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ABSTRACT Historically, approaches to reducing losses caused by the Douglas-fir beetle have focused on
protecting the timber resource. Past recommendations included harvesting mature stands, treatment or removal
of large diameter slash, prompt salvage of dead and dying trees, preventing tree stress and injury, thinning of
young stands, and treatment or processing of infested material to destroy developing brood. Although some of
these recommendations are still appropriate, there are limitations to implementing them in the context of
ecosystem management. Recently, several new methods of using aggregation and antiaggregation pheromones
of the Douglas-fir beetle have been shown to be effective for manipulating the distribution and possibly amount
of tree mortality during outbreaks. These new methods along with existing silvicultural and pheromone-based
treatments provide new opportunities to develop integrated programs for managing this important forest pest.
The potency of these pheromone technologies suggest the potential for regulating beetle activity over wide
areas, thus raising the need for field-testing at landscape scales.
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THE DOUGLAS-FIR beetle, Dendroctonus pseudotsugae Hopkins, is found throughout the
range of Douglas-fir, Pseudotsugae menziesii (Mirb.) Franco, in western North America
(Furniss and Carolin 1977). This beetle usually breeds in portions of tree boles that are
greater than about 20 cm in diameter. At low population densities, most infestations occur in
trees that have recently died or live trees with limited defenses resulting from stress or injury
(McMullen and Atkins 1962, Furniss 1965, Rudinsky 1966, Furniss et al. 1981, Wright et al.
1984). When populations reach high densities, large numbers of healthy trees may be
successfully attacked and killed (Johnson and Belluschi 1969, Furniss et al. 1979).
Epidemics often develop following natural or human-caused disturbances that create
abundant breeding sites. Tree mortality during epidemics can alter the structure,
composition, and ecological processes of forests in ways that may conflict with resource
management objectives (Cornelius 1955, Furniss and Orr 1978, Hadley and Veblen 1993).
The Douglas-fir beetle is similar to other aggressive bark beetle species in the genus
Dendroctonus. This species has only one generation per year, although sister broods may be
produced when the weather is favorable. Adults fly from early spring through mid-summer
(Ross and Daterman 1996). Broods overwinter within the phloem in the adult, pupal, or late
larval stages. The pheromone system of the Douglas-fir beetle has been well studied.
Among the many compounds that have been found to be attractive to the Douglas-fir beetle,
combinations of frontalin with seudenol, ethanol, and/or MCOL elicit the strongest responses
(Pitman and Vité 1970, Vité et al. 1972, Rudinsky et al. 1974, Pitman et al. 1975, Libbey et
al. 1983, Lindgren et al. 1992, Ross and Datermen 1995a). The antiaggregation pheromone,
3-methylcyclohex-2-en-1-one (MCH), significantly reduces beetle response to attractant

Pages 135-145 in J.C. Grégoire, A.M. Liebhold, F.M. Stephen, K.R. Day, and S.M. Salom, editors. 1997.
Proceedings: Integrating cultural tactics into the management of bark beetle and reforestation pests. USDA
Forest Service General Technical Report NE-236.




136 ROSS AND DATERMAN

odors (Kinzer et al. 1971, Furniss et al. 1972, Rudinsky et al. 1972, Furniss et al. 1974,
McGregor et al. 1984, Lindgren et al. 1988).

History of Management Practices

Until recently, management of Douglas-fir in the U.S. was primarily directed toward
timber production. Consequently, the earliest recommendations to prevent losses caused by
the Douglas-fir beetle were developed to protect the timber resource. These
recommendations emphasized silvicultural activities that either reduced the availability of
breeding sites or directly reduced the beetle population (Bedard 1950, Furniss 1959, Lejeune
et al. 1961, Williamson and Price 1971, Furniss and Orr 1978, Furniss et al. 1979).
Recommendations for limiting potential breeding sites included harvesting mature stands,
treatment or disposal of slash greater than 20 cm in diameter, prompt salvage of windthrown,
fire-damaged, and otherwise dead and dying trees, fire prevention, and thinning of young
stands. Harvesting or treatment of infested material to destroy developing broods was also
encouraged to reduce beetle populations. During outbreaks, the use of felled trap-trees was
recommended to concentrate beetle activity in accessible areas where the brood could be
destroyed (Lejeune et al. 1961). The effectiveness of these practices was often limited
because of an inability to treat the entire infested area in a timely manner.

