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Abstract

Selective cuts based on dbh and phloem thickness reduced lodgepole pine
losses to the mountain pine beetle. Loss reductions were proportional to the in-
tensity of cut. According to the Rate of Loss Model, the 100-leave-tree cut was the
best deterrent of recurring infestation, measured in terms of total mortality and
length of time of the infestation. The 100-leave-tree cut also should provide the
best regeneration and has the added benefit of reducing dwarf mistletoe infection.

Résumé

Grace a des coupes sélectives fondées sur le diamétre 4 hauteur de poitrine
et sur I’épaisseur du phloéme, on a réduit les pertes de pin tordu causées par le den-
droctone du pin ponderosa. La réduction des pertes a été proportionnelle a I’inten-
sité de la coupe. Selon le modéle de calcul des pertes, le fait de laisser 100 arbres
¢€tait le meilleur moyen, mesuré par la mortalité totale et la durée de I’infestation,
d’empécher le retour de cette derniere. Ce type de coupe devrait aussi assurer la

n par le faux-qui.

‘)eilleure régénération et elle a comme avantage supplémentaire de réduire ’infec-

Introduction

Numerous control programs have been used to reduce lodgepole pine losses
to the mountain pine beetle. None has been lastingly successful. Silvicultural prac-
tices formulated in light of what is known about the mountain pine beetle offer the
most promise for reducing losses.

A 14-year study of mortality factors operating within epidemic mountain
pine beetle populations showed that none offered any help in reducing these popu-
lations (Cole 1981). Only unseasonal cold temperatures and a rapid rate of drying
of the phloem in the spring changed population levels. The closer these two factors
were in sequence, the greater the population reduction. Unfortunately, neither
factor is manageable. Food is an important regulatory factor of the survival of
mountain pine beetle broods (Amman 1969), and food (phloem thickness) is
directly related to tree diameter (Cole and Amman 1969). During the course of a
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mountain pine beetle infestation, large-diameter trees are usually infested and

killed first each year, as well as over the life of the infestation. Large trees usuai].

produce more beetles per unit area of bark and more per tree due to their greate
surface area (Cole and Amman 1969), Beetles completing development in smail
trees having thin phloem are usually smaller than beetles completing development
in larger trees (Safranyik and Jahren 1970), and possibly are of lower quality.

The most logical approach o the problem was to develop 4 management
strategy to reduce or prevent potential buildup of mountain pine beetle populations
by reducing the beetles’ food supply.

Since brood production by mountain pinc becetle has been shown to be posi-
tively correlated with phloem thickness (Amman 1969) and phloem thickness
positively correlated with tree diameter (Amman 1972}, then distribution of
phloem thickness over diameter becomes an effective measurement of infestation
potential in lodgepole pine stands. Based on these same measurements, one
should be able to implement certain harvesting strategies to eliminate or greatly
reduce the hazard of outbreaks of mountain pine beetle. For example, by selective-
ly logging those trees or diameter classes of trees which are most susceptible to
attack, i.e., those 12 inches (30.5 cm) dbh and larger or those with phloem thick-
ness 2 0.10 inch (2.5 mm), then the beetles’ food supply could be much reduced.

In developing a plan for management of specific drainages, considerations
for particular sites are to: i) protect or enhance key resource values, ii) remove sus-
ceptible or high-hazard merchantable material through a commercial timber sale,
iii) develop permanent access roads for general land use and management, and iv)
improve forest cover growing conditions through disease control and stocking to
attain timber production potentials on regulated lands. Partial cuts help attain
these management objectives and also minimize potential beetle-caused losses in
treated stands.

In this paper we report iwo field demonstrations that reflect the effectiveness
of these cutting strategies.

Materials and methods

West Yellowstone demonstration area

In 1974, a cutting experiment was conducted on six 40-acre (98.8-ha) lodge-
pole pine stands containing mountain pine beetle infestations on the Hebgen Lake
Ranger District, Gallatin National Forest at West Yellowstone, Montana. Each
block received one of the following harvesting prescriptions prior to beetle flight in
1975.

