A simplified tree bait for the mountain pine beetle
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Seven, split-biock experiments throughout British Columbia in 1989 tested the efficacy of binary tree haits containing the
pheromones ¢rans-verbenol and exo-brevicomin or ternary baits with the addition of the host tree kairomone myrcene for
containing and concentrating infestations of the mountain pine beetle, Dendroctonus ponderosae Hopkins, in stands of
lodgepole pine, Pinus contoria var. latifolia Engelm. Attack densitics on baited trees, attack frequencies of baited trees and
trees within 10 m of the baited trees, and the ratios of newly attacked, green, trees to previously attacked, red, trees were
generally statistically equal between sub-blocks containing binary or ternary baits. Where statistically significant differences |
occurred for one or more of the above criteria in one experiment, they were generally offset by statistically significant |
differences in the opposite direction in another experiment. Two individual-tree experiments in 1990 that supported the
equality of binary and ternary baits indicated that raising the release rate of trans-verbenol in binary baits tended to reduce
their efficacy (possibly because of contamination with the antiaggregation pheromone verbenone) and showed that increasing .
the release rate of exo-brevicomin tended to counteract this effect. When attack frequencies were subdivided by diameter
class of available trees attacked, all baits were effective in inducing attack on available trees <30.0 ¢m diameter at breast
height (1.3 m), but attack on baited and control trees 230 cm diameter at breast height was equal. Provided that the trans-

verbenol in binary baits does not contain or autoxidize to verbenone, myrcene can be deleted from operational tree baiis.
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L’ utilisation d’arbres picges 2 double appit, constitué des phéromones trans-verbénol et exo-brévicomine, et a triple appﬁt\.-
avec I’addition de la kairomone myrcéne, dans le but de contenir et de concentrer les infestations de dendrociones du pin a
bois lourd, Dendroctonus ponderosae Hopkins, fut testée a 'aide de sept dispositifs en tirroir &tablis en 1989 a travers la
Colombie-Britannique dans des peuplements de pin de Murray, Pinus contorta var. latifolic Engelm. Les densités d'attague:
sur les arbres piéges, les fréquences d’attaque sur les arbres pidges et sur ceux situés & moins de 10 m des arbres piéges aIst:
que les ratios entre les arbres verts nouvellement attaqués et les arbres rouges déja attaqués étaient généralement statistique-:
ment égaux entre les sous-blocs contenant Jes arbres 3 double ou 2 triple appét. Lorsque des différences statistiguement
significatives étaient décelées au niveau d’un ou de plusieurs criteres dans un dispositif, elles étaient généralement conire-
balancées par des différences significatives inverses dans un autre dispositif. Les résultats de deux expériences conduites e
1990 avec des arbres individuels confirmérent i*épalité entre les double et triple appéts, indiquant ainsi que 1" augmentation:
du taux &’ émission de frans-verbénol des arbres pigges a double appét a tendance A réduire leur efficacité (vraisemblableme
3 cause d’une contamination avec la phéromone d’anti-agrégation, verbénone) et que I"augmentation du taux d’émission d
exo-brévicomine a tendance a contrecarrer I'effet précédent. Lorsque les fréquences & attaque étaient subdivisées par clas
de diamatre d’arbres disponibles attagués, tous les appits étaient efficaces pour induire des attaques sur fes arbres dispopibles _g
<30 cm enl diametre 3 hauteur de poitrine (1,3 m), mais les attaques sur les arbres piéges et témoins 230 cm en diametre &
hauteur de poitrine étaient égales. En assumant que 1a frans-verbénol sur les arbres pidges i double appit ne contient pas 0“-;
ne s'oxyde pas en verbénone, le myrcéne peut &tre Eliminé des programmes opérationnels d’arbres pigges. o

[Traduit par 1a rédaction]
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Introduction

