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ABSTRACT: Success--de fined as ovi­
position 0 r tree-killing--was ob­
tained b y attracting western pine 
beetles to groups of pines with nat-
ural attractants and by en-massed 
forced attacks on individual trees 
combined with eithe r physical or bi-
ological stress. Preliminary results 
s how considerabl e agreement with 
laboratory tests of vapor toxicity. 

Forcing Attacks of 

Western Pine Beetles to 

T est Resistance of Pines 

RICHARD H.SMITH 

VVhy is one ponderosa pine (Pinus 
pondeY'osa Laws.) tree m ore resistant than 
another to attack by the western pine 
beetle(DendY'octonus bY'evicomis Lec.)? 
Laboratory tests suggest that certain 
components of resin may be important 
factors in resistance. However, these 
results need to be verified in field 
tests using naturally growing trees. 
The most formidable barrier in such 
tests is the development of suitable 
means of forcing successful attacks. 
The problem is especially difficult 
because the western pine beetle is not 
known to be partially successful in 
attacking ponderosa pine. That is 
either it successfully establishes' an 
F1 generation and kills the tree, or 
the insect does not oviposit--it dies 
or cannot reproduce--and the tree 
lives. Therefore, to isolate the me­
chanisms of resistance, it is neces­
sary to regulate forced attacks and to 
vary the suspected tree factors so 
that some trees live while others die. 

At Placerville, Calif., we at­
tempted to force the western pine bee­
tle to attack pines--both successfully 
and unsuccessfully--to test the re­
sistance of trees of differin a 

b resin 
characteristics to forced beetle at-
tacks. From the somewhat preliminary 
results of this study, we concluded 
that they seem to substantiate labora­
tory results and to support the hy­
pothesis that host specificity is 
closely aligned with resin quality. 

EARLY STUDIES 

Previous attempts by other inves ­
tigators to use controlled forced at­
tacks of the western pine beetle to 
kill ~onderosa pine were not success­
ful . ~ Several reasons could be ad­
vanced for these failures. The mos.t 
obvious ones are lack of tree suita­
bility, insufficient number of beetle~ 
and the inappropriate time, location, 
and distribution of the beetle attack. 

3 Person was able to kill a few 
trees, located in an area where an in­
tensive bark beetle epidemic was in 
progress, by using large numbers of 
beetles. There was no control of the 
number of beetles, and the natural 
beetle population usually attacked the 
tree outside the caged portion. 

From laboratory tests and field 
observations, some preliminary and 

1Miller, J. M. Studies of resistance of 
pine hybrids to ins ect attack at Institute 
of Forest Genetics. 1950. (Unpublished 
report on file at Pacific SW. Forest and 
Range Exp. Sta .. , U.S. Forest Serv., Berk­
e I ey, Ca 1i f . ) 

2Callaham, R. Z., and Miller, J. M. Studies 
of the resi stance 0 f pine hybrids to bark 
bee tle attack, season of 1951. 1952. (Un­
published report on file at Pacific SW. 
Forest and Range Exp. Sta., U.S. Forest 
Serv., Berkeley, Calif .) 

3person, H. L. Report .on western pine bee­
tle studies of 1927, Cascadel Unit North­
fork, Cali fomia. 1928. (Unpub1i~hed re­
port on file at Pac ific SW. Forest and 
Range Exp. Sta., U.S. Forest Serv., Berk­
e I ey, Ca 11 f • ) 

Forest Service - U . S . Department of Agriculture 



tentative conclusions have been drawn 
about the role of resin quality in the 
resistance of ponderosa pine to beetle 
attack. Stark (1965) has reviewed 
other aspects of the relationship of 
resin and resistance. Laboratory 
tests have suggested that the specifi­
city of attacks by bark beetles to 
their hard pine host might be based on 
the insect's tolerance to the particu­
lar resin vapor (Smith 1,963).. Vapors 
of the indi~idual monoterpene compo­
nents of ponderosa pine were differen­
t i ally toxic to adult beetles (Smith 
1965) . The order of toxicity was 
limonene >3-carene > myrcene > 8-pinene 
~ a-pinene > untreated. Heptane, a 
highly volatile but nonterpene compo­
nent of some pine resins, was more tox­
ic than limonene. This ranking sug­
gested that variations in these compo­
nents mi ght be a factor in resistance. 
Large variations have been found in 
ponderosa pine (Smith 1964.). 

