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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE PANDORA MOTH, A PERIODIC
PEST OF WESTERN PINE FORESTS

By J. E. Parceusoy

Assistant Entomelogist, Division of Forest | nseels, Burean of Butomolog:
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INTRODUCTION

During the period extending from 1918 to 1925 thonsands of acres
of merchantuble yellow pine on the Klamath Indian Reservation and
adjoining timbered truets in Oregon were severely defoliated by the
caterpillurs of the pandora moth (Coloradia. pandora Blake).2

This Large moth s regularly present in this region, as well as in
many other sections of the West, but the history of its past oceur-
rences in destrietive numbers reveals the fact that in southern Ore-
gon the insecls increase to the proportions of an epidemic at fairly
regular intervals of about 20 or 30 years, and continue sbundant for
from 6 to ¥ veurs,

Indians of the Klannaih region report that the caterpilluvs of the
moth recur in large numbiers at intervals of about 20 years. An in-
teresting note regarding these large eaterpitiars is Found in a letter
to the writer Trom I Marion Wilkes, [orest topuarapher of the
United States Indian Serviee, who states that the Ihunath and
Modoe Indians foruerly eollected the prpae for food. These they
ealled ball quaneh.™  Aldrieh {7, 2)% and J. M. Miller {in = fotter)
state that the ute Indisns in the vicinity of Mono Luke, Calif,,
collect the mature caterpillars by enciveling the infested troes with

Cfleep trenchies. After deseending the trees to pupate, the calerpitlarg

~Tall into these trenehes and are nnable to escape.  They are then

gadthered Dy the Indians, who dry them by burving them in mounds

Seirder Leplopton, Gouily S:tuenibdne,
T2 fteferenee is o omade by B aamhers in miretitheses be Y Lberatine eited Bl o,
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of carth shich have been previously heated by fire. The drying
process is completed by spreading the caterpillarsin the shade. The
dried caterpillars, ov  peage,” are eaten in the form of stew made by
boiling them with vegetables, The Klamath Indians were not known
to cat the cuterpillars, thongh they considered the chrysalids a
delicacy when reasted,

("olovadie pandore has beeome a forest pest of major importance.
at least in the Klamath Reservation and adjoining areas, the re-
peatedd defolinfions in the vears of its abundance having resulted in
grently retarded troe growth, with consequent loss of increment, and,
in cascs of severe defoliation, in the death of the trees. Even niore
vertous has been the loss from barle-beetle infestations which have
developed as a result of the caterpillars work. Trees which have
heen weskened by defoliation are very susceptible to the attacks of
barde beetles, and an epidemic of these beetles which followed the
recent moth outhreak has developed to alarming proportions in
these stands during the past Tew years,

INMENTITY

Aceording to 1L G, Dyar, of the United States National Museum,
who has identificd specimens for the writer, the form of Ccloradia
oceurring in Oregon and California is Coloradia pandora Blake,
Packard (9, p. 712) and Chamberlin (6) refer to specimens col-
jected at Wort Klunath, Oreg., as (', pendore: and in the publica-
tions of Aldrich () and Essie (8, p. 670) on the forn of the moth
found in Californin this name s relained.  Recently (in 1926)
Barnes and Benjamin {4) in deseribing new species of Coloradia
have listed specinwns feom Oregon and California as the new species
(' finddseni.

The different torms of Coloradia are not easily separated, and
sinee the inseet Found in the West is generally known as (' pendora.
and ix thns relerred fo in economice Rterature, it seetus best to retain
this name for the present at least, The speefes which ocenrs in
southern Ovegon and California s therefore vefereed to i this
Lulletin as €% pandore Blake

e habits, seasonal history, biology, amd economie importance
presented in this bulletin apply specifieally to the ansect in the
region of ils oceurrence in south-central Oregon.

Doclor Dyar in g letter stales it as hix opiion that there ave not
more than two speeies of Coloradia in the United States. of which
the larger one, with distinet markings on the hind wings i the male,
is (" pundore Blake. This is found in different parts of Colorado,
and was deseribed From Pikes Peak in that State, Local forms.
probably searcely worthy of separate numes. are 0 pandora dupisi
Barnes and Benjawin, from the White Mounntains, Arviz.: O. pradore
chivierdne B und B From the Chirieabun Mountains, Coclise Co,,
Avize; (0 pandora dfueri Boand B frown Pavdi e, Cochise Ca.
Aviz s O pundera bouniwelli B.and B, frem Tigh Rolls N. ¥Mex,,
ancl (', pandora Undseyi B, and B, the form here under consideration,
Characters other than locality separating these vaees are slight. and
i i thought best, expectadly inoan economic publieation, to ixmore
these varions varietal names,

The other Frm of Coloradin referved (oo namely, . doris Barnes
{3y, is perhaps of specilie value, TUis from Colorado and Montuna,
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with a local form, €' doris lusld B, and B., from the White Mountains
of Arizona. This species is not discussed in the present bulletin but
is mentioned for the sake of completeness. It is not known, even,
that it feeds upor pine.