Jntain pine beetle (MPB), Dendroctonus ponderosae
Coleoptera: Scolytidae), is a multibillion dollar pest
Columbia (Borden 199(), and its management is
oncerit. One management strategy is to use semio-
(message-bearing chemicals) {Nordlund 1981) in
est management programs against the MPB (Borden
y 1985; McMaullen et al. 1986; Borden 1990). The
commonly used tactics are containment and con-
of beetle populations prior to logging, and mop up
1 populations following sanitation—salvage logging
¢ al. 1983b, 1983¢, 1986; Gray and Borden 1989).
ompounds have been found to be the principal semi-
s responsible for causing aggregations of MPBs
ole pines, Pinus contorta var. latifolia Engelm., in
Jlumbia. These are the female-produced pheromone
enol, the male-produced pheromone exo-brevicomin,
ost tree kairomone myrcene (Borden et al. 19834,
an et al. 1983).
s considerable redundancy in the semiochemical mes-
ired to induce attack on trees (Borden et al. 1990).
arch also indicated that tree baits comprising frans-
and exo-brevicomin were as effective in inducing
the same two compenents used with myrcene. How-
her experiméntal evidence was considered necessary
-ould be recommended that myrcene be deleted from
y used and accepted commercial tree bait. We report
s of a large, operational trial conducted throughout
olumbia in 1989, as well as the results of individual-
riments in 1990, which justify the conclusion that
can be deleted from operational tree baits.

Materials and methods

al experiments .
split-block experiments (Fig. 1) were set up in June 1989
f mature lodgepole pine near.the following British Colum-
s (Forest District in parentheses): (1) Grand Forks (Boundary
{2) Penticton (Penticton District), (3) Princeton. (Merritt
4and 3) Telkwa (Bulkley District), (6) Fort St. James (Fort
District), and (7) Invermere (Invermere District). The block
red from 6.5 to 10.0 ha (Table 1). The split-block design
¢ binary baits (trans-verbenol plus exo-brevicomin, with-
ne) to be compared with the standard, ternary baits (with
within the same infestation. Employing seven experiments
: two baits to be compared in a wide range of locations and
infested trees, from 1.6 trees/ha (Invermere) to 78.6 trees/ha
1) {Tables 1, 3). :

:miochernical was released from a separate device, and all
e deployed from individual receptacles in a sealed, polyeth-
(semiochemicals and bags obtained from Phero Tech Inc.,

C.). The bags were slapled approximately 2 m high to the -

> of the bole of a large lodgepole pine (minimum diameter
height (DBH, 1.3 m) = 20 cm). Myrcene, frans-verbenol,
revicomin were released at 9.0, 1.0, and 0.2 mg per 24 h,
ly, as determined at 24°C in'the laboratory.

Periments were evaluated from 15 to 25 Seéptember 1989.
e on each side of each block was checked. The lecation
k status, either mass attacked (231.25 attacks/m?) or lightly
(<31.25 attacks/m®), of each newly infested tree were noted
ed, as was the location of each tree infested the previous
* DBH of each baited tree was measured, and the attack
85 counted in two,20 x 40 cm areas at eye level on the east
side of the tree (total sample area = 0.16 m?). To establish
density and diameter profile (Table 1), the DBH of each
¢m DBH within 10 m of every fourth baited tree was also
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FIG. 1. Layout of split-block experiment to compare binary and
ternary baits for containment and concentration of MPB infestations.
The plot split ideally so as to divide heavy and light infestation
equally. POC, point of commencement. Arrows indicate direction of
lines, trees were baited (dots) at 50-m centres (4 trees/ha), and lines
were flagged for easy re-entry.

measured. The numbers of attacked and mass-attacked trees in these
plots were counted to obtain a measure of the ability of the baits to
concentrate infestations.

Ratios of newly attacked (green) irees to trees attacked in the
previous year (red trees) (greenfred, or G/R ratios) over the entire
sub-block were calculated for each treatmeént. Because the paired
treatments were adjacent, beetles emerging from red trees could have
flown into either sub-block before responding to a bait; therefore, the
G/R ratios for each treatment were based on the number of red trees
in the entire block divided by the area covered by each treatment.