In comparing fatally attacked and 
unattacked trees in the same area, it 
was found that fatally attacked trees 
had a much lower percent of limonene 
plus myrcene (Smith 1966). The mono­
terpene composition of the fatally 
attacked trees was determined by the 
corrected analysis of fresh pitch 
tubes. 

These results and observations 
pointed to the need for development 
of an adequate field procedure to test 
the r esistance of trees of differing 
resin characteristics to forced beetle 
attacks. 

GENE RAL PROCEDURE 

The monoterpene composition of the 
wood resin of all trees used in these 
studies was determined by gas chroma­
tographic analysis of either the pen­
tane preparation of the fresh resin, 
or the Hickman still distillate of 
fresh resin (Smith 1964). 

Beetles were obtained from brood 
material gathered from naturally infes-
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ted trees in the Eldorado National 
Forest, near Placerville, Calif . The 
bark was removed when the brood had 
reached the late larval or pupal stage. 
The brood was allowed to continue de­
velopment and to emerge in a screened 
outdoor insectary under the prevailing 
summer weather at Placerville. Emer­
ged beetles were collected daily in 
individual #000 gelatin capsules and 
were held at 35°F. for no more than 2 
days in order to collect enough for a 
test. Beetles were randomly distribu­
ted among the segments of a test. 
Therefore, they were compar"able wi thin 
a test, but were not comparable be­
tween tests. Beetles were placed in 
the cages on the trees of the various 
tests after the daily high temperature 
of the test site had been reached. 

J ND IVIDUAL PA IRS OF BEETLES 

The first attempts to us e forc~d 
attacks were with individual pairs of 
beetles in small gelatin capsule cages 
placed against the bark at the base of 
trees 10 to 12 inches d.b.h. Varying 
spacings of attacks, area of bark, and 
number and sequence of attacks were 
used. The heaviest planted attack on 
a single tree was 200 pairs of beetles 
on 8 square feet of bark. Both cir­
cumferential and strip areas were used 
at a height of 5 to 12 feet. 

On the basis of occurrence of ovi­
position, no successful attacks were 
made in a large series of tests. 4 

Most beetles were able to bore through 
the corky bark and all or part way 
through the phloem. They rarely ex­
tended galleries for even 1 inch, how­
ever, and usually consid~rably less 
than this. 

The lack of a successful attack may 
be attributed to a condit i on of the 
tree, not enough bark area under 

4Sm1 th , R. H. S tudi es on t ox ,.ci t y 0 F r e Sl n s , 
Fo r c ed a ttacks , and analy sis o f ponde r o s a 
p i n e ter p en e s , 1962 . 1963 . (Unpubl i shed 
r ep . on f i l e at Pac1f ic SW . Fo rest & Range 
Exp . Sta .,U. S. Fores t Serv., Be rke l ey ,Cal i f . ) 



attack, or too few beetles . This last 
possibility can be classed within the 
theory of minimum numbers; i.e., a cer­
tain number of insects--more than one 
pair--is needed for survival. Adequate 
breeding possibilities and proper host 
conditioning are two of the commonly 
accepted reasons for a minimum number. 
The latter reason would be applicable 
for the case cited. Several investiga­
tors, including Miller and Keen (1960) , 
have recognized this requirement of 
the western pine beetle. 

ATTRACTED ATTACKS 

Next, ponderosa pine trees were 
subjected to attack by attracting the 
indigenous population of western pine 
beetles to certain trees . Freshly in­
fested bolts of ponderosa pine were the 
attractant. Vite and Gara (1962) used 
similar material to attract this beetle 
to field olfactometers . The bolts, 4 
to 5 inches long and 3 to 6 inches in 
diameter, were artificially infested 2 
to 4 days before use in the field. 
They were hung on trees at a height of 
15 feet, WhlCh placed the bolts just 
below the crown. Each tree had four 
to six bolts and each group consisted 
of five to six trees . The trees stood 
next to each other rather than being 
interspersed throughout a stand. Dur­
ing the course of the summer five 
plots were used within a 3-mile radius 
(fig. 1). 

The plots were observed regularly 
for the number and location of attacks 
on the baited trees as well as on near­
by trees. Attacks were determined on 
the basis of the number of pitch tubes 
visible on the bark. Tree killing was 
the criterion of successful attack. If 
no successful attacks were made in a 
plot, it was rebaited later in the 
summer. 

