (1966) and Evenden (1940). 

From a functional standpoint tree defoliation by insects may lead to depletion of carbohydrate 
reserves and decreased defensive chemicals (Kolb et al. 1998; Waring and Schlesinger 1985), 
linking defoliation rates directly to tree mortality or indirectly by predisposing trees to attack by 
bark beetles and woodborers. Thus, it may be possible to equate carbohydrate—and especially 
defensive chemicals—reduction rates to levels of irrecoverable conifer damage and tree 
mortality, which might be useful in planning salvage operations (Craighead 1940). 

To our knowledge no one has attempted to quantify the reduction of biomass by larvae of pine 
butterfly.  The objective of this study was to develop a biomass reduction model that relates egg 
density to a measure of foliage biomass removed by larvae hatching from those eggs: oven-dry 
weight of foliage biomass. 
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Methods 

Study Area 
The study site was located in a young ponderosa pine plantation at 43o51’44.15”N latitude 
and 118o48’17.73”W longitude, at an elevation of 1 635 m (5 363 ft.).  The primary plant 
association on the study site was ponderosa pine/bitterbrush/Ross’sedge (Pinus ponderosa 
Dougl. ex Loud./Purshia tridentata (Pursh) DC./Carex rossii Boott) (Johnson and Clausnitzer 
1992).  The study site was stocked with ponderosa pine averaging 33±9.3 years of age, with an 
average diameter of 18.7±3.13 cm dbh and height of 7.72±1.47 m. 

The stand was relatively open-spaced with basal area stocking at 17.6±2.191 m2 per ha.  All 
sample trees were open-grown and nearly full-crowned with live crown ratios averaging 
80.1±3.6 percent.  None of the sample trees had any detectable defoliation by pine butterfly, but 
new pine butterfly egg masses were abundant on current-year needles, indicating this was a new 
area of infestation recently expanded into by the pine butterfly. 

Study Experimental Design 
The biomass reduction study is a completely randomized design to determine the relationship 
between pine butterfly egg density and quantity of foliage reduced by larvae hatching from the 
eggs.  The study was not replicated due to a limitation of time and personnel to process samples.  
Because selection of trees, branches, and needles for oviposition by adult female pine butterflies 
is assumed to occur stochastically, and the rate of larval consumption cannot be controlled, all 
linear statistical analyses of these data are inherently a Model II, or random effects model (Sokal 
and Rohlf 1969). 

The study design makes use of “before” and “after” sampling procedure to measure rates of 
reduction by oven-dry weight of foliage biomass removed.  In the description of the study, for 
simplification and clarity, we employ the following terminology for the “before” and “after” 
larval feeding period: “before” feeding samples are referred to as “pre-ecolosion” samples; 
“after” feeding samples are referred to as “post-feeding” samples.  The response variable in this 
study is the reduction of foliage by larvae, or “defoliation.”  This variable, being outside the 
control of the experimenter, is a binary regressor which may be viewed as a fixed explanatory 
variable (Quinn and Keough 2002; Zar, 2010). 

Sample Trees Selection and Branch Preparation 
On June 8, 2011, we randomly selected six sample trees by arbitrarily selecting a point in the 
stand and taking a random compass bearing from that point for locating each tree.  We selected, 
as the sample tree, the nearest tree that intersected that bearing.  In addition, we pre-established 
selection criteria that assured the selected trees were only those which had previously not been 
defoliated, and that had at least 10 lower crown or midcrown branches containing viable, 
unhatched, pine butterfly egg masses on the foliage within about 38 cm of the branch tip.  These 
egg masses would have been oviposited in late summer or fall of 2010.  After random selection 
of trees we measured the distances between trees and found the trees were separated from one 
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another by an average of 19.6±6.98 m.  We used a Laser Technology®, Inc. Impulse 200 Laser 
Rangefinder to determine distance between each tree.  Each sample tree was consecutively 
numbered at breast height with an aluminum tag, and the location geocoded with latitude and 
longitude using a DELORME Earthmate® model PN-20 GPS unit for relocating and resampling 
in the future. 

On each tree we selected 10 lower crown or midcrown branches containing unhatched pine 
butterfly egg masses from 2010.  The branches were distributed more-or-less equally around the 
entire circumference of the crown.  Each branch was tagged with a shipping tag designating the 
tree number and individual branch number; the branches were randomly assigned a number from 
one to 10.  Pre-eclosion field data was initially obtained on all 10 branches of each sample tree.  
For this information we used a millimeter-graduated measuring tape to measure the total linear 
length of the branch containing one or more live needles of all foliated twigs comprising the 
apical 38.1 cm of each branch tip.  The lengths were accumulated over all foliated twigs 
comprising the individual branch to obtain the total “foliated” branch length.  Measurements 
were obtained and recorded to the nearest 1.0 mm. 

All egg masses on the foliage of each branch were counted and recorded, and the total counts of 
all viable eggs were also recorded.  Egg viability was determined in the same manner as 
described for the monitoring study in Part I, above. 

We next selected half of the tagged branches (5 branches) from each of the 6 sample trees and 
clipped them off at 38.1 cm distance from the branch tip with hand-held pruning shears.  We 
placed each clipped branch terminal individually into a clear 41.6 liter (11 gal.) polyethylene bag 
measuring 61.0 x 63.5 cm (24 x 25 in) for transport to the lab for processing.  Each sample bag 
was closed using a paper shipping tag, and the tag marked with sampling date, tree number, and 
branch number.  All pre-eclosion branch sampling occurred on June 8 through 9, 2011.  Stand 
and tree metrics also were recorded for each sample tree and sampling location.  Tree metrics 
included GPS location of tree, tree species, diameter, height, crown base height, crown class, and 
percent live crown ratio.  Stand metrics included plant association and basal area surrounding 
each sample tree.  All samples were transported back to the laboratory located in La Grande, 
Union County, Oregon, within 48 h of collection and placed in a walk-in cooler maintained at 
5.4±0.2 ºC and 85.7±1.9 percent relative humidity until processed.  These samples were to be 
used for pre-eclosion baseline data for the oven-dry weight foliage biomass calculations.  Oven-
dry weight foliage biomass reduction rate required destructive sampling (i.e., removal and drying 
of needles).  The remaining five “unclipped” branches on each sample tree were to be used for 
oven-dry weight foliage post-feeding biomass calculations.  Pre-eclosion branches contained 
about the same biomass as the branches used for the post-feeding oven-dry weight foliage 
biomass reduction calculations. 

The post-feeding assessments were completed using the remaining five “unclipped” branches 
tagged on each of the six sample trees.  All eggs were counted on these branches and larvae were 
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allowed to hatch and feed normally through the remainder of the season.  The difference 
(change) in total oven-dry weight of foliage biomass between the pre-eclosion “surrogate” 
branch sample and the post-feeding branch sample would indicate the total amount of foliage 
biomass reduced by the number of larvae that hatched.  An assumption for the study was that the 
existing foliage biomass on branches would satisfy nutritional needs of larvae and their reduction 
rate of foliage would represent the rate of any similar sample of larvae drawn from the 
population, given comparable conditions. 

At the end of the season, after all larval feeding was completed on all remaining tagged branches 
(i.e., at pupation), the branches were clipped off and bagged and tagged in the same manner as 
above, and transported back to the laboratory for processing within 24 h of collection.  The 
collection of these remaining 5 branches on each of the 6 sample trees occurred on September 
12, 2011. 

Sample Processing 
Laboratory processing of the first collection (June 8 through 9) of branch samples containing 
unhatched eggs occurred on June 13 through 14, 2011.  In the laboratory the branch sample was 
removed from the polyethylene bag and information from the tag recorded on a data sheet for 
entry into a Microsoft® Excel® spreadsheet for further analysis.  The tag was saved and kept with 
the sample throughout all stages of processing. 

The branch sample was then measured to determine the total length of the branch, and the total 
linear length of the branch containing one or more live needles.  The lengths were then 
accumulated over all foliated twigs comprising the branch, as above.  All measurements were 
obtained and recorded to the nearest 1.0 mm.  The total number of egg masses on the foliage of 
each branch were counted and recorded, and the total counts of all viable eggs were also 
recorded.  We performed the laboratory counts to confirm the field counts conducted before 
removal of the branch.  If a discrepancy between the two counts was found an average of the two 
counts was used in lieu of either count. 

To monitor first and last larval hatch and potential egg parasitism we placed one randomly 
chosen egg mass from each branch individually into a 60 x 15 mm plastic Petri dish containing a 
single sheet of Whatman® 55 mm round filter paper in the bottom of the dish, moistened with 
distilled water, and re-moistened as necessary.  We recorded date of first and last hatch, and 
percent hatch on a data sheet for entry onto a spreadsheet.  Each Petri dish of larvae was 
provided a small portion of fresh ponderosa pine foliage for food.  The dishes were checked 
daily, refreshing the foliage and changing the dish when needed.  No parasites emerged from 
eggs during the rearing period. 

We removed all egg masses from all foliage on the branch, recording the number of masses and 
total number of eggs on the branch.  All foliage was then stripped from the branch, the green 
needles separated from the fascicle sheaths, and fascicle sheaths discarded.  The needles were 
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then placed in an 11.242 dm3 (20.6 cm x 15.2 cm x 36.5 cm) Kraft paper bag after first obtaining 
the tare weight of the empty paper bag, and the baseline mass of the fresh needle contents were 
obtained on a Sartorius™ model CPA2202S-DS top-loading balance, by subtracting off the tare 
weight of the bag. 

The bag with pine needles was placed in a drying oven maintained at 45ºC for 8-10 days, where 
the needles were oven-dried to a constant mass measured to the nearest 0.1 g.  The weights were 
checked against the baseline fresh weight periodically until the oven-dry weight stabilized, and 
was eventually standardized by obtaining the two lowest consecutive unchanged weights.  The 
final oven-dry weight of the needles was obtained by subtracting the earlier obtained tare weight 
of the bag from the weight of the bag and oven-dried pine needle contents, and recorded on a 
form for entry into a spreadsheet. 

The processing of the post-feeding samples began in the laboratory on September 29, 2011, and 
concluded on October 12, 2011.  These samples were processed in the same manner as the pre-
eclosion branches above.  These branches had been subjected to larval feeding in the field during 
the previous 12 weeks, and the total foliage biomass had been reduced with some needles being 
completely removed, while others only partially eaten.  After measuring and recording the total 
foliated length of the branch to the nearest 1.0 mm all needles were stripped from the branch, the 
fascicle sheaths removed and discarded, and the fresh needle mass determined as above.  The 
partially-consumed needles were then oven-dried and afterwards re-weighed to determine the 
oven-dry weight to the nearest 0.1 g, in the same manner as above. 

Data Summarization and Statistical Analysis 
Biomass reduction was computed for the oven-dry weight of foliage by a ratio of biomass 
change (or percentage change) over the undefoliated pre-eclosion baseline biomass.  For 
simplicity, we will use ODB to refer to the oven-dry weight of foliage biomass removed by 
larvae.  ODB is the dependent (𝑦𝑦) response variable in our model.  Biomass reduction is 
averaged for each tree; the computation is described by, 

ODB  =
𝑂𝑂𝑂𝑂𝑂𝑂𝑃𝑃𝑃𝑃𝑃𝑃(𝑛𝑛)−𝑂𝑂𝑂𝑂𝑂𝑂𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑛𝑛)

𝑂𝑂𝑂𝑂𝑂𝑂𝑃𝑃𝑃𝑃𝑃𝑃(𝑛𝑛)
 ,     (1) 

Where, ODW𝑃𝑃𝑎𝑎𝑃𝑃(𝑛𝑛) is the mean oven-dry weight of foliage biomass for the five pre-eclosion 
sample branches of the nth tree of six sample trees. 

ODW𝑃𝑃𝑃𝑃𝑎𝑎𝑃𝑃(𝑛𝑛) is the mean oven-dry weight of foliage biomass for the five post-feeding sample 
branches of the nth tree of six sample trees. 

Egg data was summarized by computing mean density (i.e., mean eggs per 38.1 cm branch tip), 
by averaging across all branches for each tree.  Egg density was used as the independent (𝑥𝑥) 
predictor variable in all statistical models. 
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All the data was tested for normality using the Shapiro-Wilk W-statistic, and for equality of 
group variances with the modified Levene’s test using the deviation from the median given by 
the Brown-Forsythe procedure (Brown and Forsythe 1974).  Statistical significance was tested at 
the 0.05 significance level for all statistical tests in this study. 

Descriptive statistics representing data sets for mean egg density and mean oven-dry weight of 
foliage reduced were summarized for each of the six sample trees (see table 7). 

We employed Model II, or random effects models for both ANOVA and regression procedures.  
In our study the scope of our inferences applies only to the vicinity of this outbreak within the 
limited geographic area of southern Grant and northern Harney counties.  To make general 
inferences about the population of pine butterfly host trees we used the random effects model for 
single-factor analysis of variance described by, 

ijiijY εαµ ++=       (2) 

Where, 

ijY = the ith observation in the jth group 
µ = the overall mean; independent random variable 

jα = the random effect shared by all values in group j 
ijε = normally distributed random variable with mean zero and varianceσ 2 

 
Regression analysis was used to explore the relationship between egg density and foliage 
biomass reduction.  In this study because the dependent and independent variables are subject to 
sampling variation and measurement error Model I linear regression was inappropriate (McArdle 
1988; Sokal and Rohlf 1969).  In these situations ordinary least-squares linear regression (OLS) 
tends to underestimate the absolute magnitudes of the true slopes of the regression lines (Riggs et 
al. 1978).  Therefore, we used a method for Model II geometric mean regression analysis (or 
Reduced Major Axis Regression, RMA) to approximate foliage reduction rates based on pine 
butterfly egg densities averaged over five branches on each of the six sample trees.  The 
geometric mean regression method employs the assumption that error in measurement occurs in 
both the dependent and independent variables (Riggs et al. 1978; Webb et al. 1981).  Thus, it is 
the most appropriate procedure to use for exploring relationships between dependent and 
independent random effects variables in our case.   

Outlier detection— 
Preliminary investigation of descriptive statistics, evaluation of normality tests, and examination 
of a scatterplot to explore the relationship between foliage biomass reduction and egg density 
(fig. 37) revealed that a data point for one of the six trees deviated markedly from other trees, 
and appeared to be an outlier.  We became suspicious of the data set for tree 1517 when we 
found that this tree had the highest mean density and nearly the lowest biomass reduction of any 
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of the 6 sample trees after calculating the means of the oven-dry weight of foliage biomass 
removed and the density of pine butterfly eggs associated with the foliage biomass reduction 
mean.  Logically, this outcome seemed incongruous since it did not appear likely the highest 
pine butterfly population density would remove nearly the least amount of foliage biomass.  
Hence, it merited further investigation to determine if a recording or measurement error had been 
made, or if the sample was not entirely from the same population or was grossly nonnormal. 