DESCRIPTION

THE EGG

‘The egas of Coloradia pandora (fig. 1, C and D) arc nearly
subspherieal or globular in shape, and are slightly compressed on two
opposite sides.  As incubation progresses the surface has o tendency
to shrink, and these flattened sides become strongly depressed. The
cggs vary in size, averaging 2.5 mm. in length and 2 nun. in width.
The color s pale, senmiivansparent, bluish green when deposited, later
changing to a duller, more opagne, green. They are deposited in
clisters of varying size.

THE LARVA

The tarvae, when they emerge from the eggs, are approximately
6 pun. dong, They ave black or brownish and covered with short
dark hairs. The head is broad, 2 mun, wide, and shiny blaclk in color,
The thoracie segmeut is nearly s broud as the head. and the rest of
the body tapers geadially anturiorly. The full-grown Inrvae measure
trom 60 to 70 mm. in length and are yellowish green,  (Fig. 2, A, B,

and (')

THE PUTA

The pupae {fig. 2, D). whieh are davk chocolate brown, range from
13 to 1D mm. in width. and from 25 to 38 mm. in length. The out-
lnes of the folded wings, eves, antennne. and other charncters of the
adnit are plainly visible on the suetace.

THE ADULT

The adults (fig. 1, . and B) are brownish gray, The antermae are
biserrate and a litthe tonger than the thorax, The thorax is black,
streaked with gray, and s clothed wilh short, soft hairs, The APeX
is tifted and extends bevond the wings, The forewings are brownish
gray, with an indistinet, wavy, blackish band extending obliquely
across thenn There i a smally distinet black spot on the discal
HEPV T, '

The lind wings are vafons grayv with an indistinet, cloady band
tapering from the intorior to the exterior marein. There is n distinet
brownishi spot on the disk.  The buase of (he wing and inferior
mirein are clothed with pinkish hairs which in the male shade fo
wine color. Length of hody of fenmle 40 mme. of wide 28 mn., wingr
cspanse of femade 96 moe, of male 85 mm. ' )

HGRTS AND DISTRIBUTION

C'wloradic pendora attacks only pines.  Western vellow pine
{(Pénus ponderosa) is the proferred host thronghout the grealer part
of the inseet’s range in the Pacific States. Jeffrey pine (2. joffreys)
and dodgepale pine (£ nourswguana) are sometimes infested hy this
moth, The attacks on lodgpole pive appear (0 he purely incidental,
as this species sullors only when H ocenrs in stands of vellow pine.
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Coloradic pandore has been recorded from various sections in all
the Pacific States® (£, 2, 9, 9, 10). Its range is probably coincident
with that of the western yellow pine, its principal host. The writer
has collected the insect throughout the pine belt from the Sierra
National Forest in south-centrat California to as far north as Bend
in contral Oregon. Though the species is thus shown to be of rather
wide distribution, severe intestatieng of this pine defoliator have been
vecordeidl from only two localities. south-centeal Oregon and the
Inyo National Forest in cast-central California. In the latter sec-
tion occurrence of the species has not been epidemie in the true sense
of the term, but has had more of the character of a high endemic
infestation. There are definite records of the species oceurring in
highly epidemic form in the former region only. FPackard (9, p.
11.3) states that the insecls were conunon at Fort Kilamath for a few
years prior to 1893, The recent epidemic developed on the Klamath
Tndian Reservation, Oreg., in 1918 and continned unabaterl until
1925, when there was a noticeable decline in the number of cater-
pillars and pupae, and the defoliated trees began to show recovery.
In 1926 the number of adults was negligible as compared with the
number of those of the previous flight years, and it was apparent
that the vecent epidemic had about run its course.

It 15 possible t%mt the decline of the epidemics und the comparative
exemption from moths in the intervening years are due to the
activity of the moth's naturnl enemies, which under normal condi-
tions may be capuble of helding the infestation in checl.

TPupation takes place in the ground, and it seems that a loose, pum-
ice soil in which the caterpillars can easily bury themselves is neces-
sary to the most successful development of the moth. It is signtficant
that epidemics of (‘oloradia pandora have occurred only where this
type of soil is found.