The insects quickly made numerous 
attacks in plot A, and killed some 
trees . They made few attackp (a max­
imum of 20) in the other four plots 
during either period of baiting. The 
first attacks in each plot were made 
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on the baited trees within a few inch­
es of the bolts. Subsequent attacks 
in the first plot were made upward and 
downward from the bolts, app.arently by 
the indigenous pop~lation of beetles . 
In a few days nearby nonbai.ted trees 
were also attacked (fig. 2). By the 
end of the attack period 21 trees had 
been attacked in this plot: 6 were 
killed; 2 were heavily attacked, re­
ceiving more than 100 visible attacks, 
but survivi ng ; and 13 received less 
than 50 visible attacks, but survived. 
Three other trees within the attack 
area were not attacked . No attacks 
on trees which survived were success­
ful in establlshing a brood. 

Although the limited scope of the 
experiment may not merit conclusions 
of cause, a few points are worth not­
ing. Western pine beetles can be 
attracted to ponderosa plnes by fresh­
ly infested bolts of wood. This pro­
cedure is suitable for use in resist­
ance studies because their attacks 
mayor may not be enough to kill 
trees . The monoterpene composition 
of the plot trees varled considera­
bly; no consistent pattern could be 
associated with the fate of the tree. 
The lightly attacked and unattacked 
trees tended to have a higher per­
centage of myrcene and limonene. 
One of the two heavily attacked but 
survivlng trees had a high percentage 
of 3-carene, while the other was high 
in myrcene and limonene. 

FORCED ATTACKS EN MASSE 

Studies with individual pairs of 
beetles suggested the need for many 
beetles and large areas of bark be­
fore any attacks would be successful 
in attainlng ovipositlon. Because 
previous attempts using beetles in 
caged massed attacks were not success­
ful, additional measures seemed nec­
essary. Stress, was the measure se­
lected; it was applied to the tree in 
two ways: physical and biological. 
For physical stress the crowns of 
trees were removed just before caging 
the residual stump with beetles. 



Figure 1.--Location of attracted forced-attack plots 
around Jenkinson Lake , Eldorado National Fore st. 

Biological stress was applied by the 
beetles; that is, through control of 
the sequence and location of their at­
tacks on intact trees. 

STUMPS 

Two sets of experiments were conduc­
ted in which the tree crown was cut off. 
In one set the ponderosa pines were 
first cut to a 4-foot stump; in the 
other set the trees were cut to a 12-
foot stump. These two types of stumps 
will be referred to as short and long 
stumps, respectively. 

Short Stumps 

Each short stump eventually was re­
cut one or more times to a 45-inch 
height. The trees ranged from 4 to 6 
inches in diameter to give a range in 
bark area of 4 to 5 square feet. The 
stumps were enclosed by a cylindrical 
cage of 20-mesh bronze screening with 
one end closed by a wood disc. To ex­
clude other insects from the stump be­
fore and during the attack of western 
pine beetle, the cage was placed over 
the stump as soon as the initial cut 
was made. The forest debris on the 
ground around the stump was replaced by 
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a layer of sand. The lower edge of 
the cage was made insect-proof by 
forcing it into the layer of sand. 
Beetles were introduced through a hole 
in the top of the cage. 

During the month of June , 26 of 
these short stumps were used in an ef­
fort to determine suitable conditions 
for enabling the beetles to establish 
successful attacks. ~o completely 
factorial test was made. Conditions 
were simply varied from 5 to 75 beetles 
per square foot of bark area and from 
zero to three recuts of the stump. 
With each recut the flow of resin from 
the cross section of the stump dimin­
ished. But some resin pressure was 
present in all stumps at the time they 
were subjected to attack. 

Successful attacks were made on 12 
of the 26 short stumps, but no con ­
sistency could be discerned between 
resin composition and success. How­
ever, periods of cold rainy weather 
during the month may have strongly in­
fluenced the results. Nevertheless, 
the attainment of both successful and 
nonsuccessful attacks warrants further 
consideration of the procedure. Most 
attacks which were started within a 



Figure 2.--Location and fate of trees in 
plot A of attracted forced-attack study. 
Numerical order shows order of occur­
rence of initial attacks. Size of circle 
proportional to tree diameter; No. 21 = 
5 inches, No . 16 = 11 inches. 
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Figure 3_--Sectional caging of trees for massed forced-attack 
studies with application of biological stress. A-I: rings 

0 24 

.8 
E/j7 

of bark smoothed; A-2 : foam-rubber bands attached; A-3 : screen­
ing fastened and heat-reflecting white bands applied over the 
tape; B = four sections with foam - rubber bands attached; C = 
four sections with screening in place without heat-reflecting 
white bands over tape . 