The Grubbs test (𝐺𝐺2), also call the Extreme Studentized Deviate (ESD) (Grubbs 1950, 1969), and 
the externally Studentized Residual (e.s.r.) diagnostic statistic for regression residuals (Velleman 
and Welsch 1981) were used to identify the outlier.  The Grubb’s procedure tests a univariate 
data set under the hypothesis that there are no outliers in the data set, and all observations in the 
sample come from the same normal population.  The Grubb’s test was a two-sided test, where 𝐺𝐺2 
represents the Grubb’s statistic that finds outliers either at the minimum and maximum of a 
distribution, or finds pairs of outliers at either extreme.  We used the Outlier Calculater in the on-
line program, QuickCalcs (2013), to perform the Grubbs test. 

The Studentized Residual test was conducted in Microsoft® Excel® using StatistiXL® software, 
version 1.9, 2012, Nedland, WA, Australia (StatistiXL 2012).  Because different types of outlier 
test procedures may yield different results in identifying outliers we chose to test with two 
methods for confirmation. 

Statistical significance of outlier tests was performed at an alpha level of 0.05.   

Results 
The outlier in our tree data set (tree number 1517) was confirmed by both analysis of Studentized 
Residuals in an OLS regression analysis and by the Grubb’s test.  We conducted the Grubb’s test 
in two ways: (1) on the ratio of grams of oven-dry weight of foliage biomass reduced per pine 
butterfly egg; (2) on the ratio of number of pine butterfly eggs per gram of oven-dry weight of 
foliage biomass reduced.  Confirmation of tree 1517 as an outlier resulted in one of the 
applications but not in the other (see below). 

In the first Grubb’s outlier case for our biomass reduction study data we found the overall mean 
ratio of grams of oven-dry foliage biomass removed per pine butterfly egg for the six sample 
trees was 0.3904, with a standard deviation of 0.1627, and we calculated a Grubb’s test statistic, 
𝐺𝐺2 = 1.6846, with a Grubb’s critical value, 𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. = 1.89 for tree number 1517.  These results 
showed that tree number 1517 was the furthest from the rest of the sample trees, but not quite far 
enough to be a significant outlier (P>0.05).  In the second case for tree number 1517 we found 
the overall mean ratio of eggs per gram of oven-dry weight of foliage biomass reduced for the 
six sample trees was 3.3878, with a standard deviation of 2.5987, and we calculated a Grubb’s 
test statistic, 𝐺𝐺2 = 2.00479, with a 𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. = 1.89.  In this case because the Grubb’s test statistic 
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was greater than the Grubb’s critical value for tree 1517 we rejected the null hypothesis and 
declared this sample to be an outlier. 

The second outlier analysis (i.e., Studentized Residuals) also confirmed the discordant data for 
tree number 1517 found by the Grubb’s test.  The analysis of externally Studentized Residuals 
from OLS regression of mean oven-dry weight of foliage biomass on mean egg density for all six 
sample trees examined all residuals for potential outliers and provided a list of the Studentized 
Residuals for each case (tree).  The Studentized Residuals of all trees were found to be less than 
the critical value when tested at the significance level of 0.05, except for tree number 1517, 
which had an externally Studentized Residual value of, e.s.r. = -13.118.  When compared with 
the critical value for the externally Studentized Residual (𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.= 6.232), the e.s.r. for this case 
exceeded the critical value, and therefore identified this case as an outlier.  A plot of the residuals 
verses the predicted mean oven-dry weight of foliage biomass reduced was also examined for a 
visual confirmation of tree 1517 as a significant outlier.  The plot clearly showed a strong 
separation of the residuals for tree number 1517 from the grouping of other trees in the analysis 
for the ratio of oven-dry foliage biomass removed to egg density per branch, visually confirming 
an outlier on the 𝑦𝑦 variable for that case. 

We should note that we used the OLS regression for calculating residuals only as an 
approximation of the RMA residuals for purposes of examining the regression diagnostics for 
identifying outliers since a Model II regression procedure is not available in the StatistiXL 
software we used.  The RMA procedure we used to construct a regression model is available in a 
software program add-in to Microsoft® Excel® spreadsheet through the University of Ottawa, 
Canada (Sawada 2009).  This program, however, does not calculate RMA residuals.  The 
analysis of the e.s.r. by ordinary least squares regression is not exact for a model II regression, 
only for Model I, but it provides a “ballpark” approximation.  In other model II regression 
studies the residuals for an RMA line have been computed as the vertical deviations from the 
RMA line but they are not independent of 𝑥𝑥 (Smith 2009).  Regardless of whether the departure 
of tree 1517 from the grouping of remaining tree data based on residuals is computed from an 
OLS or RMA line, it is great enough that we believe it would be a significant outlier in either 
case.  Hence, using the OLS-computed residual as an approximation of the RMA residual seems 
reasonable. 

Egg densities from all branches (𝑎𝑎 = 60) of the six sample trees were not normally distributed.   
Shapiro-Wilk W-test rejected the null hypothesis that the egg densities come from a normal 
distribution (W = 0.815, P<0.001).  Our sample was relatively small with ten branches sampled 
from each of only six trees and this comparatively small sample size may have partially 
contributed to the lack of normality of the data.  Replication, had we had the opportunity to do it, 
might have provided a larger more representative set of data which might have led to acceptance 
of the null hypothesis. 
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On the other hand asymmetry in biological data is not unusual.  Most commonly, skewness is 
due to distributions that are either lognormal or poisson in nature, and they commonly occur in 
sampled biological populations (Quinn and Keough 2002).  From a practical standpoint we do 
not believe the lack of normality of the egg density data adversely affects our analyses since both 
ANOVA and linear regression are robust procedures in some of the underlying assumptions.  
Violations of these assumptions are not usually of concern unless they are severe (Zar 2010).  
Small departures from normality do not create any serious problems in linear regression, 
although major departures would give rise to greater concern (Neter and Wasserman 1974). 

Statistical tests for the assumption of normality for the oven-dry weight of foliage biomass varied 
depending on whether the outlier tree data was included in the analysis or not.  Hypothesis tests 
were: 𝐻𝐻𝑜𝑜 = data are normally distributed; 𝐻𝐻𝑎𝑎 = data are not normally distributed.  The Shapiro-
Wilk W-test for normality (α = 0.05) provided the following results: (1) pre-eclosion oven-dry 
weight (with outlier included, 𝑎𝑎 = 30), W = 0.92241, P=0.031 (reject null hypothesis); (2) pre-
eclosion oven-dry weight (with outlier excluded, 𝑎𝑎 = 25), W = 0.93748, P=0.129 (accept null 
hypothesis); (3) post-feeding oven-dry weight (with outlier included, 𝑎𝑎 = 30), W = 0.94730, 
P=0.143 (accept null hypothesis); (4) post-feeding oven-dry weight (with outlier excluded, 𝑎𝑎 = 
25), W = 0.94316, P=0.175 (accept null hypothesis). 

In the test for homogeneity of variances, Levene’s test, using the deviations from the median, 
found that variances are not significantly different for the egg density samples at the significance 
level of 0.05 (𝐹𝐹(5,54)=1.38, P=0.248).  Levene’s test also found that variances are not 
significantly different for both the pre-eclosion (𝐹𝐹(5,24)=1.48, P=0.234) and post-feeding 
(𝐹𝐹(5,24)=0.61, P=0.695) oven-dry weight of foliage biomass. 

We used one-way between subjects analysis of variance to estimate the measure of variation due 
to manipulating levels of sample trees in mean egg density and oven-dry weight of pre-eclosion 
and post-feeding foliage.  The ANOVA test for egg density revealed a statistically inferential test 
result (𝐹𝐹(5,54)=3.173, P=0.014) when the outlier (tree 1517) was included in the model.  This 
result suggested the existence of inferential support for the conclusion that variability in sample 
trees explains variance in egg density when the outlier tree is included.  When the outlier tree is 
removed from the analysis, the ANOVA revealed no statistically significant difference in sample 
tree effect on egg density (𝐹𝐹(4,45)=0.921, P=0.46).  Therefore, for egg density, there is no 
inferential support suggesting sample trees explain variance in egg density when we remove the 
outlier tree from the analysis. 

Sample tree did not affect oven-dry weight of the pre-eclosion foliage biomass sample regardless 
of whether the outlier tree was included in the analysis (𝐹𝐹(5,24)=1.468, P=0.237) or excluded 
from the analysis (𝐹𝐹(4,20)=0.9748, P=0.444).  Similarly, for analysis of the oven-dry weight of 
the post-feeding biomass samples, there was no statistically significant effect of sample tree on 
oven-dry weight of foliage biomass from branches, regardless of whether the outlier tree was 
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included in the analysis (𝐹𝐹(5,24)=1.752, P=0.161) or excluded from the analysis (𝐹𝐹(4,20)=1.815, 
P=0.165). 

The biomass reduction model for pine butterfly was developed by regressing the mean oven-dry 
weight of foliage biomass reduced on mean egg density (Table 7) using geometric means 
regression (or reduced major axis regression).  The procedure with the outlier (tree 1517) 
included (fig. 38), yielded the model, 

𝑌𝑌 = 0.4539x − 3.531  𝑅𝑅2 = 0.00063  (3) 

                   (𝑎𝑎.𝑑𝑑. )(0.1855) (8.4352)      

Where 𝑌𝑌 is the predicted mean oven-dry weight of foliage biomass reduced, and 𝑥𝑥 is the mean 
pine butterfly egg density.  The standard deviation (𝑎𝑎.𝑑𝑑.) for the slope and intercept of the 
regression line are shown in parentheses below the equation, in that order.  The 95 percent 
confidence limits for the linear model were 𝐿𝐿1 = -30.149 (lower) and 𝐿𝐿2 = 23.087 (upper) for the 
RMA intercept; 𝐿𝐿1 = -0.176 (lower) and 𝐿𝐿2 = 1.084 (upper) for the slope. 

The geometric mean regression analysis with the outlier (tree 1517) excluded (fig. 39), yielded 
the model, 

𝑌𝑌 = 0.8691x − 13.7451  𝑅𝑅2 = 0.97866  (4) 

                   (𝑎𝑎.𝑑𝑑. )(0.0568) (1.9865)      

Where 𝑌𝑌 is the predicted mean oven-dry weight of foliage biomass reduced, and 𝑥𝑥 is the mean 
pine butterfly egg density.  The standard deviation (𝑎𝑎.𝑑𝑑.) for the slope and intercept are shown in 
parentheses below the equation, in that order.  The 95 percent confidence intervals for the linear 
model were 𝐿𝐿1 = -21.859 (lower) and 𝐿𝐿2 = -5.631 (upper) for the RMA intercept; 𝐿𝐿1 = 0.636 
(lower) and 𝐿𝐿2 = 1.102 (upper) for the slope. 

Discussion 
For the pine butterfly prediction or estimation of the quantity of foliage biomass reduced or 
removed during an outbreak based on some stage of the insect as a predictor variable, requires 
developing a method for estimating density of the feeding life-stage of the insect— in this case, 
the larval stage.  However, due to the brevity of the larval stage, it is difficult to sample in a 
timely manner when the survey areas are vast (Cole 1955, 1956b).  Moreover, the movement of 
wandering larvae on and off sampled branches and larval losses to predators during the process 
of sampling or during a time thereafter may introduce unexpected measurement errors.   

The egg stage, being immovable, seems to provide a better basis for measuring population 
density of pine butterfly, and although egg densities could serve as surrogate estimates of the 
densities of the larval feeding stage as they did in our study, they have their own measurement 
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error issues.  Egg viability will likely be unknown so simple counts of all eggs on a measured 
branch basis potentially can introduce errors.  Natural egg predation by pentatomids, 
raphidiopterans, spiders, and others can reduce numbers of viable eggs if too much time elapses 
between the time the egg counts are obtained and the initial measurement of the foliage biomass 
occurs.  For this reason we obtained density estimates and collected branches for measurement 
and quantifying the foliage biomass in the laboratory immediately after making egg counts.  The 
rapid sample collection and measurement reinforced attempts to minimize errors associated with 
losses of eggs by predators. 

Although our biomass reduction model was based on egg density as a surrogate for larvae, we 
did not attempt to account for subsequent larval dispersal losses nor predation losses in this 
study.  We also emphasize that our biomass reduction modeling is conceptually different from 
modeling in other types of studies where relative consumption rates (RCR; weight consumed 
divided by insect weight) and variants thereof, typically have been used to quantify the 
behavioral response of insects to a food source (Farrar et al. 1989).  In those other studies, the 
researcher usually had some interest in accounting for metabolic and growth rate changes in the 
insect relative to the quantity of biomass it consumed.  The relative consumption rate of food is 
measured and equated to a unit weight of the insect. 

Our study’s purpose was to develop a practical, simple, field procedure to predict the grams of 
foliage biomass reduction that might result from some level of pine butterfly egg density (eggs 
per 38.1 cm branch).  We assumed that larvae hatching from a quantity of eggs per unit measure 
would consume some or all of the needles on that branch and reduce the overall foliage biomass 
to the relative quantity determined at the end of the season after completion of all larval stadia 
(i.e., the period between molts).  Our model does not attempt to quantify the reduction of foliar 
biomass by pine butterfly larvae at any particular stadium nor at each stadium, but rather 
estimates total foliar biomass reduction for the entire immature life-stage during which pine 
needle consumption occurs.  In addition, because our model was developed by allowing the pine 
butterfly exposure to its intrinsic environment for the entire test period from egg eclosion to 
pupation, measurements of variations in biomass reduction inherently account for physiological 
responses by larvae and varying rates of consumption (Farrar et al. 1989) as well as natural 
influences on the population including indigenous mortality, dispersal, and other types of losses. 

The measurement and modeling of foliage biomass reduction, however, can be problematic when 
the trial is to be conducted on branches of the tree in situ, as in our case.  In many studies the 
branch or twig is physically removed from the tree, weighed or measured before the sample is 
infested with the test organism and then reweighed, or more commonly oven-dried and 
reweighed after a designated period of time of feeding by the test organism.  The difference 
between the “before” and “after” measurement is a computed direct measure of biomass change 
(reduction).  Because our objective was to produce a model that would emulate or predict foliage 
biomass reduction under normal field conditions incorporating all potential natural influences on 
the population, our measurements of foliar biomass reduction required using a surrogate set of 
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branch samples that would provide the data for baseline pre-infestation oven-dry weight of 
foliage biomass.  Hence, the study design necessitated destructive sampling in order to obtain 
oven-dry weights.  We assumed that because the branches used for the post-feeding samples 
must remain on the tree until after they were defoliated, we would have to  reserve extra 
branches as pre-eclosion surrogates (or “substitutes”) on which to obtain the oven-dry weight 
biomass as an “approximation” of the pre-eclosion biomass of the branches that would undergo 
defoliation.  Obviously, we recognize this surrogate sample introduces an additional variance 
component in our data, and is intrinsic in the error term of the fitted model. 