New possibilities for managing the Douglas-fir beetle arose following the
identification of its aggregation and antiaggregation pheromones. Because outbreaks often
occur following disturbances, particularly windstorms, a considerable effort was devoted to
developing ways to use MCH to prevent the infestation of windthrown trees. Although an
effective treatment was developed and shown to be operationally feasible (McGregor et al.
1984), it has never been implemented because of continuing delays in the registration
process. Aggregation pheromones have been used to bait trap-trees making them more
competitive with natural sources of attraction (Knopf and Pitman 1972, Pitman 1973,
Ringold et al. 1975, Thier and Weatherby 1991). Since this application of pheromones does
not require registration in the U.S., baited trap-trees have been used in operational programs
(Patterson 1992). However, the efficacy of baited trap-trees has never been fully evaluated.

Emerging Pheromone-Based Methods

Since 1992 we have been studying new pheromone-based management stategies for
the Douglas-fir beetle. We have focused primarily on two treatments. First, using
pheromones to protect live trees in relatively small, high-risk, high-value stands during
outbreaks. And second, using pheromone-baited traps to affect the amount and distribution
of beetle-caused tree mortality at the landscape scale during outbreaks.

Antiaggregation Peromone, MCH

A study conducted in northeastern Oregon in 1992 demonstrated the feasibility of
using pheromones to protect live trees in small, high-value stands (Ross and Daterman 1994).
A combination of pheromone-baited traps and MCH application significantly reduced the
percentage of host trees that were infested compared with an untreated control (Fig. 1).
Although this treatment was successful in reducing the infestation within the area designated
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for protection, there were some problems associated with using traps for this purpose
including "spill-over" attacks on nearby trees. Consequently, a follow-up study was
conducted in the same general area in 1993 to test the efficacy of MCH alone (Ross and
Daterman 1995b). The results indicated that MCH alone was at least equal to and perhaps
more effective than the combination of baited traps and MCH that was tested the previous
year (Fig. 1). In both of these studies, MCH was applied as bubble capsules at a rate of 150
capsules per hectare (60 g/ha).
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Fig. 1. Percentage of host trees infested on MCH-treated (60 g/ha) and control plots
during studies conducted in northeastern Oregon in 1992 and 1993. In 1992, the
treatment was a combination of MCH and pheromone-baited traps. In 1993, the
treatment was MCH alone. Both years, differences between treated and control plots
were significant (P < 0.05).

Further studies were conducted in 1994 and 1995 to determine the lowest effective
dose of MCH for protecting live trees (Ross et al. 1996). Each year, the tests were replicated
in high-risk stands in Oregon, Idaho, Montana, and Utah. In 1994 and 1995, MCH was
applied at rates of 0, 20, 40, and 60 g/ha and 0, 6, 12, and 20 g/ha, respectively. In 1994, all
three doses of MCH were equally effective in reducing infestations compared to the
untreated control (Fig. 2). In 1995, there were no significant differences in the percentage of
host trees that were infested among the treatments, although the infestation rate at the highest
dose was less than half that following any other treatment (Fig. 3). These results



138 ROSS AND DATERMAN

demonstrated that MCH applied at rates as low as 20 g/ha can reduce the probability that
high-risk trees will become infested. However, for practical purposes slightly higher doses
should be used to ensure treatment efficacy.
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Fig. 2. Percentage of host trees infested following application of MCH at various doses
on plots throughout the western U.S. in 1994. Letters indicate significant differences (P
< 0.05).
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Fig. 3. Percentage of host trees infested following application of MCH at various doses
on plots throughout the western U.S. in 1995. There were no significant differences
among treatments (P > 0.05).

