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INTRODUCTION

In the lodgepole pine/subalpine fir forests of the
Northern Rocky Mountains, fires and mountain pine
beetle outbreaks have recurred for thousands of years.
Each disturbance began a new cycle of succession and
new landscape patterns (Lotan and others 1985). Re-
cently, National Forest managers have attempted to
assess the effects of fire suppression and logging on
landscape patterns and wildlife habitat in these for-
ests. Lodgepole pine forests have experienced a diverse
history of disturbance, and succession has occurred
over different time scales (Arno 1980; Barrett and
others 1991; Hawkes 1979; Romme and Despain 1989;
Tande 1979). Thus, site-specific information is neces-
sary to describe landscape patterns and change. Pre-
liminary maps of stand mosaics can be prepared from
aerial photographs. However, field inspections and
inventories are needed to refine these maps and to
accurately characterize a stand’s structure and its
history of disturbance.

. We have developed a method for documenting forest
structure and landscape patterns. To test the method,
we conducted a pilot study of a 500-acre tract of lodge-
pole pine/subalpine fir forest on a broad, subalpine
ridge in the Bitterroot National Forest southwest of
Hamilton, MT. We used this experience to develop a
procedure for quantifying forest structure and land-
scape patterns—both past and present—in other sub-
alpine lodgepole pine forests. Along with the proposed
sampling procedure, we offer suggestions for analyz-
ing and interpreting data. We began with the proce-
dures presented in Arno and Sneck (1977) and Barrett
and Arno (1988), refining and expanding them to char-
acterize the landscape mosaic quantitatively. A three-
to four-person crew spent 5 days sampling during our
pilot study. We laid out a grid of transects, system-
atically sampling 35 different 0.1-acre plots spaced
800 feet apart. The data revealed a surprisingly com-
plex mosaic of forests stands linked to disturbance

history as well as a pronounced successional advance
toward climax forest conditions during this century.

RECOMMENDED FIELD METHODS

This technique is best suited to continuously for-
ested areas from about 500 to 2,000 acres in size, with
moderate, rather than steep and broken, terrain. If
landscape patterns are being defined over larger areas,
this technique might be used to sample representative
portions of the areas. The technique was designed
for and tested in the subalpine lodgepole pine zone,
although it might be useful in some other disturbance-
related (seral) forest types. Often, aerial photographs
are used to look for mosaic patterns based on the
structure of forest stands. But if moderate-intensity
fires have occurred, the stand mosaic is probably more
intricate than it might appear from the photographs.
Timber type maps or other stand maps may also give
a general overview of the most obvious stand mosaic
patterns in the area. A 4-inch-per-mile topographic
map (such as a 150 percent photocopier enlargement
from a 7-Y/2 minute U.S. Geological Survey quad-
rangle) is convenient for delineating the study area.

The next step is to determine the distance between
plots, and the corresponding number of plots. We rec-
ommend setting up a grid in which the distance be-
tween plots along a transect is the same as the dis-
tance between transects (fig. 1). The plot grid should
be fine enough to allow mapping at the desired level
of resolution. Plot spacings between 500 and 1,000 feet
will probably be appropriate for characterizing stand
mosaic patterns. A grid should contain at least 35 to
40 plots to depict and quantify a landscape mosaic for
a small area. To determine a useful spacing for the
systematic grid, divide the total area by a proposed
number of plots. This will indicate the number of acres
represented by each plot. For example, 500 acres di-
vided by 34 plots equals 14.7 acres/plot, which corre-
sponds to a square spacing of 800 feet—the square
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Figure 1—Layout of the systematic grid of sample points in the Lick Creek Head-
waters study area (delineated by dashed line). Sample plots (solid circles) are
labeled with the transect number and grid point on that transect. The control line
(solid line) should be established first, so that each transect (dotted lines) can start
on the control line. (Note that the terrain prevented the control line from being per-
pendicular to the transects and that the study area excluded steeper terrain nearby.)

root of the quantity 14.7 acres times 43,560 square feet
per acre. On a 4-inch-per-mile base map this ground
distance is represented by 0.61-inch map distance
(800 feet/5,280 feet/mile x 4 inches/mile = 0.61 inch).
A three- to-four-person crew will take about an hour
to sample each plot, including the time to lay out the
transect to the next plot.

When the proposed number and spacing of plots
has been selected, the plot grid can be overlaid on the
study area base map (see fig. 1). The plot locations
are found by measuring the predetermined distances
between plots. Accurate information on stand bound-
aries is gathered by recording the points on each tran-
sect where stand boundaries are crossed. Transects
can be laid along the topographic contours so the sam-
ple points are at roughly the same elevation. The
study area’s shape and topography will influence the
grid’s design and position. The actual number of
plots may differ slightly from the proposed number.

Laying Out a Grid

The procedure for establishing a grid of sample
points is similar to that used in the line-plot method
of timber cruising (see Dilworth 1989 or Society of
American Foresters 1984). An important difference
for this procedure is that the location of each sample
point must be determined and mapped by reference
to a landmark near the area to be sampled.

