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ABSTRACT Several different aggregation pheromene release rates and trap designs were evalu-
ated for trapping the Douglas-fir beetle, Dendroctonus pseudotsugae Hopkins. Frontalin:seudenol
release rates of 160:80, 80:40, 40:20, 20:10, 10:5, and 1:0.5 mg/d, respectively, with a constant ethanol
release rate of 88 mg/d at 24°C were tested in multiple-funnel traps. The highest Douglas-fir beetle
catches oceurred at release rates of 20:10 and 10:5 mg/ d. There were significantly fewer catches at
higher and lower release rates. The percentage of male Douglas-fir beetles increased significantly
with increasing release rates up to a plateau at 80:40 mg/d. Catches of Thanasimus undatulus (Say)
(Coleoptera: Cleridae), a predator, increased consistently with higher release rates. Multiple-funnel
traps caught significantly more Douglas-fir beetles than slotted-panel traps for both total numbers
and number per unit area of trapping surface. There was no difference between the 2 trap types in
selectivity for Douglas-fir beetles relative to T. undatulus. Placing metal screens with 6- or 12-mm
openings above the collection cup to filter intercepted insects or providing a strip of metal screen
with 1.5-mm openings to serve as an escape route for predators from the collection cup in multiple-
fimrel traps resulted in capture of a significantly higher ratio of Douglas-fir beetles to predators.
These results will contribute to the development of more efficient trapping programs to lessen the
impact of Douglas-fir beetle outbreaks.

KEY WORDS  Dendroctonus pseudotsugae, Thanasimus undatulus, aggregation pheromones, trap-
ping, pheromone release rates, nontarget effects

THEE MORTALITY CAUSED by the Douglas-fir beetle, Den-
“droctonus pseudotsugae Hopkins, periodically inter-
feres with forest management plans throughout the
range of Douglas-fir, Pseudotsuga menziesii (Mirbel)
Franco, in western North America (Furniss and Caro-
lin 1877). In the past, foresters relied predominantly
on silvicultural approaches such as harvesting mature
stands, thinning young stands, and sanitation/salvage
logging to minimize the impact of beetle-caused tree
mortality {Furniss and Orr 1978). Although some of
these methods remain useful, they were primarily de-
veloped to protect the timber resource at the stand
level and they do not meet the current needs of natural
resource managers to protect a greater variety of re-
sources at the landscape scale. Pheromones have been
used for management purposes in the past, and offer
the opportunity for developing new treatments that
could lead to more efficient Douglas-fir beetle man-
agement programs (Ross and Daterman 19952).

The pheromone system of the Douglas-fir beetle has
been well studied (Pitman and Vité 1970, Kinzer et al.
1971, Furniss et al. 1972, Rudinsky et al. 1972, Vité et
al. 1972, Rudinsky et al. 1974, Pitman et al. 1975, Libbey
et al. 1983} and several effective management prac-
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tices have been developed using the antiaggregation
pheromone (McGregor et al. 1984, Ross and Daterman
1995b, Ross et al. 1996). Aggregation pheromones
have been used to bait accessible trees that are har-
vested after they become infested to destroy the de-
veloping broods {Knopf and Pitman 1972, Pitman
1973, Ringold et al. 1975, Patterson 1992). However,
the efficacy of this “trap-tree harvest” technique has
never been critically evaluated. Replacing the baited
tree with an artificial trap may be a more effective
strategy (Ross and Daterman 1997},

Bark beetle trapping efficiency depends on a num- -
ber of variables including Iure composition, phero-
mone release rates, trap type, and trap placement
(Tilden et al. 1979, Bedard and Wood 1981, Borden et
al. 1982, Bakke et al. 1983, Dubbel et al. 1985, Niemeyer
1985). Few of these variables have been studied in
relation to trapping thé Douglas-fir beetle. Lures con-
taining frontalin plus seudenol and ethanol or both
were the most attractive combinations of pheromones
for the Douglas-fir beetle in Oregon and Idaho tests
{Rudinsky et al. 1974, Pitman et al. 1975, Ross and
Daterman 1995¢). The objectives of our studies were
to determine the optimal release rate of 2 2:1 mixture
of frontalin:seudenol at a constant ethancl release
rate; to compare the efficiency of 2 commercially
available trap types {i.e., multiple-funnel and slotted-
panel); and to evaluate modifications of the multiple-
funnel trap to exclude nontarget insects.