-5-

22 0 

EB20 •• 
IO® 

e21 

Ell 15 N 

~ 
6 feel 

c 



few days after cutting were not suc­
cessful; those made 3 weeks after cut­
ting were often successful, but again 
no consistent association could be 
determined. 

Long Stumps 

Only six trees were used in the 
second experiment; they were cut to 
l2-foot stumps. Each tree was a dif­
ferent species or hybrid of pine 
(table 1). The l2-foot stump was im­
mediately enclosed with three contig­
uous but separated sleeve-type cages 
(fig. 3). At each 4-foot interval on 
the stump a double band of foam rub­
ber, 1-1/2 inches thick by 3 inches 
wide, was firmly fastened with tape 
to a previously smoothed band on the 
bark. Twenty-mesh plastic screening 
was wrapped around the tree and fas­
tened by staples and tape, leaving 
about a I-inch space between the bark 
and the screening . Thus the entire 
l2-foot stump was enclosed so that 
beetles could be introduced into or 
excluded from any section . The caged 
portion had to be shaded because the 
living crown of the tree had been re­
moved. 

Beetles were introduced into the 
top section of each stump the day af­
ter the trees were cut and caged . The 
cage was removed 10 days later, and 
the section was cut from the stump and 
examined. Th~ umbrella was then re­
established, and beetles were intro­
duced into the middle 4-foot section . 
This section and the basal sectio~ 
were handled similarly to the top sec­
tion, except that the basal sections 
were allowed to remain for 6 weeks 
before they were cut and examined . 
With each cutting a comparative rat­
ing was made of the resin flow from 
the cross section. 

'--.. 

In each section 144 beetles per 
square foot of bark area were placed, 
except in the middle section of pon­
derosa and ponderosa X Apache, where 
the number was halved because attacks 
in the top section had been success­
ful. 

An additional test was made with 
fresh-cut wood from these same trees 
to determine the boring and oviposi­
t i onal capability of beetles when 
unencumbered by a flow of resin. 
Short (4 to S-inch) bolts were cut 

Tab e 1 .--Si ze and mono terpen e c ompositi on of p i n e s used wi th en masse fo rced attacks wi th appl~­

c a ti on of physi cal s tres s 

Cl r cum- Monote rpene composition2 

Specles 1 f e rence. Hep- No - a-pi - Unde- Carn- S-pi- 3 - ca - Myr- Ll mo- S-phe l -mldsec - tane nane nene cane phene nene r ene cene nene l an -
~ ~ tion drene 

Feet Percen t 

Ponderosa X wl nd3 1.65 0 0 13 . 1 0 0 30 . 2 43 . 3 5.0 6 . 1 1. 4 Jeff rey X wlnd 1.48 92 . 9 . 7 1.1 0 0 0 2 . 0 2 . 2 0 0 Cou l tel" X wind 1.60 . 6 1.0 40.1 2 . 4 . 6 2 . 8 . 1 15 . 2 2. 5 34 . 0 J e ff 'ey X ponde ~osa 1. 47 17.9 1.3 14 . 9 3 . 0 0 23 . 3 27 . 0 3 . 0 . 9 7 . 5 J effrey X Coul t er 
X wi nd 1.62 64 . 9 2 . 0 4.4 3 . 2 . 2 1.4 2 . 4 6 . 3 . 8 14 . 2 Ponderosa X Apache 1. 71 0 0 38 . 9 0 . 7 16 . 9 30 . 9 3 . 2 6 . 8 1.2 

1Pi nus ponder osa , P . je f f rey i G, ev . & Balf ., P. coulteri D. Don , P . engelmanni i Carr . (Apache ) . 
2Normallzed ' t r a ce amounts not r ecorded . 
3W1nd poillna ted . 