Begin by locating a geographic feature that can be
located both on a map and on the ground, such as a
rock outcrop, road junction, or section corner (fig. 1).
On the map, draw a primary control line starting at
this reference point. If possible, run this line perpen-
dicular to the desired transect orientation. Systemati-
cally draw the transect lines (secondary control lines
in a line-plot timber cruise) at the predetermined hori-
zontal distance between transects. For uniform sam-
pling coverage, locate the first transect line one-half



the distance between transects inside the study area

boundary. Each succeeding transect is drawn parallel

to the first at the prescribed distance until the sample
area is fully covered.

Next, draw markers on the map indicating sample
point locations. Locate the first plot at the intersec-
tion of the control line and the first transect, provided
this plot falls within the study area. Locate each suc-
cessive plot on the transect at the predetermined dis-
tance, the same as the distance between transects.
After you have located all the plots, you will have
drawn an aligned grid (fig. 1).

Figure 1 shows a grid layout that runs along the
contours of an east-facing watershed. In this case,
an east-west control line could not be established per-
pendicular to the transects due to the steep, broken
terrain, and the lack of reference points. Instead, the
control line was started at the monument on peak
6488 and drawn along the ridge near the study area’s
southern boundary. The resulting line had a map-
measured true azimuth of 295 degrees, forming an
angle of 65 degrees with the north-south transect lines.
The prescribed transect interval was 800 feet, so the
distance between transects along the control line was
800 feet divided by the sine of 65 degrees (0.906), or
883 feet. The corresponding map distance is 0.69 inch
on a 4-inch-per-mile map.

When you are working in the field, you can use a
compass, clinometer, and 300-foot surveyor’s tape to
measure from the reference point to the intersection
of the control line and the first transect. All measure-
ments and calculations are for horizontal distance, so
take care to hold the tape horizontal or to correct for
slope while taping by using a table of slope correction
factors or a similar method. Establish the entire con-
trol line, placing a wire flag at the start of each tran-
sect (every 883 feet in fig. 1). Write the transect num-
ber on the flag with a permanent marker. Sample the
first plot at the intersection of the control line and the
first transect (fig. 1). After sampling this plot, con-
tinue measuring along the first transect to successive
predetermined sample points.

Sample succeeding transects in the same manner.
However, unless the control line is perpendicular to
the transects, you will need to determine the distance
from the flag at the start of the transect to the location
of the first plot. To make the calculation in the exam-
ple (fig. 1), determine the distance traveled north by
dividing 800 feet by the tangent of 65 degrees (2.145) to
get 373 feet. That is, in traveling 883 feet at an azimuth
of 295 degrees, you moved 373 feet north. Therefore,
you only need to travel 800 — 373 or 427 feet to arrive
at the first plot north of the flag on the second transect.
Depending on the shape of the area, plots might be lo-
cated on both sides of the control line. By the fourth
transect you will have traveled 373 x 4 or 1,119 feet
north of the first plot established. Since you will now

be north of the second plot of the grid, the distance to
the next plot on the transect is 1,600 — 1,119 or 481 feet.

Plot Sampling Procedure

At each predetermined point, place a wire flag in the
ground, labeled with the transect and plot number.
This flag will be the center of the 0.1-acre circular plot
(37.2-foot radius). Use an inventory form (appendix B)
to record site characteristics, including elevation,
aspect, and percent slope. Examine the vegetation
in the plot and determine the habitat type and phase
in the applicable classification—in Montana, Pfister
and others (1977). .

Tally all living trees in the plot by species and
diameter-size classes (appendix B). The plot can be
tallied in pie-shaped segments using 37.2-foot cables
or ropes staked at the plot’s center, extending out like
spokes on a wheel.

Examine the plot for evidence of the previous stand.
Describe any previous overstory layer that is now dead,
listing the major species and the diameter of these
trees. Try to determine whether this layer was the
dominant overstory, or was scattered. This former
overstory may be standing or lying on the forest floor.
Try to determine why and roughly when the overstory
trees died. For example, lodgepole pine stands often
have a major component of large lodgepole or white-
bark pine trees that were killed by beetles in the early
1900’s. You may find galleries where the beetles lived
etched in the trunks of dead trees. Or you may find
evidence of a fire intense enough to destroy the stand.
The previous stand may still be evident as dead trees,
either down or standing. The dead trees may have
remnants of charred bark, but the wood itself will not
be charred. Other stands may have arisen after a
double burn, which consumed most remnants of the
previous stand; still, you should be able to find charred
stumps from the trees killed by the first burn. Note
how this information is recorded in appendix B.

Record fire history evidence in and adjacent to the
plot. For instance, identify trees with single, double,
or multiple fire scars, and determine the best scars
to sample by cutting out a section with a saw, as de-
scribed in Arno and Sneck (1977). You should saw fire
scar sections while sampling plots, for greatest effi-
ciency and to aid field interpretation.