In all four studies conducted between 1992 and 1995, pheromone-baited traps were
placed at the center of MCH-treated and control plots to evaluate treatment effects. In every
case, traps on MCH-treated plots caught significantly fewer Douglas-fir beetles compared
with traps on untreated controls. In contrast, there were much smaller or, in most cases, no
differences in catches of predators among MCH-treated and control plots (Fig. 4).
Furthermore, there were no significant differences in abundance of natural enemies or brood
production from the lower 7 m of mass-attacked trees on MCH-treated and control plots in
1995 (Table 1, unpublished data). This limited evidence suggests that MCH treatments have
no negative impacts on natural enemies.
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Fig. 4. Mean numbers of Douglas-fir beetles and Thanasimus undatulus collected in
pheromone-baited traps at plot centers following application of MCH at various doses
in (A) 1994 and (B) 1995. For each year and insect species, letters indicate significant
differences (P < 0.05).
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Table 1. Brood production and brood adult and natural enemy densities (#/m?) in bark
samples collected at 7 m height from Douglas-fir beetle infested trees on MCH-treated
and control plots in northeastern Oregon, 1995.

Control MCH-treated
Brood production
(brood adults/2(attacks)) 0.58 0.59
Brood adults 138.2 162.3
Hymenopteran cocoons 129.2 144.9
Thanasimus undatulus 0 33
Enoclerus sphegeus 5.8 33

Data from four 120 cm? samples collected from 7 trees in each treatment. There were no significant
differences between treatments (P > 0.05).

At the present time, the use of MCH to protect live trees in high-value stands is an
operational treatment. The only obstacle to full implementation of this technology in the
U.S. is registration of MCH by the Environmental Protection Agency.

Aggregation Pheromones

Aggregation pheromones have been used in the trap-tree harvest method to
concentrate Douglas-fir beetles. In this approach, pheromone-baited trees are harvested after
they become infested to destroy the developing brood. Replacing the baited tree with an
artificial trap could potentially increase the efficiency of a trapping program in a number of
ways. Possible advantages of traps over trees include more flexibility in placement,
unlimited trapping capacity, no reemergence, and less impact on some natural enemies.

A study conducted in northeastern Oregon in 1992 and 1993 demonstrated the
potential for using pheromone-baited traps to manage the Douglas-fir beetle (Ross and
Daterman 1997). Large numbers of beetles were collected in the traps and infested trees were
concentrated near the trap sites. Although this study did not demonstrate conclusively that
trapping reduced tree mortality in the outbreak area, it did show that mass-attacked trees
were concentrated in the vicinity of traps even though traps were placed in openings 50-150
m from host trees. In British Columbia, pheromone-baited traps had a similar effect (Paulson
1995). Another potential problem with traps is the large numbers of predators that are
collected. In the Oregon study, Thanasimus undatulus represented over 97% of the predators
that were trapped and the ratio of Douglas-fir beetles to 7. undatulus was about seven to one
(Ross and Daterman 1996). The significance of catching such large numbers of 7. undatulus
is unknown. Under laboratory conditions, 7. undatulus prefers smaller scolytids that are
sometimes associated with the Douglas-fir beetle (Schmitz 1978). Additionally, over the last
two years we have found approximately equal numbers of 7. undatulus and Enoclerus
sphegeus in bark samples from the lower 8 m of Douglas-fir beetle infested trees
(unpublished data). The number of predators collected in multiple-funnel traps can be
reduced by physical modifications that selectively exclude them or provide for their escape
(unpublished data). Lure composition and pheromone release rates can affect trap selectivity
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also. There are still many questions that remain to be answered regarding the most efficient
design of an operational trapping program. Other possible uses of Douglas-fir beetle
pheromones include creating snags and canopy gaps to increase structural diversity in
managed stands, monitoring population trends, and enhancing effectiveness of natural
enemies.

