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EFFECTS OF DEFOLIATION BY THE PINE
BUTTERFLY (NEOPHASIA MENAPIA FELDER)
UPON PONDEROSA PINE

INTRODUCTION

Insects which feed upon the foliage of forest trees ocoupy a
definite position in thoughts of forest culture and protection., Sush
ingects become of economic importanse omly when occurring in am epi-
demlo status, as forest trees readily withstand the slight destruction
of folinge assceiated with norms)l feeding. Xffeets of severe defolia~
tion are resorded in the direct mortality of trees, their susceptibil-
ity vhile in & weakened condition to the attacks of bark beetles, and &
temporary reduction in the annunl growth of those which survive.

Hany records are avallable poriraying the destruation of forest
trees by defolisting inmsects. Depredations of the larch sawfly
(Lresssaematus erishgoni) Komow) withis the laroh forssts of the east-
ar; United States and Canada are of knowledge to all foresters.
Tremendous sums of money have been spent in the New England States in
combating the gypsy moth (Porthetria dispar L.) and brown-tail moth
(Buprestis ehryserrhoea L.). The spruce buiworm (Jsgoecis fupiferss
Clem.) bms tsken & tremendous $oll of commercial timber throughout the

forests of the northemstern United States and Csnads, and is now en
important enesy of Douglas fir in the morthern Recky Mountains., Tremen-
dous volumes of commercial Douglas fir and hemloek in western Oregoen
and Vashington have been destroyed during outbreaks of the hemlook



looper (Ellopia fiscellaris var lugubrosa Hulst).

There are other insects of perbaps less importance that sould be
included with this list of forest defolistors to depict the importance
of the position which they ococwpy in the management of our foresis.

The pine butterfly (Neopbesia menspia Felder), though not as serious an
eneny of forest trees as some of the inseots mentioned, is an important
eneny of posderosa pime throughout the forests of Oregon, Washington,
snd Jdaho. The last serious outdresk of this inseat cocurred im 1921
and was located on the headwaters of the Little Salmon and Payette
Rivers, l1daho. Though this outdresk was mot reported until 1922, whea
the defoliation bDecame 20 severe as to attract public attemsion, there
was undoubtedly econsiderable destruction of foliage in 1921. This out-
bresk continued through 1923, but decreased so rapidly thes im 1924
very few caterpillare could be found.

RISTORY OF PINE BUTTEAVLY EPIDEMICS

The first svailadle record of & pine butterfly epidemic dates
back to the year 1882. At that time . H. Stretoh (15), while on the
North Transcontinental Survey, reported a severs epidemie of this inseot
as cccurring in the ponderosa pine ;m&u near Spokane, Washington,
Mr. Streteh's report was a splemdid description of this epidemic and
gontained a mumber of observations relative to the seasonal history and
babits of the insest, many of which were substantisted during later
investigations. Additional information on subsequent outdreaks was
given by C. V. Piper (12), Professor of Entomology st Pullmsa, Washington,



who reported that im 1887 the bay st Seattle, Vashington, was nearly
mvered by the floating bedies of the butterflies.

Professor Piper alss reported that in 1890 and 189% the insects
were so abundant in the Olympic Hountains of Washington that thowsands
of the dead sdulis were strewn sbout the ground. A severe outbreak of
this butterfly in ponderosa pine stands near the Payette lakes, ldaho,
was recorded by Mr. H. C. Shellworth (1B), Boise-Payette ILumber Compsay,
as oscurring in 1293. Ia 1294 a large musber of dutterflies were
recorded (12) on Mount Hood, Oregon, and the following year areas of mut
pine (14ssed as Pinus monticola) were reported as dying. Ia 1835 some
600,000,000 board feet of pondeross pine were destroyed by this insect
on the ¥Yakima Indian Reservation near Goldendale, Washington. The
outbreaks which oocurred during this period were spparently assosisted
with the disturbance of some matural fastor of comtrel throughout the
Northwest.

Severe epidemics (12) occurred in the ponderosa pine stande of the
Boise Basin and Moscow Mountais mreas in 1897 aad 1898, in the vicinity
of Mount Adams ia 1903, and snear Spoksae, ¥ashington, for the second
record in 1907. The next epidemio of which regords are available is the
one which oscurred im 1921 im the vicinity of Payette lakes, ldabo, some
30 years following the previous cutbreak recorded in 1893 (1h).



DISTRIBUTION AND HOSTS

Bpildemicas of the pine butterfly have been resorded from various
seotiocns of the Northwest (1%, 7, 14), Xasig (5) records its presemcs in
Califorain, Nevada, Utah, Colorado, Oregom, Washington, ldsho, and
British Columbis. Holland (11) gives its occurrenice as the Northern
Pagific States, while Edwards (I) records the renge ss being the pine
forests of the Paoific slope, extending as far esst as the esstern or
front range of the Rocky Mountains,

Thongh throughout the range of this imsect prasctiocally all species
of pine are attacked, ponderosa pine (Pinus pondercss laws.) is appar-
ently the preferred host., Fletcher (7) records the pine butterfly as
severely injuring Douglas fir (Pseuvdotsugs taxifolis (Poir) Brits.) ia
the coast regionms of British Columbis, and Streteh (15) lists white fir
(Abies Myfmdmbtodly Ables grandis)) ss & hoet, The writer has
no record of this insect attasking any other tree species thax pinq.
During the late lédaho epidemic, Douglas fir trees in assooiastion with
and adjacent to infeeted sreas of ponderosa pine were severely defoli-
ated, and many observers believed the pine dustterfly %o have been
responsible for the injury. However, the variation iz the time of
attack with marked difference in the sharacter of defoliation, as well
an the precence of empty pupal oases, readily established the spruse

vudworn (Cagoecis fumifers
to Douglas fir,

18 Olem,) as being responsible for the injury




Adult

Stretoh (15) has very accurately desoribed bodh the male snd
femsle. Nevertheless a brief desoription intended for field determina~
Sions may not be out of place in thia paper. The pine Dutterfly very
closely resemdles the commen cabbage Pisris. It Ras a wing expanse of
sbout B3 mm.; antennae dlack; hesd and body black above and white
beneath; covered with hairs {(pl. 1, A).

NALE.--The soales of the fure wings of the male are pure white,
exeept for the black markings on the $ips and a stresk along the costal
vein, On the under side the ssme gemera)l markings ceour,

The bind wings are white, except along the tips, which are lightly
touehed with Dlack. On the under side the markings are heavier, snd the
blsck veins show through oa the woper side.