NATURE AND EXTENT OF INJURY

The following discussion of the damage one by Coloradin pandora
is not exhanstive. Unfortunately it was not possible to study from
its beginning the recent epidemic of this insect on the Klamath Indian
Reservation. ‘There is need for a more detailed and comprehensive
sturly of this injury than has been possible in the past.

It must be borne in mind that under normal conditions infesta-
tions of this pine defolintor are of no cconomic consequence, because
defoliations are not then severe enough to have any appreciable eftect
on a tree's growth or vitality. It is only during epidemics of the in-
sect that damage vesults. This damage naturaily divides itself into
two phases: The primary injury to the tree, or that vesulting directly
from its loss of needlos, and the secondary injury, brought about by
the weakened condition of the tree. rendering it mnore susceptible to
bark-beetle attacks.

PRIMARY INJURY

Althouzh Coloradia pandore may at some periods cause practically

complete defolintion of the trees whicly it attacks, it s not always of

PENYDER, P IS FORBST INSECT INVESTIGOATIONS, UL B0 Hepl, g, Bar. Eoe, Mo, Lebter
§: 4.3, 1924 | Mimeogrphed. |
o PORERT IRSECT OINVESTIAMONS. U8, Depts Ape, Dure Faoto Ao, Fafter 1125 244,
1020 | Mjmeegraphied.]




THE PANDORA MOTH 7

itself futal Lo its host! The amount of defoliation which » tree may
suffer and vet live 1s suprising, and the amount of defolintion which
accompanies nornal infestations of €. pandore does not allect the
trecs in the least degree.  That even seemingly complete defoliation
does not always cause the death of trees is due to two facts: {1) The
terminal buds are not eaten by the catevpillars, and the tree thus
retaings the power to put forth new needles: and (2) the tree has a
breathing spell every second year, even during epigentics, because the
insect has a 2-year life evele, and the period of heavy feeding occurs
only in alternate years,

The greatest economic loss for which Colovadia pandora s di-
rectly responsibile comes about through the suppression ol the tree’s
growth, particulavly during years of severe defolintion®  The
width of the nunual vings may be as much as 8@ per cent less than
normal, and in some cages the trees fail to pout on any new wood on
one or more sides of the trink, Tt is evident that o great logs of
increment oceurs during the period of an epidemic, and this Joss,
when suslzined over large areas of merchantuble Bimber, amoennts
to many hundred fhousands of board feet.  Although this loss 1s
known to exist, many complicated factors nmale it diffienlt to osti-
mate, even reaighly, the fotal toss occasioned by the recent epidemic.
The greatest diffienity is encountered in the fact that there 1s very
wide varintion in the degree of defolintion of individual trees.
This is one of the most striking features of these epidemies. Tre-
guentiy a completely defoliated tree or group of trees will be found
standing side by side with {rees only slightly defolinted.  (Ifig. 3,
ALY The amount of increment loss is entirely dependont upon the
degree of defoliation, and the variablencss of this latter factor
makes an aceurate estimate of the loss over large areax almost
impossible.

x&imm? idea of the loss was obinined by making a study of indi-
vidunl trees in areas where the eptdemic had occurred and compar-
ing their rate of growth with that of trees under normal conditions
outside of defolinted areas.  As before stafed. however, the study
does nol date from the beginning of the epidemic, and it was not
always possible fo determine necurately in what year the trees se-
lectod for comparison were fivst aftacked. Dlespife these difficulties,
the writer believes it well within censorvative lhmits to plies the loss
thus far sustnined during the recent epidemic in the Klamalh reogion
at not less Chan severad bundeed theusand dollars,  Although the
epidemic infestation hax deelined. it will be n mumber of years be-
fore the trees which have suffered severe defolintion regrin their

§ frepend Dpvestlanrions le Ghe opitemle aroas on e Klomath Weservniion heve eeveried
the fet thel meny severedy defoliatod {eees B dbeed as o Beeel vesult of the defolintlon.
Though Bhese feees dicd foo years 80 the Iesl gevore defolintlon, thls must inve boen
the Hireet 2oage of dead b, sinee Fhore wis no diimge provent due (o Inseels o ofhey cauees.
An thiv result of severs defolintion is naw kaown o ovenr, 6 i3 very probabie that the
cheartly off peoy of (e defedinged eees, Formerty allribated o the bark beelles, was due
prlmarclly (o defelintion,

