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Abstract

A multistage sampling survey to measure
annual and cumulative mortality of lodgepole
pine by mountain pine beetle was conducted
on the Beaverhead and Gallatin National
Forests, 1978-79. The survey area, 270,000
acres, was stratified into three intensity classes
from aerial sketchmapping. This was followed
by large scale (1:6,000) aerial photography,
photographic interpretation, and ground truth
measurements.

Estimates of the number of lodgepole killed
by mountain pine beetle in 1977 were
1,270,617 trees and 24.2 million cubic feet.
The number of total standing dead within the
survey boundaries was estimated at 3,117,888
trees and 62.2 million cubic feet. This total
standing dead represents 31.4 percent of the
total basal area.
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Introduction

Mountain pine beetle! is the most destructive
insect to pine type in the western United States
and Canada. In 1977, epidemic mountain pine
beetle infestations cccurred over more than
600,000 acres throughout the western half of
Montana.

Recently, multistage sampling surveys have
been developed to provide accurate and timely
mountain pine beetle loss information to land
managers and program  administrators
(Hostetler and Young, 1979; Klein, et al.,
1979). The objective of this pilot survey was to
implement these multistage sampling methods
for measuring annual and cumulative mortality
of lodgepole and ponderosa pine by mountain
pine beetle over three widely separated and
distinct infestations. Contracting problems
and early snow prevented surveying two of
the infestations (Bennett, 1979). This report
is limited to the survey of the Beaverhead/
Gallatin infestation. ‘

Site Description

The survey area covered approximately
270,000 acres of mountain pine beetle infested
lodgepole pine on portions of the Beaverhead
and Gallatin National Forests, including State
and private ownerships, in southwestern
Montana (figure 1). Lodgepole pine is the pre-
dominant tree species with lesser amounts of
Douglas-fir, Engelmann spruce, subalpine fir,
whitebark and limber pines, and aspen. The
survey covered a wide diversity of terrain
from a flat plateau (elevation 6,800 ft.) south
- and west of West Yellowstone, Montana, to
the steep slopes of Gallatin Canyon (elevation
5,800-9,000 ft.).

1pendroctonus ponderosae Hopk.



Methods

Survey Design

The survey design was essentially the same,
with some modifications, as those used in
Regions 2 and 4 (Hostetler and Young, 1979;
Klein, et al., 1979). The design entailed a two-
stage sampling system stratified into three
intensity classes, or strata. Initial stratification
was from 1978 aerial sketchmap surveys.
This was followed by large scale (1:6,000)
aerial photography, photographic interpreta-
tion, and ground thruth measurements. Photo
plots were selected by a systematic random
process for each strata. Ground truth plots
were selected by probability proportional to
size (pps). This procedure has been shown to
be effective in reducing sampling error when
using multistage sampling (Langley, 1978).

These ground samples permitted adjustment
of the large photo sample and provided
necessary data to determine ratio estimators
for number of trees and volume killed. Addi-
tional data was collected from the ground
plots to estimate the cumulative number of
trees and volume killed, including 1978
attacks.

Aerial Sketchmapping

Those portions of the Beaverhead and Gallatin
National Forests likely to have mountain pine
beetle faders (1977 attacks) were sketch-
mapped July 31 to August 3, 1978, Approxi-
mately 24 hours of flying time were required
to survey the 1.7 million acres at a cost of
about $2,000. The number of faders were
estimated and delineated into recognizable
areas (polygons) and recorded on 1:126,720
scale planimetric maps. The sketchmapping
was aimed at mountain pine beetle detection,
although other insect and disease damage was
concurrently mapped on the Beaverhead
portion,

Stratification

The stratification procedures were the same as
those used by both Klein, et al. (1979), and

Hostetler and Young (1979). Each of the 822
polygons were placed into one of three strata
according to their density of faders per acre
(figure 1 and table 1). Strata used were: (1)
< 4.9 treesfacre; (2) 5.0-9.9 trees/acre; and
(3) > 10.0 treesfacre. Outlying areas of
widely scattered faders were not included in
the survey.