We have found that a light-weight 2.7-cubic-inch
chain saw with a 16-inch bar (weight 12 pounds with-
out fuel) is usually adequate for fire scar sampling
in most lodgepole pine stands. A 3.5-cubic-inch saw
with a 20-inch bar is usually adequate for sectioning
larger fire-scarred trees, such as Douglas-fir. Where
sawing is not allowed, increment borers can be used
to sample fire scars (Barrett and Arno 1988), although
this method is less precise and takes more time.



The final step in sampling is to obtain accurate
age-class data to characterize stand structure. For
example, lodgepole pine forests generally have even-
aged classes of the shade-intolerant (seral) species—
lodgepole pine, western larch, and perhaps whitebark
pine. These species usually became established soon
after fires. In contrast, shade-tolerant species such
as spruce, subalpine fir, and interior Douglas-fir, re-
generate successfully without disturbances such as
fires. Accurately identifying the age-classes of seral
species helps determine the influence past fires have
had on forest composition and stand structure. If the
stand has living trees with single fire scars and the
fire was severe enough to kill some trees and open
the stand, the stand should have a postfire age class
along with one or more age classes of the fire's survi-
vors. If the stand does not have living fire-scarred
trees, there is likely to be just one age class of seral
trees—the class that began growing after the last
stand-replacement fire.

To learn the stand’s fire history, use an increment
borer to age four to six seral trees representing the old,
or fire-scarred, generation. Similarly, sample a few
seral dominant trees that appear to be from the post-
fire generation. In each case, bore the tree within a
foot of ground line. You need to continue boring until
you obtain a sample that intersects or passes very near
the pith. Large trees can be bored higher on the bole,
if necessary to avoid rot; then a correction factor must
be developed to account for the years the tree took to
grow to the height at which the core was taken. These
and other age-class sampling procedures are described
in more detail in Barrett and Arno (1988).

Make a preliminary growth-ring count of all sample
trees while you are in the field so you will know when
you have adequately sampled all age-classes. You may
find individual rings difficult to distinguish during
slow-growth periods. Wetting the core with water and
using a 10-power hand lens when reading it may help.
Some segments with extremely slow growth, where
rings are close together, may have to be sliced with a
single-edged razor blade before you can read them.

Five or more seral trees with similar ages constitute
good evidence of a disturbance-induced regeneration
age class. Data from nearby plots can help confirm
age classes. If fire records are unavailable, or fire scars
are not found, the establishment date of the oldest tree
in a fire-initiated age class provides the best indicator
of the fire year. Even so, the fire may have occurred
several years earlier.

A few borings should be taken from the largest shade-
tolerant trees in the plot (for example, spruce or subal-
pine fir) to augment the information on age-class struc-
ture. Spruce occasionally survive light fires. Subalpine
fir seldom do unless they were in a patch of unburned
trees. Large Douglas-firs often survive fires and have
healed-over fire scars as evidence (Arno and Sneck
1977; Barrett and Arno 1988).

Since field counts are imprecise, you should label
and store the cores in straws or mount them in grooved
boards so you can make the final determinations of
age in the office or laboratory (Barrett and Arno 1988).
When measuring along the transect to the next plot,
record the boundary of habitat-type changes and
stand-type changes. In most cases, you will sample
the newly encountered stand type at the next plot.

DATA SYNTHESIS

Our method allows a landscape mosaic grid to be
developed. Each grid point is a mosaic element, help-
ing to define the stand’s history of disturbance, and its
composition and structure. The data can be used to
reconstruct presettlement stand conditions, allowing
the current landscape to be compared with a primeval
landscape.

After you have collected the field data and deter-
mined tree ages, record the disturbance history at
each sample plot, using the data form in appendix C.
Use the fire scar dates and age classes of seral trees
(lodgepole pine in this case) to characterize the stand
history in each plot. Additional disturbances that did
not result in seral age classes, such as underburns or
beetle epidemics, should also be recorded.

The tree diameter data associated with each age
class indicate the presence and abundance of a given
age class in each sample plot. You should try to link
each age class to a diameter class at each plot. Some-
times diameters associated with two different age
classes overlap. Trees in the older age class will often
have a visible fire scar or crown form typical of older
(overmature) trees. In sample plots where such over-
laps are a serious problem, you can use fire scars,
crown form, or even increment borings from individ-
ual trees to determine the age class of each seral tree
in the sample plot. Some stands may not have enough
evidence to date fires or other major disturbances—
for example see figure 2, third sample from the left
in the lower row. In other stands, several minor dis-
turbances may have given rise to mixed age classes—
for example, figure 2, lower right sample.