502

ators for each sample. For the study comparing trap
types, the trapping surface of each trap type was mea-
sured and trap catches were expressed on a surface
area basis. For the study of modifications to the mul-
tiple-funnel trap, the total oven-dry weight of all non-
target insects excluding T. undatulus, E. sphegeus, and
T. chlorodia was determined for each sample.

Data Analyses. The data from each study were sub-
jected to analyses of variance {ANQOVA) for random-
ized complete block designs (SAS Institute 1985). For
the release rate study and the modifications to mul-
tiple-funnel traps study, analyses were performed on
mean daily catches caleulated by dividing the number
of insects in each sample by the number of days in the
collection period. For the trap type study, analyses
were performed on total catches over the entire col-
lection period expressed on hoth per trap and trapping
surface bases. Before ANOVA, each variable was
tested for heteroscedasticity by graphical analysis of
residuals (Neter et al. 1983). If the variances were
non-homogeneous, variables were transformed to In
(Y - 1} or arcsine of the square root (Y) as appro-
priate. In all cases, the nontransformed means are
reported. Population marginal means were calculated
for any unbalanced data resulting from lost samples.
Means were compared and separated by the Fisher
protected least significant difference test (SAS Insti-
tute 1985) when appropriate.

Results

Pheromone Release Rates. The interaction between
release rate and collection date was not significant
{P = 0.03) for any of the variables, so only the main
effects for release rates are presented. Mean daily
catches of Douglas-fir beetles changed significantly
with different release rates of frontalin and seudenol
(F = 5.43; df = 5, 131; P < 0.0001). The highest
catches occurred at frontalinisendenol release rates of
10:5 and 20:10 mg/ d (Fig, 2). Lower and higher release
rates resulted in significantly fewer catches. The per-
centage of male Douglas-fir beetles in the samples also
changed significantly with pheromone release rates
{F=88.81;df = 5,131; P < 0.0001 ). The percentage
of males trapped increased from 61.7% at the lowest
release rates to over 92% at the 2 highest sets of release
rates (Fig. 3).

In total, 17,266 predators were collected, of which
98.8% were T. undatulus, 1.1% were T. chlorodia, and
0.1% were E. sphegeus. Because of the low numbers of
T chlorodia and E. sphegeus that were trapped, those
data were not analyzed. Catches of T. undatulus in-
creased directly and significantly with pheromone re-
lease rates (F = 26.11; df = 5, 130; P < 0.0001) (Fig.
2). The mean number of T. undatulus trapped at the
highest release rates was nearly 5 times more than that
at the lowest release rates.

As aresult of the differential responses of Douglas-
fir beetle and T. undatulus, the percentage of Dou-
glas-fir beetles in the samples declined significantly
with increasing pheromone release rates (F = 36.62;
df = 5,130; P < 0.0001) (Fig. 3). Douglas-fir beetles
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Fig. 2. Mean daily catches of Douglas-fir beetles and an
associated predator, Thanasimus undatulus, as a function of
frontalin and seudenol release rates. Seudenol release rates
were half of the frontalin release rates. Bars indicate standard
errors. For each line, points with the same letter are not
significantly different (P > 0.05; Fisher protected least
significant difference test).