1. Remove all infested trees and those green trees 2 7 inches (17.8 ¢m) dbh
regardless of phloem thickness.

2. Remove all infested trees and those green trees 2 10 inches (25.4 cm) dbh
regardless of phloem thickness.

3. Remove all infest trees and those green trees = 12 inches (30.5 cm) dbh
regardless of phloem thickness.

4. Remove all infest trees and those green trees with 0.10 inch (2.5 mm) phloem
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thickness (based on an average of two chip samples taken at breast height from
each tree) with a dbh of at least § inches (12.7 ¢m).
5. Remove no trees on two check blocks.

Habitat types were identified by National Forest personnel and follow the
nomenclature of Pfister er al. {1974). Physical, biological, and silvicultural charac-
teristics are shown in Table L.

To evaluate beetle flight activity within the cut blocks, sets of three passive
traps (Schmitz er al. 1981) were distributed within each block except for the
12-inch block, The three-trap vertical sets were hung from horizontal lines be-
tween trees, with a passive trap at the top crown (average height 30.4 ft [9.3 m],
range 28-37 fi [8.5-11.2 m], mid-crown (average height 17 ft [5.2 m], range 15-19
ft 11.5-2.1 m] levels. Traps were not placed in the 12-inch block because distance
and travel restrictions prohibited making weekly collections from traps.

The reduction in infestation levels in each study area was expected to be pro-
portional to amount of timber removed which was high risk (i.e., dbh greater than
8 inches or phloem thickness of at teast 0.10 inch).

Shoshone demonstration area

In 1979, a second experiment was conducted on Shoshone National Forest,
Wyoming, The same diameter-limit cuts were used as described earlier with the ad-
dition of 100-leave-tree and clearcuis. A total of 37 cutting units and one check
block unit were laid out and cut between January 1979 and February 1981.

Results and discussion
West Yellowstone demonstration area

Based on percentage of trees containing phloem at least 0.10 inch thick

Cole and Cahill 1976), Check Block (B) had the highest probability of supporting

an epidemic and would sustain the greatest loss of trees due to the mountain pine

beetle. The probability of loss, in descending order, for the other treatments were

as follows: 12-inch Block, Check Block (A), Phioem Block, 10-inch Block, and
7-inch Block.

Essentially, the entire range of host material was virtually eliminated in the
7-inch Block, but trees killed per acre increased from 0.2 (0.5/ha) in 1975 to 2.1
{5.1/ha) in 1979, then sharply declined to 0.9 (2.2/ha) in 1980 (Table II). A total
of 10.4 trees were killed per acre (25.8/ha) from 1975 through 1980. Residual basal
area was 52.1 ft*/acre (11.6 m?/ha). Less than 1 tree per acre (2.4/ha) was classed
as pitchout in 1975, 21.3 (52.6/ha) in 1976, 49.5 (122.3/ha) in 1977, 0.9 (2.2/ha) in
1978, and 1.5 trees per acre (3.7/ha) in 1980.

In the 12-inch cut block, after the selective cut was completed, the average
phloem thickness of all remaining trees was 0.07 inch (1.8 mm), and 10.4% of the
remaining trees had a phloem thickness of = 0.10 inch (2.5 mm). A total of 10.2
trees were killed per acre (25.2/ha) from 1975 through 1980. Trees killed per acre
increased from 1.0in 1975 10 4.8 (2.4 to 11.8/ha) in 1978, declined to 0.6 (1.4/ha)



Table 1.

