en1s51ble Approach

to Controlling Southern Pine Beetles

Two New Tuactics Using Verbenone

Two new tactics for controlling southern pine
beetle infestations use a beetle-produced
inhibitor: verbenone. The techniques, ver-
benone-only and verbenone-plus-felling, re-
duce tree foss by disrupting infestation
growth. In three years of field tests, the ver-
benone-only tactic completely suppressed 69
percent of the treated infestations, and the
verbenone-plus-felling tactic suppressed 86
percent. The tactics provide much-needed al-
ternatives to current control techniques and
will allow suppression of infestations where
tree felling is restricted or prohibited. In an-
ticipation of registration of the pheromone
by the Environmental Protection Agency, a
technology transfer program has been devel-
oped to provide the materials and training
necessary for effective use of the treatments.
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Many insects, including bark beetles,
emit chemicals known as pheromones
to communicate with members of
their own species. Pheromones pro-
duced by insects serve a variety of
functions, including sexual attraction,
aggregation on suitable hosts, warning
signals, and inhibition of oviposition.
In forestry, scientists have developed
methods of using insect pheromones
for such purposes as monitoring popu-
lations and disrupting the mating of
forest pests (Skillen et al. 1997).
Pheromones have also shown promise
for preventing or reducing losses of
forest trees to bark beetles, including
the southern pine beetle, Dendroctonus
frontalis (Payne and Billings 1989;
Billings et al. 1995; Goyer etal. 1998).

The southern pine beetle is the
most important forest insect pest of
southern pines in the United States,
periodically causing economic losses in
excess of $200 million annually (Price
et al. 1997). From late spring through
early fall, most beetles are concentrated
in expanding infestations called spots.
When spots are small, new attacks are
generally concentrated in one area on
the periphery of the infestation. Spots
tend to expand in only one direction.
Direct control measures can be applied
to these spot “heads,” stopping further
spot growth and reducing tree loss
(Swain and Remion 1981). Four
methods of direct control are available:

» Cut-and-remove. All currently in-
fested trees plus a buffer of uninfested

In an active southern pine beetle infestation, or “spot,” light green trees are
currently infested and indicate the direction of spot growth.
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pines around the expanding spot head
are felled and removed.

* Cut-and-leave. All currently in-
fested trees plus a buffer of uninfested
pines around the expanding spot head
are felled toward the center of the spot
and left in place.

» Cur-and-hand-spray. All currently
infested trees are felled toward the cen-
ter of the spot and bucked into sec-
tions; the entire bark surface is sprayed
with an approved insecticide.

* Pile-and-burn. All currently in-
fested trees are felled toward the center
of the spot, pushed into a pile, and
burned.

Those control methods generally
halt spot growth and reduce tree loss,
usually with one application (Red-
mond and Nettleton 1990). During
1992-93, infestations in Texas in non-
wilderness areas where cut-and-remove
or cut-and-leave were promptly ap-
plied averaged only 1 acre, whereas un-
treated spots in wilderness averaged
over 41 acres per infestation (Billings
1995). Cut-and-remove is generally
the treatment method of choice be-
cause the landowner receives 2 mone-
tary return on the treated trees. On na-
tional forest land, cut-and-remove was
the method used on 78.8 percent of
treated spots, with cut-and-leave ap-
plied 16.4 percent of the time (USDA-
ES unpubl. data). Cut-and-hand-spray

and pile-and-burn are seldom used.

All those suppression techniques in-
volve tree felling; cut-and-remove and
cut-and-leave also require the felling of
an uninfested buffer around the ex-
panding head of the infestation.
Felling—whether of infested or unin-
fested trees—often is not desirable,
however, because of management ob-
jectives. Also, environmental condi-
tions, limited availability of felling
crews, or poor markets for the wood
during epidemics may delay the imple-
mentation of control measures. New
treatment options are needed to over-
come such limitations.