comprised 95.3% of the samples at the lowest release
rates compared with just 67.2% at the highest release
rates.
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Fig.3. Mean relative abundance of Douglas-fir beetles as
a percentage of Douglas-fir beetles plus Thanasimus unda-
tulus and percentage of Douglas-fir beetles that were male as
a function of frontalin and seudenol release rates. Seudenol
release rates were half of the frontalin release rates. Bars
indicate standard errors. For each line, points with the same
letter are not significantly different (P > 0.05; Fisher pro-
tected least significant difference test).
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Table 1. Donglas-fir beetles and predators eaught in multiple-funnel and slotted-panel traps baited with aggregation pheromones in
1995 !
: Douglas-fir beetles T, undatulus Diouglas-fir % male
“ Trap type No./em® trap No./om? trap beetle relative Douglas-fir
No./trap surface No./trap surface abundance® beetles
Multiple-funnel 6,803.0 £ 1427.4a 1.028 £ 0.216a 92.3 % 18.0a 0,014 + 0.003a 984 +07a 888+ 30a
Slotted-panel 2,748.0 = 515.8b - 0.694 + 0.130b 345*=11.3L 0.00% = (.003a 99.0 = 0.5a 89.0 = 2.8a

Within a cohunn, means = $EM followed by the same letter are not significantly different (P > 0.05; Fisher protected LSD),
“ (Number of Douglas-fir beetles/number of Douglas-fir beetles + number of T undatulus) X 100.

Trap Type. The multiple-funnel trap canght signif-
icantly more Douglas-firbeetles than the slotted-panel
trap for both total numbers and trapping surface (F =

S17.03; df = 1,5 P = 0.0091, and F = §.98; df = 1,
5 P = 0.0302) (Table 1). The multiple-funnel trap
also caught significantly more T. undatulus than the
slotted-panel trap based on total numbers (F = 17.33:
df =1, 5 P = 0.0088), but there was no difference
in catch between the trap types on a surface area basis
{(F=483df =15 P = 0.0792) (Table 1). Only
1 E. sphegeus and 25 T. chlorodia were trapped, thus
statistical analyses were not performed on those data.
There was no- difference in the percentage of Dou-
glas-fir beetles relative to predators (F = 2.51; df =
1,5 P = 0.1739) or the percentage of male Dou-
glas-fir beetles (F = 0.14; df 1, 5; P = 0.7247)
collected by the 2 trap types (Table 1).

Modifications to Multiple-Funnel Trap. The inter-
action between trap modification and collection date
was not significant (P > 0.05) for any of the variables,
except dry weight of nontarget insects. Placing a
screen filter with 12-mm openings above the collec-
tion cup resulted in significantly higher catches of
Douglas-fir beetles compared with the other treat-
ments (F = 5.80; df = 3,130; P = 0.0009) (Table 2).
Catches of Douglas-fir beetles in traps with the other
2 modifications were not significantly different from
those of unaltered traps. There were no significant
differences in the percentage of male Douglas-fir bee-
tles collected by the different traps (F = 1.04; df =
3,130; P = 0.3754) (Table 2),

Of 11,908 predators that were collected, 99.4% were
T. undatulus and 0.6% were T. chlorodia, thus only T
undatulus data were subjected to statistical analyses.
The screen filter with 6-mm openings and the screen
ladder both resulted in significantly lower catches of
T. undatulus compared with the unaltered trap {F =
6.15; df = 3,199; P = 0.0006) (Table 2). Traps with

the screen filter with 12-mm openings caught similiar
numbers of T. undatulus as the unaltered traps (Table
2). Most importantly, the abundance of Douglas-fir
beetles relative to predators was significantly higher in
traps with each of the modifications compared with
unaltered traps and there were no differences among
the 3 modifications (F = 4.44; df = 3,199; P =
0.0033) (Table 2).

The interaction between trap modifications and col-
lection date was significant for the dry weight of non-
target insects other than the 3 predators discussed
previously (F = 1.90; df = 3,129; P = 0.0282). The
significant interaction was likely a result of the relative
differences among treatments on different dates be-
cause the order of treatments was the same with only
a few minor exceptions (Fig. 4). The unaltered traps
consistently caught a larger weight of nontarget in-
sects than the modified traps, particularly during the
later collection periods. Traps with the 12-mm open-
ing screen filter caught the 2nd greatest weight of
non-target insects on most dates, followed by traps
with the 6-mm opening screen filter, and those with
the screen ladder, respectively.