YEMALE. --The scales of the fore wings of the female are of a light
yollowish solor. The dlack markings are like those of the male, with a
black apical margin in addition. On the under aide the markings are the
sane.

The hind wings have the seme yellowish tint as the fore winge, but
they differ from those of the male in having hesvier bdlack lines along
the tips. MNere dlack apvears ou the under side, sll of the veins being
marked with broad lines. On many pecimens, ut not all, thers ars

* The descriptions given in this paper have been previously pudlished

by the writer (6) in the Journal of Agrioultural Researeh, Vol. 33,
No. 4, Aug. 1%, 1926,



bright orange-red spots along the spical margia.
e

The egge (pl. 1, A), 1-1/2 an. in lemgth, are laid along the pine
needle, in rows of 5 S0 20, st an sngle of 450 pointing toward the end
of the needle, and are firmly cemented together. Fletoher (7) hae
described them as the "most desutiful objects, resenbling minute
enerald-green Florence flasks, vertioslly lined with delicate lines and
with a beaded rim of porcelsin-white kmobs.®

larve

Although the larval stages have been desoribed fully by Edwards
(8), & brief description of the young sad meture lareme &s insluded hers
for the convenlence of the reader in determining the insect im the
field. The larva is 2 mm. in length as it hatobes from the egg; body
& pale green, snd head shiay blask. The mature larva (pl. 1, A) 1s
approximately 25 me. in lemgth; bedy s dark green, with two white
lateral stripes down each side; hesd pale green, dotted with ratsed
white tubercles, ssgh giving rise to s short hair; ansl shield similurly
sovered with white Subercles, prodused behimd into two blemt, welle
separated projections: body skinm covered with a fime pubesoence;
prolegs on ebdominal segments 3, 4, 5, and 6 and the normal smal
prolegs; croohets eof prolegs biordinal, srranged in longitulinal band,



BIOIOGY AND RABITS *

There is but one generation of the pine butterfly yearly is ldaho.
‘This fact, bowever, is rather confusing to the casual obaerver or
sollestor, aince there is a marked overlapping of the sessonsl history
events by individuals of this one brood. FKlevation and exposure bave a
marked influence on the development of the insect. Imagoes, especially
males, are often seen at high elevations as late as Oatoder.

The overwintering eggs hateh about the time that the new needles
begin te appear om the western yollow pine. This ocours during the
first half of June, depending woon the semson. The development of the
young larvae is very le during the firet two weeka. They feed in
elusters, encircling the meedle, with their hesds pointing towsrd the
tip of the needle, making & tiny ring of bdlaock beads.

Only the fleshy part of the needle is saten by the young larvae,
but after the firet molt the entire leaf is destroyed. During the first
molt the shimy blask head govering is shed, the subsequent eolor being
& yellowish green. Vhen the larvae are sbout lalf grewn the habit of
feeding in olusters is no longer continued, but often two or mere may
be found upon the same needle, especially if there is & shortage of
food material. After the second molt growth is very rapid, and the
larvaes are approximately full-grown by the last of July, or about %0
days after bhatohing.

. The biology and habits given in this paper have been previously

published by the writer (6) im the Journal of Agrisultural
Researeh, Vol. 33, No. b4, Aug. 15, 1926.



When mature, the larvee lower themselves by a silken thread, which ‘
sometines iz 75 feet or more in lemgth, from the Srees to the ground,
where they pupate as ohrysalids on shrubs, gnﬁu. limbe, fenses, tree
trunks, or other objeets. The pupal stage lasts from 15 to 20 days.
Mating ocours almest immediately after the emergence of the aduls, and
oviposition takes plage a few hours later. Thesa egee overwiater and
hatoh the following June,

The normsl habit of the female is to deposit her eggs on the needles
at the top of mature trees. However, in areas which have been severely
defoliated she apparently is forced to seek suitable foliage ov younger
trees or else migrate to other areas, which she does in mm

inastances.

As all resorded outbreaks of the pine butterfly were evidently of
short duration, it is evident that this imseoct must e sudjeated to
powerful biotie influemses. Reecords of outbreaks that dropned inte
obsourity between seasons apvarently support this position., Between
outbreaks this inseet is held under rather definite economia Biologioal
contrel,

The existense of this influence was forsefully portrayed during
the resent Idaho ontbresk. Though in 1923 this outbreek was still in
a severe epidemic status, in 1924 it was very diffieuls to find any
caterpillars, and but few adults were observed. This sharp reduetion

was due primarily to an insressed astivity of natursl enemies, as an



exanination of several lots of larvee in 1923 revealed the fact that
over 90 percent were parassitised. Ths most important eremy of this
destrustive forest inseat 1s a parasitic ichasumonid, M
fulvesceps Oress. (pl. 7). This imsect apparently oviposits on the
atterfly caterpillars, which, though severely weakened, are usunlly
able to reach the pupal stage. The sdult parasite emerged from the
pine dutterfly pupse in September, and in 1923 the defoliated areas
woere reported $o0 bave been alive with these so-oalled wasps. The
parasitised pupss are essily dlstinguished by their dark Urown aoler,
the normal pupse ranging from pale to dark greea.

Aldrioh (1) records a similar reduction in an outbreak of the pine
butterfly at the time of the 1896 outbreak in the Moscow Mountains,

Idsho. He writes of this remarksble ccourrence as follows:

e = « « « «At this point Theronis attracted ny
attention as a parasite of the mnrﬁr. uuriul reared by me
from pupae of the latter being detersined by the Bureau of
Entomology. 7The parasite roached its maximem in 1898, st whish
time 1t swarmed iz the woods in late summer in inoredidle mumbers.
In places the air was full of them and they made & very percepti-
ble humming sound like a ewarm of bees. At the University of ldabho,
about seven niles from the forests, it was sbundant, snd on one
occesion I aollected U0 specimens by ploking them off the walls
of the administration dullding while going onse round it--and this
seven miles from where any of them matured.