Sl (ype of dapeee is clincacteristie of many forest-tree Qefollnlors, cspecinlly of the
sprenee Dnlwony Eeesteloge famiferang Slens ), oceurting T the noctlwastern part of
North Awerbee UL eaighead, dn Bls studbes an il fasect (73, fenml that Lo swis
possilte to bree previons epiteaties amd o dite dhe years of feellie by the charaeievistic
aupqrreslon of e anaael rings,
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normal growth rate, and thus o further loss in increment will be
sustained.  This will depend npon the rapidity of their recovery.
whiclr at this thae is merely @ matter of conjocture.

itk 3 Yelew phoee il deedaepaede ik ono e Bilaimads fodinn Beservathong, fhrer,
detultabed B Coforwdin paadarg s A0 Clump D0steaddng afRerent dezrees of sdofoli-
son e deliow pines Tl Leoce cree withe flae gigaee St Che Do Bk Beon severely
defoiintied, “Fhe targe tree Binedfadedy beliml ic shows oily aboal 58 ey eent
defollation, 150 0 tadeepole pitte Inan apen sBoation thid tee leen maplode]y
eoefottated. The wen o e foregronmd are <sieeliing i e sodl S pugae, Sy,
et

Trapsverse ~sections From defoliated trees ave illustrated in Figures
Aoacand 600 The reduction a annogl growth daving the vears of
defoliation. compared with the normnl growthy diring the years
preceding heavy loss of needles, ix clearly shown,  In Fignre 35,
Aand Boave erossesection disks from the top portion of the stems
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Fioere S.--Comparison of annual radinl increment of yellow pine trees defolinted by Coloradia: pandora: A to- D, Upper portion of

stems 5 I, base of tree shown in parts of transverse sections, X 7.5 A, tree from Wocus Bay showing partial recovery. First heavy
feodling in 1919, last heavy feeding in 1925, Note reduction in width of growth layers since year of first feeding and increased
width of next to the last rimg, indieating recovery. B, Tree from Black Hills successively defoliated since 1921. Note narrowness
of outer five rings, sliowing suppression of increnient owing to defoliation, C. Tree from Pot loles defolinted during only three
years, 1923, 1924, angd 1925, Note suppression in rings of 1924 and 19: and narrow. width of the fall wood of these rings, B
Tree from Calimuy Putte “defolinted annunlly sinee 1919, Note suppression, due to defoliations; in the growth of the 1923, 1924,
and 1925 wood,  Apparent recovery in 1926 is indieated. by the greater width of this ring. No full wood had férmed in the 1926
ring beeause the section was cut in the late summer. E; Section from base of the same tree as shown in D.  Note comparative
narrowness of the annual rings from 1919 to 1925, showing the suppressed increment at the base of a defolinted tree
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Figrne G-—Transverse sections of pine stems showing increment rings of years of normal growth and of yeuars of defolintion by Golo-

radia. pandore, all shown X7.5: A, Apieal porfion of lodgepole pine from River Beds, Oreg., in a stand defolinted since 1919.
Note narrowness of the ring for 1924, the vear which marked the peak of the epidemic.” The eomparative absence of fall wood
Iy also a conspienous feature of this ring  The last two rings represent the growth of 1925 ang 1926. Their widths indicate that
the tree was rapidly recovering. B, Middle portion of stem of yellow pine, from Wocus Bay, Oreg., defolinted since 1918. Note
narrowness of last- seven rings and the entire absence of the next to the last ring beyond the: point marked X. C, Section from
top of & yellow pine from Long Bell, Oreg., defoliated since 1918. Note that at X one annual ring fades into the previous ring,
showing the Joss of the earlier ring on one side of the tree. D, Section from top of yellow pine from the Klamath Indian Reser-
vation, Oreg:, defolinted since 1918. This tree was nttacked and  killed by Dendroclonus brevicomis late in. the summer of 1924,
sote retardation of prowth for four years previous to attack by the bark beetle. B, Section from yellow pine from Long Bell,
defolinied sinee 1918 and attacked and killed by D. brevicomis late in the summer of 1925, Note the series of narrow annual
rings preceding the attack by the bark beetle
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of two yellow pines, selected to show the contrast between the rate
of growth of defoliated and that of nondefoliated trees.

The transverse sections in Figure 5, A to E, and Figure 6, A, illus-
trate the loss in increment of trees selected from various sections of
the defoliated stands. The variation in the ring growth in these
pictured sections is due to the variation in the degree of defoliztion
suffered by the trees in these separate localities.

Sections B and C, of Figure 6, which are transverse sections from
trees defolinted since 1918, show the omission of part of an annual
ring on one side of the stem. Tigure 6, B, is & transverse section
from the middle portion of the stem, It will be seen that the next
to the last ring is missing at the peint marked X. Figure 6, G, is
& transverse section from the top portion of the stem and shows the
partial loss of the thivd ving from the cambium. It fades into the
previous ring at the peint marked X.