Discussion

Douglas-fir beetle catches increased to a peak and
then declined in response to increasing release rates of
frontalin and seudenol. The largest numbers of beetles
were caught at frontalin: seudenol release rates of
20:10 mg/d. Tt was likely that, at higher release rates,
threshold concentrations of one or both pheromones
occurred at some distance from the traps, stimmulating
beetles to land or fly away from the source. In a
previous study, Douglas-fir beetles showed no differ-
ence in response to devices releasing frontalin:seude-
nol at rates of 19: 29, 96: 144, and 192: 288 mg/d at 21°C
(Hedden 1976). Because the release rates in that study

Table 2. Douglas-fir beetles and predators canght in multiple-funnel traps baited with aggregation pheromones and modified in various

ways to exclude nontargel insects in 1994

Trap Douglas-fir beetles T. undatulus Douglas-fir beetle % male Douglas-fir
modification (No./trap/d) (No./trap/d) relative abundance® beetles
Unaltered trap 10l +12a 55+ 0.7a 63.0 =2.3a 808+ 11a
6-mim screen filter 11.0+ 1.8a 35 *+0.7he 70.8 = 2.2b 8l.7 %= 1la
12-mm sereen filter 153+ 1.8b 5.1 £ 0.7ab 721 *+2%b 799 £ 1.0a
Screen ladder 99+ 1% 25+ 0.7¢ 714 +2.3b 828 1.1a

Within a column, means *+ SEM followed by the same letter are not significantly different {P > 0.05; Fisher protected LSD).
@ (Number of Douglas-fir beetles/number of Douglas-fir beetles + number of T. undatulus) X 100
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Fig, 4. Mean dry weights of non-target insects collected
in multiple-funnel with various modifications and baited with
aggregation pheromones in northeastern Oregon during
1995,

were determined at 21°C, they would have to be ad-
justed upward to compare with our release rates
which were determined at 24°C. Consequently, the
lowest release rates of sendenol, and probably fron-
talin, in the earlier study were above the optimal rates
that we identified. This may explain the lack of re-
sponse of the Douglasfir beetle to increasing phero-
mone release rates in that study. Furthermore, in the
earlier study, more Douglas-fir beetles were caught on
traps located 10.7 m from the pheromone source than
on traps located just 4.6 m away, and the effect was
most pronounced at the highest pheromone release
rate. This is consistent with the hypothesis that high
release rates cause beetles to land on objects some
distance from the pheromone source. Threshold re-
lease rates above which bark beetle trap catches de-
. cline have been observed for other species such as Ips
typographus (L.) in response to methylbutenol and
cis-verbenol (Bakke et al. 1983), Ips pini (Say) in
response to lanierone (Seybold et al. 1992), and Den-
droctonus rufipennis (Kirby) in response to frontalin
(Werner 1994).
More male than female Douglas-fir beetles were
.caught at all pheromone release rates, and the per-
centage of male beetles canught in the traps increased
significantly with increasing frontalin:sendenol re-
lease rates up to 80:40 mg/d. In previous studies, male
beetles consistently responded more strongly to ag-
gregation pheromones than did females (Rudinsky
1966, Furniss and Schmitz 1971, Rudinsky et al. 1972,
Pitman et al. 1975, Ross and Daterman 1997). Our
study showed increasing proportions of male beetles
in traps with increasing pheromone release rates, Male
Douglas-fir beetles have a higher percentage of nerve

cells that are responsive to frontalin and seudenol than

do females (Dickens et al. 1984) which may explain
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their greater attraction to these pheromones in the
field, particularly at high concentrations. Presumably,
receptor sites on female beetles would be inundated
at a lower pheromone concentration than those on

" male beetles. In both Ips paraconfusus Lanier and L

typographus, the proportions of male beetles in trap
catches declined with increasing aggregation phero-
mone release rates (Byers 1983, Schlyter et al. 1987),
but in these species, unlike the Douglas-fir beetle, the
male initiates the attack. The differential response of
the sexes to aggregation pheromone concentrations
was suggested to be part of the mechanism for regu-
lating attack density in I paraconfusus and I typogra-
phus. Our results indicate that this may be true for the
Douglas-fir beetle as well, although the anti-aggrega-
tion pheromone, 3-methylcyclohex-2-en-1-ome, also
affects attack density (Hedden and Gara 1976, Hed-
den and Pitman 1978).