Suppression with Verbenone

Southern pine beetles use a complex
of behavior-modifying chemicals to ag-
gregate on and mass-attack hosts, then
spread the infestation to adjacent pines
(Gara 1967; Renwick and Vité 1969).
Verbenone is one such pheromone,
produced primarily by male beetles,
which at high concentrations inhibits
aggregation of both sexes (Rudinsky
1973). Thus, verbenone helps prevent
overcolonization of hosts and shifts the
focus of actack to adjacent pines, lead-
Ing to spot expansion.

The inhibitory effect of verbenone
on aggregation suggested that placing
synthetic verbenone on uninfested
trees at the leading edge of an infesta-

Figure 1. Schematic of verbenone-only
and verbenone-plus-felling tactics.
Note the increased size of the treated
buffer for the verbenone-only treat-
ment.

tion might disrupt spot growth. Pre-
sumably, the beetles would disperse,
and most would die before reaching
other infestations or initiating new at-
tacks, particularly during summer
months. Payne et al. (1978) demon-
strated that high concentrations of ver-
benone significantly reduced the num-
ber of beetles caught when added to
traps baited with southern pine beetle
attractants. Further research led to the
development of effective verbenone-
elution devices, and continued field-
testing indicated that verbenone appli-
cations could successfully disrupt in-
festations (Payne and Billings 1989;
Payne et al. 1992; Salom et al. 1992;
Billings and Upton 1993; Billings et al.
1995). The results of these trials were
used to develop standardized opera-
tional techniques (detailed below) for
two tactics using verbenone to sup-
press infestations: verbenone-only and
verbenone-plus-felling (Salom et al.
1997).

For the verbenone-only treatment,
all freshly attacked trees plus a buffer
of uninfested trees are rreated with

verbenone (fig. 1, lefi). The elution
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Table 1. Number of verbenone
pouches per tree based on tree
diameter at breast height (DBH).

DBH range Pouches

(inches) per tree
<4 1
5-8 2
9-14 3
15-17 5
18-19 7
>20 9

device is the verbenone pouch, pro-
vided by Phero Tech Inc., Delta,
British Columbia. The device consists
of a 4.5-by-7-centimeter cellulose
sponge containing 5 milliliters of a 34
percent [+] : 66 percent [—] mixture of
verbenone and sealed in a 6.5-by-10-
centimeter, 1.5-mil white polyethyl-
ene pouch. The pouch is designed to
elute verbenone for 40 to 50 days,
longer than one generation of south-
ern pine beetles. The pouches are
tacked to trees at a height of about 4
meters using a tool called the Hundle
hammer. The number of pouches per
tree is based on tree diameter (table
1); the number of currently infested
trees and the average tree diameter de-
termine the total number of pouches
applied (rable 2). The treated buffer
must extend for at least 12 meters or
three rows of trees beyond the last in-
fested tree. This buffer is comparable
to the buffers used for cut-and-re-
move and cut-and-leave treatments.

Similar tables were developed for
the verbenone-plus-felling tactic (zable
2). For this tactic, verbenone pouches
are deployed on uninfested trees in a
buffer around the expanding spot
head, and then all currently infested
trees are felled toward the center of the
spot (fig. 1, right). The treated buffer
must be at least 8 meters wide and in-
clude two rows of trees.

Neither treatment is recom-
mended if the average tree diameter
exceeds 41 centimeters or the number
of infested trees exceeds the upper
bounds given in the tables. The tac-
tics are most effective when applied
in warm weather, generally when the
daily high temperature reaches 27°C
(80°F) or higher.
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Table 2. Minimum number of verbenone pouches required for southern
pine beetle infestation treatment using the verbenone-only tactic, at
40 milliliters of verbenone per square foot of infested trees, and the
verbenone-plus-felling tactic, at 25 milliliters of verbenone per square

foot of infested trees.

