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A large-scale field experiment was conducted to examine the efficacy of 1, 2, and 4% chlor-
pyriphos and 1, 2, and 4% carbaryl for protecting high-value ponderosa pine trees from attack by
Dendroctonus brevicomis LeConte. Each of the 510 trees utilized in the experiment was sepa-
rated by at least 0.4 km. At 1 month, 3 months, and 1 year after insecticide application, D. brevi-
comis pheromone was attached to the boles of treated and untreated check trees. All six treat-
ments were regarded as effective 1 month after application. At 3 months after application, 1 and
2% chlorpyriphos were regarded as ineffective. One year after application, low mortality of un-
treated check trees hindered the determination of efficacy of the remaining four treatments. At 3
months and 1 year after application, significantly more Temnochila chiorodia (Mannerheim)
were found in catchment traps bencath treatéd than beneath untreated trees. The best explana-
tion for this is insecticide-induced mortality of T. chiorodia. There were no significant differences
in numbers of D. brevicomis or Enocleris lecontei {(Wolcott) in the catchment traps.

The western pine beetle, Dendroctonus brevi-
comis LeConte, is a major pest of ponderosa pine,
Pinus ponderosa Laws., in the western United
States (Stark and Dahlsten 1970). During 1977 and
1978, when many trees were stressed by drought,
high mortality of high-value trees (i.c., in residential
and recreational areas and administrative sites) em-
phasized the need for a method of protecting living
trees from attack by D. brevicomis. Considerable ef-
fort has been expended to test the effectiveness of
insecticides for use in protecting trees from D. brevi-
comis (Smith 1967, 1970, Smith et al. 1977, Swain®).
As a result of these tests, lindane and carbaryl were
registered for this purpose.

Lindane may be-unavailable for future use agamst
D. brevicomis because considerable controversy

surrounds its use in forestry (Koerber 1976), and its -

use is currently under review by the Environmental
Protection Agency through the Rebuttable Pre-
sumption Against Re-registration. Preliminary field
tests of carbary! for protecting trees from D. brevi-
comis suggested that it was not effective; other field
tests of carbaryl had mixed results (Smith et al.
1977). Thus, further testing of carbaryl was desir-
able as this chemical was registered for tree protec-
tion in several western states. Objectives of the
present study were to evaluate insecticides as alter-
natives to lindane for use in protection of high-value
ponderosa pine from attack by D. brevicomis.

The compounds evaluated in this study were car-
baiyl and chlorpyriphos. Carbaryl is currently regis-
tered for use in California. Chlorpyriphos appeared
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to be effective in preventing atiack of . brevicomis
in preliminary field tests (unpublished data).

Materials and Methods
Tree Selection

Selection of sample trees was completed on 6 June
1979; all were living ponderosa pine, 28 to 57 cm di-
ameter at breast height (dbh), located on the west-
ern slope of the Sierra Nevada between 750 and
1,700 m elevation in the Lassen, Plumas, Tahoe,
and Eldorado National Forests. Each sample tree
was located at least 0.4 km from other sample trees
and, whenever possible, at least 5 m from neighbor-
ing ponderosa pines. The 0.4-km separation was uti-
lized to assure that there was no significant interfer-
ence between pheromone sources and to assure that
sufficient beetles were in the vicinity of each tree to
give the insecticide treatments a rigorous test of effi-
cacy.

A total of 510 trees was used in the experiment.
Seventy trees were assigned to each of six insecticide
treatments, whereas 90 trees served as untreated
controls (30 trees for each of three baiting periods).
All sample trees were randomly assigned to the
treatments before insecticide application,

Three treated trees were cut down in late 1979 or
early 1980. Thus, they were removed from the ex-
periment. None of the three trees was killed as of
QOctober 1979. One tree cach was treated with 1, 2,
and 4% carbaryl. Thus, only 69 trees were included
in the analysis of efficacy for these {reatments.

Insecticide- Application

Chlorpyriphos and carbaryl were applied to sam-
ple trees at rates of 1, 2, and 4% from 13 June to 11
July 1979. Four percent chlorpyriphos was applied
to 69 trees. The remaining five treatments were each
applied to a different group of 70 trees. Thus, 419
trees were treated with insecticide.