In contrast to the Douglas-fir beetle, catches of the
predator, T. undatulus, increased significantly with
increasing release rates of frontalin and seudenol
across the range of rates that was tested. As a result of
the increasing catches of T. undatulus and proporiion-
ally smaller increases or declines in the catches of
Douglas-fir beetles, the abundance of Douglas-fir bee-
tles relative to predators declined consistently with
increasing pheromone release rates. In a previous
study, T. undatulus response did not differ at frontalin:
seudenol release rates of 19:29, 96:144, and 192:288
mg/dat 21°C {Hedden 1976). These conflicting results
may reflect geographic differences in populations or
they may be the result of different methodologies
between the studies, such as trap type, trap placement,
or the relative ratio of lure components. In British
Columbia, the numbers of T. undatulus caught in traps
increased consistently with increasing release rate of
ipsdienol (Miller and Borden 1990). Enoclerus lecontet
{Wolcott), a predator of Dendroctonus brevicomis Le-
conte and Ips spp., has exhibited similar dose-depen-
dent responses to increasing release rates of lanierone
{Seybold etal. 1992) and ipsdienol (Miller and Borden
1990). Predators may be less sensitive to high-phero-
mone release rates than bark beetles because fully
infested trees or logs could be good habitats for mating
and oviposition, even though they are not suitable
foraging habitats for adult predators.

" Many different types of traps have been developed
for collecting scolytid beetles in research and opera-

_ tional settings (Chapman and Kinghorn 1955, Browne

1978, Moser and Browne 1978, Furniss 1981, Bakke et
al. 1983, Lindgren 1983). However, only a few of these
traps are commercially available for practical use. We
chose to compare the multiple-funnel trap which is
the type most commonly used in North America, with
a slotted-panel trap which is commonly used in Eu-
rope. Although the multiple-funnel traps caught sig-
nificantly more Douglas-fir beetles than the slotted-
panel traps, they also caught significantly more T.
undatulus. Since trap catch has been shown to be

" related to trap size (Tilden et al. 1979), the difference

in total numbers of insects collected by both trap types
was likely due, in part, to the 67% greater trapping
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surface of the multiple-funnel trap (6,615 cm®) com-
pared with the slotted-panel trap (3,960 ¢m?). How-
ever, the multiple-funnel trap also caught significantly
more Douglas-fir beetles than the slotted-panel trap
per unit area of trapping surface. This difference may
reflect the greater potential of a cylindrical, multiple-
funmel trap to intercept beetles arriving from any
direction compared with a planar, slotted-panel trap.
It would probably be more reasonable to compare the
trap types using 3 panel traps in a star configuration as
suggested by the manufacturer. This would eliminate
the directional bias of an individual panel, but would
also increase trapping costs.

All of the modifications to the multiple-funnel trap
increased the relative abundance of Douglas-fir bee-
tles to predators without reducing the total catch of
Douglas-fir beetles. We suspect that the significantly
higher catch of Douglas-fir beetles in traps with
12-mm opening screen filters was simply a fortuitous
result. Both filtering predators by intercepting them
before they entered the collection cup and providing
them with an escape route from the collection cup
were equally effective strategies. Additionally, all of
the modifications resulted in a lower dry weight of
other non-target insects compared with the unaltered
trap. The screen ladder likely operated in a similar
fashion to the tapered collection cup on the modified
Norwegian drainpipe trap (Balde et al. 1983) allowing
the more active and mobile predators to escape at a
higher rate than the bark beetles. Until a more selec-
tive trap is developed, one of the modifications to the
multiple-funnel trap should be used when trapping for
control purposes.