Pouches required for verbenone-only method

Currently infested trees

Average

DBH 10 20 301" 40" 50 60 70 80 90 100 110 120
6 inches 50 el (e GED 7R 95 110 126 142 157 173 189
8 50 56 84 112 140 168 196 224 252 280 308 335
10 50 88 131 175 218 262 306 349 393 437

12 63 126 189 252 315 377 440 503

14 86 171 257 342 428 513 599 684
Pouches required for verbenone-plus-felling method

Average Currently infested trees

DBH 10 205 = 308 SSA0EN50 60 70 80 90 100 110 120
6 inches 50 SOEE SRS S OREES() GO/ (S B0 S0 QR O EST OS]
8 50 SURRSEAE (N 8 S S OS5 00 S A Q] 58S 5 RS 9201 0
10 50 55 82 109 137 164 191 218 246 274 300 328
12 50 80 120 160 200 240 280 320 360 400 432 472
14 54 107 161 214 267 322 374 428 481 534 588 642
16 70 140 210 280 349 419 489 558 628 698 768

Field Tests and Results

The standardized procedures were
tested in infestations throughout the
southeastern  United States in
1995-97. All infestations were moni-
tored for at least one week before treat-
ment, then weekly for six weeks when
possible. The pretreatment monitoring
period ensured that only active, ex-
panding infestations were treated and
allowed for comparisons in the rate of
spot growth. The infestations were in
stands of loblolly pine (Pinus taeda),
shortleal pine (Pinus echinata), or
pond pine (Pinus serotina). The num-
ber and diameter of new infested trees
were recorded on each visit. Three
spots treated by felling only the in-
fested trees (no verbenone buffer) and
28 untreated spots also were moni-
tored weekly for up to six weeks for
comparative purposes. At the end of
the six-week posttreatment monitoring
period, treatment efficacy was evalu-
ated as follows:

Toral suppression. Spot growth was
stopped within six weeks and spot did
not advance beyond treated buffer.

Partial suppression. Treaument re-
duced the rate of spot growth by 50 per-
cent or more in six weeks, but attacks
extended outside the treated buffer.

Ineffective. Treatment failed to re-

duce spot growth by at least 50 percent
in six weeks.

Treatment by either tactic reduced
mean spot growth to less than 0.5 trees
per day (zable 3), while untreated in-
festations grew at a rate of almost two
new infested trees per day. The mean
numbers of new trees attacked during
the posttreatment period were 16 for
verbenone-only and 13.5 for ver-
benone-plus-felling, less than half the
number of trees that would normally
be cut in a buffer. For the verbenone-
only tactic, 31 of the 45 spots were to-
tally suppressed, four were partially
suppressed, with 10 ineffective treat-
ments. Eighteen of the 21 infestations
treated by verbenone-plus-felling were
totally suppressed, two were partially
suppressed, and only one treatment
was ineffective. Spots treated by ver-
benone-plus-felling tended to be larger
than infestations treated by verbenone-
only. All 28 untreated infestations ex-
panded during the monitoring period,
and the growth rate for 22 of them av-
eraged one or more trees per day—an
indication that most infestations
would not have become inactive with-
out treatment during the period of the
study. The verbenone buffer was essen-
tial for successful treatment, as all three
treatments of felling-only were ineffec-



Table 3. Growth rates of southern pine beetle infestations treated by verbenone-only, verbenone-plus-felling, and
felling-only, plus untreated checks (1995-97).

Mean Infested trees Trees killed per day Mean monitoring  New trees
Infes- DBH at treatment Pretreatment  Posttreatment  period (days) attacked
Treatment tations (inches) Mean Range Mean Range Mean Range postireatment Mean Range
Verbenone-only 45 9.2 45.7 15-101 1.5 0.3-4.1 04 0-20 37.9 16.0 0-84
Verbenone-plus-felling 21 9.0 754 30-125 21 0346 03 0-24 412 13.5 0-94
Felling-only (no verbenone) 3 8.5 450 20-74 11 05-18 07 04-1.0 39.0 240 16-32
Untreated checks 28 9.5 551 18-158 i80S 77 e 36.1 65.4 13-306

*Infestations not treated. Pretreatment growth rate applies to entire monitoring period.

tive. Billings and Upton (1993) had
previously demonstrated that felling
only infested trees, without including a
buffer of uninfested trees treated either
by felling or with verbenone, signifi-
cantly reduced spot growth in only 40
percent of treated infestations.