The coefficient of determination resulting from regressing mean oven-dry weight of foliage 
biomass removed against mean egg density from all six trees (fig. 38) was initially disappointing, 
explaining little of the cause of defoliation.  The regression of data from all 6 sample trees 
revealed that mean egg density explained little more than 0.06 percent of the variation in mean 
oven-dry weight of foliage removed by pine butterfly (equation 3, 𝑅𝑅2 = 0.00063).  The 
correlation coefficient (𝑅𝑅 = 0.02264) indicates essentially no relationship between the 
independent and dependent variables.  We can conclude from regression modeling the data sets 
of the six trees that the predictor variable, mean egg density in this case, provides no biological 
explanation for the pattern we see in the response variable, the oven-dry weight of foliage 
removed by pine butterfly larvae, when the model contains an outlier dataset. 

The development of an accurate regression model to describe the relationship between foliage 
biomass removed and the density of pine butterfly feeding stage is dependent on the model 
parameters of the analyzed data sets being identically or normally distributed and not influenced 
by outlier data points.  Outliers tend to increase the estimate of residual variance which can 
decrease the chance of rejecting the null hypothesis.  We found our regression model to be 
moderately sensitive to the presence of the errant data represented by one of the six trees in our 
data set (tree number 1517).  This data set influenced the regression equation by providing a 
strong weight to that point in fitting the regression slope and intercept, thereby compromising the 
fit to the bulk of the other data points and preventing an accurate estimate of the true slope and 
intercept of the regression line (fig. 38).  Under the least squares regression method significant 
outliers tend to pull a fitted regression line disproportionately toward any such outlying 
observation because the sum of the squared deviations is minimized (Neter and Wasserman 
1974).  This effect is evident when the regression fit of the data set containing the outlier (fig. 
38) is compared to the regression fit of the same data set, but excluding the outlier tree (fig. 39).  
Had we used ordinary least squared regression rather than geometric regression in fitting our 
regression line the inclusion of tree number 1517 in the analysis would have produced a fit even 
much worse than that shown in figure 38. 

We examined the outlier situation in some detail and determined it was not a recording or 
measurement error that could be corrected.  As far as we could tell, it was not due to a gross 
deviation from our experimental procedure causing the error. We went back to the study site and 
closely examined the tree and site location for inconsistencies, and to see if the tree manifested 
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any unusual physical characteristics or abnormalities that might have contributed to the 
anomalous data.  We also considered its location in the stand and the possibility of peculiar site 
characteristics that may have influenced the outcome.  We found this tree appeared to be more 
sparsely foliated than the other study trees and it was located on essentially the same soil type 
and plant association as the other trees, but the site appeared to be slightly rockier and the tree 
may have been stressed.  For some unknown reason, pine butterfly eggs superficially appeared to 
be visually more abundant on branches than on any other sample tree.  Aside from these slight 
differences nothing stood out as highly unusual about this tree or the site, although there were 
enough differences between this tree and the others that we continued to be concerned that our 
statistical analysis indicating this tree was an outlier was accurate.  In short, we found nothing 
that would allay our suspicions that this tree possibly represented a different population than the 
other sample trees. 

Ultimately we decided the best course of action would be to eliminate the entire data set for tree 
1517 and rerun our analyses, but to present all the results, with and without the anomalous tree 
data set included to emphasize the impact of these anomalous data points on the analysis 
outcome (Stevens 1984).  Through our study of this case we were not necessarily able to identify 
this “outlying-” tree data set as an extreme manifestation of the random variability inherent in the 
data.  We could not definitively pinpoint the reason for the abnormality in the data wherein the 
branches from this tree contained the highest initial egg density, but also had the lowest 
reduction of foliage (oven-dry weight basis), where logic suggested it should have had the 
highest reduction in foliage biomass. 

In summary, it appears to us that tree number 1517 represents an outlier, probably being from a 
different population than that of the other sample trees.  We concluded this tree data set 
incorporates a “contaminated” sample in the analysis that does not appear to conform to the 
characteristics of the sampled population of other sample trees.   Hence, our final model 
(equation 4) was developed using the data from only 5 of the 6 sample trees initially selected at 
random from the population; data for tree number 1517 was discarded from this analysis.  
Unfortunately the time-sensitive nature of the data observations did not permit obtaining 
additional observations to replace the discarded discordant data.  Perhaps, if we had been able to 
replicate this study, we might have found other data that would have supported leaving this tree 
in the study.  As that did not occur, we believe the reduced model (equation 4) adequately 
describes the relationship between 𝑌𝑌 and 𝑋𝑋, and explains the variability in 𝑌𝑌.  This model can be 
used to predict ponderosa pine foliage biomass reduction for the Malheur population, based on 
egg density. 

The regression fit without the errant tree data produced a strong linear relationship between mean 
oven-dry weight of foliage biomass removed and mean egg density, providing a better fit to the 
bulk of the data points than equation 3, and producing a biologically meaningful regression (fig. 
39).  The regression of data from 5 sample trees revealed that mean egg density predicts 98 
percent of the variation in mean oven-dry weight of foliage removed by pine butterfly (equation 
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4, 𝑅𝑅2 = 0.979).  The correlation coefficient (𝑅𝑅 = 0.98927) indicates a strong relationship between 
the independent and dependent variables. 

We can conclude from regression modeling using the data sets of all sample trees except tree 
number 1517, that the predictor variable, mean egg density, provides strong biological 
explanation for the pattern we see in the response variable, the oven-dry weight of foliage 
removed by pine butterfly larvae.  This equation (equation 4) can be reliably used to predict 
ponderosa pine foliage biomass reduction (oven-dry weight basis) at varying egg density for this 
population of pine butterfly.  However, because this model was developed with both  𝑌𝑌 and 𝑋𝑋 as 
random variables, our model (equation 4) is appropriate as long as the conditional probability 
distribution of 𝑌𝑌𝑐𝑐 at each 𝑋𝑋𝑐𝑐are normal and independent (Quinn and Keough 2002), and that the 
probability distribution of 𝑋𝑋𝑐𝑐 does not involve the regression parameters (see Neter and 
Wasserman 1974 for more detail). 

In conclusion, we provide a caveat emptor to potential users of this model.  This model should 
be viewed as applicable only to the population and under the conditions with which it was 
developed.  Fitting this model under one set of conditions and using it under a different set of 
conditions or on a different population, may invite troubles with model appropriateness, utility, 
and credibility.  Therefore, we urge others who might be tempted to use this model in other 
situations where pine butterfly outbreaks occur, to develop their own independent model using 
local data appropriate to that outbreak.  
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Chapter 3: Pine Butterfly Whole-tree Defoliation Model 
Widespread insect-caused defoliation of ponderosa pines in the Blue Mountains of northeastern 
Oregon is a relatively rare occurrence.  Conversely, multiple episodes of defoliation of Douglas-
fir and true fir stands by western spruce budworm and Douglas-fir tussock moth have occurred 
over the past 50 or 60 years, with some outbreaks involving most of the insects’ host-type stands 
in the Blue Mountains and elsewhere (Dolph 1980; Gast et al. 1991).  Ponderosa pine typically is 
less prone to defoliator problems, and widespread pine defoliation is highly unusual; there have 
been relatively few instances of defoliation of ponderosa pine by any defoliating insect even 
recorded over the last 100 years or more.  Where pine defoliation has occurred, it has occurred in 
sporadic infestations involving relatively small localized stands.  The 2009 through 2013 
outbreak of pine butterfly in ponderosa pine in northeast Oregon encompassed 101 175 hectares, 
the largest recorded for Oregon.  Ponderosa pine defoliation from this outbreak centered only on 
two ranger districts of the Malheur National Forest in eastern Oregon and occurred nowhere else 
in the Blue Mountains.  However, despite high populations of adult butterflies reported 
throughout the Blue Mountains and also as far away as Bend, Oregon, and Richland, 
Washington, in late summer and early fall during the peak of the outbreak, apparently no other 
areas of visible defoliation were reported or occurred. 

Outbreaks of forest defoliators frequently elicit strong reactions from the public due to the often 
rapid-appearing, extreme levels of defoliation caused by these insects.  Typical reactions 
encountered during the 2009 through 2013 pine butterfly outbreak on the Malheur National 
Forest suggest that public responses to defoliation stem from concern over the declining visual 
quality of the landscape, fear of tree mortality with significant loss of timber volume, and 
possible potentially catastrophic fire.  If tree mortality results from defoliation communities have 
a strong interest in seeing dead trees on public lands salvaged.  Timber harvest and salvage of 
tree mortality, whether from insects, fire, or other perturbations, are vitally important 
management priorities to the timber-based economies of communities affected by insect 
outbreaks or other forest disturbances. 

The visual quality of a forest deteriorates rapidly as trees are severely and repeatedly defoliated 
over several consecutive seasons, sometimes across hundreds of thousands of acres.  Severe 
defoliation dramatically affects the appearance of trees, creating visually striking contrasts to the 
fully-foliated, unaffected non-host conifers intermixed in defoliated host-tree stands.  Until the 
trees refoliate and fully recover, severe outbreaks may temporarily negatively affect the esthetic 
and recreation values, wildlife habitat quality, and other attributes of these stands.  A review of 
literature concerning economic measurement of the impacts of forest insect pests on products 
and services which do not have market-based prices, including recreation, esthetics, and others, 
supports the conclusion that outbreaks of forest insects affect parameters of forest quality, 
causing significant impacts on the nonmarket goods and amenity benefits provided by a healthy 
forest (Rosenberger and Smith 1997). 



 
207 

Severe defoliation also interposes several physiological and ecological issues on trees and forests 
that may have important consequences to tree health and stand dynamics.  Tree mortality and 
growth losses are the two most commonly documented impacts of tree defoliation by insects in 
the literature.   As previously noted, potential tree mortality is a major concern during and 
following an insect outbreak.  However, most studies suggest that defoliation alone does not 
hasten direct tree mortality, but trees weakened by defoliation are often attacked by secondary 
bark beetles, woodborers, and fungi which may kill trees that otherwise would have survived 
(Dewey et al. 1974a; Kulman 1971; Wargo 1978). 

It is probably natural to primarily focus on tree mortality as an assumed consequence of severe 
crown defoliation.  However, the potential loss of diameter growth—a less conspicuous form of 
defoliation damage to trees—is more often overlooked by the casual observer, although it is 
probably a more important impact on the tree than mortality, as has been suggested for various 
defoliating insects (Ciesla et al. 2010; Scott 2012; Wickman 1963). 

Kulman (1971) notes that in almost all of the 174 studies he reviewed growth loss was 
proportionately related to the quantity of foliage loss.  The carbohydrates produced through 
photosynthesis are allocated in trees for various structural processes involving construction of 
tissues and organs, including the growth of stem biomass (Mooney 1972; Waring and 
Schlesinger 1985).  Photosynthate production and carbohydrate storage are directly impacted by 
defoliation as the leaves serve both as manufacturing sites and food storage reservoirs for 
carbohydrates (Kozlowski and Winget 1964).  Large amounts of translocated carbohydrates are 
stored to provide a ready source of energy needed for early-season shoot growth following 
budburst (Kramer and Kozlowski 1960).  Thus, it is conceivable that defoliation by pine butterfly 
on the Malheur outbreak may cause measurable reduction in radial growth through loss of 
photosynthetic capacity in defoliated trees.  Indeed, such radial growth reductions in ponderosa 
pine have been documented for pine butterfly in the past (Cole 1966; Evenden 1940). 

Defoliation can weaken a tree’s defenses by altering the content and composition of 
monoterpenes in the phloem and altering (usually reducing) fungal confinement rates and resin 
volume production rates (Wallin and Raffa 1998, 1999).  These physiological and biochemical 
changes can hasten arrival and attack of tree-killing bark beetles leading to increased post-
defoliation tree mortality. 

However, from a positive point of view, another profound effect of defoliator outbreaks on forest 
ecosystems is the redistribution of nitrogen (N) from the canopy to the forest floor.  This input of 
nitrogen comes in the form of green leaf fall, insect frass, and insect biomass input, thereby 
improving the nutrient base for soil microbes, and expediting improvement in net retention of N 
in forest ecosystems (Lovett et al. 2002; Mattson 1980). 

The important negative and positive impact of insect defoliators on forest ecosystems provide 
impetus to evaluate defoliation to better understand its effects, and to determine ways to 
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accurately measure and estimate defoliation of forest trees.  The objective of this study was to 
develop a predictive model that would allow estimation of whole-tree defoliation by pine 
butterfly.  As we found in the previous chapter for the development of the biomass reduction 
model, the egg stage would ostensibly provide a better basis for measuring population density of 
pine butterfly.  Hence, our model uses mean egg density (eggs per 38.1 cm branch length) as a 
surrogate for larvae, since it is too difficult to measure pine butterfly larval densities accurately 
due to their mobility and variability in occurrence on branches. 

Methods 

Study Area 
Our study area was the same permanent population monitoring plots described in Part I 
Population Monitoring, Chapter 3 Monitoring Insect Populations and Damage section. 

Study Experimental Design 
Whole-tree defoliation modeling was conducted on pooled data from the population monitoring 
plots described in Part I Population Monitoring.  The study is a completely randomized design 
having six replications of three relative defoliation intensity classes as effect levels.  Initial 
defoliation intensity and outbreak year effects variables were fixed factors (Model I), but both 𝑥𝑥 
(egg density) and 𝑦𝑦 (whole-tree defoliation) variables are random, with a joint probability 
distribution, therefore requiring Model II regression.  We employed Model II, or random effects 
models for both ANOVA and regression procedures. 

Sample Collection and Processing 
Pine butterfly egg density samples were obtained by clipping five 38.1 cm branch tips from the 
lower crown on each of 6 sample trees located on each of 6 replicates of light, moderate, and 
heavy initial defoliation intensity classes (𝑎𝑎 = 540 branches).  Branches were processed and egg 
counts made as described in Part I Population Monitoring. 

Similarly, whole-tree defoliation estimates were obtained from all 108 of the permanent sample 
trees located on six plots on each of six replicates of three different initial defoliation intensity 
areas in the same manner as described in Part I Population Monitoring.  We estimated defoliation 
rates on all plot trees annually from 2010 through 2012 using an ocular estimation procedure 
with 10-percent categories, and in a few instances 5-percent categories when defoliation was 
either extremely light or severe.  However, only defoliation data from 2010 and 2011 were used 
in the model development.  The defoliation estimates were made each year when an estimated 
90-percent or more of the larvae had pupated.  We conducted the whole-tree defoliation 
estimates used in the model on October 25, 2010, and September 13, 2011. 

Data Preparation and Statistical Analysis 
We monitored egg densities in 2009 and 2010 to provide mean population estimates for the 6 
replicated plots, pooled over two consecutive years (2009 and 2010), and over all 3 initial 
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defoliation intensity classes (light, moderate, heavy).  These six pooled egg density estimates 
were used as the independent (𝑥𝑥) variables for development of the model. 

