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ABSTRACT: Data collected from Douglas-fir (Pseudotsuga menziesii) stands infested by the Douglas-fir
beetle (Dendroctonus pseudotsugae) in Wyoming, Montana, Idaho, and Utah, were used to develop models to
estimate amount of mortality in terms of basal area killed. Models were built using stepwise linear regression
and regression tree approaches. Linear regression models using initial Douglas-fir basal area were built for
all study sites but produce low precision estimates. Regression tree models using initial Douglas-fir basal area
or stand density index or both were also built for all sites. Regression tree models provide a more realistic
approach to estimate potential mortality by creating more homogenous mortality classes with reduced
variance. The models developed provide land managers with a basis for detennining the potential mortality
should a Douglas-fir beetle outbreak develop. West. J. Appl. For. 14(3):121-127.

The

Douglas-fir beetle (Dendroctonus pseudotsugae) is
the most important bark beetle affecting Douglas-fir
(Pseudotsuga menziesii) in the western United States
(Furniss and Carolin 1977). Endemic populations usually
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attack felled or injured trees in stands predisposed by
disturbance agents such as windthrows, defoliation, snow
breakage, and fire (Wright and Lauterbach 1958, Lejeune
et al. 1961, McMullen and Atkins 1962, Furniss 1965,
Rudinsky 1966, McGregor et al. 1974, Berryman and
Wright 1978, Wright et al. 1984). Under certain circumstances, which are not completely understood, epidemic
populations develop that are able to attack and kill large
numbers of apparently healthy trees (Johnson and Bellushi
1969, Furniss et al. 1979).
An important issue for land managers is to be able to
estimate the amount of mortality likely to be sustained as
a result of a Douglas-fir beetle outbreak. This information
can facilitate decision making about how to manage stands
to reduce potential mortality.
Some aspects of the biological relationship between the
Douglas-fir beetle and its host have been captured in
descriptive models. These models seek to explain how
various factors affect Douglas-fir beetle abundance and
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host susceptibility (Furmss et al 1979, 1981) and to
provide a classification system to assist land managers m
rating stands for the amount of mortality likely to occur
(Weatherby and Thier 1993).
The model proposed by Furniss et al. (1979, 1981)
suggests that the Douglas-fir beetle prefers attacking stands
of advanced age, high tree density, and a high proportion
of Douglas-fir. Weatherby and Thier (1993) describe a
system developed by Thier for classifying Douglas-fir
beetle-caused mortality. In that system, potential mortality is based on stand basal area, proportion of stand basal
area that is Douglas-fir, average stand age, and average
diameter at breast height (dbh) of Douglas-fir greater than
9 in. dbh. The highest potential level of mortality is
predicted to occur where stand basal area is higher than
250 ft 2/ac, proportion of stand basal area that is Douglasfir is more than 50%, average stand age is greater than 120
yr, and average Douglas-fir dbh greater than 9 in. is greater
than 14 in.
To date there are no published quantitative relationships between stand conditions and Douglas-fir beetlecaused mortality. The objective of this study was to develop models to estimate amount of mortality caused by
the Douglas-fir beetle based on stand conditions in various
geographical regions.

Methods
Study sites were established in the Shoshone National
Forest in Wyoming (hereafter the Shoshone site); the
Gallatin, Beaverhead, Helena, and Flathead National Forests in Montana, the Nez Perce and Idaho Panhandle
National Forests in Northern Idaho (hereafter the Montana
site); the Boise, Payette, and Sawtooth National Forests in
Idaho (hereafter the Idaho site); and the Wasatch-Cache,
Manti-LaSal National Forests in Utah, and the Bridger-