Summary of preharvest sampling for mountain pine beetle study plots, Gallatin National Forest, Montana, 1974

-0

% of
Average Average Average phloem Mean % of
Plot stand tree number of  samples phioem stand
) elevation age diameter infested 0.10-inch  thickness  lodgepole
Ranger District {feet) {years) Habitat types(s) (inches) trees/acre thick (inches} pine
Hebgen Lake
7-inch block 6 660 75 Pinus contortal 9.0 2.0 — 0.070 100.0
Purshia tridentata
10-inch block 6 660 193 Pinus contortaf 8.9 2.3 4.46 0.064 100.0 —
Purshia tridentata -
Phloem block 6 660 76 Pinus contortal 8.7 2.0 12.00 0.076 100.0
Purshia tridentara
Check Block A 6 660 75 Pinus contorral 1.5 23 13.80 0.074 100.0
Purshia tridentata '
Gallatin
. 12-inch block 7 400 162 Pseudotsuga 9.9 4.0 17.40 0.078 77.0
mensiesiif Linnaea
borealis
Check block B 6 200 97 Abies lasiocarpal 1.0 16.0 20.00 0.088 84.7
Linnaea boreakis
Table II.  Mountain pine beetle infested lodgepole ping in demonstration blocks, Gallatin National Forest, Montana, 1975-1980
Mean number of successfully Total Mean diameter of attacked trees Percentage of attacked trees Residual
infested trees/acre trees {inches) classed as pitchouts BA LPP
Ranger ) killed/
District 1975 1976 1977 1978 1979 1980 acre 1975 1976 1977 1978 1979 1980 1975 1976 1977 1978 1979 1980 (A% acre)
Hebgen Lake
7-inch
block 0.2 2.1 58 0.8 160 0.9 25.8 7.2 5.6 6.2 7.1 6.7 6.4 0.1 59 265 0.1 - 1.1 52.1
10-inch
block 4.2 2.0 1.2 6.1 259 0.7 40.0 12.2 8.0 7.8 8.0 7.8 7.8 <1.0 21.3 495 0.9 - 1.5 39.1 —
3
Phloem
_block 41 89 236 8.5 1.3 L9 47.4 1.3 97 g2 72 119 83 <10 21.8 203 1.5 - 1.2 57.3
Check )
block A 28 81 268 217 174 22 81.0 10.3 9.8 9.9 9.9 7.5 106 <10 19 114 4.1 —_ 25.2 52.1
Bozeman-Gallatin
12-inch ’
block 1.6 05 14 48 18 06 103 133 101 100 51 103 104- 170 281 462 02 - 0.3 258
Check
bleock B 40.1 207 3.9 29 L0 67.6 8.7 7.5 7.2 8.5 0 0 484 350 624 6.0 - [H 55.8
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in 1980. Pitchouts increased from 17.0 in 1974 to 46.2 per acre (42 to 114/ha) in
1977, declined to 0.3 per acre (0.7/ha) through 1980. Residual basal area was 25.8‘
ft2/acre (5.75 m2/ha) (Table II).

In the phloem cut block, this represented a low of 0% cut in the 5- and 6-inch
(13.5- to 15.7-cm) diameter classes to a high of 100% cut in the 15-inch (39-cm)
and larger diameter classes. Removal of the thicker phloem trees was expected to
result in reduced mountain pine beetle buildup potential due to a reduction in food
(phloem) supply, but not necessarily a reduction in the number of trees attacked.
The phloem cut conceivably could leave large-diameter trees with thin phloem vui-
nerable to attack, but such trees would not be strong producers of mountain pine
beetle brood. This strategy was used as a specific test of phloem-brood relation-
ship, and not as a prospective strategy for operational use. Following harvesting,
killed trees increased from 4.1 per acre (10.1/ha) in 1975 to 23.6 (58.3/ha) in 1977,
declining to 8.5 (21/ha) in 1978 and 1.9 (4.6/ha) in 1980. Average dbh of infested
trees exceeded 9.0 inches (23 cm) with the exception of 1978 when infested trees
averaged 7.2 inches (19.5 cm) dbh (Table II). The average dbh of attacked trees in-
creased to 11.9 inches (30.1 cm) in 1979, then declined to 8.3 inches (25.5 cm) in
1980. Virtually all large-diameter trees, including those with thick phloem, were
eliminated from this block. Residual basal area was 57.3 fi2/acre (12.7 m2/ha).