Meeting Ecosystem Management Objectives Through IPM

Forest management in the U.S. has been undergoing dramatic changes in recent years,
particularly on public lands. The emphasis on timber production that prevailed through the
mid 1980's has been replaced by the concept of ecosystem management. Maintaining the
ecological integrity and sustainability of forests while producing desired resources is the
cornerstone of ecosystem management. Forestry has become much more complex as a result
of this shift in policy. Forest managers are currently struggling to find the appropriate
balance in producing a diverse array of resources and values.

Pest management has also become more complicated in the context of ecosystem
management. There are now more constraints to implementing silvicultural controls for the
Douglas-fir beetle than there were just a few years ago. However, silvicultural treatments
remain the first line of defense for preventing undesirable tree mortality. Silvicultural
strategies should be used wherever they are compatible with resource management
objectives, especially on private lands managed primarily for timber. On most public lands,
there are limited opportunities to prevent Douglas-fir beetle outbreaks through silviculture.
For example, virtually all existing mature or old-growth stands on public lands are now
reserved as habitat for species that depend upon late successional stage forests. The goal of
management is to protect existing old-growth stands and facilitate successional processes in
younger stands to increase the area of forests with similar characteristics. The short supply
of old-growth forests makes them highly valued, but also places them at high risk to
infestation by the Douglas-fir beetle which prefers to breed in large, old trees (Furniss et al.
1979).

A number of recent changes in silvicultural practices on public lands could potentially
create favorable habitat for the Douglas-fir beetle. Rather than removing or treating large
diameter slash following harvest operations as was common in the past, the current trend is to
leave more of this material on the site. In some cases, trees are purposely topped or felled
and left on the site to create standing and down woody debris for added structural diversity,
wildlife habitat, and forage. There is also increasing opposition to removal of dead and
dying trees such as those damaged by windstorms and wildfires. Much of this material is
now being left in the forest for its ecological value rather than being removed for economic,
pest management, or wildfire prevention considerations. There has been increasing interest
in allowing wildfires to burn if they do not threaten life or property. If this trend continues, it
may result in more fire-damaged trees some of which will not be salvaged. Although there is
interest in thinning the abundance of overstocked stands on public lands, many areas will
remain untreated to provide thermal and hiding cover for wildlife, to protect soil and water
resources, and for other reasons. The combined effect of these changes in management
practices will be to create more breeding sites for the Douglas-fir beetle.

Pheromone applications could help to prevent or alleviate some of the potential
Douglas-fir beetle problems associated with changing silvicultural practices. MCH could be
applied to high-value stands such as recreational, cultural, and administrative sites, highway
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corridors, old-growth reserves, and riparian areas to reduce the probability of tree mortality
occurring in these locations during beetle outbreaks. At the same time, pheromone-baited
traps could be located in general forest areas where tree mortality is less disruptive to
management objectives. Sanitation or salvage logging might be prescribed in the vicinity of
trap sites if it is consistent with management objectives. Where large volumes of fresh
woody debris from natural or human-caused disturbances must be left in the forest, MCH
could be applied to prevent the buildup of beetle populations that could threaten resource
values. Other pheromone-based strategies that are yet to be developed could further
compliment existing pheromone and silvicultural treatments. We plan to begin testing the
application of pheromones at the landscape scale beginning in 1997.

References Cited

Bedard, W.D. 1950. The Douglas-fir beetle. U.S. Dep. Agric. Circ. 817.

Cornelius, R.O. 1955. How forest pests upset management plans in the Douglas-fir region.
J. For. 53: 711-713.

Furniss, M.M. 1959. Reducing Douglas-fir beetle damage- how it can be done. U. S. Dep.
Agric. For. Serv., Intermountain Forest and Range Exp. Sta. Res. Note No. 70.
Furniss, M.M. 1965. Susceptibility of fire-injured Douglas-fir to bark beetle attack in

southern Idaho. J. For. 63: 8-11.