Aerial Photography

In an attempt to secure a timely aerial
photography contract, flight lines, and photo
plot locations were fixed prior to boundary
determination and stratification. Flight lines
corresponded o north-south section lines
throughout the infestation and the surround-
ing avea, with photo plots at 1-mile intervals
(east-west section lines) along flight lines. This
resulted in a disproportionate distribution of
photo plots per stratum: (1) 94, (2) 24, (3)
26. One hundred thirty-four plots were not
used because they fell outside the final
infestation boundary.

Sterec pairs were taken near each predeter-
mined point at an approximate scale of
1:6,000. Altitude of the aircraft was recorded
st each photo point and later used in scale
adjustment. Bach stereo pair was then indexed
and located on topographic (1:24,000) and
standard Forest (1:126,720) maps. Topo-
graphic maps were used to determine the
proper scale of each pair; the Forest maps for
orientation and allocation into strata.

Ground Truth Acquisition

From the photo plots, 56 2.5-acre ground
plots were selected by pps sampling. To reduce
travel between plots, two ground plots were
selected (pps) from each of 28 selected photo
plots (table 1). Each ground plot was then
located on standard Forest maps, topographic
maps, and small scale aerial photography
{1:80,000). Finally each plot was scribed
onto the emulsion side of one transparency
per stereo pair.

Excessive snow prevented ground truth acqui-
sition until spring, 1979. Data from all .56
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Survey area of lodgepole pine mortality caused by mountain
pine beetle, Beaverhead and Gallatin National Forests, 1977.




Table 1.—Stratification by intensity class and allocation of photo plots and ground plots per stratum

Trees
Est. no. per No. of No. of No. of
Stratum of trees Acres acre polygons photo plots ground plots
{40-acre) (2.5-acre)
1 337,270 179,375 <4.9 236 94 24
2 345,400 52,231 5.0-9.9 49 24 16
3 651,350 38,649 >10.0 37 26 16
Out 134 0
Total 1,334,020 270,255 322 278 56

ground plots were obtained by three 3-person

Analysis consisted of:

(1) generating the

crews from May 16 to June 28, 1979. The
general area of the ground plot was found
using 1:80,000 scale black and white
photography. The actual boundaries of the
subplot were located by using the stereo pairs
in a lightweight field stereoviewer. Plot
boundaries were marked with string.

One crewmember located and strung plot
boundaries; located and flagged plot center;
strung one-chain wide corridors through the
plot; and measured the length of one side of
the plot for scale adjustment. The other crew-
members established a cluster of five variable
plots (Basal Area Factor - 10) with the central
plot. located at the subplot center and four
remaining plots in each of four cardinal
directions, at two-chain intervals from center.

Within each variable plot all “IN” trees 5”
diameter at breast-height and greater were
recorded by species, diameter, and one of the
following damage classes: healthy {tree,
unknown mortality, 1978 MPB attack, 1977
MPB attack, MPB attacked prior to 1977,
unsuccessful MPB attack, or other bark beetles.
Heights were taken of the first two trees per
species. A 1/300-acre fixed plot was established
at each variable plot center to measure
regeneration (trees less than 5” DBH). Finally,
all three persons cruised the entire 2.5-acre
plot and recorded the diameter of all faders
(1977 attacks). Height of the first two trees in
each inch diameter class was also measured for
volume estimations.

number and volume of lodgepole pine killed
by mountain pine beetle in 1977, 1978, and
total standing dead; (2) determining the
relationship between photointerpreter counts
of faders and counts of faders made on the
ground; and (3) determining a basal area ratio
of total dead to total living lodgepole pine.

Formulae used to determine the number and
volume of trees killed in 1977 and the
relationship between photo and ground counts
were modified and taken from Hostetler and
Young (1979, pg. 20-24) and are shown in
appendices B and C. The variable plot data
was analyzed by the computer program
INDIDS (Bousfield, 1979) to calculate and
display trees and volume per acre and damage
classes for all species. These figures were then
multiplied by 2.5 acres per plot and substi-
tuted into the same formulae used to derive
the 1977 estimates. This generated estimates
for the number and volume of trees killed in
19717, 1978, and total standing dead.

Results

The total number of trees killed in the survey
area in 1977 was 1,270,617 containing a vol-
ume of 24.2 million cubic feet (table 2).