Teton NatiOnal Forest in Wyommg (hereafter the Utah
site) In some mstances, different study sites contam areas
from the same states; however, the study sites represent
areas of geographical proximity and similar ecological
conditions. Study sites were selected based on aerial survey detection or ground based information or both. Infested stands were randomly selected and variable radius
plots established in each selected stand. Plot location was
established by entering the infested portions of the stand
and then using a randomly determined distance and aZImuth to determine plot location. Data collection for the
Shoshone site began in 1992 and was completed in 1995.
Data for all other sites were collected in 1994 and 1995
Douglas-fir beetle populations had been active in all study
areas for a number of years. Populations had been triggered
by a variety of disturbance agents. Primary agents initiating
populations were fire in the Shoshone study site, Douglas-fir
tussock moth (Orgyia pseudotsugata) defoliation in parts of
Idaho, and windstorms in the Montana and Utah study sites.
Stands sampled varied in infestation history. In the Montana
study site, the outbreak had recently collapsed. In the Shoshone
site, the outbreak was subsiding, but new mortality was still
occurring. In Idaho and Utah, mortality was at outbreak
levels in many areas. All our study sites, however, were
experiencing decreased mortality levels. We base these observations on current survey information and on the number
of plots established that included currently infested trees
Habitat types and elevation were variable across all study
sites, but most plots were in stands typed in the Pseudotsuga
menziesii series with similar common habitat types across all
sites (Table 1).
At each point established, tree species was determined for
all point trees. Data collected for all point trees included dbh,
total height, and tree status (alive, infested, or killed by
Douglas-fir beetle, or dead from other causes). For the first
two to four Douglas-firs in the point starting from the north

Table 1. Number of plots with currently infested trees, range in elevation. and number of plots per habitat type series
for each study site.

Site/total plots
Shoshone/143

Plots with currently
infested trees
64

Elevation (ft)
6,200-8,400

2

2,760-7,360

Idaho/68

12

5,800-6,800

Utah/54

7

6,000-9,120

Montana/85

1

Habitat type series
Pseudotsuga menziesii 1
Abies lasiocarpa
Picea engelmanii
Not typed
P. menziesii1
A. lasiocarpa
A. grandis
Not typed
P. menziesii2
A. lasiocarpa
A. grandis
P. menziesiP
A. lasiocarpa
A. concolor
P. contorta

N
81
23
21
18
66
2
16
1
58
8
2
37
11
4
2

Most common habitat types Pseudotsuga menziesii!Symphoricarpus a/bus, P. menziesii/Physocarpus malvaceous, and P. menziesii/
Calamagrostis rubescens.
2 Most common habitat types P. menziesii/Acer glabrum, P. menziesii/Spiraea betulifo/ia and P. menziesii/Berberis repens.
3 Most common habitat types P. menziesii/8. repens, P. menziesii/P. malvaceous, and P. menziesii/A. glabrum.
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Table 2. Mean (± SEM) for variables measured by study location.
Vanable
Number of points
Douglas-fir dbh (in.)
Douglas-fir quadratic mean diameter (in.)
Douglas-fir dbh of trees >16 in. dbh (in.)
Douglas-fir dbh of trees >9 in. dbh (in.)
Percent basal area of Douglas-ftr > 16 in. dbh
Percent basal area of Douglas-fir >9 in. dbh
Douglas-fir total height (ft)
Total basal area (ft2/ac)
Douglas-ftr basal area (ff/ac)
Basal area killed by Douglas-fir beetle (ft2/ac)
Percent basal area represented by Douglas-fir
Percent of Douglas-fir basal area killed by Douglas-fir beetle
Trees/ac
Stand density index
Douglas-ftr age
1

Shoshone
143
16.6 (0.3)c 1
16.4 (0.3)b
21.3 (0.3)c
17.6(0.3)c
46.3 (2.0)b
80.5 (1.7)a
69.7 (1.2)b
183.4 (6.4)a
161.5 (6.l)ab
95.9 (5.4)a
89.5 ( l.S)a
59.7 (2.3)a
121.9 (3.4)b
271.2 (8.2)b
165.2 (4.0)a

Montana
85
18.8 (0.4)b
19.9 (0.5)a
21.7 (0.3)bc
19.1(0.4)bc
59.3 (2.5)a
87.2 (1.6)a
84.2 (2.2)a
187 (6.2)a
168.6 (6.4)a
68.8 (4.l)b
90 (1.6)a
41.9 (1.9)b
192.2 (6.3)a
303.8 (9.5)a
157.6 (5.0)a