*The next spring the extermination of menspia seemed somplete.
all over the Northwest. In tem years afterwsris I think I saw
only one specimen alive. Only in the ~ = = = =

"The parssite dled out at once, and was not seen again for
several years. It may have other hosts here, but no other ecater-
pillar is abnormally abundmnt 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 effeets of parasities on both host and
parasite. I have made no observations on fulvescens as a secondary
parasite.*
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The seasonal history of this parasite is not knewn, but as the
adults appear in the fall and the butterfly saterpillars the following
summer, 1t 1is spparent that it wust have an altermate host or else the
adults overwinter,

During the receut Idaho outbresk s predacious hemipters (Podisue
plagidug Ukler) was present in fairly large mumbers and was appareatly
sttaeking living pine butterfly larvae. Streteh (1%5) recorded the
occcurrense of A Pentatomid at the tims of the outbreak near Spoiane,
Yashington, in 1882, Thongh this insect is undoubtedly primmry in its
attask, the importance of the role which it plays in reducing epideaics
is not knom,

BOONOMIC IMPORTANCE OF PINE BUTTERFLY DEFOLIATION

Reporte of former pine butterfly outdreaks did not imalude any
record of the destrustion of timber as s result of the defoliation.
This lack of informntion left an impression that the injury sssociated
with this defolistion was not sufficiently severe to ceuse tree mor-
tality. However, it was believed that many of the trees defoliated in
1922423 had been o0 seversly injured as to »h' their recovery rather
doubtful. %o substantiate or disprove this contention s astudy of the
satusl effeots of pime butterfly defoliation was instituted im 1924,
the results being presemted in this paper. This study plot was located
in an infested ares near New Meadows, ldabo, in Ses. 9, R. 2 8., T. 19
¥. Annual exanimations were made from 1924 to 1930, ssd in 1933 end
1935, when all effests of the injury were believed to be over.
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Teseription of Study Plet (pls. 1 & 2)

The plot selected for this study was locsted om the east side of
Meadow Valley, Idaho, in an area of mature pondeross pine lying betwaen
the valley and a delt of fir &t a higher elevation. Though there were
some scattered Douglas fir trees, the ares supported a very heavy stand
of ponderosa pine. The defoliation of this area was considered as
being representative of the injury throughout the infested area. One
buadred trees varying in dismeter from 12 inches to 58 inches d.b;h..
with sn average of 34.6 inshes, and of & height to indicate u». site &
classification were marked for this study,

Though in 1923 the oaterpillars were still present in epidemic
sumbers, the defoliation within the study ares was not as severe as
that which oocurred the previous season. Yurthermore, the 1923 defolia-
tion was largely confined to small trses and reprodustion. | This condi-
tion is perhaps due to the fact tkat following the 1922 defoliation
there was not sufficient foliage remsining im the tops of old Srees for
ogg-laying purposes and the females were obliged to depart from this
porsal babit and eviposit uwpon the folisge of amaller srogn. As a result
of this econdition the 1933 growth of needlss 1a the tops o?, the larger
trees was not very severely injured.

At the time this study was instituted date were taken from all
trees relative to the 4.b.h. and height, the degree or severity of
defolintion, charaoter of 1923 and 1924 follage growth, orown slassi-

fication as an indicaticn of growth, and inmcrement cores.
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Three broad measuremente of defoliation were recorded. Unfortu-
antely, & closer refinement in the measursment of defoliation was not
fessible. This condition ls regretted, ss sush dats would undoudtedly
have been of material bemefit in establishing & olearer relation
between the injury amd subsequeat mortality,

T5-90 percent of old

Approximately S0 percent of

0ld follage destroyed, which permitted an
unodstructed view through the P

O - Severe defolintion. Presctically all of the old
folisge destroyed except small tufte of 1922
gromth at end of branches.

The 1923 and 192l folliage was recorded in thres droad classifica~
tions. It is aleo regretted thet more specifioc measurements of follage
growth eould not be made; however, with mature trees the securing of
such date is & difficult task.

V ~ ¥igorous - mormal, full-length needles
M - Medium - short, sparse, off-soler foliage
¥ - Feeble ~ stubby growth, yellowish needles

The crown classifications were recorded as follows:

/\ Thrifty - pointed orown indicating rapid growth.
{7\ Medium - round teps.
7™ Very poor - flat top with thieck, large branches,

which is an indieation of slew growih.
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Inerexent Gores were taken &uring all examinations, which served

to provide a contimaous history of basal growth.
Mortality of Defoliated Trees

Turing the period of this study, 1l of the trees within the study
plot were attssked and killed by the western pine beetle {

Pandrostony
Brevigomiy Lee.), 12 dled from the effects of defoliation, and there
was 1 windfsll, %his windfall has been disregarded in the anmalysis of
dnta, and all compilations are based on 99 trees instend of 100,

Though 0o guestion exists as to the resgpensibility of bark beetles for
the death of some trees, one may be reasonably save that some of those
attagked by beetles would bave died from the offests of defolistion
alone. Though the agency responsidls for the death of a few trees was
diffienlt to determine, with sush border-line cases & desision was made
after & osreful sanalysis of all data,

Trees killed by defoliation were usually easily recogunized from a
sour or fermented sap condition, the odor of which was often detested
for a distance of several feet. It is possible that the inoreased
temperature to which the Doles of the trees were subjested dus to the
epeaing of the stand by defoliation may have been g faetor in creating
this fermented sap comdition. The inner berk amd sapwood of mome trees
were saturated with an excess of woisture which flowed quite freely
from any opening madé through the bvark. 8o excessive was this molsturs
that on some trees the bark on the lower 12-1% feet of the bole was
astually satﬁate&. & condition which was notisesble for a aonsideradle
distance. The elimimation of the processes of tramspiration through
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the destruction of all or s large percentage of the follage is direoctly
responsidle for thies comdition. Maximov {10) states:

"Only an inspprecisble part of the water required by the plant
for its growth and development is sctually assimilated in the process
of photosynthesis, By far the greater parl absorbed from the soil
is eliminated unchanged, being either dispersed as vapor in the
prosess of transpiration, er, more rarely, exuded as drops of liguid
iz the process of guttation. A land plant, indeed, represents as it
were a kind of wiek along which & contisusl stream of water ascends
from the soil and escapes inte the atmosphere. The total water
content of & plant at any given moment is small in comparison with
the quantity that may pass through the plant in twenty-four hours,
for we have seen above that, even under shade conditions, the leaves
of some plants are able te rmlmo the whole of their water in the
short space of sm hour.*

Therefore, as defoliation has no immediate physical effect upon the
bole or roots, an unimpaired root system which continues to swpply
moisture 0 & tree that is unable, owing to the lack of follage, to
expell the surplus will result in the ascumulation of an abnormal
guantity of water in the lower bole.