Likewise, we pooled whole-tree defoliation estimates for years 2010 and 2011 for all three initial 
defoliation intensity levels to provide mean whole-tree defoliation estimates for the six replicated 
plots.  The six pooled whole-tree defoliation estimates were used as the dependent model 
components for the 𝑦𝑦 variables. 

The egg density data for 2009 corresponded to the defoliation produced in 2010.  Although the 
eggs were laid in 2009 and overwintered as eggs, they did not hatch into larvae until 2010.  
Hence, they actively defoliated the trees during the immature stages during the summer of 2010.  
Similarly, the egg density data for 2010 corresponds to the whole-tree defoliation produced by 
larvae in 2011. 

We pooled samples for egg density and whole-tree defoliation across years because the mean 
estimates were highly correlated.  The replicate means of both variables represented a continuum 
of increasing correlated values for the two consecutive years since estimates for both variables 
were higher in the second year of measurement than they were in the first.  We used Pearson 
correlation to determine if egg density and whole-tree defoliation were related. 

Normality of the egg density and whole-tree defoliation data was tested with the Shapiro-Wilk 
W-test using StatMost32™ version 3.6 for Microsoft® Windows® (DataMost® Corp 1995).  The 
assumption of equality of group variances was tested with the modified Levene’s test using the 
deviation from the median given by the Brown-Forsythe procedure (Brown and Forsythe 1974).  
Statistical significance was tested at the 0.05 significance level for all statistical tests in this 
study. 

We then fit the data sets to an ordinary linear least-squares regression model in Microsoft® 
Excel® using StatistiXL® software, version 1.9, 2012, Nedland, WA, Australia (StatistiXL 2012).  
Initial modeling revealed a curvilinear fit.  We transformed the egg density data to common log 
(log10) scale to improve linearity, and re-fit the model.  The final log10-linear regression analysis 
was performed using a method for Model II geometric mean regression analysis (or Reduced 
Major Axis Regression, RMA) (Bohonak and van der Linde 2004; Sawada 2009) to approximate 
percent whole-tree defoliation rates based on pine butterfly mean egg densities.  The geometric 
mean regression method employs the assumption that error in measurement occurs in both the 
dependent and independent variables (Riggs et al. 1978; Webb et al. 1981).  Thus, it is the most 
appropriate procedure to use for exploring relationships between dependent and independent 
random effects variables in our case.  Standard errors were estimated by bootstrapping (Bohonak 
and van der Linde 2004), confidence intervals for β1 were determined in the usual manner 
(Quinn and Keough 2002), and a 𝑃𝑃-test was used for testing the H0 of slope (McArdle 1988). 
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We utilized analysis of variance (ANOVA) to test the significance of the proportion of variance 
in 𝑦𝑦 explained by the regression on 𝑥𝑥.  The significance of the regression coefficient was tested 
using the 𝑃𝑃-test.  Normality of regression residuals was tested with the Shapiro-Wilk W-test. 

Results 

A Pearson product-moment correlation coefficient was computed to assess the statistical 
relationship between fall egg density and whole-tree defoliation the following year.  There was a 
positive correlation between the two variables, 𝑎𝑎 = 0.883, 𝑎𝑎 = 6, 𝑃𝑃 = 0.020, 𝑃𝑃 = 3.762.  Given the 
overall strong positive correlation between fall egg density and whole-tree defoliation the 
following year, and the fact that increases in whole tree defoliation were correlated with 
increases in egg densities across years, pooling both egg density data and whole-tree defoliation 
data across years was a reasonable approach to modeling the variables. 

Shapiro-Wilk W-test determined that our pooled data for egg density and whole-tree defoliation 
were sampled from a Gaussian distribution.  Test results for egg densities indicated the samples 
conformed to a normal distribution (W = 0.94515, P=0.889).  Additionally, the test of whole-tree 
defoliation also accepted the null hypothesis that our data were consistent with a Gaussian 
distribution (W = 0.88648, P=0.836).  Our sample was relatively small after pooling (𝑎𝑎 = 6), 
although pooling was based on samples from 108 trees, obtained two years in a row.  This 
comparatively small sample size may not be large enough for the normality test to detect modest 
deviations from normality in this data set given that we found it necessary to employ a square-
root transformation of sample plot egg data to normalize data and stabilize variance when testing 
differences in egg and egg mass densities between 3 infestation years in a multivariate analysis 
of variance in the monitoring study (see Part I General Population Monitoring, above). 

Results of the Levene’s test showed that variances of whole-tree defoliation were not 
significantly different at the significance level of 0.05 (𝐹𝐹(5,30)=1.37, P=0.263).  The egg density 
data did have significant difference in variance among groups at the 0.05 significance level 
(𝐹𝐹(5,30)=3.27, P=0.0179), validating the reason we used a log transformation of the independent 
variable to correct for heterogeneity of variance (Zar 2010).  Also, Zar noted that Levene’s test 
may have drawbacks, as this test and certain other variance tests, are adversely sensitive to 
unequal sample sizes, or to skewed sample distributions.  Although our data had equal sample 
sizes the egg density distribution was moderately positively skewed (γ = 0.518; �̅�𝑥 = 48.783).  
Distributions of various insect population metrics such as egg density and other biological 
variables are often positively skewed (Quinn and Keough 2002). 

We assessed the ability to predict next season’s whole-tree defoliation of individual trees from 
measurements of average egg density on the lower crown branches by regressing the pooled 
ocular estimates of 2010-2011 whole-tree defoliation against pooled 2009-2011 average egg 
densities (eggs per 38.1 cm branch length).  We initially fit a linear mean geometric regression 
line to the data to determine if dependent and independent variables were linearly related.  
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Analysis of Variance (ANOVA) test for the significance of regression determined a significant 
P-value in the linear fit test (P = 0.02; α = 0.05; 𝐹𝐹(1,4) = 14.152), as did the 𝑃𝑃-test (𝑃𝑃 = 3.762; P = 
0.02).  The residuals from fitting the linear regression model were evenly spread and there were 
no obvious outliers.  The 𝑅𝑅2 value (0.7796) indicates that we can explain about 78 percent of the 
total variation in whole-tree defoliation by the linear regression with egg density.  We found 
there is not sufficient evidence at α = 0.05 to conclude that there is lack of linear fit between 
whole-tree defoliation and egg density.  However, a scatter plot suggests data might better fit a 
curvilinear model, with an improvement in the coefficient of determination; indeed, curvilinear 
regression analysis using the reduced major axis regression procedure on log transformed 
independent variables found that the independent variable was curvilinearly related to the 
dependent variable (fig. 40A).  The common log transformation of egg density provided a linear 
fit of our data (fig. 40B) given by the equation,  

𝑌𝑌 = 51.08x − 27.79  𝑅𝑅2 = 0.897   (1) 

                   (𝑎𝑎. 𝑃𝑃. )(8.199) (13.61)       

Where 𝑌𝑌 is the predicted whole-tree defoliation percent in the year after the eggs are laid, and 𝑥𝑥 
is the mean pine butterfly egg density measured the year before occurrence of whole-tree 
defoliation.  The standard error (𝑎𝑎. 𝑃𝑃.) for the slope and intercept are shown in parentheses below 
the equation, in that order.  The 95 percent confidence limits for the linear model were 𝐿𝐿1 = -
65.57 (lower) and 𝐿𝐿2 = 9.994 (upper) for the intercept, and 𝐿𝐿1 = 28.317 (lower) and 𝐿𝐿2 = 73.844 
(upper) for the slope. 

The logarithmic-linear mean geometric regression model fits the data well.  The amount of 
variability in percent whole-tree defoliation that can be explained by the curvilinear regression of 
percent whole-tree defoliation on mean average egg density (eggs per 38.1 cm branch) is about 
90 percent.  We used the Shapiro-Wilk W-test to examine the normality of residuals in the 
regression.  The Shapiro-Wilk W statistic (W =0.8770; df = 4) was not significant (P = 0.25; α = 
0.05); therefore, we accept the null hypothesis that the data came from a normally distributed 
population.  We also tested our data to determine if it differs significantly from a straight line 
using the Runs Test (Motulsky and Christopoulos 2004).  The Runs Test was significant (P = 
0.30; α = 0.05); therefore, the curve calculated in the regression does not systematically deviate 
from the data. 

Analysis of Variance (ANOVA) 𝐹𝐹 test for the significance of regression determined a significant 
P-value in the linear fit test (P < 0.01; α = 0.05; 𝐹𝐹(1,4) = 34.816), as did the 𝑃𝑃-test (𝑃𝑃 = 5.901; P < 
0.01). 

Quinn and Keough (2002) noted that if prediction is the main aim of our regression analysis, 
then the usual OLS regression model can be used when  𝑌𝑌 and 𝑋𝑋 are random as long as the 
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probability distributions of 𝑦𝑦𝑐𝑐 at each 𝑥𝑥𝑐𝑐 are normal and independent.  Hence, we used OLS 
regression to compute the ANOVA-derived regression significance tests given above. 

By nature of a random survey, the response and predictor variables used to develop this model 
were sampled from a bivariate distribution of two random variables, 𝑋𝑋 and 𝑌𝑌,  necessitating 
using the random effects or Model II regression because we could not control the levels of either 
the independent or dependent variables (Quinn and Keough 2002).  However, the RMA 
regression model provides close approximations to coefficients produced with the OLS 
regression model.  Because this model was developed with both  𝑌𝑌 and 𝑋𝑋 as random variables, 
our model (equation 1) is appropriate as long as the conditional probability distribution of 𝑌𝑌𝑐𝑐 at 
each 𝑋𝑋𝑐𝑐are normal and independent (Quinn and Keough 2002), and that the probability 
distribution of 𝑋𝑋𝑐𝑐 does not involve the regression parameters (see Neter and Wasserman 1974 for 
more detail). 

Discussion 

Overall, transforming the independent model variable mean egg density resulted in a curvilinear 
(log-linear reduced major axis regression) model that best fits the sample data and explains a 
larger percentage of the variation in subsequent percent whole-tree defoliation, than the linear 
model for reduced major axis regression based on coefficient of determinations (𝑅𝑅2 = 0.897 
verses 0.7796, respectively).  If the egg density survey is conducted in the fall soon after egg 
deposition equation (1) can be used to reliably estimate subsequent year percent of whole-tree 
(i.e., whole crown) defoliation by pine butterfly larvae in this outbreak.  The estimates of whole-
tree defoliation are dependent on determining mean egg density on 38.1 cm-long ponderosa pine 
branches, converted to common logarithms.  The value of using this equation to predict 
defoliation soon after egg deposition in the fall is that it provides an early estimate of crown 
biomass defoliation nearly a year in advance of the defoliation.  This early estimate affords a 
temporal advantage to resource managers by providing extended time for conducting 
environmental analyses, project planning, and preparing subsequent contracting or other actions 
well in advance in the event a decision is made to suppress the outbreak with insecticides. 

Before developing this model, the only other means of estimating pine butterfly-caused 
defoliation was by a procedure developed by Bousfield and Ciesla 25 during a 1969 through 1973 
pine butterfly outbreak in the Bitterroot Valley, Montana.  Their procedure was based on a linear 
regression model that used the number of eggs on the apical 5-inch (12.7 cm) segment of a 15-
inch (38.1 cm) length of branch clipped from ponderosa pine trees as the independent variable, 
and the percent of trees with visible defoliation as the dependent variable.  The regression 
equation predicted subsequent percent of trees with any amount of visible defoliation. 

In many ways their procedure is similar to ours as it was developed in much the same way using 
pine butterfly egg densities to estimate subsequent defoliation; however, there are several 
differences.  The first difference is in how each model defines units of measure for the egg 
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density estimates.  In our case we count total numbers of eggs on the entire 38.1 cm length of 
branch.  In their model they chose to use only the apical 12.7 cm of the branch on which to count 
eggs.  The decision to ascertain egg densities on only the apical 12.7 cm arises from earlier work 
by Ciesla et al. 26 that found that over 70 percent of the eggs of pine butterfly are deposited on the 
apical 12.7 cm of ponderosa pine branches.  Secondly, if egg densities are ascertained in the fall 
after new egg deposition, our model predicts the percent of whole-crown defoliation in the 
subsequent year, whereas their model predicts the percent of trees with any amount of visible 
defoliation in the subsequent year.  Whichever model might be used to predict defoliation would 
depend upon the objectives of the assessment.  The Bousfield-Ciesla model would serve the need 
to forecast the potential rate of trees affected by any level of defoliation across a sampled stand, 
irrespective of the degree of defoliation on individual trees.  By contrast, our model would 
enable the forecasting of potential future percentages of defoliation of the total crown biomass of 
individual trees, or an average for a stand when egg densities on trees are sampled across a stand 
and the predicted individual tree defoliation levels averaged. 

Knowing the potential magnitude of crown biomass defoliation given by our model would be 
useful in evaluating short- and long-term impacts on forest ecosystem processes since the live 
canopy of trees have many important functions, including 1) providing wildlife habitat (Hayward 
and Escano 1998; Reynolds et al. 1982); 2) determining the rate of dry-matter (woody biomass) 
production, (Gower et al. 1992; Matthews 1963; McCrady and Jokela 1998); 3) regulating the 
quantity, quality, spatial and temporal distribution of light at the forest floor, and influencing 
local precipitation and air movements (Jennings et al. 1999); 4) regulating canopy microclimate 
(Rambo and North 2009); 5) contributing to canopy fuel structure and vertical fuel profile 
(Keyser and Smith 2010; Peterson et al. 2005; Reinhardt et al. 2006; Scott and Reinhardt 2001; 
van Wagner 1977); and 6) regulating carbohydrate production for tree growth, defense, and 
maintenance of tree vigor (Kaufmann and Watkins 1990; Waring 1983; Waring and Schlesinger 
1985).  Models for estimating total crown biomass defoliation during pine butterfly outbreaks 
have previously not been available.  This contribution provides an important new analysis tool 
that may have functionality in other types of forest research studies, as well as being potentially 
beneficial to forest pest management specialists and forest resource managers.  

Although there may be interest in using both models to maximize the ability to forecast measures 
of host defoliation during a pine butterfly outbreak, surveys to collect egg density data to run the 
models must be obtained in slightly different ways.  Although this may appear burdensome at 
first, in reality it would not entail much extra effort since the same 38.1 cm long branch could be 
used to amass the data required for both models.  The Bousfield-Ciesla model necessitates 
counting only the eggs on the apical 12.7 cm tip of the branch, while our model requires 
counting all eggs on the entire branch.  Counting all the eggs on the branch is not expected to add 
substantially to the time required to obtain these data to run our model.  Information gained by 
both models would provide a more complete picture of defoliation damage to host ponderosa 
pines during pine butterfly outbreaks.  Using the Bousfield-Ciesla model approach in the current 
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outbreak, however, would require developing a revised model using data measured from this 
outbreak.  Otherwise the specific model they developed using data collected in the Montana 
outbreak might be inaccurate for the Blue Mountains.  Conversely, for the same reasons stated 
for the biomass model in the previous chapter, caution is given about applying our whole-tree 
defoliation model elsewhere. 