For each sample plot, the age-class structure of the
seral stand components can be described for the cur-
rent stand and also estimated for the stand as it ex-
isted in the past. In this study we used 1900 as a com-
parison year. We felt that it would have been difficult
to speculate about stand conditions before then, and
that 1900 was early enough to represent an essentially
unmanaged landscape. In other study areas, a differ-
ent comparison year might be chosen. We noted the
presence in the two time periods of any structural
classes of seral tree species, represented as seedlings,
saplings, poles, mature or overmature trees, based on
their ages. The age class criteria we used are listed in
figure 3; modifications might be needed for other sites.
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Figure 2—Disturbance history at each sample plot in the Lick Creek Headwaters study area.
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Figure 3—Definitions of structural classes of seral species used in the Lick Creek Headwa-

ters study area.




The species composition at each sample plot should
be described for the two time periods. For example, we
classified the stands in our study area as either prima-
rily (1) lodgepole pine, (2) whitebark pine, (3) subalpine
fir, or (4) mixed, not dominated by a single species. A
stand was considered primarily lodgepole pine, for in-
stance, if lodgepole made up more than 50 percent of
the stand basal area. Other categories might be use-
ful for other sites. For the historic stands, we estimated
stand composition based on a general assessment of
current diameter distributions and the growth rates
that produced them, along with evidence of dead trees
by species.

A stand map can be produced by starting with struc-
tural stand types identifiable on aerial photographs.
Often in National Forest lands a timber type map
based on interpretation of aerial photography is al-
ready available. This map can be refined by adding
the stand structure and boundary information gath-
ered in the field.

Stand structure and species composition in the two
time periods can be compared by summarizing each
stand type’s percent coverage of the landscape.

PILOT STUDY AREA

To test our methodology we applied it to a 500-acre
study area within the 1,500-acre lodgepole pine/
subalpine fir forest at the headwaters of Lick Creek,
on the Bitterroot National Forest southwest of
Hamilton, MT. This study area spans a broad and
rather uniform (15 to 30 percent inclination) east-
facing slope between elevations of 6,500 and 7,500
feet. Habitat types (Pfister and others 1977) are pri-
marily Abdies lasiocarpa | Xerophyllum tenax (both
Vaccinium globulare and V. scoparium phases) in
the lower elevations, and Abies lasiocarpa / Luzula
hitchcockii, V. scoparium phase at upper elevations.
A few sample points fell in the Abies lasiocarpa-Pinus
albicaulis/V. scoparium habitat type, and one in
Abies lasiocarpa [ Menziesia ferruginea. No timber
harvesting has occurred in the study area. In 1988
a portion of the area was burned by the Rock Creek
wildfire. This man-caused fire was suppressed, but
otherwise probably would have burned through the
entire study area, based on the behavior of this fire
and others nearby in 1988.

PILOT STUDY RESULTS

The disturbance history at the Lick Creek Head-
waters study area is shown in figure 2. The history
is synthesized in figure 4 and table 1. Fires burned
a substantial portion of the study area in 1720, 1785,
1863, and 1889. The intervals between these major
fires ranged from 26 to 78 years, but it has been 102
years since the last major fire in 1889. The interval

would have been 99 years if the man-caused fire in
1988 had not been suppressed.

Most fires differed in severity from one sample point
to another, giving rise to a complex mosaic of single-
aged and multiple-aged stands. Figure 5 illustrates
this mosaic in the two time periods. A typical fire his-
tory study (Arno and Sneck 1977) would probably not
depict fire activity and postfire succession on such a
small scale.

In 1900 an estimated 77 percent of the study area
was dominated by lodgepole pine (table 2). By 1987,
nearly a century after the area’s last major disturbance,
lodgepole covered just 51 percent. Coverage of lodge-
pole pine stands evidently will increase to 57 percent
of the area after the stands burned in 1988 regener-
ate. The coverage of stands dominated by subalpine
fir almost doubled between 1900 and 1991. In 1900,
14 percent of the stands were dominated by whitebark
pine; whitebark pine dominated none of the stands in
1991. Mixed composition stands covered none of the
area in 1900, but covered 26 percent in 1991.

Table 3 shows the transitions in species composition
in more detail. For example, the first row of the table
shows transitions for plots dominated by lodgepole
pine in the year 1900. In 1991, 74 percent of these
plots continued to be dominated by lodgepole, 22 per-
cent had converted to mixed species, and 4 percent
had converted to subalpine fir. All of the plots that
were dominated by subalpine fir remained in that
category. The first column for lodgepole pine in 1991
indicates the lack of disturbances that could have con-
verted other stands into lodgepole stands. No stands
that were previously whitebark pine or subalpine fir
were converted to lodgepole pine. The column of zeros
for whitebark pine in 1991 shows that stands domi-
nated by this species were no longer found in the
study area.

An even more striking indicator of the change from
seral to climax species is the decrease in younger
components of seral species between 1900 and 1991
(tables 4 and 5). Aside from the sample points burned
in the 1988 Rock Creek fire, no stands currently have
lodgepole pine seedling or sapling components. In
1900 seedling and sapling stages were well represented.
In 1900, 72 percent of the study area had immature
age classes of lodgepole pine (seedlings, saplings, and
poles); by 1991 just 57 percent did.