Idaho
68
21.0 (0.7)a
21.7 (0.7)a
23.7 (0.6)a
21.4(0.7)a
58.4 (3.0)a
82.3 (2.6)a
85.3 (2.0)a
156.8 (7.l)b
134.1 (7.7)c
82.3 (5.9)ab
85.7 (2.6)a
64.0 (3.2)a
58.1 (5.9)c
204.0 (1 0.1 )c
112.6 (0.7)b

Utah
54
19.5 (0.8)ab
20.2 (0.8)a
23.0 (0.6)ab
20.0(0.7)ab
59.8 (3.8)a
81.4 (2.6)a
75.7 (2.2)b
153.7 (9.6)b
135.2 (9.6)bc
87.6 (7.4)ab
86.9 (2.5)a
66.1 (3.3)a
68.9 (S.O)c
203.5 (IO.O)c
161.9 (5.7)a

Means within rows followed by the same letter are not significantly different at the 0.05 level, Tukey's HSD test.

and counting clockwise, an increment core was extracted at
dbh and used to determine tree age. Data collected were then
used to generate metrics, such as average Douglas-fir dbh,
Douglas-fir quadratic mean diameter, average Douglas-fir
total height, average Douglas-fir dbh of trees;?: 9 and;?: 16-in.
dbh, Douglas-fir basal area, proportion of basal area in
Douglas- fir, proportion of basal area of Douglas-fir;?: 9 and
;?:16 in. dbh, trees per acre (dbh;?: 5.0 in.), and stand density
mdex (Avery and Burkhart 1994).
Statistical differences were detected among the sites
for all variables except the percent of basal area represented by Douglas-fir or the percent of Douglas-fir basal
area represented by trees larger than 9 in. dbh (Table 2). In
general, stocking levels were higher in the Shoshone and
Montana study sites when compared to the Idaho and Utah
study sites. Tree diameters were somewhat reduced at the
Shoshone and Montana study sites when compared to the
Idaho and Utah study sites, but the difference was less
when only trees;?: 9 or;?: 16 in. dbh are considered. Tree
heights were also somewhat lower at the Shoshone and
Utah study sites. Percent basal area represented by trees ;?:
16 in. dbh was lower at the Shoshone site. Average age was
lower at the Idaho study site, and percent basal area killed
by the Douglas-fir beetle was lower at the Montana site.
Data were analyzed using two approaches. At first, the
amount of basal area killed by Douglas-fir beetle was
modeled by using a linear regression analysis that utilized
the variables generated and a stepwise regression approach (SAS® 1990). The second approach employed a
technique called Classification and Regression Trees

(CART) (Breiman et al. 1984). A module developed for
use with SYSTAT® was used to conduct the CART analysis (Steinberg and Colla 1992). The result is a binary tree
that uses the best predictor variables as splitting rules and
terminal nodes with a node-specific average of the dependent variable, which in this case is the amount of basal area
killed by Douglas-fir beetle. Coefficients of determination
(R 2 ) were calculated for the regression tree models by
calculating the residuals and constructing an analysis of
variance table.

Results
Linear regression analysis indicated that initial basal
area of Douglas-fir was the best predictor variable for
basal area killed by the Douglas-fir beetle at all four
locations. Relationships were significant at all sites, and
coefficients of determination (R 2 ) ranged from 0.26 to
0.65. Positive slopes indicated increased tree mortality
with increasing Douglas-fir basal area. Regression coefficients indicated unit increases in basal area killed, with
increases ranging from 0.33 to 0.63 ft 2/ac of basal area
(Table 3).
The first of two regression tree models resulting from
the analysis of the Shoshone data set used Douglas-fir
basal area and stand density index as splitting variables
(Figure 1a; R 2 = 0.49). By removing stand density index
during model construction, another regression tree using
only Douglas-fir basal area as the splitting variable was
produced (R 2 = 0.46). In this second model (no figure

Table 3. Y-intercept, slope, coefficient of determination, mean square error, and significance level for estimate of
mortality prediction equations, y b0 + b 1x, where y is Douglas-fir mortality in terms of ft2/ac of basal area, and x
is Douglas-fir basal area in terms of ft2tac.