The percentages of spots totally
suppressed by verbenone-plus-felling
and verbenone-only in our studies, 86
percent and 69 percent respectively, are
slightly lower than the success rate of
90 percent for cut-and-leave treat-
ments from 1987 to 1991 (USDA-FS
unpubl. data). Nevertheless, foresters
may determine that the value of trees
protected by not felling a buffer may
justify the slightly increased risk of
using the verbenone treatments in situ-
ations where removal is not feasible.

Treatment Costs

Cut-and-remove will likely remain
the most widely applied treatment for
southern pine beetle infestations, and
the verbenone tactics will generally be
considered alternatives to cut-and-
leave or for use in situations where
tree-felling is limited or prohibited.
Treatment costs for the verbenone tac-
tics should be comparable to those for
cut-and-leave treatments (see “Cost
Comparison,” p. 30). At an estimated
$4 per pouch, verbenone may seem ex-
pensive, but this cost is offset by the
stumpage value of the buffer trees that
would be sacrificed in the cut-and-
leave treatment. Furthermore, this
analysis does not consider the future
increase in value (from $3 per tree for
pulpwood to $35 for sawtimber) of the
uninfested trees protected and not
felled in a buffer when using the ver-
benone tactics. The ability to protect
these potential sawtimber trees would

favor the use of verbenone over cut-
and-leave even in pulpwood stands,
despite the initial higher costs of the
verbenone tactics.

There are three potential options to
lower treatment costs:

1. Use a less expensive mix of ver-
benone in the pouches.

2. Make application techniques less
time-consuming, perhaps by lowering
the application height of the pouches.

3. Fell only freshly attacked trees in

the verbenone-plus-felling tactic.

Technology Transfer

Before the tactics are approved for
operational use, verbenone must be
registered by the US Environmental
Protection Agency (EPA). Phero Tech
Inc. has submitted a complete applica-
tion package to the EPA for ver-
benone, and it is currently under re-
view. The EPA recently adopted guide-
lines designed to streamline the regis-
tration process for semiochemicals, so
verbenone may soon be available.

The impending registration of ver-
benone and the successful testing of
the tactics led the authors to develop a
three-phase technology transfer pro-
gram (Clarke et al. 1997):

Phase 1. An initial survey of poten-
tial users.

Phase 2. Preliminary technology
transfer sessions with small groups be-
fore final product registration.

Phase 3. Formal technology transfer
sessions with user groups once the
product is registered.

The goal of the technology-transfer
program is to ensure that users have
the necessary experience and training
to apply the tactics properly so that a
high level of confidence in these tech-
niques is developed. We also wanted to

know whether the standardized appli-
cation methods were acceptable to for-
esters and to gather feedback on po-
tential revisions in methodology that
might increase usage.

The inital survey, completed in
1995, was designed to assess the re-
spondents’ knowledge of southern pine
beetle biology and control and gauge
their interest and acceptance of alterna-
tive suppression tactics. The results in-
dicated a desire for inhibitor-based sup-
pression tactics (Salom et al. 1998) but
also the need for additional training in
three areas: differentiating between en-
graver beetle (Ips spp.) and southern
pine beetle infestations, judging when a.
trec has been vacated by southern pine

The verbenone pouch is attached to a
tree using the Hundle hammer. The
pouch remains effective for 40 to 50
days—Ilonger than a southern pine
beetle generation.
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Cost Comparison: Verbenone
Applications versus Cut-and-Leave

The expected costs associated with operational applications of verbenone-
only and verbenone-plus-felling were compared with those of the cut-and-
leave method for suppressing southern pine beetle infestations. The following
scenarios and assumptions were based on current costs, the standardized ap-
plication procedures, and results from field trials.