Our results provide information that will be useful
for developing and implementing programs to trap the
Douglas-fir beetle, Based on the total number of bee-
tles collected, the sex ratio of trapped beetles, and the
number of predators collected, release rates of fron-
talin and seudenol should not exceed 20 and 10 mg/d
‘at 24°C, respectively, at least for isolated traps. It may
be possible to use higher release rates in a centrally
located trap that is swrrounded by traps baited with
lures releasing at lower rates, but that possibility will
require further study. Individual multiple-funnel traps
caught slightly more Douglas-fir beetles than did slot-

ted-panel traps, but both trap types are equally selec-

tive for Douglas-fir beetles relative to associated pred-
ators, The catch of predators and other non-target
insects in multiple-funnel traps can be reduced with-
out affecting the catch of Douglas-fir beetles by using
either a sereen filter with 6- or 12-mm openings placed
above the collection cup or providing an escape route
- from the collection cup with a strip of metal screen.

Acknowledgments

We thank the personnel of the Wallowa Valley and La-
Grande Ranger Districts of the Wallowa-Whitman National
Forest for providing technical support. This research was
supported by funds provided by the USDA Forest Service,
Pacific Northwest Research Station,

Ross aND DaTERMAN: PHEROMONE-BATTED TRAPS FOR D. pseudotsugae

505

References Cited

Bakke, A, T. Saether, and T. Kvamme. 1983. Mass trapping
of the spruce bark beetle Ivs fypographus. Pheromone and
trap technology. Medd. Nor. Inst. Skogforsk. 38: 1-35.

Bedard, W. D, and D, L. Wood. 1981. Suppression of Den-
droctonus brevicomis by using a mass-trapping tactic, pp.
103-114. In E. R. Mitchell [ed.], Management of insect
pests with semiochemicals: concepts and practice. Ple-
num, New York.

Borden, J. H., C.]. King, 8. Lindgren, L. Chong, D, R, Gray,
A. C. Oehlschlager, K. N. Slessor, and H. D. Pierce, Jr.
1982. Variation in response of Trypodendron lineatum
from two continents to semiochemicals and trap form,
Environ. Entomol. 11: 403408,

Browne, L. E. 1978, A trapping system for the western pine
beetle using attractive pheromones. J. Chem. Ecol. 4:
261-275.

Byers, . A. 1983, Sex-specific responses to aggregation
pheromone: regulation of colonization density in the bark
beetle Ips paraconfusus. J. Chem. Ecol. 9: 129-142,

Chapman, J. A., and J. M. Kinghorn. 1955, Window flight
traps for insects. Can. Entomol, 87: 46-47.

Datermsan, G. E. 1974. Synthetic sex pheromone for detec-
tion survey of European pine shoot moth. USDA For. Ser.
Res. Pap. PNW-180.

Dickens, J. C., T. L. Payne, L. C. Ryker, and J. A. Budmsky.
1984, Single cell responses of the Douglas-fir beetle, Den-
droctonus pseudotsugae Hopkins {Coleoptera: Scolyti-

. dae), to pheromones and host odors. J. Chem. Ecol. 10:
583-600.

Dubbel, V., K. Kerek, M. thrt, and 5. Mangold, 1985. In-
fluence of trap color on the efficiency of bark beetle
phercmone traps. Z. Angew. Entomol. 99: 59-64.

Furniss, M. M. 1981. An improved nonsticky trap for field
testing scolytid pheromones. Environ. Entomol. 10; 161-
163,

Furniss, M. M., and P. W, Orr. 1978. Douglas-fir beetle. U.S.
For. Serv. For. Insect & Dis. Leafl. 5.

Furniss, M. M., and R, ¥. Schmitz. 1971, Comparative at-
traction of Douglas-fir beetles to frontalin and tree vola-
tiles. U.S. For. Serv. Res. Pap. INT 96,

Furniss, M. M., L. N. Kline, R, F. Schinitz, and J, A, Rudinsky.
1972. Tests of three pheromones to induce or disrupt
aggregation of Douglas-fir beetles (Coleoptera: Scolyti-
dae) on live trees. Ann. Entomol. Soc. Am. 65: 1227-1232.

Furniss, R. L., and V. M, Carolin. 1977. Western forest in-

sects. U.S. Dep. Agric, Misc. Publ. 1339.

Hedden, R. L. 1976, Douglure-seudenone interaction: a
novel approach to Douglas-fir beetle population manage-
ment. Ph.D. dissertation, University of Washington, Se-
attle.