=

Site
Shoshone
Montana
Idaho
Utah

~-interce~t {b 2}

--0.52
13.2
15.8
2.8

Slo~e

(b 1}
0.6
0.33
0.5
0.63

Coefficient of
determination {R 2}
0.46
0.26
0.41
0.65

Mean sguare error
47.2
32.4
37.5
32.2

Significance P
< 0.0001
< 0.0001
< 0.0001
< 0.0001
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presented) the first split IS the same as shown in Figure I a.
The second split uses Douglas-fir basal area to spht node
2b into two terminal nodes. With Douglas-fir basal area~
300 ft 2/ac, average basal area killed was 126.5 (SEM ±
7.9) ft 2/ac and included 62 cases. With Douglas-fir basal
area> 300 ft 2/ac, average basal area killed was 270 (SEM
± 19.1) ft 2/ac and included four cases. Higher stand density index in the first model and higher Douglas-fir basal
area in both models were associated with higher Douglasfir beetle-caused mortality levels. Both regression tree
models and the linear regression model had comparable
coefficients of determination.
The first regression tree model constructed with the Montana data selected stand density index as the splitting variable, with higher stand density index resulting in higher
Douglas-fir beetle-caused mortality (Figure 1b; R2 = 0.23).
By removing variables during model construction, a second
regression tree model was generated in which Douglas-fir
basal area was the driving variable (Figure 1c; R2 =0.33).
This model made two splits based on Douglas-fir basal area,
with higher levels of basal area associated with increased
Douglas-fir beetle-caused mortality. Coefficient of determination for the Douglas-fir basal area-based model was higher
than for the stand density-based model or the linear regression model.
The first regression tree produced for the Idaho data set
includes one split made based on Douglas-fir basal area
(Figure 1d; R2 = 0.39). A second tree (no figure presented)
used two consecutive splits on Douglas-fir basal area and
had three terminal nodes (R 2 = 0.44). In the second tree,
the first split is the same as the first tree, but Node 2
becomes an intermediate node and is split again into two
terminal nodes. With Douglas-fir basal area~ 110 ft 2/ac,
average basal area killed was 49.6 (SEM ± 4.2) ft2/ac and
included 27 cases. With Douglas-fir basal area> 110 ft2/
ac, average basal area killed was 76.5 (SEM ± 8.4) ft 2/ac
and included 17 cases. In both regression tree models,
higher Douglas-fir basal area resulted in higher levels of
mortality caused by Douglas-fir beetle. Coefficients of
determination for both regression tree models and the
linear regression model are similar.
The first of two regression trees for the Utah data set
makes only one split on Douglas-fir basal area (Figure 1e; R2
= 0.58). An alternate regression tree with three terminal
nodes (no figure presented) was also produced (R 2 =0.69).
Once again, in this second tree the first split is the same, but
Node 2 becomes an intermediate node and is split into two
terminal nodes. With Douglas-fir basal area s 115 ft2/ac,
average basal area killed was 45.7 (SEM ± 3.9) ft2/ac and
includes 23 cases. With Douglas-fir basal area> 115 ft2/ac,
average basal area killed was 87.1 (SEM ± 8.9) ft2/ac and
includes 17 cases. In both regression trees, higher Douglasfir basal area was associated with higher mortality levels.
Coefficients of determination for the two regression tree
models and the linear regression model for the Utah data set
all have comparable values.
Results from the regression tree analysis were used to
develop damage class levels for each location (Table 4).
124
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The damage class levels are based on Douglas-fir basal
area and are associated With average basal area killed by
Douglas-fir beetle. These estimates exhibit reduced variability and increased precision as observed by the small
standard errors of the mean. It should be noticed that
differences in percent Douglas-fir basal area killed do not
vary drastically among damage classes across all four
sites. Increased Douglas-fir mortality, however, is associated with increased Douglas-fir basal area levels. On
average, substantial losses of at least 41% of the Douglasfir basal area were observed in all infested stands relative
to initial Douglas-fir basal area. For the Shoshone study
site, because only four plots had Douglas-fir basal area
higher than 300 ft 2/ac, it may be advantageous to create a
medium-high category when the Douglas-fir basal area is
greater than 155 ft 2/ac, with average Douglas-fir beetle
mortality being 135.2 (SEM ± 8.6) ft 2/ac.