Table 2.—Estimates of number of trees and volume of
lodgepole pine killed by the mountain pine

beetle in 1977 on the Beaverhead and

Gallatin National Forests, 1979 (determined

from 100 percent cruise data)

The basal area ratio of total dead to total green
lodgepole for all strata was 42.7 percent. The
basal area ratio of total dead lodgepole to the
green residual stand was 31.4 percent (table 6).

Table 3.~Zstimates of number of trees and volume of
lodgepole pine killed by the mountain pine
beetle in 1977 on the Beaverhead and
Galiatin National Forests, 1979 (determined
from variable plot deta)

Volume] Total Standard
No.of | Standaxd | per tree | volume  errov
Strata | Acres faders error  § (cu. fL.) M en. ft.)
1 179,375 | 467,9381 33,842 | 2216 | 10,370 1,502
(7.23)* {15.5)*
2 52,231 | 462,406 | 36,023 | 18.49 8,549 1,508
(7.79)* {17.6)*
3 38,649 | 340,278) 26,179 | 15.63 5,317 965
(7.89)% (18.2)*
Total | 270,255 {1,270,617| 55981 | 19.07 | 24,237 2,403
(4.45* {9.82)*

#*Percent standard error

Relative sampling errors were 4.4 and 9.9 per-
cent for number of faders and cubic foot
volume, respectively. Correlations between
photo counts and ground counts were very
good for all three strata as well as the com-
bined data. The coefficient of determination
(R2) values for stratum 1, 2, 3, and combined
were .82, .94, .94, and .90, respectively.
Linear vegression slope (b) estimates indicated
the photo counts underestimated the ground
counts in each of the strata and the combined
data: (1) b = 1.50, (2) b=1.15,(8) b= 1.53,
and {combined) b = 1.37.

By substituting variable plot data (faders) into
the estimator formulae, we found nearly the
same number of trees (1,118,821) and
agsociated volume (21.2 million cubic feet) as
from the 100 percent cruise data. However,
the percent standard error values were higher,
11.5 and 12.9, respectively (table 3). Using
this same procedure we found the number of
trees attacked in 1978 was 1,200,726, (27.1
percent standard error}), at a volume of 22.8
million cubic feet, (36.3 percent standard
error, [table 4]). Because of their higher per-
cent standard errors, these 1978 attack figures
must be used with caution. Alsc from this
method we estimated the number of total
stending dead lodgepole to be 8,117,888,
(14.1 percent standard error), with a total
volume of 62.2 million cubic feet, (19.9
percent standard error [table 51).

Volume| Total Standard
No.of |{ Standard | per tree| volume  ‘ervor
Strata | Acves faders error | {cu. ft.) {(Meu, £L)
1 179,375 | 408,013 ] 93,6861 21.04 8,584 2,022
(22.96)* (58.0)*
2 52,231 | 400,084 | 82881 18.30 7,320 1,599
(20.72)% (141.0)*
3 38,649 | 310,724 | 27,835 | 16.95 5,268 887
(8.96)* {67.69)*
Total 1270,256 11,118,821 | 128,145 | 18.92 | 21,178 2,726
(11.45)% {(12.88)*

*Percent standard error

Table 4.—Estimates of number of trees and volume of
lodgepole pine killed by the mountain pine
beetle in 1978 on the Beaverhead and
Gallatin National Forests, 1979 (determined
from variable plot data)

Volume | Totel Standard
No.of | Standard | per tree | volume  ervor
Strata | Acves faders error | {cu. ft.) Mo, 1)
1 179,375 | 270,266 80,539 { 19.8 5,862 1,736
(29.8)* (80.0)%
2 52,231 | 491,070 154,896 | 16.2 8,306 2432
{31.5)* {189.0)%
3 38,649 1 435,890 274,601 {1 200 9,169 7,739
{62.5)* (339.6)*
Total {270,255 11,200,726 ] 325,400 190 | 22,828 8206
(27.1)= (36.3)*