Hedden, R. L.,and R. I. Gara, 1976. Spatial attack pattern of
a western Washington Douglas-fir beetle population. For.
Sei. 22: 100-102.

Hedden, R. L., and G. B, Pitman. 1978. Attack density reg-
ulation: a new approach to the unse of pheromones in
Douglas-fir beetle population management. J. Econ. En-
tomol. 71; 633~ 637,

Jantz, 0. K, and R, L. Johnsey. 1964. Determination of sex
of the Douglas-fir beetle Dendroctonus pseudotsugee Hop-
kins (Coleoptera: Scolytidae). Can. Entomol. 96: 1327-
1329,

Kinzer, G. W,, A, F. Fentiman, Jr., R. L. Foliz, and J A
Rudinsky. 1971 Bark beetle attractants: 3-methyl-2-cy-
clohexen-1-one isolated from Dendroctonus pseudotsugae.
J. Econ. Entomol, 64: 970-971.



506

Knopf, J.A.E, and G. B. Pitman. 1972. Aggregation phero-
mone for manipulation of the Douglas-fir beetle, J. Econ,
Entomol. 65; 723-726.

Libbey, L. M., A. C. Ochlschlager, and L. C. Ryker. 1983.
1-Methyleyclohex-2-en-1-o0l as an aggregation phero-
mone of Dendroctonus pseudotsugae. J. Chem. Ecol. 9:
1533-1541. )

Lindgren, B. §. 1983. A multiple funnel trap for scolytid
beetles (Coleoptera). Can. Entomol. 115: 299-302.

MeGregor, M, D, M. M. Furniss, R. D. Oakes, K. E. Gibson,
and H. E. Meyer. 1984. MCH pheromone for preventing
Douglas-fir beetle infestation in windthrown trees. J. For.
82: 613-616.

Miller, D. R, and J. H. Borden. 1990. 3-Phellandrene;
kairomone for pine engraver, Ips pini (Say) (Coleoptera:
Scolytidae). J. Chem. Ecol. 16: 2519-2531,

Moser, J. C., and L. E. Browne. 1978. A nondestructive trap
for Dendroctonus frontalis Zimmerman {Coleoptera: Sco-
Iytidae). J. Chem. Ecol. 4: 1-7.

Neter, J., W. Wasserman, and M. H. Kutner. 1983. Applied
linear regression models. Richard D. Irwin, Homewood,

Niemeyer, H. 1985. Field response of Ips- typographus L.
{Col., Scolytidae) to different trap structures and white
versus black flight barriers. Z. Angew. Entomol. 99: 44-51.

Patterson, 5. 1992. Douglas-fir beetle: dealing with an epi-
demic, pp. 73-76. In D. Murphy {ed.], Proceedings, Get-
ting to the Future Through Silviculture Workshop, U.S.
For. Serv. Gen. Tech. Rep. INT-291.

Pitman, G. B. 1973. Further observations on douglure in a
Dendroctonus pseudotsugae management system, Envi-
ron. Entomol. 2: 109-112.

Pitman, G, B., and J. P. Vité, 1970. Field response of Den-
droctonus pseudotsugae (Coleoptera: Scolytidae) to syn-
thetic frontalin. Ann. Entomol. Soc. Am. 63: 661 664.

Pitman, G. B., R. L. Hedden, and R. I. Gara. 1975. Syner-
gistic effects of ethyl alcohol on the aggregation of Den-
droctonus pseudotsugae (Col., Scolytidae) in response to
pheromones. Z. Angew. Entomol. 78: 203-208.

Ringold, G. B,, P. J. Gravelle, D. Miller, M. M. Furniss, and

* M. D. MeGregor. 1975, Characteristies of Douglas-fir
beetle infestation in Northern Idaho resulting from treat-
ment with douglure. U.S. For. Serv. Res. Note INT-189.