Within each experiment, paired means were compared by two-
tailed r-tests, and proportions were compared by % -tests (Zar 1984).
In all cases o = 0.05. -

Individual-tree experiments

Two experiments with identical treatments and a randomized eom-
plete block design were established in 1990. The first experiment
consisted of 13 replicates and was set up on 6 July approximately
40 km north of Invermere, British Columbia. The second, 15-replicate
experiment was established on 12 July, approximately 25 km north
of Penticion, British Columbia. Six treatments were applied to reas-
sess the necessity for myrcene and to determine the effect of raising
the release rate of either or both of frans-verbenol and exo-brevi-
comin. Ternary and binary baits, with and without myrcene, with
release rates of 9.0, 1.0, and 0.2 mg per 24 h for myrcene, frans-ver-
benol, and exo-brevicomin, respectively, comprised two treatments.
trans-Verbenol and exe-brevicomin were also tested at two high release
rates, 2.0 and 2.5 mg per 24 b, respectively, and at the two high-low
and low-high dosage combinations. Experimental baits were formu-
lated and affixed to lodgepole pines as in the operational experiments.
An' empty-polyihene bag was used for the control treatment. The dis-
tance between baited trees was 30-50 m in both experiments.

The Invermere experiment was assessed on 20 September and the
Penticton experiment, from 10 to 11 September 1990, On-each baited
tree, attack densities were measured on the east and west sides in 20 x
40 cm areas, and the DBH was recorded. Trees 215 cm DBH within
10'm of the baited trees were classified as above, as not attacked,
lightly attacked; or mass attacked, and the DBH was recorded.

The effects of treatments on attack density on baited trees were
assessed by analysis of covariance, as were the percents of trees
215 em DBH within 10 m of the baited trees that were aitacked. For
attack density data, DBH-was used as a covariate, since atiack density
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TaBLE 1. Stand chara;:teristics and frequency of infestation by MPBs in 10 m radius plots around five by; )
’ ’ per treatment sub-block, 1989 ited lodgepole pineg

Infestation fre

Location and Bait No. of trees  DBH of trees No./ha of — quency :
Expt. block area treatment in plot inplot (cm)  lodgepole pine % infested mass attackeq :‘
_— c
1 Grand Forks Ternary 4.0£0.5 254+1.5 310£57 78.7+13.7 7874137 ‘
(10.0 ha) Binary 215477 18.1+0.4* 2739%985ns 3.0459% 15,544 7%
2 Penticton Ternary 18.4+3.3 18.0+0.4 2344i424‘ 70.6+5.4 48.041113
(9.8 ha) Binary 304£3.9 16.6£0.3% 38724501+ 56.4+4 6ns 46.6.43.3ns
3 Princeton Ternary 19.2+6.9 17.5£0.4 24464876 554+122 44.0+14.2
(10.0 ha) Binary 194148  19.020.4% 247146170 64.043.9ns 49.4£5 5ns
4 Telkwa Ternary 15.8+3.1 28.440.7 20124398 4744145 26.044.6
(8.8 ha) Binary 68t14  354%1.1% B67£177% 77641020 63 34g ge
5 Telkwa Ternary 2.8+05 40.442.9 350161 66.7+11.8 66.7411.8
(6.5 ha) - Binary 11.0£3.8  3L1£L1* 1402£4780s 68214305 59,6415 gng
6 Fort St. James  Ternary 5.0£1.7 38.4x1.8 6371213 26292 26.2+9.2 .
(10.0 ha) Binary 4.4+24 38.9+1.8ns 560+308ns 514%2] 6ns 51.4421.6ns
7 Invermere Ternary 154128 23.940.7 1961353 22.0+4.8 112418
{9.0 ha) Binary 24 6+3.6 21.1£0.5* 313344598 28.6110.0ns 22,049 4ns