-6-

/ 

Un -
known 

0 . 8 
0 
0 
1.1 

0 
1.4 



from the severed portion of the crown. 
To enable beetles to bore into the 
phloem through the cross section, they 
were restricted to that area by bar­
riers. The bolts were prepared the day 
the top was cut, and 25 freshly collec­
ted beetles were added to each of five 
tolts from each tree. Five days later_ the 
bark was carefully removed, and meas­
urements were made of gallery length 
and oviposition. 

Examination of each of the three 4-
foot sections from the intact 12-foot 
stump of each tree showed a host suita­
bility rating based on oviposition, 
gallery length, and gallery form, as 
follows: ponderosa > Coulter > Jef­
frey X ponderosa > ponderosa X Apache 
> Jeffrey X Coulter > Jeffrey (table 2), 
If resin quantity strongly influences 
interspecific resistance, suitability 
should be inversely related to quantity. 
However, the generalized quantitative 
yield of resin from the six trees dur­
ing the course of the experiments was 
Jeffrey X ponderosa < Jeffrey < ponder­
osa < Jeffrey X Coulter < ponderosa X 
Apache < Coulter . The lack of a gen­
eral association between the two rat­
ings could lead to the assumption th~t 
factors other than the amount of resin 
are important in interspecific resist­
ance . 

The extensive galleries and oviposi­
tion in the short cut bolts (table 2) 
suggested that the phloem tissue of 
these trees was suitable for feeding 
and oviposition . Therefore, an inspec­
tion of resin quality seems warranted. 
The most resistant trees (i.e . , least 
suitable for the beetle)--Jeffrey and 
Jeffrey X Coulter--had > 60 percent 
heptane. The Jeffrey X ponderosa 
hybrid had only about 18 percent hep­
tane. It would appear that the heptane 
concentration was not enough in this 
hybrid, which always had the poorest 
flow of resin. With a flow of resin 
comparable to that of Jeffrey X Coul­
ter it might have decreased its suita­
bility rating. Both ponderosa and 
Coulter had > 40 percent a-pinene plus 
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8-pinene, the least toxic of the ter­
penes in the vapor toxicity tests; 
neither had heptane except for a trace 
in Coulter. Ponderosa X Apache was not 
too unlike ponderosa except that it did 
have a much greater flow of resin. Thus 
it would appear that amount of resin 
may contribute to or detract from the 
effect of resin quality. 

TI1e resin of the ponderosa X Apache 
hybrid crystallized much more rapidly 
than the others. This phenomenon ap­
peared to prevent the beetle from 
extending its gallery very far in the 
phloem. The unsuccessful galleries 
usually contained a dead beetle en­
meshed in a conglomerate of crystals. 
There was continued but no copious 
flow of resin at this time. The large 
distinct crystals were not at all like 
beetle pitch tubes in texture. The 
question of the role of resin crystal­
lization has not been explored as to 
bark beetle activity, though Stark 
(1965) speculated on it briefly . He 
reached the opposite conclusions, how­
ever; i.e., that rapid crystallization 
could be helpful to the beetle . Ap­
parently more study is needed. 

INTACT TREES 

Beetles were introduced into dif­
ferent caged portions of the trunk of 
pines at different times so that their 
action in one section could affect the 
ability of other beetles subsequently 
introduced into another section . Thus 
the beetles applied the stress. To 
give three or four contiguous but sep­
arate 4-foot sections, the basal 12 to 
16 feet of a tree was caged similarly 
to the method used for long stumps 
(fig. 3). Only a single band of foam 
rubber was necessary at each interval 
since the tree was not cut until the 
end of the experiment. A foam-rubber 
band was placed a few inches above the 
root crown to alleviate problems assoc­
iated with the flaring of the root crown 
and to prevent beetles from going into 
the ground . 



Table 2.--Beetle act i vity i n the t hree s ec tions o E the long stump oE each tree a Eter caged 
fo rced attack by wes tern pi ne beetle and i n the 3 -inch cut bo:'t s 

Average oviposltion Resin Beetl e ac tlvity i n 12 - f t . stump Host and bo r lng in a cu t 
Ovipos ition2 

Specles bolt flow Gall e ry l ength suita -
Eggs I Gallery 

length rating1 
TOP/Mid/Base Top / Mid / Base bili ty 

No, In ches Inches 

Ponderosa 61 29 4 X X X >6 >6 >8 Excellent 
Coulte r 68 25 1 0 X X <. 2 . 5 >6 >8 Good 
Jeff r ey X ponde r osa 96 24 6 0 X X < . 5 >6 >6 Fa i r 
Ponder osa X Apache 79 24 2 X 0 0 >6 <2 <2 Poo r 
J e ff rey X Coulte r 86 26 3 0 0 0 0 <1 <1 None 
J e ff rey 92 31 5 0 0 0 0 0 0 None 

1 Average r elatlve rat lng f r om grea test ( 1) to least (6 ) fo r all t hree sections . 
2X '" OVlpo s ~'::l on ; 0 ,~ no oVl positl on . 