The effects of the injury spparemtly last for several years, with
trees dying £ or 10 years after the cessation of defoliation. Studies

of the effects of spruce budwora defolistion on balsam ﬂr nade by

Craighead (3) show that tree mortality comtimued for 9 or 10 years
following the cessation sf the mwm. In these studies Craighead
shows that in severely defoliamted areas from 50 to 7O percemt of the
trees which fail to recover from the injury died within the first four
years, end that during the subsequent 5 or 6 years the additional 30

$o HO percent suscumbed. Graham (8) records the recovery of tamsrack,

which to all appearances had been desd for tes years following defoli-
ation by the larch sawfly.
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Table 1. - Dates of tree deaths

’ Mer of trua '

Yo
1920

t
H e SE T ' 8758 !
: ¢ H i
1925 3 : 3
1926 1 : 3
1927 1 H 3
1928 2 3 0
1929 i : 0
1930 0 : 0
1931 2 : 1
1932 0 3 0
1933 1 : 4]
18938 ¢ 1 : o
1938 _t 3 i 9.

From the preceding table it will be noted that trees sucoumbed to
the effects of defoliation as long as 11 years after the cessation of
the outbresk. One may properly assume that the fmetors responsidle for
this mortality, as well as for the weskened sondition of the trees
attacked By beetles, were the loss of folisge and the vhysical comdition

of the trees at the time of defoliation.

Pable 2. = Severity of defoliation and tree mortality

3 ' m! B BRNeY 0f acan Trees _t Percent of
Degreesof “In Living Killed by :Killed by :  trees
A (Light) : 1) 1 : o ¢ 0 $ 0
B (Medium) : I | 0 ' 0 : 0
W SCTUNIR. . JORSE SRS * JEE NS \. SN S, X

Though 30.9 percent of the hemvily defolimted trees were killed,
it is believed thet a closer refinement in the measurement of defolia~
tion wonld heve shown them to be the most severely imjured individusls.

In the analysis of the data secured it has Deen necessary to comsider
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that the defoliation of a1l the desd trees was equsl in severity, The
only oconolusion to be drawn from ‘m preseding tabulation is that all
Srees which died from defoliation or the attasks of bark beetles were
severely defoliated, Though these duta can be properly comstrued as
elosely assoclating the moriality of trees with the awwiw of the
defoliation, the available data will not permit the drawing of a

closer relationship.

Table 3. -~ Crown forms and tree mortality

' x Number

g Killed by Killed by ¢ Numbor

U ¢ : iad. _— 'evicomis ¢ eof
! trees Peroent t Percent : trees
Grown : in $ of 8 of ! living

¢
H
R b FWRAEL....L 1000 1 . 5.0 1 17
~ : W 5 1 10.8 0 : 2.7 ¢+ RN
U JU0 FONTR. 5. SN S, | 3 15,1 . T 9.1...1..28%

Graham (9) states that dominant trees are more resistant than
suppressed individuals in that such trees have & larger reserve of
stored food. Data available from this study were not sufficient to
establisk this correlation,

Aside from the preferemce shown by the western pime beetle for
trees with round erowns, no apparest relationship existed between the
different orown olassificstions aad mortelity following defoliation.
To cheek $he relationship of crown forms to the vitality or growth of
trees, the average basa) growth for the five years preceding defolia~
tion was determined for the three olassifications.
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Table 4. - Crown forme snd radisl bassl growth

Crown

>
)

( : o . . ‘Ih‘ Ol
L R ema i B.2% mm,,
The above data show an expeoted correlation in the relation of

Avorage radial incrememt:

orown forme to tree vitality as indicated by radisl growth. There is
not a great difference in the basal increment of the round crowns and
flat tops, whioix would be a normal gomndition in such & mature timber
stand. As the data used absorbed some rather marked individual

departures from the averages, the above correlation wonld not hold fer
individual trees.

Table 5. - Dismeters, heighte, and tree mortality

Nnrige d.b.h. | '.27.; AR -7 aag : AN

'rhon;h a difference is sbowa in both diameters and heights for the

different growpings, it is so slight thet no significance has been given
to it.

fable 6. - Foliage growth im 1923 and Sree mortality

: irees
Living 1938
Killed by defoliation

AP

4,




18

The only conclusion to be drawn from these data is that the ccour-
rense of normal follsge the first year after defolliation is an indication
of trees with hifgh resistance to the injury and of rather assured
recovery. However, it wonld appear that s close assooistion exists
between the severity of defoliation and subsequent foliage condition, as
the § trees with mermal foliage were listed as having a medium defolis-
tion im 1922, The remsining 6 trees with medium defoliation all produced
"M*, or short, foliage i# 1923. Some interesting facts were drawn from
s comparison of the 1923 and 1924 follage. Al)l trees with normal foli-
age in 1923 prodused comparsdle growth in 1924, and all of these trees
reoovered from the iajury. Only 6 of the trees with "M* {short) foliage
in 1923 showed & reduced, or *F* (stubby), folisge in 1924. Three of
these six trees died, eme failed to add any grewth from 1923 to 1933
inolusive, ancther added no growth from 1923 to 1930 inclusive, while
the other after adding no growth frem 1923 to 1925 spparently effested
& recovery from the imjury. All trees with "I {studdy) follage in
1923 either showed an incressed growth in 1924 or else died some few
years later. It would seem that a comparison of foliage growth fér the
two years following defoliation offers a fair indiacation of the treels
ability to recover from the injury. ﬁgr‘c agein the necessary brood |
classification in the measurements of folisge growth is unfortunate, as

R

it does not gcmit a oloser correlation of these data.
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Summary ¢f Precediegz Tabulations

The preceding tabulations offer no explanation of the marked
variations in the finmal effects of defoliation; hawever, as previcusly
stated, 1% is belleved that a fimer meazsarement of the smound or
peroent of leaf surfade destroyed would bave shown a cleser relation-
skip between the injury snd subsequent tres mortalisy. Orsighead (3)
shows & direct correlation in the death of sprase and balsam to the
severity of the defolietion by the spruce budworm. Though defoliation
is obviously the prinoipal factor comtridubing to the dsath of the
trees, it would seem that tho chemistry of the tree at the time of
attask is a faotor in determining its power of resovery, ‘As suoh vital
fanctions in tree growth as transpiration, sssinilation, asd respira~
tlon are directly affeoted by defoliation, a variation in the chemistry,
or food reserve, of differeat trees would perbaps be met with a corres-
ponding variation in resistance. Orabam (&) resords variatioms in the
reastion of tamarsck to defolistion.

The water content of defoliated trees is undoubtedly an important
fastor in their resstion. Though it is spparent that with a marked
excess of moisture trees die vory quickly after dn!alutim, the impor-
tanoe of lower ssnoentrations is not kmown. As sxeess water is expelled
through the foliage, it would seem that a low mﬁture gontent would be
asdvantageous %0 the recovery of defoliamted trees. Mr sush & premise
8 4ry semson or & pericd of drought might prove to be bemeficial during
epldemios of defoliating inseots.