Mortality in the two check blocks was very similar (Table II). In Check
Block (A), a total of 81 trees were killed per acre (200/ha), leaving a residual basal
area of 52.1 ft2/acre (11.62 m2/ha). Mortality increased steadily through 1977,
then declined through 1980. Pitchouts increased to 11.4 per acre (28.1/ha) in 1977,
declined to 4.1 per acre (10.1/ha) in 1978, then increased to 25.2 per acre
(62.2/ha) in 1980. In Check Block (B), mortality increased from 16.2 trees per acre
(4.0/ha) to 40.1 per acre (99/ha) in 1975, then declined to 0 by 1979. Virtually all
susceptible trees (large diameters) had been killed, leaving a residual basal area of
55.8 ftz/acre (12.44 m2/ha). Residual lodgepole pine average 6.8 inches (17.2 ¢cm)
dbh. No successfully attacked trees or pitchouts occurred in this block from 1979
to 1981.

Cutting from above did reduce tree mortality in all blocks as compared to
the checks. Total trees killed per acre were fewest in the 7-inch cuts (25.8 per acre
[63.7/ha)), increasing to 10.2 per acre (25.2/ha) in the 12-inch block, 54 per acre
(133/ha) in the 10-inch block, 60 per acre (148/ha) in the phioem cut, and 81 and
83 per acre (200/ha and 205/ha) in two check blocks.

Tree growth increased in all stands but was greatest in the 7-inch diameter
cut, followed by the 10-inch, Check Block (A), 12-inch, and phloem-cut blocks.
Tree growth may have been greater in the 12-inch block; however, this is at a
much higher elevation than other blocks, and growth is relatively stow at best.

Core measurements from 33 to 35 sample trees per block were analyzed to
determine differences in diameter growth between treatment blocks. Measure-
ments included the last 5-year radial growth and the previous 5-year growth.

Using Tukey's Test of Significance, growth on the 7-inch (17.78-cm) cut
block differed significantly from the check, while there was no statistically signifi-
cant difference between the check, 10-inch (25.4-cm), 12-inch, or phloem cuts
(Table III). Following cutting, greatest growth occurred in the 7-inch cut block.
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Table III. Tukey’s test of significance of mean diameter growth of of trees among har-

‘ vest treatments

Treatments X X — 3.42in. X — 3.65in. X — 4.0l in. X — 4.01lin.
7-inch cut 4.89 1.47 1.24 0.88 0.88
12-inch cut 4.01 0.59 0.36 0

Phloem cut 4.01 0.59 0.36

10-inch cut 3.65 0.23

Check block 3.42

D =+/3.67/33.6 x 3.68 =1.27

Q = 3.86

' Ditferences between means =< to this figure are significant at p << 0.05.

Growth response was the same in the 12-inch cut and phloem cut, and both pro-
duced less growth than the 7-inch cut. Growth response in the 10-inch cut block

.vas less than all other cuts, with least amount of growth response occurring in the
check blocks (Table I1I).

Tree mortality may have been less in all cutting units had logging been
completed several years prior to the ensuing epidemic. The infestation began in
1970-71, cutting occurred in 1974 and 1975, and the beetle populations that were
generated from larger diameter trees adjacent to harvested units undoubtedly in-
fluenced the amount of tree mortality yearly. Mortality declined to 1 tree per acre
(2.4/ha) in the 7-inch, 10-inch, and 12-inch blocks following the cold temperatures
during winter 1978-79, which caused a dramatic reduction in beetle populations on
the Gallatin National Forest, and outside of the study areas, showed that the aver-
age number of infested trees declined from 45 to 18 per acre (108/ha to 43.2/ha)
from 1978 to 1979. These data are also reflected in beetle catch in flight traps from
1978, 1979, and 1980.