The ability to estimate the quantity of foliar biomass removed during larval feeding by pine 
butterfly is essential to the understanding of the impacts of defoliation on dynamic tree and 
ponderosa pine forest processes.  Loss of foliage by defoliators, wildfires, tree diseases, and 
other factors can have serious implications on the carbon balance in trees because of the 
importance of foliage in manufacturing, accumulating, and storing adequate carbon reserves for 
use in building structure and maintaining critical physiological processes.  Carbohydrates are the 
raw materials for various biochemical synthesis processes carried out by the tree.  A sustained 
loss of foliage by pine butterfly may limit the ability of the crown to photosynthesize adequate 
quantities of carbohydrates to replace stored carbohydrates used during periods of high carbon 
demand, eventually leading to depletion of reserve supplies and putting the tree at greater risk of 
mortality from a variety of causes. 

Building the chemical defenses of the tree is one of the important processes prioritized during the 
partitioning of carbohydrates within the plant (Waring and Schlesinger 1985).  Trees with 
weakened defenses may be predisposed to attack by bark beetles and woodborers.  The level of 
sustained or cumulative defoliation at which certain trees may be killed outright by pine butterfly 
or become susceptible to other mortality agents is still unclear.  However, widespread tree 
mortality may increase the hazard to wildfire and may cause forest management plans to be 
deferred or modified.  We surmise that increased tree mortality from bark beetles and 
woodborers following this pine butterfly outbreak, though limited, is unequivocally related to 
compromised chemical defenses determined by carbon allocation processes and priorities in 
response to sustained pine butterfly defoliation. 

Without a doubt potential or actual tree mortality will certainly encourage resource managers to 
examine the situation more closely.  Surveying pine butterfly egg densities and predicting 
subsequent defoliation with regression equations would provide empirical data on pine butterfly 
populations along with accurate defoliation forecasting information that could be used by 
resource managers to make more informed pest management and forest management decisions. 

As in the previous section, we urge a caveat emptor to potential users of this model.  This model 
should be viewed as applicable only to the population and under the conditions with which it was 
developed.  Fitting this model under one set of conditions and then using it under a different set 
of conditions or on a different population, may invite troubles with model appropriateness, 
utility, and credibility.  Therefore, we urge others who might be tempted to use this model in 
other situations where pine butterfly outbreaks occur, to develop their own independent model 
using local data appropriate to that outbreak. 
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Chapter 4: Pine Butterfly Sex-Ratios and Validity of Pupal Sexual Dichromatism 
Sex-ratios are considered an important factor in understanding the dynamics of resource 
allocation to sex in insects as well as in other animal populations (Charnov 1979; Charnov et al. 
1981; Dittmar et al. 2011; Hamilton 1967; Hjernquist et al. 2009; West et al. 2002).  Fisher 
(1930) was the first to formulate sex allocation theory by demonstrating that male and female 
parents contribute equally in total reproductive value to the ancestry of all future generations of 
the species.  In other words, each gender supplies half the genetic component (i.e., equal resource 
allocation) of their children.  Therefore, when total allocation of resources by the sexes is equal, 
the sex ratio is 1:1, or in equilibrium for the population as a whole.  However, if the totals of the 
parental effort spent in producing the two sexes are not equal (i.e., sex ratio is not equal) the 
pairs producing the rarer sex will have a selective advantage until the population sex ratio is 
equalized (Hamilton 1967; Myers 1978).  This has been called “Fisher’s principle” (Hamilton 
1967).  Although the basic principle is widely accepted among geneticists, population ecologists, 
and evolutionary biologists, it has been noted by West et al. (2002) that different organisms 
display a great deal of variability in the amount and precision with which they adjust their 
offspring sex ratios, and explaining why so much variation exists is a major research question 
that remains largely unaddressed. 

The various processes studied by which sex ratios can become adjusted or deviate from 
equilibrium include 1) food and other environmental stresses (Myers 1978; Trivers and Willard 
1973); 2) infection by intracellular microorganisms (Bandi et al. 2001; Hurst and Jiggins 2000; 
Jiggins et al. 2000; Weeks et al. 2001, 2013); 3) quality and availability of breeding territory 
(Hjernquist et al. 2009); 4) mate competition and attractiveness (Burley 1981; Hamilton 1967; 
Werren 1986); 5) resource competition (Clark 1978); 6) environmental variability (Charnov et al. 
1981); 7) host plant quality and various other host attributes (Clausen 1939; Charnov 1982; Craig 
et al. 1992; King 1987); and 8) extrachromosomal factors (Skinner 1985).  Knowing the sex ratio 
of an insect pest is important because it is an integral component in calculating the reproductive 
potential of the species (see Bremer 1929). 

Little is known of the sex ratios and sex allocation in the pine butterfly.  This is likely because 
the species has been little studied due to its relative rarity except during outbreaks, which are 
considered by some to be rather infrequent (Cole 1955; Evenden 1947).  A few studies have 
investigated aspects of the sexual biology of related pierid species, including among them the 
studies by Rotem et al. (2003) and Wiklund et al. (1998).  However, it is not likely these studies 
will shed much light on variability in pine butterfly sex ratios nor engender greater understanding 
of sex allocation in this species. 

Young (1986) probably published the only known record on sex ratios of pine butterfly, as far as 
we know.  He observed mass emergences of pine butterfly in a pinyon pine-juniper forest in 
western Colorado in 1983 and 1984.  Data from physical collections of adults from these mass 
emergences suggested a 5:1 male-to-female ratio, based on sample sizes of 58 adults in 1983, 
and 72 adults in 1984.  However, he also reports his collections had been biased in order to 
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locate females, which were rare.  Hence, he suggested the true sex ratio might have been closer 
to 50:1.  It should also be pointed out that he made these observations on adult butterflies over 
only two days in mid-August 1983 and early August 1984.  Consequently, the brief periods of 
observation and collection in each year interjects a temporal bias in his observations. 

The sex ratio reported by Young (1986) was extraordinarily male-biased, particularly if the true 
sex ratio is anywhere close to 50:1 as he speculated.  Nevertheless, sex-ratio distortion is not 
unusual.  Wiklund and Kaitala (1995) noted that the “operational sex ratio” (OSR, defined as 
ratio of potentially receptive males to receptive females at any time; see Emlen 1976) is strongly 
male-biased in virtually all natural butterfly populations suggesting matings by males may not be 
commonplace where this occurs.  On the other hand, based on Fisher’s principle and ample 
examples from the literature of various other organisms studied, most dioecious organisms 
allocate resources equally so that sex ratios of progeny are close to equilibrium (1:1). 

In insects, the appearance of adult males earlier than adult females of the same species (termed 
protandry; see Gordh and Headrick 2001), is believed to be the normal case (Wiklund and 
Fagerström 1977 and references therein; Wiklund et al. 1996).  Cole (1956a) reported protandry 
in populations of pine butterfly whereby large numbers of males emerge about a week before the 
first females appear. We, too, have observed protandry in the Malheur pine butterfly population, 
suggesting that this phenomenon is common for this insect.  It should be pointed out that the sex 
ratios we refer to are not the “primary sex ratio” which is assumed to be 1:1, but rather the 
operational sex ratios resulting from longer development times of females.  This distinction is 
critical, because as Bulmer (1983) points out, “Diploid species cannot vary the primary sex ratio 
temporally because they have an inflexible chromosomal sex-determining mechanism; in this 
case protandry can evolve only through sexual selection acting directly on the emergence times 
of males.”  Given the initial heavily male-skewed distribution of pine butterfly sex ratios at 
beginning of adult emergence, would this male-favored sex ratio continue to be supported based 
on statistical analysis across the entire emergence period of the adult stage issuing from a defined 
group of pupae?  We designed studies to investigate this question.  In addition to these studies, 
we also addressed the validity of color-related sexual dimorphism (i.e., sexual dichromatism) in 
pine butterfly pupae.  Cole (1956a) suggested that sex differentiation could be determined in the 
pupal stage based on pupal color, with males being yellowish-green, and females being a dark 
brown.  Although Downton and Ross (1969) discounted this relationship between pupal color 
and sex in pine butterfly, we provide further statistical evidence supporting their results. 

The objective of this portion of the study was to determine if the sex ratio of adults at emergence 
changes across a relatively short time-scale, or remains static; and additionally, determine if pine 
butterfly sex ratios on the Malheur outbreak were as strongly male-biased as those suggested by 
Young (1986).  The second object was to evaluate the validity of color-related sexual 
dimorphism (sexual dichromatism) in pine butterfly pupae. 
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Methods 

Study Area 
Our study area was the same permanent population monitoring plots described in Part I 
Population Monitoring, Chapter 3 Monitoring Insect Populations and Damage section. 

Study Experimental Design 
This study was designed to evaluate biological variables distributed as binomial data or nominal-
scale data, which come from a population with only two categories, male and female, or green 
and brown.  Our objective for the sex ratio study was to test the goodness of fit of the observed 
frequency distribution to the expected frequency distribution representing the null hypothesis 
that the number of observations in each category is equal to that predicted by the sex allocation 
theory; specifically that the sex ratio of pine butterfly is 1:1.  Conversely, for the sexual 
dichromatism study, the null hypothesis is that there is no difference in the color for male and 
female pine butterfly pupae (i.e., we do not have any a priori expectation about the relative color 
of males and females).  All tests performed were two-tailed tests. 

For standard notation convention for the sex ratio study, we denote the maleness category as p 
and the femaleness category as q, so that the proportion of the population belonging to the 
female category is defined as q = 1 – p. 

Pupal collections for these studies were made in a haphazard fashion, but the methodology used 
ensured that pupae were collected in a manner that approximates a random sample (see below).  
Theoretically, we sampled from a population in which the frequencies of the various classes 
represent certain parametric proportions of the total frequency (Sokal and Rohlf 1969). 

Sample Collection and Processing 
To determine adult pine butterfly sex ratios and validate whether pupal color dimorphism is sex 
related, in August 2010 we haphazardly collected 1 831 pupae from one of the replicated study 
plots (site 1, table 2) to rear for these studies.  Pupae were collected in the same manner as 
described in Part I Population Monitoring, Chapter 3 Monitoring Insect Populations and Damage 
section, described earlier. 

Pupae were carefully removed from a wide variety of random pupation sites with butterfly 
forceps, including trunks of trees, branches and foliage of host trees, understory shrubs, fence 
posts, barbed-wire, Carsonite™ Composites road signs, cattle guards, and other locations.  Pupae 
were collected into 0.9 l heavy paperboard leak-resistant ice cream containers containing 
shredded paper in the bottom.  Green-colored and brown-colored pupae were maintained 
separately by collecting each color into separate containers.  The containers were placed in a 
Coleman™ plastic cooler containing Blue Ice™ (Rubbermaid™ Incorporated).  All samples 
were transported back to the lab within 24 h of collection and placed in the walk-in cooler for 
storage until processed. 
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A crew of four individuals made the collections over the course of about 2 h, with each 
individual collecting both green- and brown-colored pupae as noted above.  We made the 
collections from the broad diversity of pupation sites as indicated.  The collection area 
represented four different locations within an area ranging from roughly 6.1 to 8.1 hectares, to 
insure pupal samples provided a good representation of the population at each location and 
pupation site within the broader area sampled. 

In the lab, 200 pupae of brown color and 200 pupae of green color were placed individually in 60 
x 15 mm polystyrene Petri dishes with  Whatman® 55 mm round filter paper in the bottom of 
each dish to which 3-4 drops of distilled water were added for moisture.  The dishes were 
checked daily to monitor hatch rate and parasitism.  Pupae were monitored until either a new 
butterfly emerged, or the pupa was killed by a parasite, or died from other causes.  The sex of the 
emerging butterflies, and the color of the pupae from which it emerged, were recorded on a data 
sheet for later entry into a Microsoft® Excel® spreadsheet for analysis. 

Ratio of adult male to female butterfly was determined by placing 1 380 of the pupae in a nylon 
screened wood-framed cage measuring 0.6m x 0.9m x 0.9m and monitoring daily emergence of 
adults.  The screened rearing cage was maintained in a laboratory where the mean temperature 
was 22.0±0.1 ºC and mean relative humidity was 41.2±0.6 percent.  We recorded the date of 
emergence and the sex of the butterflies as they emerged. 

To study sex-linked pupal color dimorphism, we placed 175 brown-colored pupae and 177 
green-colored pupae individually in 60 x 15 mm plastic Petri dishes containing a single sheet of 
Whatman® 55 mm round filter paper in the bottom of the dish, moistened with distilled water, 
and re-moistened as necessary.  The trays of Petri dishes were maintained in the laboratory at the 
same mean temperature and mean relative humidity as above.  We monitored the pupae daily and 
recorded the date of emergence, sex of the adults as they emerged, and the color of the pupa from 
which they emerged. 

The gender data for these adults were combined with data from the screened cage study of sex 
ratio above, by combining the data by common dates of emergence for both dichotomous data 
sets.  Adult emergence monitoring occurred on five separate dates: August 16-19, 2010, and 
August 23, 2010. 

Statistical Analysis 
Sex ratios obtained on each monitoring date were analyzed with the exact binomial test of 
goodness-of-fit.  The observed sex ratios were compared to the equilibrium sex ratio (1:1) to 
determine the probability of getting the same result as our observed data if the null hypothesis 
were true (McDonald 2009b). 

The data set for the overall sex ratio (all counts combined across the five observation dates) was 
too large (𝑎𝑎 > 1 000) to calculate with the exact binomial test of goodness-of-fit in Microsoft® 
Excel® so we used the likelihood ratio test for goodness-of-fit (G-test for goodness-of-fit) with 
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Yates correction.  In the same manner as for the individual monitoring date data, this test 
analyzed the overall sex ratio by comparing the observed counts of numbers of observations in 
each category with the expected equilibrium sex ratio to determine the probability of getting the 
same result as our observed data under the null hypothesis (McDonald 2009b).  We calculated 
the probabilities for each category and the 95 percent confidence levels as discrete variables from 
a binomial distribution. 

We analyzed the sexual dichromatism data in a 2x2 contingency table and calculated the test 
statistics for the Chi-square.  Probabilities in each category and their 95 percent confidence 
levels were calculated as discrete variables from a binomial distribution. 

Statistical analyses were performed in Microsoft® Excel® using StatistiXL® software, version 
1.9, and programs available on-line (McDonald 2009a). 