Insecticides were applied from the ground to the
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bark surface of the trees. Insecticides were delivered
from a Hudson stirrup pump through 6.4-mm (ID)
Tygon tubing to a nozzle located atop a telescoping
fiberglass pole. Tank pressure was =2.8§ kg/cm?, In-
secticides were applied over the entire bole of the
trees to a height of ca. 10.5 m. Application was
made to the point of runoff ca. 0.8 liter of formu-

lated spray material per m? or ca. 8.0 liter of formu-

lated spray material per tree.

Pheromone Baiting

To test the effectiveness of the insecticides on D.
brevicomis, all Hving treated trees and 30 untreated
trees were baited with D. brevicomis pheromone
based on methods developed by J. O. Rodin and P.
E. Tilden (unpublished data). Thirty different un-
treated trees were used each time the treated trees
were baited. Trees were baited in July 1979, Sep-
tember 1979, and June to fuly 1980. Each time trees
were baited, pheromone remained on the trees for 2
weeks, To bait a tree, the components of the
pheromone, exo-brevicomin, frontalin, and myr-
cene, were placed in glass tubes which had one end
scaled. Three tubes, one containing each com-
pound, were placed in foil-covered salt shakers and
suspended on the bole of the sample tree ca. 3 m
above the ground. Weight losses for these com-
pounds under field conditions averaged ca. 2 mg/day
(Browne 1978). Exo-brevicomin and frontalin were
obtained from Chemical Samples Co., Columbus,
Ohio, and myrcene from Aldrich Chemical Co.,
Milwaukee, Wisc. Any exo-brevicomin or frontalin
which remained in the glass tubes following baiting
was recovered and reused in subsequent baitings,
but myrcene was not.

Determination of Insecticide Efficacy

Efficacy of insecticide treatments was determined
by observing the proportion of trees which were
killed by D. brevicomis after pheromone baiting.
Residual effectiveness was assessed by observing
cumulative tree mortality resulting from successive
pheromone baitings. To assume that treated trees
had sufficient attacks by D. brevicomis to rigorously
test the effectiveness of the treatments, at least 22 of
30 (73%) of the baited, untreated trees must have
been killed by D. brevicomis. If less than 22 un-
treated trees were killed after a certain baiting
period, our criterion of sufficient beetle attack was
not met, and any inferences concerning efficacy of
insecticide treatments must account for less than
maximum beetle attack pressure for that baiting
period. Given sufficient mortality of untreated
trees, an insecticide was considered effective if 56 of
70 (80%) of the trees treated with it were not killed
by D. brevicomis. A given treatment was considered
ineffective if more than 20% (24) of the trees treated
with it were killed by D. brevicomis, regardless of

the level of mortality in the baited untreated trees,

The levels of mortality utilized in the determination
of efficacy were set to approximate a worst-case situ-
ation.
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All baited trees were periodically examined for
evidence of D, brevicomis activity, i.e., pitch tubes,
successful attacks, or fading. Pitch tubes are’a host
response to beetles which successfully bore through
the bark of the trees. Successful attacks were indi-
cated by pitch tubes which contained reddish-col-
ored frass of D. brevicomis, or by the presence of
boring dust, with or without pitch tubes, The foliage
fades or changes color from green to yellowish or
reddish on trees killed by D. brevicomis. Since trees
could fade for a number of reasons, D. brevicomis
activity was confirmed in each faded tree by remov-
ing a portion of the bark and exammmg it for D.
brevicomis galleries. :

Population Monitoring

Two different trap designs were used to monitor
arthropod populations on or near study trees. A
250-cm? piece of hardware cloth coated with Stikem
Special was suspended from the bole of each baited
tree ca. 0.3 m above the pheromone bait. These
traps were designed to monitor arrival of D, brevi-
comis and selected associates, i.c., Enocleris lecon-
tel (Wolcott) and Temnochila chlorodia {Man-
nerheim). Arrival traps also were placed on
untreated, unbaited trees during each baiting
period. The number of unbaited trees with traps was
9, 14, and 14 for the first, second, and third bamngs
respectwely

Catchment traps were placed at or near the base
of selected, baited trees to capture arthropods fall-
ing from the bark surface. Catchment traps con-
sisted of a disposable plastic paint tray liner, coated
inside with Stikem Special. During the first baiting,
a single trap was placed beneath the tree ca. 30 cm
from the base of the tree. In the second and third
baitings, two traps were placed beneath each tree;
each trap had one edge in contact with the base of
the tree. The number of trees with catchment traps
were 69, 79, and 70 for the first, second, and third
baitings, respectively.