Scenario . A southern pine beetle spot infestation in a pine plantation with
300 trees per acre is 0.5 acre with 60 infested trees, 8-inch average DBH, 0.1
cord per tree.The buffer for cut-and-leave is 40 feet wide x 50 percent of spot
circumference.The number of verbenone-treated buffer trees that will become
infested is equivalent to 35 percent and |8 percent of the number of infested
trees in the verbenone-only and verbenone-plus-felling treatments, respec-
tively.

Cost of verbenone-only method

168 verbenone pouches @ $4 per pouch $ 672
Stumpage value of 21 buffer trees lost @ $30 per cord 63
Labor @ $10 per hour 40
Total $ 775
Cost of verbenone-plus-felling method
105 verbenone pouches @ $4 per pouch $ 420
Felling 60 trees @ $2 per tree 120
Stumpage value of 11 buffer trees lost @ $30 per cord 33
Labor @ $10 per hour 40
Total $ 613
Cost of cut-and-leave method
Felling 60 infested trees @ $2 per tree $ 120
Felling 89 buffer trees @ $2 per tree 178
Stumpage value of 89 buffer trees felled 267
Total $ 565

Scenario 2. A southern pine beetle spot infestation in a sawtimber stand with
120 trees per acre is 0.5 acre with 40 infested trees, average 14-inch DBH, 100
board feet per tree.The stumpage value is $350 per MBF. The buffer for cut-
and-leave is 60 feet wide x 50 percent of the spot circumference. The number
of verbenone-treated buffer trees that will become infested is equivalent to 35
percent and |8 percent of the number of infested trees in the verbenone-only
and verbenone-plus-felling treatments, respectively.

Cost of verbenone-only method

342 verbenone pouches @ $4 per pouch $1,368
Labor @ $10 per hour 60
Stumpage value of 14 buffer trees lost 490
Total $1,918
Cost of verbenone-plus-felling method
214 verbenone pouches @ $4 per pouch $ 856
Labor @ $10 per hour 50
Felling 40 trees @ $2 per tree 80
Stumpage value of 7 buffer trees lost 245
Total $1,231
Cost of cut-and-leave method
Felling 40 infested trees @ $2 per tree $ 80
Felling 58 buffer trees@ $2 per tree 116
Stumpage value of 58 buffer trees felled 2,030
Total $2,226

30 July 1999

beetles, and determining whether a tree
is currently under attack.

Phase 2 tech transfer sessions are
ongoing. The training consists of a
classroom workshop followed by a field
demonstration—the formart favored by
respondents in the phase 1 survey
(Salom et al. 1998). Foresters attend-
ing the training are eligible to earn 7.5
hours in the Society of American For-
esters’ Continuing Forestry Education
program.

Feedback from the training sessions
thus far indicates that the participants
viewed the application procedures fa-
vorably. All but one of the evaluations
reported the procedures were practi-
cal, and all rated the tables easy to use.
Because some attendees expressed con-
cern that trees within the treated
buffer were attacked, future training
sessions must continually reinforce the
idea that verbenone is a spot disrup-
tant and does not provide absolute
tree protection. Even though trees
within the treated buffer may be
killed, the ractics reduce or halt spot
growth and save many trees in the
buffer that otherwise would be felled
using current suppression techniques. .

In successful treatments, some treated

trees with signs of attack (pitch rubes)
are often not successfully colonized,
and those trees survive.

Preparations for phase 3 of the tech-
nology transfer program are under way,
and the knowledge gained during
phase 2 will be incorporated into these
training sessions. A World Wide Web
site (http://everest.ento.ve.edu/~salom/
SPBinfodirect/spbinfodirect.heml) has
been created to provide potential users
with the information and application
methods required to use the verbenone
tactics. Current plans include adding
interactive testing and video clips of
southern pine beetle spot evaluations
and verbenone applications. The site
will provide resource managers with
instant access to the procedures and
materials required for safe, effective ap-
plication of the ractics.
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