SECONDARY INJURY

That there is close interrelation between the work of this pine
defoliator and subsequent attacks by the bark beetle is shown by
the abnormal increase ol beetle infestations in the stands of defoli-
ated pine. DBectle infestations became highly epidemie in the stands
which had been severely defoliated, while at the same time they
showed but shight increase in stands cutside these areas.

The data on beetle infestations in the defoliated areas were ob-
tained by surveys of an nrea of 2,000 acres made annually since 1921,
and by observations made throughout the infested region.

The damage caused by bark beetles has been far greater in its
cffect than the primary damage of the defoliator, which results in
retarded growth but not always in the death of the trecs. Attack
by the two species of bavk beetles Dendroctonus brevicomis Lec.
and 2. menticolae Flopk., infesting these stands, always results in
the death of the trec.

Sections from defoliated trees, later killed by bark beetles, are
shown in Figure 6, D and E. These ave typical in that the annual
growth for a few years previcus to the attack of the beetles had been
greatly retarded .

Previous to 1923 the defoliated stands were remurkably free from
infestations by the bark beetle, and had been so for a long period.
In 1923, however, five years after the pine-moth epidemic began, the
defoliated stands were invaded by these beetles, and within two years
an outbreal of themn developed which seriously menaced the entire
area. The progress of the outbrenk on the 2,000-acre area mentioned
was as foilows: In 1923 the area contained 50 trees infested by beetles,
which may be considered u normal infestation in these stands. In
1924 this infestation included in all 391 trees, an increase of 682 per
cent. Iive hundred and six trees had become infested in 1925, an
increase for the year of 29 per cent, and in 1926 a total of 744 trees
had been killed, an increase of 47 per cent in the third year. These
figures show that in three years the bark-beetle epidemic, which was
a secondary result of the defoliations, had increased 1,388 per cent.
This is a very abnormal increase in infestations by these beetles.
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That a similar increase in infestations by the beetles during the same
years occurred throughout all the defoliated stands was shown by
observations made in widely separated sections.

The loss by bark beetles in merchantable trees throughout the de-
foliated stands from the beginning of the epidemic in 1923 to and
including the year 1926 was tremendous.  In 1926 this loss amounted
to nearly 100,000,000 Loard feet of pine on the Klamath Indian Reser-
vation,  Tlowever. it 1z not probable that this enormous loss will
continue afler the trees have recovered from the effects of the defolia-
tion. Tt is now Delieved that a return to normal growth will very
probably be followed by o sharp decline in the losses due to the
beetles. The rapidity of recovery of these stands will depend upon
a number of factors. chief of which are the disappearance of the
defoliator, the physiological condition of the severely defoliuted trees,
soil conditions, and precipitation.

sowe Loy Yustsr| seer | | some |\ |aveust| seer| | aowe [poey lavsusr] seer
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Fuates 7. Chart showing the stages of Colaredio pundora ns eelated to its 2oyeny
Nre opele. The twe inlervids, enell oxtending from September to June, nve ownbbtod,
e b oevnpied by e lnesat poriod and the other by e pupsil

BIOLOGY

The generations of Colorndia pondora ave hiennial, the life eyele of
the species covering a period of exactly two years, asshown in Figure
7. The adults cimerge between June 20 and Joly 20 of alternate years.
On the arven studied by the writer, llights of the adults have occurred
i the even years—19200 1922, 1924, and 1926, although it was tound
that u few stragglers departed from the eyele of the main broods and
gricraed in the odd years. Fowever, these stragelers have the same
life span as the others, and two yeers are requived to eomplete their
development.

After emerging fraom the pupal eases near (he sirfaee of the soil.
the new awdnlis erawl through the Titter on the ground to the trunks of
trees or to bushes, which they ascend.  On these they remain at rest
For from 20 minutes to an honr while their wings are unfolding, and
the scales and hairs on the body and wings become dry.  The adults
are strong fliers, and are strictly dienal.  In the writer’s studies
indtviduals could never be found active at night. nor could they he
attracted to lights displayed in the forest after dark or before day-
light. The mates take to fight ax soon as their wings have hardened,
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and fly erratically about through the forest, searching for mates. The
females, while equal to the males in their ability for sustained flight,
usually do not fly until atter mating.