Results 

Objective 1. Temporal changes in sex ratio 
The results of the exact binomial test of goodness-of-fit for sex ratios of pine butterfly on each 
monitoring date are given in table 8.  Operational sex ratios declined from a high of 3.3:1 at 
commencement of adult emergence on August 16, 2010, to near equilibrium of 1.1:1 at the 
completion of adult butterfly emergence on August 23, 2010.  In nearly all cases, the observed 
sex ratio differed significantly (P<0.001) from the expected 1:1 ratio of pine butterfly adult 
males to females.  The difference from the expected 1:1 ratio was not significant for the August 
18, 2010, emergents (P=0.224), nor for the August 23, 2010 emergents (P=0.203). 

The temporal change in proportion of emerging males is shown in fig. 41.  The observed 
proportion of males exceeds the expected proportion at every emergence date with observed 
proportions declining over time, while approaching the expected proportions.  By the date of the 
final adult emergence, August 23, 2010, the observed proportion of males is nearly equal to the 
expected proportion. 

The overall proportion of males computed from the binomial distribution is �̂�𝑝 = 0.5652, with a 
lower 95 percent confidence limit of 𝐿𝐿1 = 0.5386 and upper 95 percent confidence limit of 𝐿𝐿2 = 
0.5916.  The overall proportion of females computed from the binomial distribution is 𝑞𝑞� = 
0.4348.  The lower 95 percent confidence limit for the proportion that are female is 𝐿𝐿1 = 0.4084 
and upper 95 percent confidence limit of 𝐿𝐿2 = 0.4614.  These proportions are based on 𝑎𝑎 = 1 380 
trials with 780 successes for males and 600 successes for females (table 8).  The likelihood ratio 
test for goodness-of-fit produced a significant test statistic of 𝐺𝐺 = 23.284 (P<0.001). 

Objective 2. Investigation of pupal sexual dichromatism 
The Chi-square (𝑥𝑥2) analysis tested the null hypothesis that the observed distribution of cross-
tabulated frequencies (color vs. sex) has the same distribution as an expected distribution and are 
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independent of one another.  We evaluated the test results by calculating the following test 
statistics for the data set: 𝑥𝑥2 = 0.017208; P=0.896. 

In the Chi-square test the calculated statistic exceeded the critical P-value (3.841).  Therefore, 
we accepted the null hypotheses.  There are no differences in the color for male and female pine 
butterfly pupae. 

Table 9 summarizes the observed and expected frequencies for the color-sex combinations.  It 
also provides the estimates for the variable proportions calculated from the binomial frequency 
distribution along with their 95 percent confidence limits.  We found that the observed 
proportions for each combination of pupal color and sex are nearly equal to their respective 
expected values (table 9). 

Figure 42 further illustrates the distribution of the proportion of total pine butterfly male and 
female pupae that were either brown or green.  Although the color variables were equally 
distributed among male pupae, as they also were among female pupae, the brown-colored pupae 
of males occurred 1.536 times more frequently than in females, and the green color occurred 
1.493 times more frequently in male pupae than in females. 

Discussion 

Objective 1. Temporal changes in sex ratio 
In our study the operational sex ratios did not conform to the theoretical 1:1 primary sex ratio 
(where p = q = 0.5).  From these results we conclude that the nonconformity of the data to the 
hypothesized sex ratio is due primarily to protandrous male emergence.  Early male emergence 
distorts the sex ratio in favor of male pine butterflies.  Hence, adults emerging from a sample of 
pupae from a binomially distributed population obtained at the beginning of adult emergence do 
not have equal sex frequencies.  As the emergence of adults in our study continued, reaching 
completion about a week later, greater numbers of females emerged, gradually equalizing the sex 
ratio to nearly a 1:1 sex ratio.  Extrapolating these results to a field population suggests that at 
some point in time during the stage of adult emergence, a sample from the population would 
result in nearly equal sexes of adult pine butterflies because the binomially distributed population 
will contain more or less equal sex frequencies.  However the sex frequencies are initially 
distorted in favor of males at the beginning of adult emergence due to the protandrous condition 
of male emergence. 

When we computed the overall adult sex ratio, 1.3:1, and tested for goodness-of-fit, we found 
that it, too, is significantly different from the theoretical primary adult sex ratio of 1:1 (P<0.001), 
although coming closer to unity than most of the operational sex ratios determined on individual 
monitoring dates (table 8).  To determine more accurately the adult sex ratio of the population 
one would have to make additional pupal collections equally spaced throughout the remainder of 
the flight period for monitoring adult emergence, and then compute the operational sex ratio at 
the time of each sample.  Notwithstanding the gain in accuracy of additional point samples of 
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pupae, we believe our current overall adult sex ratio of 1.3:1 is probably a close representation of 
the true primary sex ratio of the population.  This sex ratio still has a slight male bias, but differs 
greatly from the male bias in pine butterfly reported by Young (1986).  Pine butterfly sex ratios 
in our study when emergence first began (e.g., 3.3:1; table 8) approached the ratios he reports.  
Our study suggests that operational sex ratios of pine butterfly change on a temporal scale, 
eventually approaching a fixed primary equilibrium sex ratio.  We suspect this is true for other 
pine butterfly populations occurring elsewhere as well.  The issue of protandry in pine butterfly 
raises additional questions concerning how it may benefit males of this species.  Darwin (1871) 
assigned selective advantage to insect males with protandrous emergence.  He noted that early 
males increase their breeding opportunities, enabling them to potentially produce the largest 
number of offspring, and endowing the progeny with similar paternal traits.  However, while 
theoretically correct, Zonneveld (1992) cautioned that a female only contributes to a male’s 
reproductive success as long as she does not mate again.  Moreover, there seems to be broad 
opinions and explanations of how protandry may benefit insects.  Wiklund and Fagerström 
(1977) enumerated several hypotheses published in the literature, in the following: 

“Four hypotheses have been advanced to explain the functional significance of 
protandry: (1) it serves to prevent inbreeding (Petersen, 1892); (2) it ensures that 
only the ‘fittest’ males survive long enough to mate with females (Demoll, 1908); 
(3) it ensures that the females become fertilized immediately after eclosion so as 
to minimize pre-reproductive death of females (Ford, 1945; Lundgren and 
Bergström, 1975); (4) males that emerge before the females stand a greater 
chance of mating with one or several females than do males emerging later 
(Petersen, 1947).” 

There are also dissenting opinions.  In their study Wiklund and Fagerström (1977) point out 
shortfalls with most of these hypotheses.  After offering theoretical considerations, they then 
conclude with their viewpoint that protandry in butterflies is an optimal reproductive strategy 
linked to competition for mates which occurs either 1) in species in which females are 
monogamous, or 2) from the ability of males mating with virgin females to fertilize a larger 
number of eggs on average than males mating with already mated females. 

The various competing hypotheses on functional significance of protandry are usually supported 
by examples from the literature or original studies, but more importantly they reveal that due to 
diversity in biological systems functional significance of protandy cannot be simply explained or 
portrayed by a single hypothesis.  In seems as new systems of protandry are studied they give 
rise to a widening array of new alternative hypotheses as well. 

We attempted mating studies with pine butterfly in a lath-house to determine the number of eggs 
females would deposit after a mating, but were unsuccessful.  The fresh females either would not 
mate when paired with a freshly-emerged male, or they declined to oviposit.  It is likely that a 
mating environment far too different from the natural environment of the insect may have had 
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overriding influence on this outcome  As Stout (2002) patiently learned from his observations, 
the pine butterfly adult female seems to be complex and exacting in the conditions under which 
she will deposit eggs.  Only after employing an intricate ritual of feeding and exposure to light 
intensity regimes was he able to coax females to lay eggs.  We did not engage such an elaborate 
procedure in our effort to obtain eggs. 

Little is actually known of the mating and oviposition behavior of pine butterfly and many 
questions still remain.  We know that adult females are receptive to males soon after emergence 
as mating occurs almost immediately following emergence, and oviposition takes place within a 
few hours (Evenden 1926).  Cole (1956a) adds that “mating often occurs before the wings of the 
female are fully expanded and dry.”  However, we do not know the duration of the egg-laying 
period of females (Cole 1956a), nor do we know whether females mate more than one time, nor 
how many times males will mate.  Current knowledge of butterflies suggests that females of 
many species are monandrous (mate only once), but as Zonneveld (1992) observed that 
assumption is not realistic since polyandry (repeated mating of females) has been demonstrated 
in other species, including those of Pieridae (Wiklund and Forsberg 1991), the family to which 
pine butterfly belongs.  It is entirely possible that pine butterfly females are also polyandrous, 
since polyandry has been shown to prevail in other members of this family.  That question still 
remains to be resolved. 

Another unanswered question related to sex ratio in pine butterfly is their longevity in the adult 
stage.  Considering the resource allocation to male verses female reproduction, is there any 
advantage from a longevity standpoint for pine butterfly to reproduce more of one sex as 
opposed to the other?  In our studies we did not examine the question of longevity at any stage, 
but it may be a pertinent question as it relates to reproduction, survival, and perpetuation of 
outbreaks.  Given the Malheur outbreak has now collapsed, the opportunity to address these 
questions and others related to longevity, sex ratio, and sex allocation theory will have to be 
deferred until a future outbreak event occurs. 

Objective 2. Investigation of pupal sexual dichromatism 
In the animal kingdom sexual dimorphism expressed as phenotypic differences between sexually 
reproducing males and females is widespread.  At the primary level sexual dimorphism 
represents the corporeal side of the animal constitution that makes them distinctively male and 
female.  Williams and Carroll (2009) distinguish three classes of sexual dimorphism: (1) primary 
sex traits are those which include anatomical and physiological characteristics that contribute 
directly to sexual reproduction; (2) secondary sex traits are modifications to animal morphology 
and behavior that contribute to their possessor’s reproductive success; and (3) ecological sex 
traits are those characteristics that differ between the two sexes when they occupy different 
habitats of life. 

Sexual dichromatism falls under the second class of sexual dimorphism described by Williams 
and Carroll (2009).  Sexual dichromatism is a frequent component of ornamentation, the latter 
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being one form of sexual dimorphism. In the insect world, sexual dichromatism is a 
characteristic in which the males and females of the same species have different marking patterns 
or coloration forms.  Sexual dichromatism has been most widely studied in avian species 
(Badyaev et al. 2003; Kimball et al. 1999), fishes (Kodric-Brown 1998), and butterflies (Allen et 
al. 2011). 

During the first recorded pine butterfly outbreak in eastern Washington, Stretch (1882) described 
the “normal” color of the pupae as being pale green.  He observed that this color form was found 
on needles of young pines and on shrubby plants in the underbrush, while closer searching 
revealed a larger proportion of those on bark of the large trees were blackish brown in color.  
After examining a number of those located on the bark, he surmised the blackish brown-colored 
pupae were all diseased, further noting that many contained a larva of either a wasp or a fly.  His 
claim persisted for nearly 70 years. 

About four decades later Evenden (1926) studied a pine butterfly outbreak in ponderosa pine 
along the Little Salmon and Payette Rivers in Idaho, and described as part of his study, the 
natural control of pine butterfly by the parasitic ichneumonid wasp, Theronia atalantae 
fulvescens (Cresson).  He claimed this parasitoid laid its eggs on the caterpillars, and though 
severely weakened, these individuals still were able to reach the pupal stage.  He then repeats 
Stretch’s claim that the parasitized pupae were of dark brown color, and those that were normal 
ranged from pale to dark green. 

During a later outbreak of pine butterfly in southern Idaho, Orr (1954) and Cole (1956a, 1971) 
published reports on the nature of pine butterfly pupal color dimorphism that conflicted with 
those of Evenden (1926) and Stretch (1882).  The more recent authors claimed that the color 
differences in the pupae of pine butterfly were sex-based conditions by which males and females 
could be distinguished: females being the dark brown pupae and males were lighter yellowish-
green ones. 

In view of the discrepancies noted in the literature, and with a new pine butterfly outbreak 
developing near Okanagan, British Columbia, in 1962, Downton and Ross (1969) determined to 
investigate the basis of pupal coloration in pine butterfly.  Their research determined that pupal 
coloration differences were not due to sexual dichromatism, parasitism, or the quantity of food 
available during development.  Instead, pupal color resulted from the background coloration of 
the pupation site and exposure to light during the light sensitive prepupal stage.  Light-green 
foliage pupation sites, or an artificial white background, suppressed pigment formation and 
produced green pupae; darker green previous-year foliage pupation sites produced intermediate 
results; and defoliated twig pupation sites (dark color) or an artificial black background, 
promoted heavy pigmentation in pupae leading to the dark brown color. 

Our analysis of the relation of pupal color to sex agrees with one of the conclusions of Downton 
and Ross (1969): that male and female pupa cannot be distinguished on the basis of color.  Our 
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analysis by Chi-square contingency table did not find any statistical difference in the color for 
male and female pine butterfly pupae collected from the Malheur outbreak, a result also 
indicated by table 9 and fig. 42. 

There are numerous examples of pupal color polymorphism among the Lepidoptera where the 
color of the pupae is not linked to sex.  Campbell (1953) reported that both sexes of 
Choristoneura fumiferana (Clem.) may be either yellow or green, although in contrast to this he 
observed that sexual dichromatism was demonstrated in a related species, C. pinus Free., where 
the male pupae are always yellow and female pupae are always green.  In the western spruce 
budworm we have observed over the years many pupal color variations and patterns that are not 
sex based. 

Like the pine butterfly, the color of the background on which larvae pupate also has shown to 
influence pupal color in Pieris rapae (Linnaeus) (Poulton 1887; Scudder 1889).  Baker (1970) 
studied bird predation as a selective pressure on eggs, larvae, and pupae of Pieris rapae L. and P. 
brassicae L. and found that the pressure exerted provided the force to affect adaptations relative 
to size, shape, and color behavior of the larvae and pupae of both Pieris species.  Specifically, he 
noted that the choice of pupation sites as well as the matching of pupal and background color 
appeared to be adaptations brought about by predation pressure.  Wigglesworth (1970) suggests 
that the color transformations of these and other insects are mediated by the neuroendocrine 
system.  Ohtaki (1960; cited in Wigglesworth 1970) demonstrated that the brown coloration of 
Pieris rapae curucivora Boisduval pupae is achieved “by a humoral factor released from the 
prothoracic ganglion and controlled by the brain through the oesophageal commissures.” 

Among the butterflies it appears many other factors can influence pupal color.  Hazel (1977) 
summarized the environmental bases of pupal coloration in papilionid butterflies, listing factors 
such as the photoperiod under which the larvae are reared (West et al. 1972), the color of the 
pupation substrate or the wavelengths of light to which the prepupa is exposed (Gardiner 1974; 
Wiklund 1972), and the texture and geometry of the substrate (West and Hazel 1979).  The study 
by Downton and Ross (1969) on the pupal coloration of pine butterfly also mentions that in 
addition to background color, light is necessary for pigment formation in that species.  In the 
absence of light pupae were found to be green in color indicating that the development of the 
brown pigmentation in pupae is light-sensitive in this species as it seems to be for pupae of other 
butterfly species. 