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

Furniss, M.M., G.E. Daterman, L.N. Kline, M.D. McGregor, G.C. Trostle, L.F.
Pettinger, and J.A. Rudinsky. 1974. Effectiveness of the Douglas-fir beetle
antiaggregation pheromone methylcyclohexenone at three concentrations and
spacings around felled host trees. Can. Entom. 106: 381-392.

Furniss, M.M., and P.W. Orr. 1978. Douglas-fir beetle. U.S. Dep. Agric. For. Serv. For.
Insect & Disease Leaflet 5.

Furniss, M.M., M.D. McGregor, M.W. Foiles, and A.D. Partridge. 1979. Chronology
and characteristics of a Douglas-fir beetle outbreak in northern Idaho. U.S. For. Ser.
Gen. Tech. Rep. INT-59.

Furniss, M.M., R.L. Livingston, and M.D. McGregor. 1981. Development of a stand
susceptibility classification for Douglas-fir beetle, pp. 115-128. In R. L. Hedden, S.
J. Barras, and J. E. Coster (eds.) proceedings, Symposium on Hazard-Rating Systems
in Forest Pest Management. U.S. Dep. Agric. For. Serv. Wash. Off. Gen. Tech. Rep.
WO-27.

Furniss, R.L., and V.M. Carolin. 1977. Western forest insects. U.S. Dep. Agric. For. Ser.
Misc. Publ. No. 1339.

Hadley, K.S., and T.T. Veblen. 1993. Stand response to western spruce budworm and
Douglas-fir beetle outbreaks, Colorado Front Range. Can. J. For. Res. 23:479-491.

Johnson, N.E., and P.G. Belluschi. 1969. Host-finding behavior of the Douglas-fir beetle.
J. For. 67: 290-295.

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



144 ROSS AND DATERMAN

Knopf, J.A.E., and G.B. Pitman. 1972. Aggregation pheromone for manipulation of the
Douglas-fir beetle. J. Econ. Entom. 65: 723-726.

Lejeune, R.R., L.H. McMullen, and M.D. Atkins. 1961. The influence of logging on
Douglas-fir beetle populations. For. Chron. 37: 308-314.

Libbey, L.M., A.C. Oechlschlager, and L.C. Ryker. 1983. 1-Methylcyclohex-2-en-1-0l as
an aggregation pheromone of Dendroctonus pseudotsugae. J. Chem. Ecol. 9: 1533-
1541.

Lindgren, B.S., M.D. McGregor, R.D. Oakes, and H.E. Meyer. 1988. Effect of MCH
and baited Lindgren traps on Douglas-fir beetle attacks on felled trees. J. Appl. Ent.
105: 289-294.

Lindgren, B.S., G. Gries, H.D. Pierce, Jr., and K. Mori. 1992. Dendroctonus
pseudotsugae Hopkins (Coleoptera: Scolytidae): production of and response to
enantiomers of 1-methylcyclohex-2-en-1-ol. J. Chem. Ecol. 18: 1201-1208.

McGregor, 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.

McMullen, L.H., and M.D. Atkins. 1962. On the flight and host selection of the Douglas-
fir beetle, Dendroctonus pseudotsugae Hopk. (Coleoptera: Scolytidae). Can.
Entomol. 94: 1309-1325.

Patterson, S. 1992. Douglas-fir beetle: dealing with an epidemic, pp. 73-76. In D. Murphy
(ed.), proceedings, Getting to the Future Through Silviculture Workshop. U.S. Dep.
Agric. For. Serv. Gen. Tech. Rep. INT-291.

Paulson, L.C. 1995. Monitoring and dynamics of a Douglas-fir beetle outbreak in Jasper
National Park, Alberta. J. Entom. Soc. Brit. Columbia 92: 17-23.

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

Pitman, G.B., and J.P. Vité. 1970. Field response of Dendroctonus pseudotsugae
(Coleoptera: Scolytidae) to synthetic frontalin. Ann. Entom. Soc. Amer. 63: 661-664.