. Trap data were analyzed based on a modification

by Games and Howell (1976) of Tukey's multiple
comparison test. This technique was utilized be-
cause variances among treatments were heteroge-
neous (Keselman and Rogan 1978).

Results and Discussion
Results of the First Baiting

Ultimately, 26 of 30 (87%) of the untreated trees
baited during the first baiting period were killed as a
result of D. brevicomis attack. Of the four unfaded,
untreated trees, .one overcame an apparent heavy
attack by D. brevicomis; the remaining three were
not heavily attacked. Based on the experimental de-
sign, it is possible to assume that the effectiveness of
the treatments was rigorously tested during the first
baiting.

Table 1 gives the number of treated trees which
faded as a result of D. brevicomis attacks initiated
during pheromone baiting. Since fewer than 20% of
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Table 1.—Mortality of ponderosa pine trees baited with D. brevicomis pheromoned
Ratio, alive:dead . Cumulative
Treatment July 1979 Sept, 1979 July 1980 moriality (%)
1% Chlorpyriphos - 60:10 45:25 40:30 43
2% Chlorpyriphos 65:2 53:17 51:19 27
4% Chlorpyriphos 67:2 58:11 55:14 20
1% Carbaryl 63:6 62:7 60:9 13
2% Carbaryl 65:4 63:6 59:10 14
4% Carbaryl 63:6 63:6 62:7 10
Untreated 4:26 17:13 25:5 . -

@Mortality of treated trees is presemted cumulatively, whereas mortality of untreated trees is presented under bait-

ing periods.

Based-on the criteria set forth at the beginning of the experiment, a treatment was to be considered ineffective if

the cumulative mortality exceeded 20%,

the trees treated with each treatment were killed, all
treatments were regarded as effective before the
second baiting.

Only 76 of the 420 insecticide treated trees had no
pitch tubes or other evidence of D. brevicomis at-
tack, and only one tree had no D. brevicomis on the
arrival trap. Thus, all but one of the baited trees
were visited by D. brevicomis, and most had evi-
dence of boring through the bark despite the insec-
ticide. In most of these cases, attacking beetles were
apparently overcome. Thus, an interaction between
the insecticide and host response to beetle attack ap-
peared to prevent mortality of many of the treated
trees.

Results of the Second Baiting

During the second baiting, 98% of the arrival
traps on treated trees and 100% of the traps on un-
treated trees contained D. brevicomis. Also, 98% of
the untreated trees had pitch tubes and 80% had
some evidence of successful attack by D. bre-

vicomis. However, only 13 of 30 (43%) untreated .

trees were killed by D. brevicomis during the second
baiting (Table ). Thus, mortality of treated trees
fell short of the 73% needed to assume sufficient
beetle attack pressure on the treated trees. One ex-
planation for the insufficient untreated tree mortal-
ity is a decrease in the number of D. brevicomis ar-
riving at the trees during the second baiting as com-
pared to the first baiting (see later section).

Two trecatments were determined to be ineffective
after the second baiting. Cumulative mortality in
trees treated with 1% chlorpyriphos was 36%., and
24% for trees treated with 2% chlorpyriphos.
Cumulative mortality in trees treated with 4% chlor-
pyriphos and with all three rates of carbaryl was not
sufficient to reject those treatments as ineffective.

During the second baiting. significantly fewer
trees treated with each treatment were killed than
untreated trees. Thus, even though an insignificant
portion (as defined before the experiment) of un-
treated trees were-killed, it appears that each insec-
ticide treatment protected the trees better than no
treatment at all. However, this comparison should
be interpreted cautiously. Treated and untreated
trees may not be comparablé because of cumulative

effects of the first baiting on treated trees (untreated
trees were not baited before the. second baiting).