The genetic basis for pupal color in pine butterfly has not been investigated, but it has been 
examined in other butterfly species such as the papilionids, Papilio polytes L. (Clarke and 
Sheppard 1972); Papilio polyxenes Fabr. (Hazel and West 1996); and Papilio zelicaon Lucus 
(Sims 1983).  Genetic variation in the choice of pupation sites by Papilio polytes has been found 
to be modifiable under selection (Clarke and Sheppard 1972).  Sims (1983) found that the 
predisposition for Papilio zelicaon to form brown pupae, and a positive correlation between 
brown pupae and diapause were both inter- and intra-population variable. Moreover, one 
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generation of selection increased incidence of green pupae, and it was most effective at a high 
selection differential.  Hazel and West (1996) suggested there is genetic variation in both 
tendency to produce brown or green pupae and preference for pupation sites that produce either 
green or brown pupae in this species, and clearly this variation was heritable. 

Hazel and West (1996) also observed that in general, environmentally cued polymorphism, as 
noted above, would be favored when there are fitness trade-offs for the alternative phenotypes in 
the selective environments.  Obviously, it is in an insect’s favor to avoid detection by its 
predators and this can easily be achieved by being cryptic in where the insect pupates.  Cryptic 
pupation sites are often used by pine butterfly (e.g., bark crevices, foliated branches, lichen 
masses, etc.), and pupal coloration to match the pupation substrate—either green or brown—is 
another form of pupal crypsis employed by pine butterfly as well as pupae of  the papilionids, 
and the Pieris species, the latter of which are related to the pine butterfly. 

In summary, green or brown color dimorphism in pine butterfly is not sexual dichromatism as 
suggested by Cole (1956a), and color cannot be predicted for one sex or the other of this species.  
Neither sex is exclusively one color nor the other; male and female pupae occur in both brown 
and green, depending on the substrate on which they pupate. 

Although it has as its basis an environmental component that includes the background or 
pupation substrate and a pigmentation process that is light sensitive, it also is probably under 
genetic control.  This latter point is not definitively known for pine butterfly now.  The ability to 
adapt pupal color to match the background tone—light or dark—of the sites on which it pupates, 
is a cryptic process that provides pine butterfly pupae protection from predators to avoid being 
detected in order to help maximize chances of survival. 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 

 

  

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

Light Moderate Heavy

E
gg

 D
en

si
ty

 (e
gg

s/
38

 c
m

 b
ra

nc
h)

Initial Defoliation Intensity

PB 2009

PS 2009

PB 2010

PS 2010



 
283 

Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 12 

 

  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Theronia
atalantae

fulvescens

Exorista mella Agria housei Brachymeria
ovata ovata

Ephialtes
camponotus

P
ro

po
rti

on
 P

ar
as

iti
ze

d

Parasite Species

Site 4 - 1619 Road 



 
289 

Fig. 13 
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Fig. 14 
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Fig. 15 

  

  

0

1

2

3

4

5

6
L 

D
ef

ol
ia

tio
n

M
 D

ef
ol

ia
tio

n

H
 D

ef
ol

ia
tio

n

L 
D

ef
ol

ia
tio

n

M
 D

ef
ol

ia
tio

n

H
 D

ef
ol

ia
tio

n

L 
D

ef
ol

ia
tio

n

M
 D

ef
ol

ia
tio

n

H
 D

ef
ol

ia
tio

n

2008 2009 2010

R
ep

lic
at

e 
P

lo
t

Heavy

Moderate

Light

Endemic



 
292 

Fig. 16 
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Fig. 17 
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Fig. 18 
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Fig. 35 
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Fig. 36 
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Fig. 37 
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Fig. 38 
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Fig. 39 
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Fig. 40 

 

  

Y = 51.08 log10(x) - 27.79
R² = 947

0

20

40

60

80

100

0 20 40 60 80 100

W
ho

le
-tr

ee
 d

ef
ol

ia
tio

n 
(%

)

Egg density (eggs per 38.1 cm branch)

A

Y = 51.08x - 27.79
R² = 0.947

0

10

20

30

40

50

60

70

80

90

1 2

W
ho

le
-tr

ee
 d

ef
ol

ia
tio

n 
(%

)

Common log of egg density (log10 eggs per 38.1 cm 
branch)

B



 
317 

Fig. 41 
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Fig. 42 
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Table 1—Analysis of variance statistics for selected tree and stand metrics in replicated pine 
butterfly monitoring plots on the Emigrant Creek Ranger District, Malheur National Forest, 2010-
2012 

 
 
Metric 

 
 

Class 

Tree 
sample 

size 

 
 

Mean ± SE 

 
Between 
group df 

 
 

Fa 

 
 

F critical 

 
 

Ρ-value 
Tree 
diameterb 
(cm) 

   2 0.419 932 3.682 32 0.664 582 

 Light 36 46.7±3.0     
 Moderate 36 44.8±2.3     
 Heavy 36 42.5±2.3     
Tree height 
(m) 

   2 0.538 894 3.682 32 0.594 274 

 Light 36 23.2±1.6     
 Moderate 36 21.8±1.0     
 Heavy 36 20.5±1.1     
Tree crown 
base height 
(m) 

   2 1.351 406 3.682 32 0.288 647 

 Light 36 5.8±0.3     
 Moderate 36 6.3±0.3     
 Heavy 36 5.5±0.4     
Tree live 
crown ratio 
(percent) 

   2 2.079 408 3.682 32 0.159 558 

 Light 36 26.5±1.3     
 Moderate 36 29.4±1.4     
 Heavy 36 26.6±1.3     
Basal area 
at sample 
tree (m2/Ha) 

   2 0.039 096 3.682 32 0.961 756 

 Light 36 21.2±1.2     
 Moderate 36 20.4±1.4     
 Heavy 36 20.8±1.3     

 

aNone of the table metrics significantly different (P < 0.05). 
bQuadratic mean diameter. 

  



 
320 

Table 2—Metrics for haphazard location collections of pine butterfly pupae to monitor sex ratios 
and sex-related color dimorphism (Monitoring Site 1), and parasitism rates (Monitoring Sites 2-5) 
within the pine butterfly outbreak on the Emigrant Creek Ranger District, Malheur National Forest, 
2010-2012 

Monitoring 
Site 

Pupal 
sample 
size (n) 

Pupal Collection 
Date 

 
Latitude 

 
Longitude 

Elevation 
(m) 

1 1 831a August 11, 2010 43°59'40.26"N 118°51'4.14"W 1 634 
      
2 261 August 16, 2011 43°55'22.68"N 118°51'00.66"W 1 682 
      
3 624 August 16, 2011 44°03'10.28"N 118°25'55.56"W 1 792 
      
4 48 July 31, 2012 44°09'43.7"N 118°49'34.5"W 1 482 
      
5 49 July 31, 2012 44°09'07.7"N 118°49'35.4"W 1 509 
      

 

aOnly 1380 of these pupae were included in the sex ratio and sex-related color dimorphism analyses. 
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Table 3—Three-factor full factorial model analysis of variance table analyzing egg density 
response of two ponderosa pine defoliators, pine butterfly and pine sawfly, at three different 
relative initial defoliation intensity levels (light, moderate, and heavy), over three different 
outbreak years (2009-2011) in replicated pine butterfly monitoring plots on the Emigrant Creek 
Ranger District, Malheur National Forest, 2010-2012 

ANOVA 
Summary 

 
Source 

Sum of 
Squares 

 
df 

Mean 
Square 

 
F-value 

 
Probability 

Model        
ANOVA Model 2 520.242 11 229.113 16.306 3.373E-14 
 Error 843.034 60 14.051   
 Total 3 363.276 71    

Detailed 
ANOVA 

 

       

 Defoliator Species 456.053 1 456.053 32.458 3.912E-07 
 Initial Defoliation Intensity 70.102 2 35.051 2.495 0.091 
 Year of Outbreak 76.530 1 76.530 5.447 0.023 
 Defoliator Species      
 x Initial Defoliation Intensity 229.078 2 114.539 8.152 0.001 
 Defoliator Species      
 x Year of Outbreak 1 362.518 1 1 362.518 96.972 3.813E-14 
 Initial Defoliation Intensity      
 x Year of Outbreak 264.692 2 132.346 9.419 2.769E-04 
 Defoliator Species      
 x Initial Defoliation Intensity      
 x Year of Outbreak 61.268 2 30.634 2.180 0.122 
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Table 4—Pair-wise multiple comparisons of pine butterfly and pine sawfly egg densities by year of 
outbreak in replicated pine butterfly monitoring plots on the Emigrant Creek Ranger District, 
Malheur National Forest, 2009-2010a 

 
Group 1 

 
Group 2 

Sample 
size 

Between 
group df 

Bonferroni-Holm 
corrected α 

 
Ρ-valueb 

Pine butterfly – 2010 Pine sawfly – 2010 6 3 0.0083 < 0.01*** 
Pine butterfly – 2009 Pine butterfly – 2010 6 3 0.0100 < 0.01*** 
Pine butterfly – 2010 Pine sawfly – 2009 6 3 0.0125 < 0.01*** 
Pine butterfly – 2009 Pine sawfly – 2010 6 3 0.0167 < 0.01*** 
Pine butterfly – 2009 Pine sawfly – 2009 6 3 0.0250 0.065 84ns 
Pine sawfly – 2009 Pine sawfly – 2010 6 3 0.0500 0.865 44ns 

      
 

aData pooled over all initial defoliation intensities. 
bP-values are given, with indicators for high significance (***) and no significance (ns). 
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Table 5—Mean (±SE) numbers per branch of parasites and predators, by Order, collected from 
branch samples from replicated monitoring plots on the pine butterfly outbreak on the Emigrant 
Creek Ranger District, Malheur National Forest in 2011 

Variable 
category 

Branch 
sample 
size (n) 

 
Hymenoptera 

 
Diptera 

 
Raphidioptera 

 
Hemiptera 

 
Araneae 

Light 180 0.3±0.2 0.5±0.3 0.2±0.2 10.2±8.8 11.8±1.8 
       

Moderate 180 3.3±1.3 2.7±0.9 0.7±0.3 18.8±5.7 15.3±1.7 
       

Heavy 180 6.3±5.4 4.0±2.2 0.3±0.2 9.3±2.7 14.0±3.2 
       

Overall 
Mean 

540 3.3±1.8 2.4±0.8 0.4±0.1 12.8±3.5 13.7±1.3 

       
Percentage 540 7.3±3.2 7.5±2.0 1.2±0.5 30.4±5.4 53.3±5.4 
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Table 6—Mean width (±SD), and range of larval head-capsule for each instar of the pine butterfly, 
and growth ratios between instars, from larval collections from the pine butterfly outbreak on the 
Emigrant Creek Ranger District, Malheur National Forest in 2011 and 2012. 

Larval stage Number of 
measurements 

(n) 

Mean head-capsule 
width in 

micrometers 

Head-capsule 
width range Growth Ratio 

      
First Instar 86 597±46.5 313 - 639  

    1.20  
Second Instar 233 718±34.7 641 - 780  

    1.41  
Third Instar 2 025 1 012±103.5 781 - 1 218  

    1.42  
Fourth Instar 1 059 1 437±115.9 1 220 - 1 715  

    1.39  
Fifth Instar 1 515 2 000±125.2 1 718 - 2 319  

    1.42  
Sixth Instar 520 2 850±220.7 2 337 - 3 515  
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Table 7—Sample tree descriptive statistics for mean egg density and oven-dry weight of foliage 
biomass removed by the pine butterfly in an outbreak on the Emigrant Creek Ranger District, 
Malheur National Forest in 2011. 

Sample 
Tree 

number 

Branch 
Sample 

size 

 
 

Variable 

 
 

Mean 

 
Standard 
deviation 

 
Standard 

error 
      

1512      
 10 Egg density (eggs per 38.1 cm branch) 30.9 17.5 5.5 
 5 Oven-dry weight removed (g) 11.3 12.3 5.5 

1513      
 10 Egg density (eggs per 38.1 cm branch) 41.2 35.7 11.3 
 5 Oven-dry weight removed (g) 22.6 24.1 10.8 

1514      
 10 Egg density (eggs per 38.1 cm branch) 43.8 39.9 12.6 
 5 Oven-dry weight removed (g) 24.2 14.4 6.5 

1515      
 10 Egg density (eggs per 38.1 cm branch) 30.2 13.1 4.2 
 5 Oven-dry weight removed (g) 13.0 13.4 6.0 

1516      
 10 Egg density (eggs per 38.1 cm branch) 23.8 19.9 6.3 
 5 Oven-dry weight removed (g) 7.8 16.4 7.3 

1517      
 10 Egg density (eggs per 38.1 cm branch) 68.3 31.8 10.1 
 5 Oven-dry weight removed (g) 7.9 5.2 2.3 
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Table 8—Goodness-of-fit test statistics for pupal rearing of pine butterfly collected from an 
outbreak on the Emigrant Creek Ranger District, Malheur National Forest in 2010. 

 
Date 

 
Sex 

 
Observed 
Proportion 

 
Expected 

Proportion 

 
Sex 

Ratio 

 
P-value a 

      
August 16, 2010    3.3 <0.001 

 M 59 38.5   
 F 18 38.5   

August 17, 2010    2.3 <0.001 
 M 72 51.5   
 F 31 51.5   

August 18, 2010    1.2  0.224 
 M 84 76.0   
 F 68 76.0   

August 19, 2010    1.8 <0.001 
 M 100 78.5   
 F 57 78.5   

August 23, 2010    1.1  0.203 
 M 465 445.5   
 F 426 445.5   

Overall    1.3 <0.001 
 M 780 690.0   
 F 600 690.0   

 

aP-values are given for exact binomial test of goodness-of-fit procedure for all dates except for the last.  “Overall” P-value was 
computed from the likelihood ratio test for goodness-of-fit. 
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Table 9—Frequency table of the relationship of pine butterfly pupal color and sex from rearing of 
pine butterfly collected from an outbreak on the Emigrant Creek Ranger District, Malheur National 
Forest in 2010. 

 
Color 

 
Sex 

 
Observed 

Proportion a 

 
Expected 

Proportion 

 
Binomial 

Proportion 

 
Lower 

95% CL 

 
Upper 

95% CL 
       

Brown M 106 105.4 0.3011 0.2536 0.3520 
       

Brown F 69 69.6 0.1960 0.1558 0.2414 
       

Green M 106 106.6 0.3011 0.2536 0.3520 
       

Green F 71 70.4 0.2017 0.1610 0.2475 
       

 

aOut of 352 trials. 
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Figure Captions: 
 

Figure 1. Approximate distribution of pine butterfly in North America. The range of pine butterfly 
generally follows the ponderosa pine type (illustrated), and portions of the Douglas-fir range in 
Washington and British Columbia. (from D. W. Scott, Pine Butterfly, For. Insect and Disease Leafl. 
66. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Region. 16 p.) 