RELATION OF BASAL INCUEMENT T0 DEPOLIATION

The follawing tabulations are offered ss depieding the peculiar
end varisble conditions of growth at the dase of defoliated trees as
indicating their reaation to the injury. These data were cempiled
from a series of insrement cores taken from the saws general looation
on each tree so as to sesure comparable records. This contimuous
record permitted the establislment of a definite history of the basal
growth for esgh tres (pl. 5). It is uanfortumate $hat this plot was
not estabdlished until 1924, as no date are available for the years
during which dtfoiituan ozourred,

From & careful anslysis of all inarement cores, whioh included
those from uninjured trees on & check area some few miles distant, a
very distinot ring-growth pattern was established for the ares. In Shis
pattern the 1921 growth ring wes very distinct, with a wide spring woed
snd an unusually wide summer wood which followed the narrow spring aad
very narrow sumner growth of 1920, Though all illustrations included
with this paper show this peouliar pattern, it is ¢learly depieted in
sore No. 12, Plete 4, Though from this pattern the 1922 growth eould
be ldentified, difficulty wes experienced with ¢ores where only one
growth ring was made during the years of 1923 sad 1924, Thowugh 4t was
impossidle to definitely determine the yeayr this growth was made, it &s
assuned that it cacurred ia 1923, This decision was influensed by the
dats from trees which missed no mnmual imoremest and showed the 192M
growth to be less than that of 1923, This position is supported by
Craighead in his studies of the spruse budworm (3), who states:
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"Pollowing the defolistion, the first indication of lowered
vitality is the reduction im the current year's wood on the terminsl
portion of the trees. The second or third seasom following severe
defoliation, the tree may fail to 2dd sm annual ring st the base
and in some trees as much as three years' wood is lacking om the
lower trunk before the tree dles."

The measureasats of all cores were made with & preoision
- eomparator graduated to 1/100 part of a millimeser, with a bincenlar
microssope as an aid to greater acsurscy.® To eliminste the mechaniocal
variations whieh oecur in different cores from the seme troe, the

material secured in 1935 was used for the fissl measwrements.

* The writer wishes to acknowledge the sssistance given Wy 7.2.Terrell,
Scientific Alde, Buresu of Entomology and Plant Quarsatine, im the

measurement of the inorement cores secured in conneotion with this
project,



Table 7. - Years of mo basal increment

-

Tivingikilled by :Killed by

—
Years of no inerement :

jee

Bo years of increment missed (pl. 3)
¥o increment added

Years 1923~k missed {pls. 4% and 6)
Yoars 1923-1-5 pisced {pls. § snd 6)
Years 1923-H-8-6 migsed

Years 1923-8-8-5-7-8-9-30 missed
Years 1923~k snd 32 missed

Years 1923-h snd 33-34 missed

Years 1923-U<8 and 29-70 missed
Years 1923-4«5 and 31-32 misced
Years 1923-U-5-6 and 30 missed

Years 1923-4-5.6 and 29-30 minszed
Years 1923-4-5-6 and 34-35

Yours 1923-4-5-§-7 & 30-31-32 missed
Years 19271-U-8-6-T-8-5-30 & 315 missed
Years 1923-1933 imclusive (pl. 7) *
Years 1923 and 192% missed

Tears 1923 and 1926-T~E-9 missed
Year 192k missed {pl. 4)

Year 192% missed

B pReorwweormoorrniRo~

1 1
: 11
3 0
: 1l
: 0
! 0
1 0
$ 0
H 0
3 4]
H 0
¢ 0
H 0
$ 4]
s (4]
H [+]
? 1
t 4]
$ 0
] 0
3 .

ORI .

'pa«uur**co”n'.t-a‘ou»n-l»ndgou
: EQQQOQQQHGQFP'QOQO-'@QDE

A reduced or in many instances the entire loss of basal imsremend
is & normal condition associated with the defoliatiom of coniferous
trees. However, no explanations are offered for the outstanding and
peculiar variations whichk oocurred in the basnl growth of the dsfoliated
ﬁu: as shown in the preceding tabulation. Many trees spparently
resovered only $o lapse into another pericd of no basal growth, demon-
strating the contimning effects of defoliation. The tebulation shows
that all 19 trees which added no basa)l inorement after the first year of
severe defoliation either died from the dirvect offects or were atiacked

By bark beetles. In contrest to the fate of theee trees only one of
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the § trees whieh added increment eash year was lost giwmg the period
of this study. This tree, attacked by J. hrevicomis in 1931, wes one
of the most severely weskened m&tﬁdmo of this group, with the radilal
basal growth delng reduoed from 1.3% mm. in 1921 to .08, 19, and .13

mm. for the years of 1923, 2k, and 25.

With the necessity of accepting the broad slassifications of
defolistion, the many variations in the preceding data are difficult to
explain excep! through the possidle differences in the chemical resotion
of different trees to comparsble injuries.

Table 8. ~ Years of no besal increment and basal grewih prior te
defoliation

: Fumber Avei'agvekmm«l
Rasal 1m:uut m“qm:s of H rnam growth

:
- , v : =1921 Ang. & 1938
Bo years of inorement missed @ g 1.62 mm, '
Bo inorement in 1924 r 12 : 1.3 @, s o
No increment in 1923-24 $ 18 $ 1.02 =m, : o
No increment im 1923-2h.25 t 25 3 .sg B3, : &t
Q. ARCEERENS subseauent ihce .1 ... m 1 ‘ ’-»' ] i m
02 AL iRBEs - .9l mm. ~

The preceding data show a distinet relationship between the rate of
growth prior to defoliation and the number o subsequent years during
which no vasal increment was made. It is regretted that this tabulatien
eould not be extended to imeclude all variations in growth as shows in
the table on page 32; however, sufficient emses were not available to
permit the establishment of an aversge figure. Though there were indi-
vidual departures from the averages used in establishing the preceding
tabulation, it would seem that the rate of growth prior to defoliation
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is a fair index of the rapldity and perbaps the permanensy of the
resovery from such injeries.

%zble 9. - Growth prior to defoliation and tree mﬁalur

t Departure from the
Aversge snmanl 3 average anmmual radial
radul grovih i wth 1.91 sm.) for

“L‘O.“<&

!Hn.' 5+ .0f wm.

Living 1935 i 'fg
1 n ane H - ago .