Table 6 examines the transitions in stand structure.
The relatively large number of zeros below the diago-
nal line of the table reflects the lack of disturbance
over the period.

The extent of stands with significant cone-bearing
whitebark pine (defined as trees >6 inches d.b.h.)
was also estimated for 1900 and 1991. Whitebark
pine’s nutlike seeds are important for wildlife. We
considered more than 20 percent of stand basal area
to indicate a significant level of abundance. Although
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Figure 4—Spatial occurrence and severity of past fires in
the Lick Creek Headwaters study area. Each dot corre-
sponds to a sample plot.

Table 1—Extent and severity of past fires in the Lick Creek Headwaters study
area. In some cases, replacement fires cannot be distinguished from

mixed fires
Fire severity?
Fire year Extent of fire' R M R/M N
1720 6/6 100
1760 1/6 100
31785 14/17 21 43 36
1840 5/20 60 40
1863 11/29 ' 55 36 9
31889 16/35 25 75
1931 4/35 25 75
%1988 55/35 60 40

Number of plots on which a fire was detected over the number of plots where fire
records extended back that far.

2Firg severity classes: R = replacement fire (no survivors, causes regeneration); M =
mixed (many survivors, causes regeneration); R/M = undetermined whether replacement
or mixed; N = non-lethal (nearly all trees survive, no regeneration).

3Major regional fire year.

“4Percent of burned plots. .

5The 1988 Rock Creek fire was suppressed within the southern edge of the study area.
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Table 2—Stand composition of the study area in 1900 and
1991, based on species basal area. Sample plots
were characterized as lodgepole pine if at least 50
percent of the basal area at the sample plot was
lodgepole pine, and so on. Values are percent of
the sample plots dominated by lodgepole pine, sub-
alpine fir, or whitebark pine, or mixed (not domi-
nated by a single species)

Stand composition 1900 1991
Lodgepole pine 77 57
Subalpine fir 9 17
Whitebark pine 14 0
Mixed species 0 26

Table 3—Transition matrix for species composition changes
between 1800 and 1991. Values indicate the per-
cent change from one stand type to another. Stand
types are defined as in table 2

1991
Lodgepole Whitebark Mixed Subalpine
1800 pine pine species fir
Lodgepole pine 74 0 22 4
Whitebark pine 0 0 60 40
Mixed species — — — —_
" Subalpine fir 0 0 0 100

Table 4—Percentage of the study area covered by three
stand types based on structural age classes of
lodgepole pine in 1900 and 1991. Immature stands
are limited to stands containing seedlings, saplings
or poles; mixed stands contain at least one imma-
ture seral age class as well as a mature or over-
mature component; stands without an immature
component have not experienced disturbance
within 110 years

Stand type 1900 1991
Immature 49 20
Mixed 23 37
No immature 28 43

it may be possible to confuse individual older dead
whitebark pine and lodgepole pine trees, it is possible
to determine whether whitebark pine was a major
overstory component based on its stoutly branched
and forked snags that stand for many decades.
Stands with at least 20 percent basal area of cone-
bearing whitebark pine occurred on an estimated 37
percent of the sample plots in 1900. In 1991, white-
bark pine was this abundant only on 17 percent of the

sample plots. Additionally, the average diameters of
overstory whitebark pine were much smaller in 1991
than in 1900. The median diameter of overstory white-
bark pine in 1991 was 7 inches. Much of the large-
diameter whitebark pine that had been present in
1900 was killed by bark beetles in the 1930’s.

Sample data collected on a regular grid lends itself
to computation of indices to assess landscape pattern.
For example, diversity, dominance and contagion are
indices developed from information theory (O’Neill
and others 1988; Turner and Ruscher 1988). These
three indices were computed for the study area using
individual sample points as data, as represented by
the grids in figure 5.

Diversity is computed as:

m

-X (P,) log (P,)

k=1
where P, is the proportion of the landscape in stand
type k, and m is the number of stand types present.
Larger values indicate more diversity in the land-
scape. The largest values result when equal areas
are in each stand type.

Table 5—Detailed breakdown of lodgepole pine age class
representation in the study area in 1900 and 1991.
Values are percentage of the area with a given
class. More than one class might be present in
any single stand; therefore, totals are greater than

100 percent
Structural age class 1900 1991
Seedlings 43 14
Saplings 29 0
Poles 14 43
Mature 40 49
Overmature 14 40
Lodgepole pine absent 0 6

Table 6—Transition matrix for changes in structure of lodge-
pole pine between 1900 and 1991. Values indicate
the percent change from one stand type to another.
Stand structural classes are defined in figure 3

1991
Overmature
1900 Immature Mixed' Mature or absent

Immature 29 29 42 0
Mixed 0 75 25 0
Mature 22 22 0 56
Overmature

or absent 0 0 0 100

Mixed stands include both immature and mature age classes.