Pitman, G.B., R.L. Hedden, and R.I. Gara. 1975. Synergistic effects of ethyl alcohol on
the aggregation of Dendroctonus pseudotsugae (Coleoptera: Scolytidae) in response
to pheromones. Z. ang. Ent. 78: 203-208.

Ringold, G.B., P.J. Gravelle, D. Miller, M.M. Furniss, and M.D. McGregor. 1975.
Characteristics of Douglas-fir Beetle Infestation in Northern Idaho Resulting from
Treatment with Douglure. U.S. For. Serv. Res. Note INT-189.

Ross, D.W., and G.E. Daterman. 1994. Reduction of Douglas-fir beetle infestation of
high-risk stands by antiaggregation and aggregation pheromones. Can. J. For. Res.
24:2184-2190.

Ross, D.W., and G.E. Daterman. 1995a. Response of Dendroctonus pseudotsugae
(Coleoptera: Scolytidae) and Thanasimus undatulus (Coleoptera: Cleridae) to traps
with different semiochemicals. J. Econ. Entom. 88: 106-111.

Ross, D.W., and G.E. Daterman. 1995b. Efficacy of an antiaggregation pheromone for
reducing Douglas-fir beetle, Dendroctonus pseudotsugae Hopkins (Coleoptera:
Scolytidae), infestation of high risk stands. Can. Entom. 127: 805-811.

Ross, D.W., K.E. Gibson, R.W. Their, and A.S. Munson. 1996. Optimal dose of an
antiaggregation peromone (3-methylyclohex-2-en-1-one) for protecting live Douglas-



ROSS AND DATERMAN 145

fir from attack by Dendroctonus pseudotsugae (Coleoptera: Scolytidae). J. Econ.
Entomol. 89: 1204-1207.

Ross, D.W,, and G.E. Daterman. 1997. Using pheromone-baited traps to control the
amount and distribution of tree mortality during outbreaks of the Douglas-fir beetle.
For. Sci. 43: (in press).

Rudinsky, J.A. 1966. Host selection and invasion by the Douglas-fir beetle, Dendroctonus
pseudotsugae Hopkins, in coastal Douglas-fir forests. Can. Entom. 98: 98-111.
Rudinsky, J.A., M.M. Furniss, L.N. Kline, and R.F. Schmitz. 1972. Attraction and
repression of Dendroctonus pseudotsugae (Coleoptera: Scolytidae) by three synthetic

pheromones in traps in Oregon and Idaho. Can. Entomol. 104: 815-822.

Rudinsky, J.A., MLE. Morgan, L.M. Libbey, and T.B. Putnam. 1974. Additional
components of the Douglas-fir beetle (Coleoptera: Scolytidae) aggregative
pheromone and their possible utility in pest control. Z. ang. Ent. 76: 65-77.

Schmitz, R.F. 1978. Taxonomy and Bionomics of the North American Species of
Thanasimus Latreille (Coleoptera: Cleridae). Ph.D. thesis, University of Idaho,
Moscow, ID. 121 pp.

Thier, R.W., and J.C. Weatherby. 1991. Mortality of Douglas-fir after two
semiochemical baiting treatments for Douglas-fir beetle (Coleoptera: Scolytidae). J.
Econ. Entom. 84: 962-964.

Williamson, R.L., and F.E. Price. 1971. Initial thinning effects in 70 to 150-year-old
Douglas-fir-western Oregon and Washington. U.S. Dep. Agric. For. Serv. Res. Pap.
PNW-117.

Wright, L.C., A.A. Berryman, and B.E. Wickman. 1984. Abundance of the fir engraver,
Scolytus ventralis and the Douglas-fir beetle, Dendroctonus pseudotsugae, following
tree defoliation by the Douglas-fir tussock moth, Orgyia pseudotsugata. Can. Entom
116: 293-305.

Vité, J.P., G.B. Pitman, A.F. Fentiman, Jr., and G. W. Kinzer. 1972. 3-Methyl-2-
cyclohexen-1-ol isolated from Dendroctonus. Naturwiss. 59: 469.