Discussion
Relationships were built in this study primarily using
Douglas-fir basal area and, to a lesser degree, stand density index as independent variables to model basal area
killed by the Douglas-fir beetle. The models explain from
26 to 63% of the variation in mortality. This is fairly strong
when the wide range of factors that may influence Douglas-fir beetle populations and the extent of mortality
associated with outbreaks are considered. Mortality levels
associated with Douglas-fir beetle outbreaks are influenced by multiple factors, such as tree densities, stand age,
percent basal area in Douglas-fir, stand basal area, and
average diameter of Douglas-fir (Furniss et al. 1979, 1981,
Weatherby and Thier 1993). Abiotic agents, such as weather
patterns, elevation and aspect of the stand, or position on
the slope, may also affect beetle populations due to differential microsite conditions in which infestations develop.
The relationship suggested in this study between Douglas-fir basal area and subsequent mortality is consistent
with other studies for other bark beetle species.
McCambridge et al. (1982) indicated that there was a
positive correlation between initial basal area of ponderosa pine (Pinus ponderosa) and the number of trees killed
by the mountain pine beetle (D. ponderosae) in northcentral Colorado. Sartwell and Stevens (1975) indicate
that high stand densities (in excess of 150ft2/ac) are among
stand conditions that favor mountain pine beetle outbreaks in
ponderosa pine. Basal area killed by the spruce beetle (D.
rufipennis) in Alaska in Lutz spruce (Picea x lutzii) stands
and in Lutz and Sitka spruce (Picea sitchensis) has been
shown to be related to total stand basal area, percent of total
basal area comprised by spruce, and the percent of spruce
basal area composed of trees > 9.8 in. (Reynolds and Holsten
1994, 1996). More recently, ponderosa pine basal area has
been used to estimate mortality caused by the roundheaded
pine beetle (D. adjunctus) in south-central New Mexico
(Negron 1997) and Douglas-fir beetle basal area to estimate
mortality caused by the Douglas-fir beetle in the Colorado
Front Range (Negron 1998).
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Figure 1. Regression trees for estimating mortality associated with the Douglas-fir beetle across all study sites [Ave BAK (±SEMI=
Average basal area killed; DFBA =Douglas-fir basal area; and SDI =stand density index]: (a) Shoshone; (b) Montana 1; (c) Montana 2;
(d) Idaho; (e) Utah.
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Table 4. Damage classes obtained from regression tree estimates for each study location showing observed average
amount of basal area killed and average percent Douglas-fir basal area killed by the Douglas-fir beetle with indicated
Douglas-fir basal area levels.

Site
Low
Shoshone
Montana
Idaho
Utah
Medium
Shoshone
Montana
Idaho
Utah
High
Shoshone
Montana
Idaho
Utah

Douglas-fir basal area
(ft2/ac)
DFBA~l55

61.9(3.7)
37.1(4.1)
49.6(4.2)
45.7(3.9)

58.4(3.2)
44.5(4.4)
68.6(5.2)
66.4(5.5)

115<DFB~l70

126(7.8)
69.3(3.8)
76.5(8.4)
87.1(8.9)

59.9(3.7)
40.9(2.4)
59.0(6.5)
62.1(6.4)

DFBA>300
DFBA>230
DFBA>l50
DFBA>l70

270(19.1)
111. 7(15.5)
123.3(10.3)
157.1(10.4)

70.5(7.4)
43(5.9)
62.4(5.3)
70.6(5.3)