_—
NoTE: Values represent the mean + SE. Paired means marked by an asterisk are significantly different; -test, P < 0,05, ns, Not significant.

and DBH are positively correlated (Gray and Borden 1989). The
number of trees assessed was used as a covariate for percent data,
since the percent of available trees attacked by MPBs is negatively
correlated with tree density (Cole and Amman 1969). Before analysis,
homogeneity of slopes among the treatments was confirmed (Zar
1980). Percent data were transformed by x* = arcsin Vp, where p is
the propertion, with 0 replaced by 0.251, and 1 by 1 — (0.25r) (Zar
1980). The effects of baiting versus no baiting, myrcene versus no
myrcene, dose of exo-brevicomin and trans-verbenol, respectively,
and the interaction of these dose effects were assessed by orthog-
onal contrasts (Little and Hills 1978). Percent data were sorted by
four DBH classes, 15.0-19.9, 20.0-24.9, 25.0-29.9, and 230.0 cm,
for assessment of differential bait effects among DBH classes by
a G-test of frequency disiributions (Sokal and Rohlf 1969). For this
comparison, data for the two experiments were pooled. In all cases
o = 0.05.

Results and discussion

Operational experiments

The binary baits were fully competitive with the ternary
baits (Tables 1-3). Natural variability in the selected stands
resulted in some significant differences between sub-blocks
in DBH of baited trees and those surrounding them (Tables 1,
2} and in stand density (Table 1), but there was no consistent
relationship between any of these stand characteristics and
the various measures of infestation by MPBs.

Similar percents of the trees baited with binary and ternary
baits were infested (lightly attacked plus mass attacked) as
well as mass attacked by MPBs (Table 2). A significantly
higher percent of binary-baited trees infested in the Fort St.
James experiment was offset by a significantly greater percent
of ternery-baited trees mass attacked in the Invermere exper-
iment. There was no difference in attack densities on trees
baited with binary or ternary baits (Table 1). Both types of
baits were equal in their ability to concentrate attack around
the baited trees (Table 1), with two offsetting instances of
significant differences in mass-attacked trees. :

-

For the entire blocks, there were five instances of s
cant differences between the percents of attacked tree
were mass atlacked (Table 3), three in favor of sub-blas
with ternary baits and two with binary baits, Similar
comparing G/R ratios (Table 3), two comparisons disc
significantly higher ratios for infested trees in sub-blocks
binary baits, compared with one in favor of the ternary
For mass-attacked trees, the two significant differences
ratios were offsetting,

Despite the fact that in some instances unknown
caused there to be significant differences, the equality
binary and ternary baits is particularly emphasized by
that in most cases there were no significant differen
paired measures of induced aitack (Tables 1-3).

Individual-tree experiments
In both experiments, all five experimental treatments if
similar levels of attack frequency and density (Table 4):
ysis of covariance generally indicated strong treatment &
Orthogonal contrasts revealed that all bait treatments i
cantly increased attack densities, as well as the pe
available trees lightly atracked and mass attacked,
control. In the Invermere experiment, there was a sig
interaction of exo-brevicomin and frans-verbenol dos
cating that a high trans-verbenol dose tended to reduc
density, but that a high exo-brevicomin dose counterac
effect (Table 4). Although not significant in the Pe
experiment, the trend is similar (Table 4). A possible
nation is that irans-verbenol is always contaminaté
minor percent of the antiaggregation pheromone verb
Furthermore, trans-verbenol may autoxidize to verbenol
some circumstances (Hunt et al. 1989). An increase
rate of trans-verbenol would thus lead to an increas
benone, which may cause a decrease in attack density.
Analysis of frequency distributions within four d
DBH classes revealed that at DBHs <30 cm, the
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1989 with ternary or binary baits (myrcene deleted)

TABLE 2. Frequency of infestation by MPBs and attack densities on lodgepole pine trees baited in