The males appear two or three days before the females and die
soon after mating. The females die shortly after they have finished
depositing their eggs. The writer observed that in a lobt of 20
individuals, 12 males and 8 females, confined in a wire-screen cage
in the open woods, all the males died first, and within the day of
mating. The females lived from 3 to 7 days longer, but all died
within from 1 to 3 days after oviposition.

Females have been observed in the act of oviposition in the field
as well as in captivity, and under both conditiens the procedure is
the same. The moth does not make a preliminary searcn for a
suitable lecation in which to place her eges, but deposits them indis-
criminately on the bark of tree trunks, in the foliage, on brush and
undergrowth, and even on the litter covering the ground. A moth
does not always iay all her eggs In one cluster or in one location; a
second or even a third cluster may be deposited. It is quite usual,
for instance, for 2 moth to deposit her first cluster of eggs upon the
trunk of & tree, and then crawl or fly to the foliage, where the rest
of her eggs are laid. The eggs are but loosely attached to the
supporb upen which they are deposited, although they adhere to
one another very firmly.

The eggs are deposited in clusters containing from 3 to 70 eggs
each. (Fiz 1, C and D.) In one instance a total of 258 egys were
Iaid by 5 females caged separately, ov an average of 51.0 egas each.
The greatest number laid by 1 female was 68 and the smallest, 42.
A period of ¢ days was covered in the deposition of these eggs, 2
laying all their eggs in 1 day, the other 3 taking 2 days each fou the
ege laying,

The maximum period of oviposition extends from July 10 to July
90, The incubation period is rather prolonged, lasting approxi-
mately 40 days. BEggs deposited by moths in captivity on July 16,
1924, hatched on Angust 25, Changes in the external appearance
of these eggs during incubation were not noticeable until August 2,
or 17 days after they were Inid. At this time the color had changed
to a decp olive, the sides were deeply depressed, und the embryo had
taken form. From August 11 to 14 the well-incubated young cater-
pillars became visible through the egg walls. On August 25 all the
fertile eggs hatched. It has been found that incubation in the feld
follows the same course and is of the same duration.

A rclatively high percentage of the eggs are infertile. Out of a
lot of 200 eggs taken in the field and put into glass vials. 1 egg in
each vial, -t0 eggs. or 20 per cent, proved to be infertiie, while in 58
egms, or 29 per cent, the embryos partially developed, but died.

"The young larvae begin to emerge about August 20 and continne
emerging until September 15, The maximum cmergence oceurs
between August 25 and September 5. The larvae leave the cgus by
way of holes gnawed in the ends of the shells {fig. 2, A) and imme-
dintely crawl to the tips of tho branches and begin feeding on the
needles of the current year's growth, They develop rapidly, and
by Septeruber 20 reach a length of 14 mm. They are gregarious
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during the first feeding stage; from 4 to 20 may be found together on
the needles at the terminals of the twigs. They attain a length of
23 mm. by the end of the first feeding season.

When winter conditions set in, which at the altitudes where the
species occurs is normally about October 20, the caterpillars go
into hibernation, in clusters of from 4 to 30 individuals, at the base
of the necedles on the ends of the pine branches, and are more or lese
dormant during the winter. They huave not been observed fo feed
during hibernatien and do not incresse in size, With the cessation
of winter conditions, usually at about April 1, the caterpillars sgain
become active. The hibernating musses break up and the indi-
viduals disperse to some cxtent and resume feeding.

During the spring feeding period, which lasts until June 20, the
caterpiliars consume an enormous quantity of needies and grow
rapidly. The following record mude of caterpillars which were
confined in a wire-gercen cage at the Klamath Falls Taboratory illus-
trates the development of the luevae during this second feeding
period :

Iala {1925) ‘} Js;’:ﬁe Colur Dnte €428} "¥ 3['{,?{1'1‘

[RYFITR] (M)

Apr.lo.. . L 2. Odve green. May i L ap  Cireenish.
Apr, M. . 5 Do, Jumes . 0 Light green.
Mays._. . ... . o tio. June 16 . . 70 Yellowish green,

Cn June 15 bl badd pupated.

Feeding is not confined during the spring period to the needles at
the tips of the branches, but the caterpillars work back along the stem
and consume all needles of whatever previous years” growth. (Fig.
2, 3.)  From about May 1 to the time of pupation they also eat the
new needles which unfold from the buds. and make their greatest
growth during this period. The terminal buds. however, are not
caten, although the new needies are nearly all deveoured.  (Fig. 8. AL}
Owing to the Y-year life eyele of the insect this wholesale destruction
of the new needles at tlie critical period of the tree’s growth oceurs
only on alternate years. the corresponding time of the intervening
years being passed by the moth in the pupal stage.