DFBA~ll5
DFBA~llO
DFB~ll5
155<DFB~300
115<DFB~230

llO<DFBA~l50

Although coefficients of determination suggest a fairly
strong linear relationship between Douglas-fir basal area and
basal area killed, the predicted estimates from the equations
yield low precision estimates. As an example, Figure 2
presents the relationship for the Shoshone study site with
95% confidence band for the estimation of individual observations. The wide range of the confidence band is reflective
of the low precision in the estimates.
Mortality estimates obtained with the regression tree
approach are more realistic. The regression tree approach
used in this study is less effective when used with data
where there is linear structure (Breiman et al. 1984). This
is the case with the data sets presented in this study, as
indicated by the significant linear equations built for all
study sites. Under these circumstances, regression tree
analysis yields results with successive splits using the
same variable, which is what we obtained with our data. In
this study, however, we were able to use this feature of the
tree regression analysis to develop mortality categories
350.-----------------------------~~~

y = -0.52 + 0.6 (DFBA)
0
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Figure 2. Relationship between Douglas-fir basal area (ft2/ac)
and basal area killed by the Douglas-fir beetle (ft2/ac) for the
Shoshone study site. Shaded area represents 95% confidence
interval for individual observation prediction.
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Douglas-fir basal area killed
by Douglas-fir beetle
ft 2/ac (+SEM)
% (±SEM)

(Table 4). These mortality categories generated with CART
represent relatively homogeneous clusters with reduced
variance (Steinberg and Colla 1992).
The verbal model presented by Furniss etal. (1979, 1981)
to explain factors that affect Douglas-fir beetle abundance
and host susceptibility includes high tree densities and a high
proportion of Douglas-fir. The rating system described in
Weatherby and Thier (1993) also includes the proportion of
Douglas-fir in the stand and total stand basal area. These
me tries are related to Douglas-fir basal area, which was found
to be the best variable to predict mortality due to Douglas-fir
beetle. The data presented confirm that mortality levels
associated with Douglas-fir beetle, as with other bark beetles,
are an indication of stand stress caused in this case by
overstocking.
All study locations had stand conditions suitable for the
development of Douglas-fir beetle epidemics. That is, stands
contained tree diameter classes, percent host type, and stocking levels that made the stands susceptible to the development of a Douglas-fir beetle outbreak. High Douglas-fir
stocking levels alone do not increase the potential for mortality unless other conditions, such as the availability of large
diameter trees, exist. Suitable conditions for the development
of epidemics seem to vary somewhat from one site to another.
When stand conditions exist for the development of an
epidemic, however, results from this study suggest that
Douglas-fir basal area then becomes an important driving
factor in the amount of mortality likely to occur.
Land managers may use the linear regression equations
presented here where there is a need to estimate the actual
mortality likely to occur in a stand as a result of a Douglasfir beetle outbreak. In using the linear regression models,
however, the user needs to be aware of the relatively low
precision estimates generated, as exemplified by the confidence bands in Figure 2. When a characterization of whether
mortality in a stand is likely to be high, medium, or low is
needed, the results from the regression tree approach are
adequate and more reliable.

There was variation m mfestation history across the study
sites except for perhaps the Montana sites, where outbreaks
had clearly subsided. This suggests that relationships built for
the Idaho, Utah, and probably to agreaterextentthe Shoshone
site, may underestimate the amount of potential mortality
since the outbreaks had not completely subsided.
The simple models presented in this study provide land
managers with empirically derived projections of potential
mortality due to Douglas-fir beetle. This information can
assist in developing priorities for stand treatments based on
estimates of potential mortality from Douglas-fir beetle.