Infestation frequency

DEH of Attack density on
Bait baited trees No. of % % mass baited and infested
Expt. treatment (cm)? trees infested? attacked? trees (no./m2)~
1 Ternary 202412 20 100.0 100.0 105.3:+7.6
Binary 252+0.7% 20 100.0ns 100.0ns 102.2£8.9ns
-2 Ternary 223106 19 100.0 94.7 122.1+10.9
Binary 21.310.5ns 20 100.0ns 100.0ns 122.5+6.1ns
3 Temary 222409 20 100.0 100.0 98.517.7
Binary 22.3+0.7ns 20 100.0ns 100.0ns 111.3+10.3ns
4 Ternary 355+14 14 100.0 100.0 149.6+15.0
Binary 38.5+1.5ns 21 95.2ns 85.7ns 113.8+11.0ns
5 Ternary 40.1£2.5 14 100.0 100.0 125.019.7
’ Binary 39.2+2.3ns 12 100.0ns 91.7ns 139.8£23.5ns
6 Ternary 47518 20 95.0 75.0 55.6+7.4
Binary 48.311.4ns 20 70.0% 70.0ns 69.2+5.2ns
7 Ternary 20.0+1.1 17 100.0 58.9 47.618.2
Binary 28941.2ns 19 100.0ns 88.2* 45.6+7.0ns

“Values represent mean £ SE. Paired means marked by an asterisk are significantly different; r-test, P <0.05. ns; Not significant.
®Paired percents marked by an asterisk are significantly different; %%-test, P < 0.05. ns, Not significant.

TaBLE 3. Relationship between red trees infested by MPBs in 1988 and newly infested green trees for

split plots baited with ternary or binary baits (myrcene deleted)

No. of newly infested

green trees

Green/red ratio

Mass attacked?

No. of red Bait All . Mass-attacked

Expt. trees® treatment Total Nao. % trees? trees?

1 105 Ternary 155 116 74.8 1.48 1.10
105 Binary 235 139 59.1% 2.23% 1.32ns

2 377 Ternary 751 519 69.1 1.99 1.37
393 Binary 987 701 - 71.0ns 2.51% 1.78*

3 170 Ternary 494 . 387 78.3 291 2.28
170 Binary 357 249 69.7% 2.10% 1.46%

4 31 Ternary 127 100 78.7 4.10 3.23
47 Binary 256 128 50.0*% 5.45ns 2.72ns

5 ¥ Ternary 55 40 727 - 3.23 2.35
14 Binary 50 36 72.0ns 3.57ns 2.5Tns

6 15 Ternary 25 ‘18 72.0 1.67 1.20
15 Binary 25 25 100.0* 1.67ns 1.67ns

7 7 Ternary 85 45 52.9 12.14 6.43
7 Binary 141 93 66.0* 20.14ns 13.29ns

“Adjusted for area covered by each treatment. 2
bPaired percents or ratios marked by an asterisk are significantly different, X -test, P < 0.05. ns, Not significant.

it‘teﬂtly more trees mass attacked and fewer trees not
) °d-around baited compared with control trees (Fig. 2).
®Ver, there was no significant effect of baits on trees

230 cm DBH. Relatively few trees of any DBH were |
attacked. It is known that the mountain pine beetle pre;

1111

ghtly
feren.

tially attacks large-diameter lodgepole pine trees (Cole and



TaBLE 4. Frequency of infestation by MPBs and attack densities in two, individual-tree experiments in 199( ¢

Omparj

baits with and without myrcene, and binary baits with low and high release rates of rrans-verbenol and €xo-brev, A8 trep ¢
_ _ _ Comip -
Semiochemical release rate B