Beetles were introduced into suc­
cessive sections, working upward or 
downward, at 5- to 7-day intervals. 
The whole tree was cut and examined 
about 2 months after beetles had been 
placed in the last section. 

Three separate tests were made 
(table ·3).The trees in ·each test . were 
quite comparable in size. Test No . I 
compared an upward sequence of attacks 
with a downward sequence. Test No. 2 
compared five pine species or hybrids 
with varying monoterpene composition . 
Test No. 3 sought to determine the 
minimum number of beetles necessary to 
establish a successful attack . 

Results 

In test No . I (table 3) both sequen­
ces of attacks were successful in kill­
ing the tree and producing progeny. But 
a cursory examination of a few attacks 
made after beetles had been placed i n 
the first two sections showed that bee­
tles in the bottom-to - top sequence were 
making better progress towards oviposi­
tion than those in the top-to-bottom 
sequence. If the test had been stopped 
after two .. sections ~ . perhaps successful 
attackw6uld haVe restilted with the 
bottom-to-top sequence but not the top­
to-bottom. The early indication of 
success in this test prompted the 

establishment of test No . 2, using the 
bottom-to-top sequence. 

Only three of the trees in test No. 
2 were cut and examined, since a cur­
sory examination of Jeffrey and jeffrey 
X (Jeffrey X Coulter) showed not the 
slightest signs of success (table 4). 
Be·etle boring activity was too · slight. 
to cause the formation of pi tch t·ubes. 
A spot check of attacks failed to re­
veal even the penetration of the 
phloem tissue. Results wi th the other 
three trees were quite indicative. 
Attacks on Jeffrey X Coulter did not 
produce measurable galleri es. The 
beetles barely penetrated the phloem ; 
most of them did not get this far. 
Attacks on the ponderosa X Apache were 
not successful, but short galleries 
were made in the phloem. Subjectively, 
the beetles appeared to be nearer suc­
cess in this hybrid than in the Jeffrey 
X Coulter hybrid. The use of another 
section or more beet l es mi ght have 
resulted in a successful attack. It 
should be noted that the a-pinene plus 
S-pinene content in this hybrid was 
about 23 percent--far less than with 
the Washoe X ponderosa and the two pon­
derosa pines in test No.1. The factor 
of rapid crystallization was apparent · 
in the ponderosa X Apache again, as 
discussed in the long-stump test. 
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Table 3 . --Monoter pene comp os i tion of trees used in tests wi t h biol ogicall y a ppl 1ed stress 

Test 4 - f t. Sequence Da te o f Days Bee tl es C1r cum- Monot e rpene Composition 
Species of f irs t between pe r s q . f erence num - sec - of mi d - Hep - I a-Pi- I S-Pi - I 3 -ca - 1 Myr- I Limo- f Rema1n -

be r d ons a ttack 1 attack atta cks f t. s ect i on tane nene nene r ene cene nene de r ~ 

( 

No. No . No . Feet P ercen t 

1 Ponde rosa #1 4 Up JU l. 30 6 144 1. 76 0 9 . 6 30 . 5 35 . 5 20 . 3 0 . 5 3 . 5 
Ponderosa #2 4 Down 6 144 1. 79 0 5 . 6 26 . 3 26 . 3 15 . 5 23 . 6 2 . 8 

2 Washoe2 X 
ponde rosa 3 Up Aug . 14 6 144 1. 61 0 7 . 2 25 . 5 48 . 6 9 . 0 6 . 4 2 . 4 

Ponde rosa X 
Apache 3 Up 6 144 1. 71 0 11. 3 12 . 2 57 . 5 5 . 5 9.4 2 . 9 

Jeffr ey X 
Coulter 3 Up 6 144 1.61 44 . 7 16 . 8 1.5 1.5 5 . 6 11 . 9 4 . 2 

Jeffrey X 
(J X Cl) 3 Up 6 144 1. 79 78 . 2 4 . 3 . 6 3 . 7 3 . 7 C.U) 3 . 4 

Jeff r ey 3 Up 6 144 1.37 95 . 2 1.5 . 7 . 8 . 9 (y) . 9 

3 Ponderosa #3 4 Up Aug . 25 4 - 5 72 2 . 05 0 11. 0 29 . 9 40 . 1 9 . 5 9 . 5 (.JI) 
Ponderosa #4 4 Up 4-5 36 2 . 30 0 10 . 5 38 . 6 30 . 4 12 . 3 8.2 (y) 