Two effects could influence the validity of com-
parisons between previously baited and previously
unbaited trees. Cumulative effects of baiting could
weaken the treated trees and make them more sus-
ceptible to D. brevicomis induced mortality. Such a
condition would lead to conservative conclusions
about the effectiveness of insecticide treatments
and, thus, should not seriously affect conclusions re-
garding efficacy of treatments based upon baitings
where a greater proportion of the untreated. trees
were killed than were the treated trees {(e.g., the sec-
ond baiting). Another possible effect concerns the
differential susceptibility of all trees in the popula-
tion to mortality caused by D. brevicomis. For ex-
ample, if a certain proportion of trees utilized in the
experiment is extremely susceptible to attack and
subsequent mortality, such trees have a higher prob-
ability of being killed after one pheromone baiting
than other trees in the population. Thus, trees that
survive one baiting may be less susceptible to mor-
tality than the general population, i.e., previously
unbaited trees. If such a phenomenon exists, one
would expect a higher proportion of the previously
unbaited trees to be'killed by D. brevicomis. Com-
parisons would overestimate untreated tree mortal-
ity, thereby overestlmatmg the effectiveness of the
insecticide treatments.

The only comparison which appears to overcome
problems with effects of previous baitings on the
trees is a comparison of cumulative mortality of
treated trees (i.e., trees killed as a result of the first
and second baitings) with mortality of untreated
trees within the second baiting. This comparison is
conservative because treated trees received more at-
tack pressure than did untreatéd trees, Four treat-
ments, 4% chlorpyriphos and 1, 2, and 4% carbaryl,
had significantly less mortality as a result of the first
and second baitings than did untreated trees in the
second baiting, based on x? contingency tables (a =
0.05). The two treatments, 1 and 2% chlorpyriphos,
which were not significantly better than no treat-
ment, were the same treatments determined to be
ineffective, based on criteria set forth at the begin-
ning of the experiment.
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Table 2.—Arrival trap catches of D, brevicomis for all pheromone baitings
Mean nro. of D. brevicomistrap (SE)?
Treatment® July 1979 Sept. 1979 July 1980
1% Chlorpyriphos . 65.2 (6.9)a 59.4 {6.3)a 64.1(5.3)a
2% Chlorpyriphos 75.2 (6.2)ab 62.0 (6.8)a 59.2 (5.9)a
4% Chlorpyriphos 95.8 {(8.2)ab 66.3 {7.2)a 73.8 (5.1)a
1% Carbaryl 103.2 (8.0)b . 64.2 (7.2)a 62.8 (4.7)a
2% Carbaryl 84.0 (7.0)ab 57.4 (8.4)a 61.9 (3.8)a
4% Carbaryl 105.3 (7.9b 44.0 {(6.5)a 62.3 (4.7)a
Untreated 40.3 (7.1)a 65.7 (8.6)a 51.6 (5.1)a
Unbaited 0.3 (0.2)¢ 0 (O)b 0.4 {0.2)b

2The first seven treatments contained trees baited with D. brevicomis pheromane.
PMeans followed by the same letter are not significantly different at the 5% level by the Games and Howell {1976)

modification of the Tukey multiple comparison test.

Results of the Third Baiting

During the third baiting, 338 of 341 (99%) treated
trees and 100% of the untreated trees had D. brevi-
comis on their arrival traps. Also, 289 of 341 treated
trees (85%) and 28 of 30 (93%) untreated trees had
some evidence of attack by D. brevicomis within the
third baiting period.

After this baiting, only 5 of 30 (17%) untreated
trees were killed by D). brevicomis (Table 1). This
extremely low rate of tree mortality was probably
due to relatively low arrival of D. brevicomis (see
below) and increased vigor of the trees during this
baiting period. Increased vigor could be attributed
partly to an extremely wet winter during 1979 and
1980 and to unseasonably heavy rains which oc-
curred on 2 July 1980 near the end of the baiting
period.

Mortality of treated trees also was low within the
third baiting. Significantly fewer trees treated with
2% chlorpyriphos and 1 and 4% carbaryl were killed
than untreated trees, based on x2 contingency tables
(o = 0.05). However, caution should be exercised in
interpreting. the biological significance of such re-
sults (sec previous section). The low rate of un-
treated tree mortality obscures any differences that
may exist when comparing cumulative mortality of
treated trees with the mortality of untreated trees in
the third baiting.

Cumulative Mortality

When tree mortality is examined over all three
baitings, only trees treated with 1 and 2% chlor-
pyriphos had sufficient mortality to be judged as not
protected from attack by D. brevicomis. Fourteen
trees (20%) treated with 4% chlorpyriphos were
killed by D. brevicomis. Thus, that treatment was
on the borderline between effective and ineffective.
Although it was not possible to reject 4% chlor-
pyriphos, or 1, 2, and 4% carbaryl, it is not possible
to state that those treatments were extremely effec-
tive over the entire experiment because of the rela-
tively low levels of mortality in the untreated trees
during the second and third baitings.