Trapping of beetles did not begin until 1978, three years after the cuts were
completed. The majority of beetles were flying (caught) at the mid-crown level in
all three years of trapping (fig. 1). The flying beetle population was distributed
fairly evenly among the cut and check blocks for each of the three years of trapping
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Fig. la. Distribution of beeile catch by year and height in stand.

{fig. 1b). Sampling indicates that cutting had little effect on the flying beetle pop
lation passing through blocks; each block was subjected to an equal number of bee-
tles that could attack trees. However, tree mortality was related to cutling
intensity, thus we postulate the microenvironmental factor also may have in-
fluenced beetle attack. There was a high population of flying beetles caught in
1978, and a severe decline during 1979 and 1980 (fig. i¢). The decline in beetle
population in 1980 was attributed to mortality of broods resulting from low tem-
perature (—~34° to —51°F [~37° to —47°CD for 7 to 8 consecutive days during
December 1978 and January 1979. Temperatures were as low as —62°F (—50°C)
for short peaks of tess than an hour (Gibson and Bennett 1979).

Shoshone demonstration area
The stand structure changed proportionally to the intensity of harvest cul

used in each block. Considering only the trees killed by the mountain pine beetle,
the trend for the tree years was rather dramatic. In all cutting blocks, the number
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Fig. 1b. Distribution of beetle catch by vear and treatment area.

of trees infested declined considerably after harvest; the check block continued to
lose trees to the beetle at about the same rate as before harvest. However, all cut-
ting blocks now contain almost the same number of live trees per acre, which is
about one-half the number of live trees per acre now in the check block, although
the average stand diameter changed. Residual basal area followed the level of cut,
as would be expected. Using the check blocks as a base, 66% of the basal area was
removed in the 7-inch blocks; 55% in the 10-inch blocks; 45% in the [2-inch
blocks; and 63% in the 100 leave tree blocks. This does not necessarily reflect
release by cutling, because onty 1-2 years of growth occurred since cutting was
started,

Having scen the immediate results of the cutling regimes, the question now
is of the Tuture of the stands on the Shoshone National Forest and other stands
where partial cuts are initiated with respect to the activity of the beetle and stand

1978 |
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Fig. lc. Distribution of beetle catch by treatment, height in stand
and year.

development. The harvest levels reduced the current level of loss somewhat pro-
ortionally, but will the beetle resume killing trees at the same ratio as before treat-
nent or has a change been induced in the course of the infestation? To project an
answer to this question, these mortality data were used in the Rate of Loss Model
(Cole and McGregor 1984) to predict the rate of future tree loss and the duration
of such an infestation.

This projection predicted that the infestation within the check area should
peak about 1981, with 46.9 trees killed per acre (115.8/ha), and subside to 1.1 trees
per acre (2.7/ha) by 1989, tailing to 0.02 trees per acre (0.048/ha) by 1993. the
diameter limit cuts reduced the peak loss rather proportionally to the extent of
cutting; for example, peak kill was greater in the 12-inch cuts than in the 7-inch
cuts. The expected length of infestation changed accordingly with the longest
period of outbreak expected for the 7-inch cut. The exception was the 100-
leave-tree cut. This cut extended the predicted life of the infestation to the year
2012 with peak tree loss of only 1.5 trees per acre (3.7/ha) in the year 1993.

The 100-leave-tree cut, according to these predictions, would reduce tree
loss from the mountain pine beetle. This cut would also be advantageous in reduc-
ing or minimizing dwarf mistletoe. Once the area is reseeded and the regeneration
height exceeds snow depth, the leave trees should be removed. The small target
area of the regeneration, the washing action of the snow in removing dwarf mistle-
toe seeds, and the young stand being immune to the mountain pine beetle may
well be the keys to producing a healthy new stand of lodgepole pine.
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