Dominance is the difference between maximum
possible diversity and observed diversity. It is used
to indicate the extent to which the landscape is domi-
nated by a stand type. It is computed as:

1 — (Diversity/log (m))

where m is the number of stand types present.
Contagion is computed as:

m m

2mlog(m)+X X (Q,)log(@,)
i=1 j=1

where @, ;is the proportion of sample points of stand
type i that are adjacent to sample points of stand
typej and m is the number of stand types present.
Contagion is used as a measure of the extent to which
stand types are clumped. Lower values mean that
the different stand types are broken up and widely
distributed over the landscape, while large values near
2m log (m) mean that stand types are aggregated: a
given area, or in this case sample point, is more likely

LP-1 LP-3 LP-1 WBP-3
1900 o e ee
LP-1 LP-1 WBP-3  LP-1 WBP-3 WBP-3
LP-1
LP-3 LP-3 LP-3 LP-1 LP-1 LP-1 WBP 3 LP1
° S S S 'y S ® Y
LP-1 LP-1 LP-1
LP-3 LP-3 LP-3 LP-1 LP-1 LP-3 LP-2 LP-3
® Y S 'Y ™y s A v @
LP-1
LP-1 LP-1 LP-2 Lp-2
LP-3 SF-3 SF-3 SF-3 LP-2 LP-1 LP-2 LP-3 LP-3
® ° ® @ gy
LP-3 LP-3 LP-3 M-3
LP-1 M-3 M-3 LP-3 M-3 SF-3
P oy B TS Qi —— S
LP-2
LP-1 LP-1 LP-3 LP-2 LpP-2 LP-3 SF-3 M-3
[P —— ° ® P P SNE—
LP-1 Lp-2 LpP-2
LP-3 LP-3 SF-3 LpP-2 M-3 LP-3 LP-3 M-3
T S——- 'y o S — Y
LP-1 LP-2 LP-2
LP-3 SF-3 SF-3 SF-3 LP-3 LP-2 LP-3 M-3 M-3
L] ® L] L 4 ® L4 ® ® o

Stand Iyp- codes

LP-1 lodgep dlings, saplings

LP-2 lodgepole dominlud poln

LP-3 lodgepole dominated -- matun and overmature

SF-3 subalpine fir -- mature and

WBP-3 whltcbavk pine dominated — mature and overmature
M-3 mixed species -- mature and overmature

Figure 5—Stand types identified at each sample
plot in 1900 and 1991. Mixed species stands
{m-3) may include a mixture of lodgepole pine,
subalpine fir, whitebark pine, Engelmann spruce,
or Douglas-fir. See figure 3 for definitions of
structural types.

Table 7—Landscape indices quantifying characteristics of
the landscape mosaic in 1900 and 1991, as repre-
sented in figure 5

Diversity Dominance Contagion
1900 1.80 0.22 0.85
1991 1.85 .20 74

to be near other similar areas than expected if stand
types were randomly distributed.

Landscape indices for the two time periods are re-
ported in table 7. The sample size was rather small
for computing these indices. Ten different stand types
are represented in figure 5. Of these, eight were pres-
ent in 1900, and seven in 1991. If all 10 types were
equally represented in a landscape, its index of diver-
sity would be 2.3; if only one type were present, di-
versity would be 0. The landscapes represented in
figure 5 have fairly similar diversity values of 1.80
(1900), and 1.85 (1991). Dominance, which can range
from 0 to 1, decreased very slightly over the time peri-
od. It was low in both time periods, indicating that
the landscape was not dominated by a single stand
type. Contagion was also low in both time periods,
indicating that the different stand types were not con-
tiguous blocks, but were scattered over the landscape.

These computations were applied to stand type only,
and thus address the pattern of the mosaic as a whole,
not biodiversity considerations such as overall species
richness.

CONCLUSIONS

The data produced and synthesized with these proce-
dures allows detailed comparison of landscape mosaics
in the past, the present, and under future manage-
ment scenarios. Pre-1900 disturbances and the result-
ing stand structure and composition and landscape
mosaic can be compared directly with the current and
projected disturbance patterns and the resulting stand
attributes. If undesirable conditions and trends are
identified, land managers will have quantitative in-
formation for better management strategies.

In our pilot study area, for example, pre-1900 fires
were relatively frequent but patchy, resulting in a
fine-grained mosaic of young and mixed-age lodge-
pole pine communities with few late-successional
stands dominated by fir. Conversely, disturbances
have been less frequent and succession has advanced
throughout the area since 1900. A manager might
use this information and data on forest fuels to con-
sider whether a new pattern of fire frequency and
severity is emerging-—namely, severe stand-replacing
fires occurring at long intervals (Barrett and others
1991). Another trend in this study area is the dramatic



decline in overstory whitebark pine, bad news for wild-
life species that depend on it.