Iilled b7 3. brevisonis

oo o5 6o Jae ov on we

:
ok

Though these data show that prior te defoliation the rate of growth
vas more vapid for the Srees which survived the injury than for those
which died, there were of course marked (ndividual departures from the
average figures used, Though the trees killed By bark bestles showed
& elightly greater growth than those which died from the effests of
defoliation, it was not considered ms being of sny significencs.
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Table 10. - Growth prior and subesequent to defoliation and tree
mortality

H t Average 1 Average %
3 ; annual ! radial growth :Died during st
Classifications ! Nusber : radial 3 of grow ¢t By : By
of i eof 1 growth t after t defoe D, Breve
1.00-2,00 ., : 312 : . mm., ¢ 17 mm, ¢ 2 $ 2
2.00-3.00 mm, 2 22 } L8 em. : 22mm. 1 6 : &
LO0-4.00 mn, : ) ¢ T mm. ¢ .ai mm. 3 O : 0
00-5,00mm. : 12 3 .9% mm. ¢ M mm., 2 t 3
e00-7.00mm, : ¥ ;1.2 mm, ¢ H2m. ¢ 0 : 0
7.00-8.00mm,. 3 ¥ : 154 em. : b2 mm., : 13 & 1
8.00-3.00 mm. g t 1.66 mm. 3 S mm, : O 3 O
9.00"10-00 mn, ¢ H Ioﬂ m., ogh e, H 4] H 0
10.00-11.00 mm. ¢ l 2,00 mm., ¢ S5 mm, : O t 0
J.00=12. 00 mae k.. 2. p 2 Mmm. i l0lmm.. 4.0 & O

The preceding table again shows slower growing $rees to be more
susceptible to the effects of defolistion and atiscks of bark beetles
thep thrifty growiag individusls. Here again the variation in the
éata suggests the existence of other factors which are undoubtedly of
primery importance.

* The average radial growth subsequent to defolistion refers to
living trees only and is the average from 1922 to 1935
inclusive.



Table 11, - Radial growth reeord of trees killed by defoliation

Mecaureasents in sillimeters

2
2.
@

»u”,”‘auuﬁgo

Tree : : ] H 3 I 3 H ] t 3 H H t -
REmS e 19317 191%: 13339 19203 1921 1922:1192%: _ h11920:1927:1928:1929:19%0:1
2 :t .99: 1.13: 1.36¢ .82 1,13: 85 O3 O: Ot O: O3 O sDesds :
5 11,09 .96: 1.11: 1,325 .95t 1.56: O : O iDeads : : : s H
19 1 .66: 6% .37 31 B .38 O0: 01 O: O: O0: Ot O: O: O
37 : .80 kg ?' ga M9 298 Ot O0: Ot O: O tDead: : :
3t .3 66: .On: b7 281 0: O: O0: 0:.083:.,30t 01 O
52 3 .27 .33 .22t 22: J1: 18t 03 61 O tDead: s $ $ t
5% 1 1.19: 2,16: 1.42: .91 2.22: 1,333 0 : Ot 0 1.08 1.15:,061 0 : O :Desd
5 : 461 361 5 B9 38 0: 03 03 0O: O tDeads : :
8T ¢ .50: .60: .3h: .g: Mg .30t 03 0 1,13 :.18 :,05 3.05 :.09 1,08 :.07
65 : .56: .u3: ke S5 3851 01 O :Dead: I R I
67 t .39 6 doW32: Jh2: ,3%: 0 : O3 O 1.07 iDead: : s :
Yo , A L e d WS- IR I L 3 | H | IO 3

L]
oo

“ wo se P
“ s ee Lo

o]

2
"
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8
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The preceding table greaphically presents the loaing fight which
the tress made for vecovery. Trees mumber 43, 54, 57, snd 67 at ene
time seemed to have effesteld & recovery only to lepse into a sesond
period of no basal inarement and ultimate death. Tres mumber 5§ shows
& rapid growth prior %o defoliation far in excess of the sverage for
the plot, though it died ia 1528, Prior to defolistion the growth of
tres nmumber 19 was far less than the sverage for the plet, yet it
lived for 11 years, with mo basal incremeant before dying. Though
these variations must be partially explained by the difference in the
sevority of defolimtion, there were undoubtedly ether sontributing
factors. Tree number 57 was an interesting example of a losing
streggle for survival when it would seem that the battle had deen wom,
The tree lost only two years of growth immediately following defolia-
tion, recovering in 1925 and 1926 with a redial growth of .13 and .18
um. However, in 1927 this growth dropped to .05 mm., remaining
practioally the sams for the subsequent five years, with mo growth
whatever in 1933 and 1934, In 1935 the tree wes listed as dead with a
typical "sour sap*, though there was no great excess of water,



Table 12. - Radisl growth record of trees killed by Demdroetenu;

Meagsurements in millimeters

oY

Tree s H 3 s H s : $ 3 k] : : H
23 ¢ 1.03: 1.58: 1.68: 1.,38: 2.27: 1,53 O O: O : .5b: : : H tAttacked 1927 ¢
32 : 22 30 -.328 2By 308 W O O01: O : : t s thttecked 1926 :
33 : .Oh: 1.20: .96: .92 1.1M: 97t O : L2k O: ¢ t : $ tAttacked 1926 ¢
53 & 3.06: 1.3%: 1.26: 9% l.ak: JST: .08: W 133 kO J5%: .61: .32: .761Attacked 1970 :
68 : .17 .23 ke .gs b3 18 0: 0 : : : : 3 thttacked 1925
70 Eé .&z .e&: 40t LM kT3 0 : 03 : O t  thttacked 1925 :
T2 ¢ 43 b6y By: M6 500 461 0: O0: O: 01 : s : tAttacked 1927 :
;E ‘3 JBB 66 .58: .38 ,76: k7: O0: O : t : 1 : i thttaoked 192%
d 1 W35 50: JB&: .32 Rl .29: O s : t $ T $ thttacked 192% 3
;’2 3 <73 J322 0135 750 B3 L16: O 3 : : 3 : t shtteoked 192k @
) + 60:  .H: .g: 39 8 BT 0 : : t t : ¢ thttacked 1924 ¢
TT & 163 .38: .h&: ,30:r 491 .3%: 0O : t : : : $ thttecked 192k :
T8 : 1.39: 1B 9W: .&3: 1,16 G4 O3 O3 O3 O 3 : t tAttagked 1927 :
. s WBE3 28 O : O3 O H $ . 1A%%e 1926 3