--- - - --- ------- _ ._-
I 

~ 1 Down , up = beetles introduced into sections successively from top to bottom or bottom to top , r e spec t i ve ly . 

2Pinus washoensis Mason & Stockwell . 

3Trace . 



Table 4. - -Gallery and brood development i n three sect i ons of each pi ne , fo l lowi ng a bottom­

to - top succession of western p i ne beetle attacks 

SectIon1 Resin 
Tree flow 

rating2 

Washoe X ponde rosa 1 4 
2 
3 

Ponderosa X Apache 1 2 
2 
3 

Jeffrey X Coulter 1 1 
2 
3 

Jeff rey X ( ~ e ff r ey 
X Coul t e, 1-3 5 

Jeffr ey 1-3 3 

11 , 2, and 3 = bottom, middle , top , respectively . 
2Relat i ve : (1) best to (5) poorest . 
3X yes ; 0 = none . 
4X ~ emergence ; 0 - none . 

Gallery Oviposition3 Emergence4 

Inches 
>6 X X 
>6 X X 
>6 X X 
<2 0 0 
<2 0 0 
<2 0 0 

0 0 0 
0 0 0 
0 0 0 

0 0 0 

0 0 0 

Table 5 . - -Gallery and brood de velopment wi th two intensities of western 

pi n e bee t le attack i n 4 sect i ons of 2 ponder osa pines 

Beetles Gallery development Brood devel~ment1 
Tree pe r sq . Bottom I Mid- I MId - I I Mid- I Mid- I Top Bottom Top No . f ';. bottom top bottom top 

Number In ches 

3 72 >8 >8 >8 >8 Y X X X X 

4 36 <3 <4 <4 Y <5 0 0 0 0 

1X ~ OVIPOSI t Ion and F1eme rgence: 0 = no ovipos i tion . 
2Brood developmen t in thi s sectIon was behInd that of the upper sect ions in whi ch 
beet les were placed at a lat er date . 

3Ga lle r les in this sect i on appea red to be nea rer the point of oviposition , and one 
moce at tack sec t Ion above might have appl i ed the necessary stress to enabl e 
ovi pos i tlon. 

The attacks on the Washoe X ponder­
osa hybrid were successful . The merits 
of the use of a succession of attacks 
were apparent with this tree. A spot 
check of attacks in the first two sec­
tions indicated that the beetles were 
having much difficulty in lengthening 
their galleries, though afte"r 5 days 
many of the attacKS were still active. " 
It is possible that the attacks might 
have failed if the test hap been stop­
ped at this stage . However, the stress 
of the beetles in the third section 
seems to have tipped the balance in 

favor of the beetles in the lower two 
sections; likewise, the stress of the 
beetles in the lower two sections prob­
ably aided beetles in the top section. 
The tree was killed, and progenies ' 
were produced. 

The third test was successful in 
de t e rmi n i n g -mOT e'~cl 0"5e ly:-ti're"'iTtininmm­
number of beetles required. Both trees 
were quite comparable, having> 40 per­
cent a-pinene plus' B~pinene. Tree No. 
3, with an attack intensity of 72 bee­
tles per square foot, was killed ; tree 
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No.4, with an at tack intensity of 36 
beetles per square foot, survived 
(table 5). The rate of brood develop­
ment in tree No. 3 apparently did not 
parallel the sequence of beetle intro ­
duction. Beetles were emerging from 
the upper sections when they had only 
reached the pupal s tage in the basal 
section. As in the Washoe X ponder­
osa hybrid, the success of the basal­
section attacks depended on subsequent 
attacks in the upper sections. It is 
worth noting that the a-pinene plus S­
pinene content of these two trees, the 
two trees in test No . 1, and the Washoe 
X ponderosa in test No. 3 was > 32 per­
cent . 