*Percent standard error

Table b.—Estimaies of number of trees and volume of
the total standing dead lodgepole pine killed
by the mountain pine beetle through 1978
on the Begverhegd and Galletin Notional
Forests, 1979 (determined from variable

plot data)
Volume | Totad Standard
No.of | Standsed ! per tvoe i eryer
Stzata | Acres faders aror | (cu.ft.) (M cu, f8.)
i 179,375 1 ©53,835{ 194,714 20.6 | 19,650 4,364
(20.4)* 1 (54.9)%
2 52,281 ] 1,249,930 | 194,200 | 199 | 24,858 5,624
(15.5)% (148.0)*
3 38,649 914,123 § 341,329 18.3 17,8684 10,173
(37.3)% (281.5)%
Total | 270,255 | 3,117,888 | 438,329 12,9 | 62,167 12418
(14.1)* (19.9)%

*Percent standard error



Table 6.—Estimates of basal area in percent by stratum and species composition
in survey area, Beaverhead and Gallatin National Forests, 1978

Lodgepole pine | Whitebark/Limber
Strata | Live 7 Dead | — ﬂ?g%n%@-_ Douglas-fir | Spruce | Subalpine fir Aspén | Total
1 43.74' ; 27.86 0.46 ; 0.62 18.78 377 4.77 0 100
2‘ 34.56 Il 30.73 19 ; 0 12.45 12.96 8.49 62 § 100
3 47.03 ; 37.25 70 : 30 6.69 3.64 4.39 0 100
Weighted ' :
Mean 42.05 } 31.35 .65 | b 13.51 6.36 5,72 01§ 100

Discussion and Recommendations

This survey was extremely effective in esti-
mating the annual and cumulative mortality
of lodgepole pine, within the designated
boundaries of the infestation, with very good
levels of confidence. Other methods of moun-
tain pine beetle detection such as aerial
sketchmapping and trend plot surveys are
less expensive but yield mortality estimates
lacking statistical reliability (table 7).

Table 7.—Estimated number of faders and compared
costs of three different survey methods to
determine the number of mpb-killed lodge-
pole in 1977 on the Beaverhead and
Gallatin National Forests

Trend plotl
Stratum Sketchmapping | Multigtage | surveys, 1977
1 . 337,270 467,938
(7.23)*
2 345400 | 462,406
(1.79)*
3 651,350 340,273
(7.69)*
Total 1,334,020 1,270,617 6,129,700
(443
Cost $1,400 $37,000 $2,000

*Relative sampling error

1’I‘\mnock, Scott, and Oscar J. Dooling, 1978, Forest Inzect
and Digease Conditions, 1977, in the Northern Region.
USDA Forest Service, Northern Region, Missoula, Montana.

There are extensive areas of old dead lodgepole
pine which were not included within the
boundaries of this survey. Due to depletion of
desirable host material, there are few, if any,
faders in these areas. Therefore, the estimated
number of standing dead lodgepole within our
defined survey is substantially less than the
total standing dead throughout the “entire”
outbreak on the Beaverhead and Gallatin
Forests.

It is suggested that similar multistage sampling
surveys be conducted State-wide every 5 years
where major bark beetle infestations call for
exact loss information. The following modifi-
cations are recommended:

1. Include all outlying areas of “scattered”
faders within the boundaries of the infestation.

2. Delineate and stratify the infestation
before fixing flight lines and photo plot loca-
tions. Require aerial photographers to photo-
graph the predetermined location of each plot.

3. Aerial photography should be taken as
soon as possible. Our late (October) photog-
raphy resulted in long shadows and brown
ground cover making photointerpretation
difficult stereoscopically, and nearly impossi-
ble, monoscopically. It also delayed ground
truth acquisition until spring.



4. Acquire ground truth data immediately
following aerial photography and interpreta-
tion. Ground truth acquisition can be per-
formed the following spring, however, degrees
of fading make year of attack differentiation
more difficult. Also access can be severely
hampered by deep snowpack. '

5.1t is not necessary to measure heights
during the 100 percent cruise. Regression
estimators developed from local forest inven-
tory plots can be used to predict heights for
given measured diameters. Volume determi-
nations can now be made for each tree. This
greatly reduces the amount of time spent at
each ground plot.
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APPENDIX A

Timetable and estimated costs of the survey, Beaverhead and Gallatin National Forests, 1977