The prepupal caterpillars are excessive feeders and consnme an
enormous quantity of needles. A lot of 3t nearly full-grown eatecr-
pillars were kept 1n a cage from June 1 to June 16, During this time
they ate an average of 700 vellow pine needles each 24 hours, or an
average per caterpillar of 21 necdles a day.

The great quantity of food taken by these eaterpillars is attested
in the field by the masses of droppings found under infested trees.
These droppings closely resemble the dried and fallen wede pine eat-
kins, and under large trees completely cover the surface of the ground
from the base of the tyoe outward as far as the branches extend,

When full-grown the caterpillars erawl down the teanks of the
trees on which they have been feeding and enter the surface of the
soil to pupate. Thex have never been ob-vrved fo lower themselves
from treez by silleen threads. '
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Efvets wl Teetling of tafraadin s AL Top ol yollow pitne, sluewe e
pesarltiter Frens stieees=ive Lienofal Tesding of e
vaferpillaes o onole 1t the termiiad Jauls are oor infered s B wep of yoellow plne
whi b has Voo vepescbedy ddefalfatod np fa dlue Bist o dwn Yeaes s natie pecenl fecevery
b oo Eel o with AL e a staned e mennre yellow pite nt Waens Dny, Kinmath
Pandickn Beservsiton, vireg, severely tepolbaped, Jnly, 1920

BT H
st enmplote defoling o

Prpation ocenes o the upper lover of the soil (fiz 20 1), frony |
to 5 inches helow the <urface, both direetly beneath the delabiaved
trece amd gl <ome distanee From thens, The enterpillarss after en-
tering Uie soth o the desired depthe uanally =nfticient to prevent des-




THE PANDORA MOTH 17

sication, revolve in their tunnels, making elliptical cells in which
they transform to pupne. Some of these cells are sparsely lined with
a sillcy material, but the greater number are entirely unlined, The
pupa rests within the cell; head up, and inclined ahout 60° from the
vertical. Pupae begin to form June 20, and pupation is over by
July 5, This stage lusts one full year, the insects passing the second
winter of their life as pupae in the ground.

NATURAL ENEMIES

U'oloradia pandora has many natural enemies. During the pre-
pupal stage, and while the eaterpitlars are descending the trees to
pupate, a large percentage of them are attacked by a wilk disense,
in_general appearance quite similar to the gipsy-moth polyhedreai
wilt.  Caterpillars infected with this disease beeome limp, turn black,
and shrivel to about one-third the normal size. Great numbers of
the caterpilinrs ave destroyed by this disease during epidensics of ¢,
padore and it is doubtless a major factor in the deeline of severe
i festations,

(iround squirrels (several species of Callospermophilus) and a
chipmunk (a speeies of Eutamias) dig up and eat large numbers
of the pupae. These rodents were observed on many occasions un-
covering the pupne; some pupae were eaten at the time they were
removed, though many were stoved for future food. A chipmunk
was seen careying pupae to a rotten log, and when the cache was
exumined 3+ were found in a hollosw in the interior.

Birds lave Leen observed to feed spavingly on the caterpillars,
Steller fays and vireos are known to eat the caterpillurs. aithough
the stiF bristles and hairs on the backs and sides of the larvae are
a great protection Mrom hirds, Creepers and nuthatehes feed on the
eags of the moth and no doubt destroy Lirge numibers of them,

The following insects ave parasitie on Coloradio pandora.®

No. L Blepharipeza aduste Tosw,  This dipteron is a larval para-
zite, The maggols emerge Trom the prepnpal eaterpitlars after the
tatter have entered the gronnd to pupate, and form naked puparia
in the sotl near the remains ot the host,  The perventage of parasit-
st wis not determined, though as many as 4L puparia were taken
From an wrea of gromnd 35 feet squanre where 76 pnpae of €. pandorn
wore Found.

No. 2o A species of Tetrasiichus, This is & hymenopterous parasite
of cgus of 0 prndora. OF 100 isolated oggs of (he moth 1T were
parasitized by this species and from them a total of 125 individuals
emerged, The smallest aumber emerging from one v was 3 and
the Tnrgest 11, the average heing 715,

No. 3. Trichogramnu minubwon Riley. This small species s a cos-
mopolilan parasites It breeds in the epas of € pandore as well as
having many other hoste. OF 100 solnted oges of €', pandorve.
were parasttized by this speeics, and o total of 47 individuals
emerged froms them, The swallest number emerging from one ey
was 20 and the largest 27, the aversee heing 201,

" herrminaien byospeetalists of e B of (Mtomoiosy s usn o foallows s N, 1
by T i Tmene s Nos 2 aand D AL It D I I S T T TR
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No. 4. Hemiteles tenellus Say. Only one individual of this rather
large braconid was reaved by the writer from a larva of . pandora.
This species is a larval parasite, and its papery cocoons are attached
to the body of the caterpiilar. It emerges late in Bay. The percent-
nge of parasitism by this species is not known.