Ross, D. W., and G, E. Daterman. 1995a. Pheromone-based

“ strategies for managing the Douglas-fir beetle on a land-
scape scale, pp. 347-358. In ¥, P. Hain, §. M. Salom, W. F,
Ravlin, T, L. Payne, and K. F, Raffa [eds.], Proceedings,
Behavior, population dynamics and control of forest in-
sects, Joint IUFRQ Working Party Conference, Maui,
Hawaii, February 6-11, 1994. Ohio Agricultural Research
and Development Center, Ohio State University,
Wooster, OH.

1995b. Efficacy of an antiaggregation pheromone for re-
ducing Douglas-fir beetle, Dendroctonus pseudotsugae

Jounnar or ECONOMIC ENTOMOLOGY

Vol. 91, no, 2

Hopkins {Coleoptera: Scolytidae), infestation of high risk
stands. Can. Entomol, 127: 805-811.

1995¢, Response of Dendroctonus pseudotsugae (Co-
leoptera; Scolytidae) and Thanasimus undatulus (Co-
leoptera: Cleridae) to traps with different semiochemi-
cals, J. Econ, Entomol, 88: 106-111,

1997. Using pheromone-baited traps to control the amount
and distribution of tree mortality during outbreaks of the
Douglas-fir beetle. For, Sci. 43: 65-70.

Ross, D. W, K. E. Gibson, R. W, Thier, and A. 8. Munson.
1996. Optimal dose of an antiaggregation pheromone {3+
methyleyelohex-2-en-1-one) for protecting live Douglas-
fir from attack by Dendroctonus pseudotsugae (Co-
leoptera: Scolytidae). J. Econ. Entomol. 8%: 1204-1207.

Rudinsky, J. A. 1966. Host selection and invasion by the
Douglas-fir heetle, Dendroctonus pseudotsugae Hopkins,
in coastal Douglas-fir forests. Can. Entomol. 98: 98-111.

Rudinsky, J. A, M. M. Furniss, L. N, Kline, and R. F. Schmitz.
1972, Attraction and repression of Dendroctonus pseudot-
sugae (Coleoptera: Scolytidae) by three synthetic pher-
omones in traps in Oregon and Idaho. Can, Entomol, 104;
815-822,

Rudinsky, J. A., M. E. Morgan, L. M. Libbey, and T. B.
Putnam. 1974. Additional components of the Douglas fir
beetle (Col., Scolytidae) aggrepative pheromone and
their possible utility in pest control. Z. Angew. Entomol.
76: 65-7T.

SAS Institute Inc. 1985. SAS/STAT guide for personal com-
puters, version 6 ed. SAS Institute Inc., Cary, NC.

Seybold, 8. J., §. A. Teale, D. L. Wood, A. Zhang, F. X.
Webster, K, Q. Lindahl, Jr,, and I. Kube. 1992, The role
of lanierone in the chemical ecology of Ips pini (Co-
leoptera: Scolytidae} in California, J, Chem, Ecol, 18:
2305-2329.

Schlyter, F., . A. Byers, and J. Lafgvist, 1987, Attraction to
pheromone sources of different quantity, quality, and
spacing; density-regulation mechanisms in bark beetle Ins
typographus. J. Chem. Ecol. 13: 1503-1523. '

Tilden, P. E,, W, D, Bedard, D. L. Wood, K. Q. Lindahl, and
P. A. Rauch. 1979. Trapping the western pine beetle at
and near a source of synthelic atiractive pheromone:
effects of trap size and position. J. Chem, Ecol. 5: 518 -531.

Vité, ]. P, G.B. Pitman, A. F. Fentiman, Jr., and G. W. Kinzer.
1972. 3-Methyl-2-cyclohexen-1-ol isolated from Den-
droctonus. Naturwissenschaften 59: 469.

Werner, R. A. 1994, Research on the use of semiochemicals

. to manage spruce beetles in Alaska, pp. 15-21. In Pro-
ceedings, Symposium: Management of Western Bark
Beetles with Pheromones: Research and Development,
29-95 June, 1992, Kailua-Kona, HL. US. For. Ser, Gen
Tech. Rep. PSW. GTR 150

Received for publication 20 June 1997: accepted 9 December
1997. '