Literature Cited
AVERY, T.E., AND H.E. BURKHART. 1994. Forest measurements. Ed. 4. McGrawHill, Inc., New York. 408 p.
BERRYMAN, A.A., AND L.C. WRJGIIT. 1978. Defoliation, tree condition, and
bark beetles. P. 81-87 in The Douglas-fir tussock moth: A synthesis,
Brookes, M.H., et al. (eds.). USDA For. Serv. Tech. Bull. 1583.
BREIMAN, L., J.H. FRIEDMAN, R.A. 0LSHEN, AND C.J. STONE. 1984. Classification and regression trees. Wadsworth International Group,
Belmont. 358 p.
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. 1979. An annotated bibliography of the Douglas-fir beetle
(Dendroctonus pseudotsugae). USDA For. Serv. Gen. Tech. Rep. INT48. 40p.
fvRNISSM.M.,R.L.LIVINGSTON,ANDM.D.McGREGOR.l98l.Developmentof
a stand susceptibility classification for Douglas-fir beetle. P. 115-128 in
Hazard-rating systems in forest insect pest management: Symp., Hedden,
R.L., et al. (Tech. Coords.). USDA For. Serv. Gen. Tech. Rep. W0-27.
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. USDA For. Serv. Gen. Tech. Rep. INT-59. 19 p.
FURNISS, R.L., AND V.M. CAROLIN. 1977. Western forest insects. USDA For.
Serv. Misc. Publ. 1339. 654 p.
JOHNSON, N.E., AND P.G. BELLUSCHI. 1969. Host-finding behavior of the
Douglas-fir beetle. J. For. 67:290-295.
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.

McCAMBRIDGE, F F. F G HAWKSWORTH, c B EDMINSTER, AND ] G LAUT
1982. Ponderosa pme mortality resultmg from a mountain pme beetle
outbreak. USDA For. Serv. Res. Pap. RM-235. 7 p.
McGREGOR, M.D., ET AL. 1974. Evaluation of the Douglas-fir beetle infestation North Fork Clearwater River Drainage, Northern Idaho, 1970-73.
USDA For. Serv., Northern Region, State and Private For., For. Pest
Manage., Missoula, MT. Rep. No. 74-7. 17 p.
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.
NEGRON, J. 1997. Estimating probabilities of infestation and extent of damage
by the roundheaded pine beetle in ponderosa pine in the Sacramento
Mountains, New Mexico. Can. J. For. Res. 27:1936-1945.
NEGRON, J. 1988. Probability of infestation and extent of mortality associated
with the Douglas-fir beetle in the Colorado Front Range. For. Ecol.
Manage. 107:71-85.
REYNOLDS, K.M., AND E. H. HOLSTEN. 1994. Classification of spruce beetle
hazard in Lutz spruce (Picea x lutzii) stands on the Kenai Peninsula,
Alaska. Can. J. For. Res. 24:1015-1021.
REYNOLDS, K.M., AND E.H. HoLSTEN. 1996. Classification of spruce beetle
hazard in Lutz and Sitka spruce stands on the Kenai Peninsula, Alaska.
For. Ecol. Manage. 84:251-262.
RuDINSKY, J.A. 1966. Host selection and invasion by the Douglas-fir beetle,
Dendroctonus pseudotsugae Hopkins, in coastal Douglas-fir forests.
Can. Entomol. 98:98-111.
SARTWELL, C., AND R.E. STEVENS. 1975. Mountain pine beetle in ponderosa
pine, prospects for silvicultural control in second-growth stands. J. For.
73:136-140.
SAS INSTITUTE INC. 1990. SAS®/STATUser's Guide, Version 6. Vol. 2, 4th
ed., SAS Institute Inc., Cary, NC. 1686 p.
STEINBERG, D., AND P. COLLA. 1992. CART: A supplementary module for
SYSTAT®. Evanston, IL: SYSTAT Inc. 292 p.
WEATHERBY, J.C., AND R.W. THIER. 1993. A preliminary validation of a
Douglas-fu beetle hazard rating system, Mountain Home Ranger District,
Boise National Forest, 1992. USDA For. Serv., Intermountain Region,
State and Private For., For. Pest Manage., Rep. No. R4-93-05. 7 p.
WRJGIIT, K.H., AND P.G. LAUTERBACH. 1958. Ten year study of mortality in a
Douglas-fu saw-timber stand in Coos and Douglas Counties, Oregon.
USDA For. Serv. Res. Pap. PNW-27. 12 p.
WRJGIIT, L.C., A.A. BERRYMAN, AND B.E. WICKMAN. 1984. Abundance of the
fir engraver, Scolytus ventralis, and the Douglas-fu beetle, Dendroctonus
pseudotsugae, following tree defoliation by the Douglas-fir tussock
moth, Orgyia pseudotsugata. Can. Entomol. 116:293-305.

WJAF 14(3) 1999

127