METHODS OF CONTROL

Tt seems probable that this pine defolintor might be held in check
during the incipient stages of an epidemic by spraying infested trees
with arsenieals. The eaterpillars could casily be poisoned by spray-
ing the foliage during the spring period of maximum feeding. The
sprayving of large forested areas, however, if delayed until after an
epidemic had developed, would Le impracticable because of the exces-
aive cost of such operations. Airplane dusting might be done at a
reasonable expense. and would probably be effective.

SUMMARY

The Pandorn moih (Coloradia pundora Blake) is an important
enemy of pine forests in cortain arcas of the West. During the years
From 1918 to 1925, inclusive, a serious epidemic of this moth oceurred
in the vellow-pine forests of the Klamath Indian Reservation in
sonthern OQregon.

This insect attacks only pines, its prineipal hosts being western
vellow pine  (Pinus ponderase) and Jeffrey pine (2. jeffreyt).
Lodwepole pine (22, murrayana) 1s sometimes attacked.  Infestations
by this moth have also eceurred in the Tnyo Nutional Forest of east-
coniral California.  Its range is known to cover the Pacific States,
and =pecimens have been colleeted in Celorade and Montana.

Under normal conditions infestations of this moth are of no eco-
nomic consequence beeanse o appreciable injury is done to the tree.
Kphlemie infestations by this moth arve. however. » serious mensee to
pine stands, The damage resulting from such infestations divides
Jtwelf inte two phases: The primary injury to the tree. which results
direetly from the loss of needles, and the secondary injury through
the jmpaived vitaliiy of the free. whieh renders it susceptible to
Farle-heetle ntinelk,

Athowgh Coloradia pandore at come periods may eruse practi-
ealty complete defolintion of the trees which it attacks, it is not
alwitys of ftsetl Tatal to its host. This is due to the fact that the
terminal huds ave not eaten by the larvae and that the trees have a
pent overy allier year. Thus the move vigorons specimens survive the
defetiations.  Keonomice loss resnlis, however, even thougl the trees
attacked are not killed, heeause their growth is greatly =uppressed
during vears of heavy defoliation. as shown by comparison ot the
witlth of the annual rings, Tosses on the Klamath Tadian Reserva-
(ion from this suppresston of growth during the last epidemic have
heen eonservalively ostimated at several hnndred thonsands of
dollnrs.

The damace caused by bark-boetle attacks in stands of pine de-
folinted by the Pandora_motl has heen far greater than the pri-
mary damage of the defolintor. Tnfestalions of  Dendroctonus
Brevicomis and of 1. monticolne have shown an abnormal increase
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in the defolinted arcas studied. These infestations were of far
greater intensity than were contemporary infegtations in stands ad-
joining the defoliated arcas, and beetle attacks upon defeliated trees
were alwa; vy Tatal,

The life cyele of this moth covers a period of two years. The
adults are brownish gray with o wing expanse of approximately
3 inches. They are (l:mmt] and in opt(lemic infestations count-
less numbers are seen on the wing,  The oges are deposited on the
hark and folinge of trees and bushes, and sometimes on ground lit-
ter. The incubation period is .1;)[)m\nn.1t{'i\ 40 duyvs. The young
larvae feed in colonies upon the needles of the terminal shoots dor-
ing the first summer and. when winter sets in, hibernate in clusters
at the base of the needles.  Feeding is resumed the following spring,
andd during this second feeding pmmd farge quantities of necdles
are consnmed, and the UlL‘dtL‘Ht damage s suffered by the host.
Pupation begins in June “of the second year and takes place in the
gronnd from Lto 3 inches helow the surfice. The pupal stage covers
one tull vear, the species pussing the second winter as pupae in the
rrouned.

The cnterpillars arve subjeet to a wilt disease similar in general
manifestaiions to the gipsy-moth wilt. Ground squirrels cat large
numbers of the pupee, and birvds prey upoen the eaterpillars. The
insect enenties of Colovadic pandora wre three hymenopterous para-
sites aned one dipteron,

No direet efforts have been made e control this moth. It seems
prebable that it might be held in cheek during ineipient stages of
it attack by sprayving with arsenicals or by aivplane dusting,
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