Figure 1—Pine butterfly monitoring plot locations southeast of Silvies, Grant County, Oregon on 
the northern portion of the Emigrant Creek Ranger District, Malheur National Forest. 

Figure 2—Area in hectares of ponderosa pine defoliated by the pine butterfly annually on the 
Malheur National mapped by aerial and ground surveys over the outbreak period 2009-2012. 

Figure 3—Pine butterfly egg mass densities from 2008 through 2010 by initial defoliation intensity 
class on replicated sampling plots in the pine butterfly outbreak on the Emigrant Creek Ranger 
District, Malheur National Forest.  Error bars are standard error of the mean. 

Figure 4—Pine butterfly egg densities from 2008 through 2010 by initial defoliation intensity class 
on replicated sampling plots in the pine butterfly outbreak on the Emigrant Creek Ranger District, 
Malheur National Forest.  Error bars are standard error of the mean. 

Figure 5—Mean percentage viability of 2009 pine butterfly egg densities by initial defoliation 
intensity class on replicated sampling plots in the pine butterfly outbreak on the Emigrant Creek 
Ranger District, Malheur National Forest.  Error bars are standard error of the mean. 

Figure 6—Comparison of mean egg densities for pine butterfly and pine sawfly for 2009 and 2010 
by initial defoliation intensity class on replicated sampling plots in the pine butterfly outbreak on 
the Emigrant Creek Ranger District, Malheur National Forest. (PB = pine butterfly; PS = pine 
sawfly)    Error bars are standard error of the mean. 

Figure 7—Comparison of mean whole-tree defoliation trends over three consecutive outbreak 
years (2010-2012) by initial defoliation intensity class on replicated sampling plots in the pine 
butterfly outbreak on Emigrant Creek Ranger District, Malheur National Forest.  Error bars are 
standard error of the mean. 

Figure 8—Comparison of mean whole-tree defoliation trends across initial defoliation intensity 
classes by outbreak year on the replicated sampling plots in the pine butterfly outbreak on 
Emigrant Creek Ranger District, Malheur National Forest.  Error bars are standard error of the 
mean. 

Figure 9—Annual change in percent pine butterfly pupal parasitism from 2010 through 2012 of 
pupal collections from 5 sites in the pine butterfly outbreak on Emigrant Creek Ranger District, 
Malheur National Forest (pine butterfly pupae collected August 11, 2010, August 16, 2011, and 
July 31, 2012) 

Figure 10—Proportional distribution of pupal parasites of pine butterfly from parasite monitoring 
site 2 located along National Forest Road 2800 south in the pine butterfly outbreak on Emigrant 
Creek Ranger District, Malheur National Forest.  (pine butterfly pupae collected August 16, 2011)    
Error bars are standard error of the mean. 
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Figure 11—Proportional distribution of pupal parasites of pine butterfly from parasite monitoring 
site 3 located near the Antelope Lookout in the pine butterfly outbreak on Emigrant Creek Ranger 
District, Malheur National Forest.  (pine butterfly pupae collected August 16, 2011)    Error bars are 
standard error of the mean. 

Figure 12—Proportional distribution of pupal parasites of pine butterfly from parasite monitoring 
site 4 located along National Forest Road 1619 north in the pine butterfly outbreak on Emigrant 
Creek Ranger District, Malheur National Forest.  (pine butterfly pupae collected July 31, 2012)    
Error bars are standard error of the mean. 

Figure 13—Proportional distribution of pupal parasites of pine butterfly from parasite monitoring 
site 5 located along National Forest Road 1619 south in the pine butterfly outbreak on Emigrant 
Creek Ranger District, Malheur National Forest.  (pine butterfly pupae collected July 31, 2012)    
Error bars are standard error of the mean. 

Figure 14—Kaplan-Meier survival curve with 95% confidence limits for 108 monitoring trees on 
replicated study plots defoliated by pine butterfly in the pine butterfly outbreak on Emigrant Creek 
Ranger District, Malheur National Forest for the outbreak period from June 2009 through May 
2013. 

Figure 15—Pine butterfly infestation patterns as a proportion of replicated sampling plots by 
initial defoliation intensity class and outbreak year in the pine butterfly outbreak on Emigrant 
Creek Ranger District, Malheur National Forest.  Categories estimated from egg densities based 
on criteria by Cole (1955).  (L Defoliation = light initial defoliation; M Defoliation = moderate initial 
defoliation; H Defoliation = Heavy initial defoliation) 

Figure 16—Distribution of pine butterfly eggs on new and old foliage by crown quarter in a 12.2 m 
tall, 35.6 cm dbh ponderosa pine in an infestation in East Kamloops District, British Columbia in 
October 1962. (Graph drawn from data from Grant 1963) 

Figure 17—Distribution of empty pine butterfly chrysalises by crown quarter in a 12.2 m tall, 35.6 
cm dbh ponderosa pine in an infestation in East Kamloops District, British Columbia in October 
1962. (Graph drawn from data from Grant 1963) 

Figure 18—Ponderosa pine branch showing nearly complete defoliation of older needles, and 
most of the current-year needles in the pine butterfly outbreak on Emigrant Creek Ranger District, 
Malheur National Forest. 

Figure 19—Ponderosa pine stands heavily defoliated by pine butterfly southwest of Antelope 
Lookout on Prairie City Ranger District, Malheur National Forest, on August 16, 2011.  Note green 
greens in photo background are grand firs.  Photo by Donald W. Scott, USDA Forest Service. 

Figure 20—The ichneumonid wasp, Theronia atalantae fulvescens (Cresson) parasitizing a pine 
butterfly pupa in the pine butterfly outbreak on Emigrant Creek Ranger District, Malheur National 
Forest on September 14, 2011.  Photo by Donald W. Scott, USDA Forest Service. 

Figure 21—Theronia atalantae fulvescens (Cresson) obtaining nectar from flowers of western 
water hemlock, Cicuta douglasii (DC.) Coulter & Rose, in the pine butterfly outbreak site along the 
Malheur River on Prairie City Ranger District, Malheur National Forest on July 17, 2012.  Photo by 
Rachelle Knieriem, USDA Forest Service. 
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Figure 22—Agria housei (Shewell) was the most common dipteran parasitoid of pine butterfly 
pupae on the pine butterfly outbreak on Emigrant Creek Ranger District, Malheur National Forest.  
Photo by Donald W. Scott, USDA Forest Service. 

Figure 23—Podisus serieventris Uhler feeding on larva of pine butterfly in the laboratory.  
Photographed on a Microsystems Leica MZ75 stereomicroscope equipped with a Leica DFC320 
color digital camera on August 18, 2011.  Photo by David Wahler, USDA Forest Service. 

Figure 24—Apoecilus bracteatus (Fitch) mating pair in the pine butterfly outbreak on Emigrant 
Creek Ranger District, Malheur National Forest on September 13, 2011.  Photo by Donald W. Scott, 
USDA Forest Service. 

Figure 25—Apoecilus bracteatus (Fitch) nymphs aggregate feeding on pine butterfly larvae in an 
outbreak on Emigrant Creek Ranger District, Malheur National Forest on July 23, 2012.  Photo by 
Richard Vetter, USDA Forest Service. 

Figure 26—Apoecilus bracteatus (Fitch) adult feeding on pine butterfly eggs in an outbreak on 
Emigrant Creek Ranger District, Malheur National Forest on September 14, 2011.  Photo by Donald 
W. Scott, USDA Forest Service. 

Figure 27—Neophasia menapia menapia larval head-capsule width frequency distribution 
histogram displayed in micrometers, with the normal probability density function fitted to the 
data.  Each peak corresponds to a separate instar, with raw data displayed representing six 
instars from the youngest to the oldest instars going from left to right.  Data pooled for larval 
collections obtained from the pine butterfly outbreak on Emigrant Creek Ranger District, Malheur 
National Forest in 2011 and 2012 (n = 5 438 larvae). 

Figure 28—First-instar Neophasia menapia menapia larval head-capsule width frequency 
distribution histogram displayed in micrometers, with the normal probability density function 
fitted to the data.  Data pooled for larval collections obtained from the pine butterfly outbreak on 
Emigrant Creek Ranger District, Malheur National Forest in 2011 and 2012 (n = 86 larvae; f(x) = 
frequency; bins = 17). 

Figure 29—Second-instar Neophasia menapia menapia larval head-capsule width frequency 
distribution histogram displayed in micrometers, with the normal probability density function 
fitted to the data.  Data pooled for larval collections obtained from the pine butterfly outbreak on 
Emigrant Creek Ranger District, Malheur National Forest in 2011 and 2012 (n = 233 larvae; f(x) = 
frequency; bins = 15). 

Figure 30—Third-instar Neophasia menapia menapia larval head-capsule width frequency 
distribution histogram displayed in micrometers, with the normal probability density function 
fitted to the data.  Data pooled for larval collections obtained from the pine butterfly outbreak on 
Emigrant Creek Ranger District, Malheur National Forest in 2011 and 2012 (n = 2 025 larvae; f(x) = 
frequency; bins = 19). 

Figure 31—Fourth-instar Neophasia menapia menapia larval head-capsule width frequency 
distribution histogram displayed in micrometers, with the normal probability density function 
fitted to the data.  Data pooled for larval collections obtained from the pine butterfly outbreak on 
Emigrant Creek Ranger District, Malheur National Forest in 2011 and 2012 (n = 1 059 larvae; f(x) = 
frequency; bins = 22). 
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Figure 32—Fifth-instar Neophasia menapia menapia larval head-capsule width frequency 
distribution histogram displayed in micrometers, with the normal probability density function 
fitted to the data.  Data pooled for larval collections obtained from the pine butterfly outbreak on 
Emigrant Creek Ranger District, Malheur National Forest in 2011 and 2012 (n = 1 515 larvae; f(x) = 
frequency; bins = 21). 

Figure 33—Sixth-instar Neophasia menapia menapia larval head-capsule width frequency 
distribution histogram displayed in micrometers, with the normal probability density function 
fitted to the data.  Data pooled for larval collections obtained from the pine butterfly outbreak on 
Emigrant Creek Ranger District, Malheur National Forest in 2011 and 2012 (n = 520 larvae; f(x) = 
frequency; bins = 17). 

Figure 34—Relationship between larval instar of Neophasia menapia menapia and natural 
logarithm of larval head-capsule width.  A linear relationship satisfies the Dyar rule (Dyar 1890).  
Data pooled for larval collections obtained from the pine butterfly outbreak on Emigrant Creek 
Ranger District, Malheur National Forest in 2011 and 2012 (n = 5 438 larvae). 

Figure 35—Weekly change in mean head-capsule width and estimated mean instar number for 
larvae of Neophasia menapia menapia from the pine butterfly outbreak on Emigrant Creek Ranger 
District, Malheur National Forest in 2012 (n = 5 258).  Head-capsule widths are shown with 99 
percent confidence limits.  Instar number estimated by 𝒚𝒚 = 𝟐𝟐.𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝟕 𝒍𝒍𝒍𝒍 𝒙𝒙 − 𝟕𝟕𝟏𝟏.𝟕𝟕𝟕𝟕𝟕𝟕, where 𝒙𝒙 is in µm. 

Figure 36—Comparison of mean head-capsule width in micrometers by instar number for larvae of 
Neophasia menapia menapia from the 1953 through 1954 pine butterfly outbreak on the Boise 
National Forest (n = 100) (Cole 1956a) with the 2009 through 2013 outbreak on the Emigrant Creek 
Ranger District, Malheur National Forest (n = 5 258). 

Figure 37—Relationship between mean oven-dry weight (grams) of foliage biomass removed by 
larvae of Neophasia menapia menapia and mean egg density (eggs per 38.1 cm branch tip), 
showing potential “outlier” data point.  Data from pine butterfly outbreak on the Emigrant Creek 
Ranger District, Malheur National Forest 2011 (n = 6 sample trees; n = 30 branches). 

Figure 38—Geometric mean regression of mean oven-dry weight (grams) of foliage biomass 
removed by larvae of Neophasia menapia menapia and mean egg density (eggs per 38.1 cm 
branch tip), with “outlier” data point included in analysis.  Data from pine butterfly outbreak on the 
Emigrant Creek Ranger District, Malheur National Forest 2011. Oven-dry weight (g) of foliage 
removed estimated by 𝒚𝒚 = 𝟕𝟕.𝟕𝟕𝟏𝟏𝟕𝟕𝟗𝟗𝒙𝒙 − 𝟕𝟕.𝟏𝟏𝟕𝟕𝟕𝟕, where 𝒙𝒙 is in eggs per 38.1 cm branch.  (n = 6 sample 
trees; n = 30 branches). 

Figure 39—Geometric mean regression of mean oven-dry weight (grams) of foliage biomass 
removed by larvae of Neophasia menapia menapia and mean egg density (eggs per 38.1 cm 
branch tip), with “outlier” data point excluded from analysis.  Data from pine butterfly outbreak on 
the Emigrant Creek Ranger District, Malheur National Forest 2011.  Oven-dry weight (g) of foliage 
removed estimated by 𝒚𝒚 = 𝟕𝟕.𝟕𝟕𝟖𝟖𝟗𝟗𝟕𝟕𝒙𝒙 − 𝟕𝟕𝟕𝟕.𝟕𝟕𝟕𝟕𝟏𝟏𝟕𝟕, where 𝒙𝒙 is in eggs per 38.1 cm branch.   (n = 5 
sample trees; n = 25 branches). 

Figure 40—Geometric mean regression of percent whole-tree defoliation by larvae of Neophasia 
menapia menapia and mean egg density (eggs per 38.1 cm branch tip).  Plot A is curvilinear plot 
with independent variables (egg density) transformed to common logarithms.  Plot B is data fitted 
with mean geometric regression with independent variables plotted on common logarithms scale; 
dotted lines are 95 percent confidence intervals and dashed lines are 95 percent prediction levels.  



 
332 

Data from pine butterfly outbreak on the Emigrant Creek Ranger District, Malheur National Forest 
2011.  Percent whole-tree defoliation estimated by 𝒚𝒚 = 𝟏𝟏𝟕𝟕.𝟕𝟕𝟕𝟕 𝒍𝒍𝒍𝒍𝒍𝒍(𝒙𝒙) − 𝟐𝟐𝟕𝟕.𝟕𝟕𝟗𝟗, where 𝒙𝒙 is in eggs 
per 38.1 cm branch (n = 6). 

Figure 41—Temporal change in observed proportion of adult male Neophasia menapia menapia 
emergence in the laboratory rearing of field-collected pupae plotted along with expected 
proportions, assuming the theoretical sex ratio of 1:1.  Data from pine butterfly outbreak on the 
Emigrant Creek Ranger District, Malheur National Forest 2010.  Error bars are standard errors. 

Figure 42—Distribution of observed proportions of adult male and female Neophasia menapia 
menapia pupae that are either brown or green in the laboratory rearing of field-collected pupae 
from pine butterfly outbreak on the Emigrant Creek Ranger District, Malheur National Forest 2010. 
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