We feel that the relatively simple procedures out-
lined here will provide the kind of information useful
for evaluating forest landscape patterns and trends.
The findings and their interpretations for land man-
agement planning will be unique for each area studied.
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APPENDIX A1—TRANSECT LOG FOR USE IN ESTABLISHING CONTROL LINE

AND TRANSECTS
DATE: CREW:
TRANSECT: STARTING POINT:
™ Point Description / Comment Distance and direction to next point
Az Ds S% SCF Dh TOT
L
XX XX XX XX XX XX
=
TP = turning point (numbered consecutively); Az = azimuth (degrees); Ds = slope distance; SX = percent slope; SCF = slope

correction factor; Dh = horizontal distance (Ds*SCF); TOT = cumulative distance traveiled on transect or control line.
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APPENDIX A2—EXAMPLE TRANSECT LOG FOR TRANSECT 3 OF THE LICK
CREEK HEADWATERS STUDY SITE

pate:  F-R/-9/ wew: J). Martwell S.Arno £ Rein hardT
TRANSECT: 3 startin pot: Control [/ ne fPoine C-1G

P Point Description / Comment Distance and direction to next point

Az Ds m TOT

3-0 |Starting Lrem C-19 (490.5° 40 Ccrst ploe)™ Q° |300]| o { | Boo | 3po
3-1] in 1989 Sire 150-5 | ig0.5 [480-5
3-2|Pht 3.2 completa_mordglivy in 158 Lire 60 AL0 | (0805
3-3| 1929 Lindep bu rn 200 A0 | 290.5
341 on 1998 deger line po App | (0805
-5 00 A00 12805
3-L Pt 3.3 o0 200 | 1485
2-7 Charge inte more ogen, L-aged stand 200 200 10,805
3-8 00 RO0 | 1e€p.5
3-9 20 K00 S
2-10|For 34 00 AL0 Eg@.o‘
2~/ a / leo/PIAL K00 200 Q4gps
3-/2 200 (o) 0.5
313 \LPP in HBIR-dom: rated stand witaller pld (14} 200 R0 0.5
39% Aoz 3.5 K00 200 |3ege. 5
345 Ao ROO 32805
346 older PIRA-PIC 0 157" either Side ol this pojrd A00 Qoo |3480. 5
347 ) Q00 \x.80.5
247l 3.( Younger @Qlco 200 00 |3880.5~
3-/9 200 AL0 4805
320 A K00 ) 0 A8 0.5]
3-2/ Roo | ¥ |V lave 4405

3-22 ?/pt3.7 End o€ +ranlect

L XX XX XX XX XX XX

L —
TP = turning point (numbered consecutively); Az = azimuth (degrees); Ds = siope distance; S% = percent slope; SCF = slope
correction factor; Dh = horizontal distance (Ds*SCF); TOT = cumulative distance travelled on transect or control line.
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APPENDIX B1—GENERAL PLOT AND SITE DATA FOR FOREST LANDSCAPE
STRUCTURE STUDY

DATE: TRANSECT: PLOT:
CREW: ELEVATION: ft
HABITAT TYPE:
TIME: am/pm | SLOPE: %X | ASPECT: deg
Live Tree Tally: Diameter at breast height (4.5’) within 1/10 acre plot (37.2 feet radius)
1-inch class 3 5 7 9 11 13 15 |17 19 1 21

PICO

PIAL

PIEN

ABLA

Record dead overstory trees (standing or fallen) individually by species, DBH and Years-Since-Death Class.
Class 1 = 1-10 yrs Class 2 = 11-25 yrs Class 3 = 26-90 yrs

Species
DBH
YSD

On-site descriptive interpretation of stand history (see text for instructions):

Age structure:

Fire history:

Other disturbances:

Evidence of previous stand:

Increment core data:

No. SPP DBH

CORE
HT

BOARD

sLor

FIELD

COUNT
- -» = - - ———-—

COMMENTS

13



APPENDIX B2—EXAMPLE GENERAL PLOT AND SITE DATA FOR FOREST
LANDSCAPE STRUCTURE STUDY

DATE: g-Al-ql TRANSECT : 3 PLOT: lo
e N Nartwe) S.Arno g Peinhardz ELEVATION: 7 /L®  ft
HABITAT TYPE: /43/”4['( VAT - VASC :
TIME: /3 am/pm | SLOPE: /8 % | aspect: // D deg
Live Tree Tally: Diameter at breast height (4.5’) within 1/10 acre plot (37.2 feet radius)
1-inch class 3 5 7 9 11 13 15 117 ] 19 | 29
PICO . . e . .
e (B AL BX_ =. 1 . .
PIEN | . . .
s 1. &d L. .

Record dead overstory trees (standing or fallen) individually by species, DBH and Years-Since-Death Class.
Class 1 = 1-10 yrs Class 2 = 11-25 yrs Class 3 = 26-90 yrs

species |Plco |Cipk|AIAL |Piat |(1AL IPIAM
DBH Q15131151713 117
YsD /1713131 3|3

On-site descriptive interpretation of stand history (see text for instructions):

| age struerwre: Klooosns one-aged eoxcep - Coe (PIBL_understory. _(2ssibly _rogn
Leom Lire ~ 30 yrs pge.
rire nistory:__ Np__epiden.e. oL nanderburnt 47 _/La__,ﬁzlg_n_d-___ffﬁ_@é_{zzll&T

or (ardtal rep lice meat Lire. ~ /30 yns dgo.