Activity Dates Mandays Cost
Aerial Sketchmapping
a. Sketchmapping 7/31-8/3,1978 3 $ 2,000
b. Digitizing 8/7-11, 1978 4 225
¢. Stratification 10/4-5, 1978 2 100
Aerial Photography
a. Planning, plot and flight
line determination 8/14-15, 1978 2 200
b, -Aerial photography 10/3-5,1978 3,200
¢. Processed film received 10/30, 1978
d. Photo and map indexing 10/31-11/8,1978 14 700
" Photo Interpretation 11/9 - 12/19, 1978 19 950
Groynd Crew Training 5/14-15, 1979 16 1,600
Ground Truth Acquisition 5/16 - 6/28, 1979 235 18,200 salaries
8,225 travel
3,000 helicopter
" Data Computation and Analysis | 8/29 - 11/2, 1979 17 900
Total 7/31-11/2,1979 312 $39,300







Formulae and procedures used for determining multistage sampling
estimates (modified and taken from Hostetler and Young, 1979,
pp. 20-24).

I. Notation

Subscripts: h=1, denotes the number of strata
that are sampled

i=1,..,my denotes the sampled 40-acre
photo plots

ji=1,.,np denotes the 40-acre photo plots
selected for ground sampling

k=1,2 denotes the 2.5-acre subplots selected
from each 40-acre photo plot

- Ap: Number of acres in hth stratum

Mp: Number of primary sample units in the Ath stratum

Ap
My, = 40 acres

my: Number of photo plots sampled in the R0 stratum

ny. Number of photo plots selected for ground sampling
in the hth stratum

%p;- Number of faders counted in the ith photo plot in
the hth stratum

xp: Total number of faders counted in the rth stratum,
mp

Xp= & Xp;
h,-..]_ hi

Xpjk: Niilmber of faders counted from the photo in the
subpiot of the ji photo plot in the A th stratum

Yhjk: Number of faders counted on the ground, in the kth
subplot of the jth photo plot in the R stratum

Yhj* Estimate of t e number of faders in the Jth photo
plot of the A stratum

Yy: Estimate of the number of faders in the R stratum
B.E.y: Standard error of the estimate

R.S.E.y: Relative standard error of the estimate,

A,

S.E.y :
RS.ES = < - 100, expressed as a percent
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Since i’h is the mean of the?y ; values, the ab ove
- formula can be reduced to the following more

easily calculated form:
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RS.E.y - SES
R " Yh_. 100, expressed as a percent

. 3 .
8Ey = | £ SEy
s : A h=1 = ip

RS.E.§ =

Yh‘

2

SE-Y . 100, expressed as a percent
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III. Comments

The sample design consists of a systematic random selection of the my, photo
plots from the ™k possible photo plots in the R stratum. Photo plots from each
stratum were selected independently. Plots for ground sampling were selected in two
stages both using probabilities proporational to an estimate of size. Since there is high
correlation between the photo counts and what is expected to be on the ground, the
photo counts provide a good estimate of size. The Nh samples were selected from the
My photos using the total photo count (¥#) and the individual photo count (¥hi) follow-
ing the procedure outlined in Cochran (1977, p. 251) and using sampling with replacement.

Once the " samples were selected, the same procedure was used to sample 2 of the 36
2.5-acre subplots.

The estimators used for this survey are modifications of the basic probability pro-
portional to size:

o _1 %Y
Ypps =% X 7

Mo

%
-~

where Yi represents the ground data and % represents the probability of a particular
photo plot being selected. The variance for that function is as follows:

. a g
> (L. ¢)? MINIS
-~ : fi = FYY
V (Y) - 181 Zi 245{} 1’3‘{}2 z..hé”é&f%ézi

nn1) VICTORIA, B.C.

YS8W 3E7

-






APPENDIX C

Formulae used for calculating linear regressions for ecch stratum (taken from
Hostetler and Young, 1979, pg. 24).

Note: Linear regressions were based on matched data pairs of faders per acre on
the ground and on photos of the 2.5-acre subplots.

Regression estimates of slope (b) and y-intercept (a)t

Zxy; - (Ex 2y))
I

- A2
Exiz - @_;;(L)_

where, n = number of daia pairs
%; = number of faders counted on photo in ith subplot

y; = number of faders counted on ground in ith subplot
- z xi

- 2y;

n LIBRARY
MINISTRY OF FORESTS
1450 GOVERNMENT ST.
VICTORIA, B.C.
V8w 3E7

1Calculatimxs were made for each stratumn.
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