2P S 00 98 Gu B 6P 8 YR $0 o5 v W e far ee |
3 o 1
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The preceding tabulation also graphically preseats the effegts of
defoliation upor the growth of trees prior to an attack by bark beetles.
It will be noted that the average 1ife of the trees killed by bestles
was wach shorter (3 years) then for those which died from the effects
of defoliation (5-1/2 years). Though theories sould be advanced in
explanation of this difference, there is no solution which gould be
considered as being 2t all positive. However, it is poseible that
some of the beetle-attacked trees were more severely injured thean most
of those which dled from the effects of defoliation alone, and were
therefore promptly selected by the insests as favorable host material.
The one tree (mumber 53) attacked cubseguent to 1927 mad apparestly
made a fairly complete romm. and it would seem th-%t this lose
should be oconaidered as a normal bestls attaok. It is rather diffiouls
to determine what the future of these trees would have bdeen had they
not been attacked by Leetles. However, frem the evidence available it
is belleved that a large percent of them would have died frem the direcs
effests of defoliation Af the Deetle had not hastened their deaths.



fable 13, ~ Radial growth record of a selected number of trees still living in 1935

Hensurements in millimeters

Tree : s 3 "3 : $ .

s 3 : 3 : : : : 3 ? :
11 & 1,33 1 51 1,211 1 35. 1.95: 1.?: O: .28: .20t O0: O: O3 01 .15: .08 .69: A9 24:
16 : .68: .675 902 .82 N33 211 .3M: O ¢ .88:1.281 .93: .B6: .67: .63: .53: .67:1.00%
26 : .301 .25 .28 .1 P .23 218 0: 013 0! O0: O: O3 O: O3 .21: ,18: .07: .OB:
6 3 .66: .98: .ga: M5 91: .88 0: 03 0: O0: O: 03 O O .09t .06: .16: .34
5 ¢ .35 .E1: &7 .31: .s6: .ga 0: 03 0 ¢ .21s .30: 333 .22: .10: O0: O : 03 .51: .
6% : .32: .38 4y: By My BS: 0: 0: O0: 0: 03 O: ©O: 0: 0: 01t 0: .23
g2 : .59; zo: J33: .36: .5h: .g: 0: O0: 01 0O : .20 ,223 .18 .00: .08: .08: .08: O :
;z 30033t Bl 521 .58 .01 .62: O : O3 .27: JM6: .52: .30: .25: %1 .2T: O : .32: .22
, t AT .22: <35 232 37 21t O0: O% O: O0: O 1M D9 0 0: Ot .O7: .11:
100 ¢ .27 gk 28: .57t W13 O0: O0: O 201 .22 .3k L07: .12 0: o0 : .12: 19:
g t 1.&5: 1. hss 1.bh: 1.%3: 3.55. 2.171 M7 0301 .39t .20: JMQ: .B%: .s0: .60: .79: .92: .76 1.11:
3 2 3 . Lad)t 171232 for § AR UI RN -1 X2 Nt U0 TR21 bR BR2 7433, 14
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The preceding tabulation is offered as depioting the peouliar
growth behavior of & few ’h‘“l that were uﬂ.’.u liviag at the time at
the 1935 examination. From Ghou data u n aﬂdwk that the aﬂ"wu
of defoliation are still portrayed iz the bassl ;rmth. Mi%homﬂ.
the future of such trees as mumbers 26, 36, 64, 82, 96, and 1013 :-
questionable, and 1t is entirely possidle that some of them will
finally sucousd to the effests of the injury. Z¥res nunber 26 wan tha
slowesst growing of ull tress prior to defolistion, and though atill |
slive its recovery is doudtful, as no growih was added in 1935.
- Furthersore, as m 1935 radial increment of the living trees
only averaged .60 am., as compared with & growth of .9% mm. prior to
defoliation, 1% is evident that st the end of 1b years the trees have
not as yet recovered from the injury. |

ECONOMIC IMPORTARCE OF PINE BUTTEAFLY BEFOLIATION

Puring the period of this study the astual destruotion of timber
on the study plot amounted to U5, THO board feet, or 29.51 percent of
the total volume of 155,000, Of this losa 25,340 board fees, or 55,10
-peroent, i questionably eredited to the attacks of D. brevigsenis,
while 20,400 hoard feet, or U4.60 percent, dled from the effects of
defoliation.

In addition to the actunl destrustion of trees, s less important
though very definite loss existed inm the redusction of snnual grovih,
During the 14 years prier to defolistion the asnual increase in the
basal dismeter of all trees within the study plot sveraged 1,82 mm,,
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or .072 of an inch. ¥ith trees of this diametor sush an increment would
amount to 7.2 board feet anmally or 720 for the eantire plot of 100
tress. If we assume that under normal conditions the subsequent b
years growth would have been equal to that whish oecurred prior to defo-
1liation, the total volume of timber on the plot would have Deen inareased
by 10,080 board feet. Howsver, during this subseguent period the diame-
ter growth of the trees now living was reduced $o .86 mn., or 034 of an
ineh, whish only increased the volume of these trees by 3,.47H beard
feet, or & deorease from the growth mnormally expected of 4,191 board
feet. 3o as a result of the defoliation, instead of having & total of
165,080 board feet om the plot in 1935 there were oaly 112,734, u total
less of 52,766 board feet, or 31.3;' of the sxpected volume,

Sumuers and Durgess (16) advamce & method of determining monetary
losses to definite forest soreage as & result of defolistion. Ne
attempt bas deen made to use this formula to show the monstary loss as
per ssre of defolistion, as the stumpsge value of the Simber in guestion
varies materially and the exaet sres of the plet was not determined.

Though defoliation is considered as Daing responsible for the
marked reduction in the increment as showa in $he previous statement,
the natural varistions inm growth must be somsidered in arrivimg at sush
conclusions. To check the possibility of thers having been a naturasl
reduction in tree growth durimg thie perlod, 21 increment vores were
taken from iuu growing under comparable conditions some few miles
from the study ares that had not Deen defoliated. Unfortunately, these
trees were sonsiderably younger thanm those within the study ares;
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however, an uninjured $ imber stend of the same age sould not be leoated.
Though the basal inerememt of the younger ﬁnn wes considerabdbly in
excess of those within the study ares, it was assumed that the same
growih variation would prevail ia all ponderosa pine trees throughout
the New Meadows Valley.