Other disturbances:

Evidence of previous stand: mgm/ /a/yg old CIRAL Lz len in lst. . gp NMEeLL5S.

Increment core data:

No. SPP DBH Cﬁ?E BOARD SLOT (F:(IIEJ:[‘I,' COMMENTS

[ (Preolss.1 | 1 | b | # 1706 Getual fore. age - 128
2 PaLlno | ) b |72 | 95 /33
3 1bcoliall ) b | /3 /)6
Y 1P1colis.o]| / 7 / p L center by 4 )83
5 |Ciceolq3] 71 7 2 |14 /)&
o lPreolgg | 71 7 3 | /68 /1D
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APPENDIX C1—SAMPLE POINT SUMMARY SHEET (TO BE COMPLETED IN

OFFICE)
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APPENDIX C2—EXAMPLE SAMPLE POINT SUMMARY SHEET FOR TRANSECT 3

OF THE LICK CREEK HEADWATERS STUDY SITE
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APPENDIX D—EQUIPMENT CHECKLIST

300-foot fiberglass surveyor’s tape!
Tall wire flags (one per plot)
Altimeter

Azimuth compass

Clinometer

Pencils and pens

Clipboard

Plot forms (photocopy from appendixes A, B)
Diameter tapes (inches)

Wax pencil

Elmer’s glue

Core sample boards

16-inch increment borers

WD-40

Beeswax

3/16-inch hardwood dowel

Rubber bands

'We do not recommend leaving a fiberglass tape on the ground overnight between sampling
days because animals will chew through the fiberglass. A 300-foot tape can be spooled onto a
reel designed for storing long extension cords and suspended from a tree.

Arno, Stephen F.; Reinhardt, Elizabeth D.; Scott, Joe H. 1993. Forest structure and land-
scape patterns in the subalpine lodgepole pine type: a procedure for quantifying past
and present conditions. Gen. Tech. Rep. INT-294. Ogden, UT: U.S. Department of Agri-
culture, Forest Service, Intermountain Research Station. 17 p.

Presents a method of quantitatively representing the mosaic of stand types on a small
landscape in the subalpine lodgepole pine forest type. The method utilizes macroplots
placed systematically on a transect grid. Structure and composition of both current and
past stands are inventoried. Procedures for data analysis and interpretation are illustrated
for a lodgepole pine landscape in Montana.

KEYWORDS: forest ecology, forest fires, forest succession, landscape mosaics, plant
communities, plant succession, forest inventories, fire histories, Montana,
Northern Rocky Mountains

@ Printed on recycled paper

17



INTERMOUNTAIN
RESEARCH STATION

The Intermountain Research Station provides scientific knowledge and technology to im-
prove management, protection, and use of the forests and rangelands of the Intermountain
West. Research is designed to meet the needs of National Forest managers, Federal and
State agencies, industry, academic institutions, public and private organizations, and individu-
als. Results of research are made available through publications, symposia, workshops,
training sessions, and personal contacts.

The Intermountain Research Station territory includes Montana, Idaho, Utah, Nevada, and
western Wyoming. Eighty-five percent of the lands in the Station area, about 231 million
acres, are classified as forest or rangeland. They include grasslands, deserts, shrublands,
alpine areas, and forests. They provide fiber for forest industries, minerals and fossil fuels for
energy and industrial development, water for domestic and industrial consumption, forage for
livestock and wildlife, and recreation opportunities for millions of visitors.

Several Station units conduct research in additional western States, or have missions that
are national or international in scope.

Station laboratories are located in:

Boise, Idaho

Bozeman, Montana (in cooperation with Montana State University)

Logan, Utah (in cooperation with Utah State University)

Missoula, Montana (in cooperation with the University of Montana)

Moscow, Idaho (in cooperation with the University of Idaho)

Ogden, Utah

Provo, Utah (in cooperation with Brigham Young University)

Reno, Nevada (in cooperation with the University of Nevada)

USDA policy prohibits discrimination because of race, color, national origin, sex, age, reli-
gion, or handicapping condition. Any person who believes he or she has been discriminated

against in any USDA-related activity should immediately contact the Secretary of Agriculture,
Washington, DC 20250.



	CONTENTS
	INTRODUCTION
	RECOMMENDED FIELD METHODS
	DATA SYNTHESIS
	PILOT STUDY AREA
	PILOT STUDY RESULTS
	CONCLUSIONS
	REFERENCES
	APPENDIX A1
	APPENDIX A2
	APPENDIX B1
	APPENDIX B2
	APPENDIX C1
	APPENDIX C2
	APPENDIX D