DISCUS SION 

The results of tests that used bio­
logical stress were particularly prom­
ising, though much more research is 
required to define the parameters more 
adequately. The use of attractive 
bolts merits further consideration-­
particularly the location of plots and 
the time of the placement of the attrac­
tive bolts. 

Though quite preliminary and limited 
the results do seem to substantiate the 
results of laboratory experiments and 
to add weight to Callaham's5 hypothesis 
that host specificity is closely align­
ed with resin quality . Ponderosa and 
Coulter pine proved to be suitable 
hosts in these field tests; the labora­
tory tests showed their resin vapors 
to be the least toxic to the beetle. 
Hybrids of Coulter with Jeffrey were 
unsuitable hosts in the field tests; 
the laboratory tests showed the vapors 
of such hybrids to be quite toxic. The 
hybrid of ponderosa with Jeffrey show­
ed only fair host suitability in field 
tests, laboratory test showed the va­
pors to be less toxic than Jeffrey X 

5Cal1aham , R. Z, Spec i a l report BK ~ 11 , host 
specificity i n the Dendroctonus-Pinus complex . 
1953 . (Unpub . rep . on file at Pacific SW . 
Forest & Range Exp . Sta .) U. S. Forest Serv ., 
Berkeley , Cal1f .) 

Coulter but more toxic than ponderosa . 
;rhe very poor ratinK_ 9f this hybrid in 
resin flow capacity could have altered 
its field performance. With other hy­
brids, host suitability seemed to be 
lipked with the resemblance of the 
resin to ponderosa. Those having close 
resemblance were more suitable than 
those having poor resemblance. 

Resin quantity may be a factor to 
consider more seriously, as Callaham6 

has suggested. Quantity may enhance 
or detract from the qualitative per­
formance of a resin, as indicated by 
the field test with the Jeffrey X pon­
derosa hybrid. Other physical proper­
ties of resin should be considered as 
possible factors in resistance. The 
question of rate of crystallization 
has been raised, and a similar case 
may be advanced for viscosity . 

LITERATURE CITED 

Miller, J. M., and Keen, F. P. 
1960. B~ology and con*rol of the 

western pine beetle. U.S. 
Dep. Agr . Misc. Publ. 800 . 

Smith, R. 
1963. 

Smith, R. 
1964 . 

381 pp . , i11us. 
H. 
Toxicity of pine resin vapors 
to three species of Dendroct-
onus bark beetles. J. Econ. 
Entomol. 56(6):872-831, i llus. 
H. 
Variations in the mono terpene 
composition of ponderosa pi ne 
wood oleoresin. U.S . Forest 
Servo Pacific SW. Forest & 
Range Exp. Sta. Res. Pap. 
PSW-15. 17 pp., illus. 

Smith, R. H . . 
1965. 'Effect of mono terpene vapors 

on the western pine beetle. 
J. Econ. Entomol. 58(3) :509-
510, i11us. 

6Callaham, R. Z. Oleores i n p r oduction i n the 
res i stance of ponder osa p i ne to bark beetles . 
1955 . (Ph .D. thesis on file at Univ . Calif ., 
Berkeley , ) 

-11-



Smith, R. H. 
1966. The monoterpenes of Pinus pon­

derosa Laws. xylem resin and 
of Dendroctonus brevicomis Lec. 
pitch tubes. Forest Sci. 12 
(1):63-68, i11us. 

Stark, R. W. 
1965. Recent trends in forest ento~ 

mology. In~ Annu. Rev. Ento­
mol. R. F. Smith, ed. 10:303-

-12-

Vite, J. 
1962. 

324. Palo Alto, Calif.: 
Annu. Reviews, Inc. 

P., and Gara, R. I 
voratire attractants from 
ponderosa pine attacked by 
bark beetles (Coleoptera: 
Scolytidae). Contrib. Boyce 
Thompson Inst. 21:251-273, 
illus. 

The Author _____________ _ 

RICHARD H . SMITH is in charge of the Sta ­
tion ' s research on the biology . ecology , 
and control of destructive forest insects , 
with headquarters in Berkeley . He holds 
B . S . (1942) and M. S . (1947) degrees from 
New York State University College of Fo r ­
estry , and a Ph . D. degree (1961) from the 
~n~versity of California , Berkeley . He 
J01ned the U . S . Department of Agriculture 
in 1947 , and transferred to the Berkeley 
station in 1955 . 