Table 1. - Growth rate of injured and wninjured trees

-

a'veraxa"amul redial M&m annval mw, '

basal growth : baul grﬁﬁh 3

16 g 1922-1933 $

Uninjured cheok ] t
trees 1.40 3 1.?5 : * 25

Defolinted trees s
~Adving 1975 qﬁ!_—‘ NIRRT, . S i -

The preeeding data show an increased growth for uninjured trees,
vith & narked deorease for the defoliated ones. This natural iscresse
in the growth rote would indioate that defoliation was responsible for
oven more than the reduged growth rate of injured $rees ss shewn in the
proseéiag teble. A more complete comparison of the growth rate of
wainjured and iamgatréu is shown om plate 8§,

CONCLUSIONS -
In sumearizing the contemts of this paper there i« not & great desl
that can be sdded to statements alresdy made. Prom Gata submitted it s
evident that as a result of the defolistion 12 percent of the trees 4led

from the direst effests of the injury and 14 percent were so weakened as
to make them astractive Losts for western pine Deetle attacks. As there
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is wvery reason $o assume that some of the trees attsaked by bestles
vould bave died from the effects of defolistion alone, the actual loss
as a direct result of this injury rests somewhere between 12 and 26
percent. Furthermore, the fature of s few trees which were gtill
living in 1935 is gquestionable, as the effects of defolietionare still
evident., The severity of the loss resulting frem this injury is
supported by a salvage custing of s defolisted area of ponderosa pine
near McCall, Idsho, owned dy the Boise-Payette lumber Company. During
this operation, which occurred in 1925, all dying trees were removed,
and it was estimated that mearly NO peroent of the stand was cus.

In addition to the actusl loss of timber, the reduction in the
annual growth of irees surviving defolistion is an important considera-
tion. It has Been shown thet during the period of this study the aversge
annual growdh of the living trees was but Wl percent of the inorement
during a comparable period prior to defoliation. Furthermore, these
trees have not yet resovered from this injury, for the 1935 growth was
only 61 percent of the prior defolistion imerement.

It was also apperent that as a elass the thrifty-growing treee
were more resistant to the effects of defeliation than slower-growing
individuals. This fact was evidenced mot only by a couparison of the
average gémn between dead and living Sroes withia the study plot bdut
from a prectical demonstration on & timber sale at Caseade, Idabo, im
1924, During the marking ¢f trees on this sale of pudblicly owned time
ber, which had been severely defoliatsd by the pinme butterfly im 1922
and 1923, the writer's advice was reguested as to the sdvissdility ef
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departing from stendard silvisultursl practices and cutting all trees,
regardless of their size, thet had any oommercisl value as a mesas of
salvaging the injured trees. Ags this stand wag of an uneven age, which
when marked under nersmal sonditions would lesve a residual stocking of
young, thrifty, growing trees, it was recommemded that the defolistion
be disregarded ami that standard marking regulations be employed. The
souadness of this recommendation was substantisted during an examiss-
tlon of the area some few years later, as apparently none of the resid-
usl stand had failed to recover.

It 1s also evident that, though the severity of the iajury is
governed by the percent of follege destroyed, there is & marked varia-
tion in the resgtion of different trees. This variation can perbsps de
explained partially at least By the effeat of disturded physicsl funse
tions upon the reserve food supply, or chemistry of the tree, the

moisture content, or the incressesd tempersiure of the bole dus to excess

~ solar heat resulting from the destruction of the forest camepy. These

are intangible fagtors, it is true, yet they will need be considered in
any future fundamenta) studies of the effects of defoliation.
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PIATE 1

A - Bgge, larvse, pupse, and sdults of the pine butterfly (Neoohasis menapig Felder).
B - Portion of study plot showing echaraster of ponderosa pine stand iacluded,
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PLATE 2

A - Tree 69 killed by defoliation. Died in 1925. Added mo basal growth
in 1923 or 1924, Doctor ¥. €. Craighead, Chisf, Yorest Insect Inves-
tigations, Buveau of Entomology and Plant Quarsatine, in foreground.

B - Protograph showing condition of foliage following 1923 defoliation.
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PIATE 3

A - Cores 0 16, © 19, and © 21 are 1937 increment cores fa!ten from ubﬁa&
trees uninjured by pine hﬁtnm defoliation. mu cores show ?h.
distinotive 1920 and 1921 growth rings with n uninterrupted growth
subsegquent o that time. |

B - Cores 10, 28, 49, emd 61 are 1935 increment cores takem from numbsred
trees within the study area. Though these Srecs show a marked reduc-
tion in their annmual imorement due to &etniiatlm. they 414 not fail
to 244 some growth during each year of the study. On core 61 the 1923
ring 1s rather 4iffioult to Alstinguish from the photegraph. The
1922, 1923, and 1924 growsh lies between the 1521 growth and the next
distinot 1ine of summer wood, which is 1925. On core 28 the 1924

ring aan only be seen at the lower side of the corve.
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PLATE &

A - Cores 13, 4], 12, and B7 are 1335 inorement cores taken from
munbered trees within the study ares. No 1924 growth was added %o
any of these trees. Though growth was added each subsequent year,
it was materially reduced, sspecially in core 87. In sore £7 the
192k growth is only separated from the 1323 growth in spots, the
hcruut being measured sas .09 mm., whioch ie bardly dlsceraible.

B~ eérn 3, Wb, 27, wﬁ‘ 42 are 193% inorement cores takem from trees of
sorresponding number within the study pvlot. No growth was added to
these trees during the 1923 and 1924 sessons. As on gore 3 the 1928
and 1926 growth does mot show very plainly, slight marks have been
made as an aid in idemtifying these rings. Cove 42 ghows nearly a
resumption of normel growth, except for the two years missed.
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PLATE 5§

A - Cores 22, 29, 5E, ané 24 zre 1935 increment cores taken from
nunbered trees withia the study ares. None of these treea added sny
growth during the 1923, 1924, and 192% seasons. Core 22 shows &
return to nearly a normsl growth rate, while the others still ashow
the effects of dofoliation.

B = A geries of inorement cores taken at different years from tree number
B7 of the study area. These figures depict the method used in deters
mining the years whea no growth is added. Thias tree 4id not add any
growth in 1323. The shaded portion of the 1924 core is the end of
the core with the barit removed and not an anmual ring. In the 1335
eore there appears to be am axtra ring, which 4s but the shaded

portion of the 1935 summer wood,
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PIATE 6

A - A series of increment cores taken at different years from tres number
W4 of the study srea. This tres added no growth during 1923 and 1924,
with a sabsequent redustion in anmual increment.

B - Same as A, being from tree number 22, with no growth duriag the
years 1923, 1924, or 1928,



PLATE 6

1921
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PLATE 7

A - Three increment cores taken in 1924, 1930, and 1935 from tree
number 64 of this study plot. This tree, though still living in
1935, failed to 2dd any growth during the years 1923 to 1933 inelu-
sive,

B = Illustrating the larval and adult forms of Theronis fulvesceny, with
parasitized pupal cases ¢of the pine dutterfly,



PLATE 7

TREE # 64

1921
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