During the first baiting, sufficient untreated trees
were killed and less than 20% of the trees in each

treatment were killed by D, brevicomis. Thus, based
on our criteria, all treatments were effective after
the first baiting. Since all living treated trees were
baited during the second pheromone baiting, it was
not possible to determine what portion of the 1 and
2% chlorpyriphos trees were killed as a result of the
second baiting and what proportion of the trees
would have died in the absence of the second bait-
ing. Since a significant portion of the 1 and 2%
chlorpyriphos trees were dead after the second bait-
ing, it is valid to question the effectiveness of those
treatments for short-term tree protection.

Population Monitoring

Table 2 gives arrival trap catches for D. brevi-
comis. The only consistent significant differences
among arrival trap catches were between baited and
unbaited trees. Since significantly more beetles were
captured on the baited trees, the pheromone appar-
ently was attracting D. brevicomis.

Arrival trap catches from 326 treated trees which
were baited three times were compared with a two-
factor analysis of variance. One factor was the indi-
vidual trees and the other factor was the baiting
period. Mean number of D. brevicomis captured
(SE in parentheses) were: 84.46 (3.48), 56.99 (3.18),
and 63.21 (2.04), for the first, second, and third bait-
ings, respectively. The F value for baiting period
(with 2 and 650 df) was 38.2 (P < 0.01). The mean
for the first baiting significantly differed from the
means for the second-and third baitings based on the
modification (Games and Howell 1976) of the
Tukey maltiple comparison test (@« = 0.05). Thus,
arrival at baited trees was significantly lower in the
second and third baiting periods than in the first,
This decrease may have been due to a decrease in D.
brevicomis activity, or to a decrease in the effective-
ness of the pheromone baits. Whatever the reason;
the decrease in arrival may partially explain the rela-
tively low rates of untreated tree mortality in the
second and third baitings. '

Arrival of E. lecontei was significantly greater on
baited trees than on unbaited treés for all three bait-
ings. Although the differences were not always
statistically significant, there were more E. lecontef
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Table 3.—Number of T. chiorodia captured in catchment traps beneath ponderosa pine trees baited with D.

brevicomis pheromone :

Mean no., of T. chiorodia/trap?

Treatment July 1979 Sept. 1979 July 1980
1% Chloerpyriphos 6.1 21.2a 13.5a
2% Chlorpyriphos 4,2 9.5ab 10.8a
4% Chlorpyriphos 1.8 B.6ab 1333
1% Carbaryl 2.5 7.0b 11.6a
2% Carbaryl 4.1 9.6ab 15.3a
4%, Carbaryl 3.2 6.0b 14.3a
Untreated 0.7 0.6¢ 2.0b

@Means followed by the same letter are not significantly different at the 5% ievel, by the Games and Howell (1978)
modification of the Tukey multiple comparison text. Means not followed by letters were not significantly different.

captured on baited, untreated trees than on baited,
treated trees. This was probably due to a higher den-
sity of attacks by D. brevicomis on the untreated

trees. E. lecontef is generally not attracted to the

pheromone triplet alone (Wood 1972); however, it
is attracted to trees under attack by D. brevicomis
(Berryman 1970), -

Arrival traps on baited trees caught significantly
more T. chlorodia than on unbaited trees. The sig-
nificantly higher trap catches on the baited trees are
not surprising because T. chlorodia has been shown
to be attracted by exo-brevicomin, a component of
the pheromone bait (Birch et al. 1974).

There were no statistically significant differences
in numbers of D. brevicontis or E. lecontei captured
in catchment traps beneath baited trees. The lack of
significance can be attributed to extreme variability
among trap catches.

In the second and third baitings, significantly
more T. chlorodia were captured in catchment traps
beneath the treated trees (Table 3). In the first bait-
ing, this trend is consistent but not statistically sig-
nificant. The lack of statistical significance in the
first baiting was due to large variances in the dita.
Variance was reduced in subsequent baitings by
doubling the sample size and repositioning the traps.
It appears that T. chiorodia were falling from the
treated trees in greater numbers than from un-

treated trees. Adverse effects of the treatments

(i-e., insecticide-induced mortality) is the best ex-
planation for this phenomenon.
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