T T

{mg/24 h) Infestation frequency
Experimental ~ No. of trans- exo- No. available % lightly % mass onAb:jtg df:‘nsit)’
location replicates Myrcene Verbenol Brevicomin trees” attacked?  atlacked” trees (n (?llncj(z))”b
. 3
Invermere 13 — — — 169+7.2 79 18,7 o T
_ 1.0 0.2 232468 16.6 29,6 Jéi'gijﬁﬂ
_ 1.0 2.5 20.2£7.0 15.6 38.7 1038430
_ 2.0 0.2 232479 13.0 35.7 SR P
_ 20 2.5 224285 116 36.0 13081 30
9.0 1.0 0.2 17.8£8.5 12.7 36.6 11154350
Penticton 15 — — ~ 24.949.7 9.0 19.2 154130
— 10 - 02 23.8410.0 13.4 448 1275435
— 1.0 2.5 235%11.0 14.0 45.7 12135410
— 20 02 29.415.0 16.4 38.3 97.9140'6
— 2.0 2.5 2574155 153 40.7 119.2133'2
9.0 1.0 0.2 27.4£13.6 15.3 43.1 1208+20g
“Within 10 m of baited or control trees. Values represent mean + SD. T T T

*For all semiochemical treatments, results are significantly different from the controls: orthogonal comtrasts, £ < .05, See wext for description of

between semiochemical treatments.
“Values represent mean % SD.

1 BAITED CONTROL
100 707 -
| 15.0 - 19.9 cm DBH | 25.0-29.9 cm DBH
90 50
80 ¢ .
70+ 50
60T 40
& so0t
40t 30|
=30r 20,
= 10 [
i i
2% [
=
< go 90
w 20.0-24.9cm DBH =30 cm DBH
O 70r 80
L 60 70r
& 5ol 60 |
Q 50 |
40t
L 40
o 30+ a0l
20t gl
ol E BB O
0 0
< D < ] < 9
o*g' & & & K
\ 3 \s s 3 \s
& &8 & &8
) & & S & &
& &

.F1G. 2. Distribution of MPB attack frequency by diameter class of
available (rees within 10 m of 140 semiochemical-baited trees and
28 unbaited control trees. Data were pooled for all semiochemical
and control treatments in two 1990 experiments (Table 4).

Amman 1969; Safranyik et al. 1974; Borden et al. 1983a). In
our experiments, the baits apparently concentrated beetles
within the stands, artificially increasing the risk of attack,
which' in turn resulted in all large-diameter trees being
attacked. '

ll'llerac“o"

Practical implications

Our results (Tables 1-4) corroborate the results of
et al. {1990), indicating that myrcene is redundant apg
essary for MPB tree baits, as long as the two pheromepic
present on the tree. trans-Verbencl and £X0-brevicoy g
dently act efficiently to attract beetles to a tree \;v}:::‘l :
the initial attacks apparently cause the severed résgﬂd
release sufficient myrcene, and other monoterpenes, (g
tiate the aggregative effect. In traps, where there ig ;10'
source of monoterpenes, myrcene is required to Optim
attraction (Conn et al. 1983; Borden et al. 1987),

The results on DBH distribution of attacked trees
suggest that in stands of small-diameter trees, it is cpy
place baits on the largest available trees (Borden 199055
mize the power of the baits to concentrate attack by t
In stands of large-diameter trees, selection of the larges
sible bait trees may be less important. These data also i
that in experimental work, the best measurement of bai
cacy will be obtained if experiments are conducted in:
of small-diameter trees, where natural secondary a
will not override treatment effects to any significant g2

trans-Verbenol can autoxidize under some circamst
to verbenone, a highly active antiaggregation pheromon
and Yandell 1983; Hunt et al. 1989). When this hap
the field, the potency of baits comprising trans-verb
exg-brevicomin was greatly reduced, although myrc
able to override the antiaggregative effect of the une
verbenone (Borden et al. 1990). However, the purity E
verbenol can be assured by chemists, and the autoxidse
problem has been eliminated through the use of antio
Therefore, on the basis of our results, it should be po
eliminate myrcene from operational baits, thus reduc
cost, and eliminating problems with jeakage from bel
tacles and unpleasant odors in storage. '

o
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