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Using General Land Office Records to Assess Forest Succession
in Ponderosa Pine/Douglas-fir Forests in Western Montana

Abstract

(higinal (1901 and carlier) Ceneral Land Oflice: (GLO) records were used to quantify successional changes in Ponderosa Pine/Douglas-fir
{Pinus ponderosa | Pseudotsuga menziesii) forests in western Montana following altered fire regimes. GLO bearing ree data provided
the means Lo reconstruet preselllement forest structure in the study area: the former Fart Missoula Timber Reserve (FMTRI, locuted
in Pallee Canyon near Missoula, Montana. Tree importance values, tree density values and basal area values were estimated from
the GLO survey notes and compared to forest duta collected in 1992 1o assess suceessional trends. The results show Whal with reduced
fire influence. Douglas-fir in FMTR has made major gains in stund dominance over pondercsa pine and western larch (Larix oc-

cidentalis), especially on north aspects; on south aspects, former savanna and grassland communitics have experienced coniler Invasions.

Introduction

Gaining an understanding of long term vegetation
history and successional changes linked to human
land use practices has become of increasing im-
portance (Habeck 1990, Monnig and Byler 1992,
Kaufmann et al. 1992). In western North America,
lor example, wildfire served as an important pro-
cess in shaping pre-1900 vegelation patlerns on
Rocky Mountain landscapes. Post-1900 alteration
of presettlement fire regimes, as well as logging,
domestic grazing, mining, and land cultivation trig-
gered significant changes in the vegetation strue-
ture and composition of this region. Some ecologists
have linked madern changes in forest structure and
composition lo potential for severe fires, as well
as to reduced forest health (Mutch et al. 1993).

In western Montana, Eurcamerican settlement
intensified and expanded in the 1870%. Prior Lo
1900 frequent. low intensity fires in the Douglas-
fir zone, originating from lightning or from native
American ignitions (Arno 1980, Gruell 1985, Bar-
rett and Arno 1982}, maintained ponderosa pine-
weslern larch communities as open, park-like
forests {Habeck 1990). This specific firc-vegetation
relationship in western Monlana was evident to
early area witnesses (Avres 1900, Leiberg 1899):
cirea-1900 photographs taken in western Montana
often reveal grasslands and open ponderosa pine
woodlands eccupying much of the lower half of the
arca’s mountain slopes (Leiberg 1899, Gruell

1983).

Wilh the onset of a national policy of fire ex-
clusion in the early 1900%s, along with accelerated
logging of old-growth foresis, western Montana's
montane pine-larch forests have experienced a rela-

tively rapid successional change toward Douglas-
fir dominance (Arno et al. 1985, Haheck 1985,
1990). Pacific Northwest ecologists have been
seeking more detailed. quantitative information on
forest changes linked to human activity, including
reduced fire (Kanfinann et af. 1992, Muich et al.
1993). As resource managers consider how to
make historically important processes, such as lire,
a part of landscape management, they need 1o con-
sider various forest structure and composition op-
tions. Towards these efforts, they are helped by
having historic baseline data peints 1o pre-1900
vegetation structure serving as relerences: GILO
survey records provide such an opportunity (Noss
1985).

General Land Office Survey Records

Relatively detailed, quantitative descriptions of
presettlemcnl forest structure and compositon can
be derived from interpretations of General Land
Office (GLO} survey records dating back, in west-
ern Montana, 1o the 1870-1910 era. The GO
notes, which provide data on bearing trees selected
to documenl section corner locations, provide a
means to reconstruct presettlement forests (Stearns

1949, Bourdo 1956, White 19706).

In praciice, a section corner location was licld-
marked by a wooden stake or rock menument; the
position of this corner was typically described by
using four bearing Lrees, one in cach ol the four
quadrants surrounding the corner. The bearing
trees were Lo be “only the soundest and thriftiest
of the trees, and of the size and kind which ex-
perience teaches will be the most permanent and
lasting™ (Stewart 1935). Also, the bearing trees
selected were to be within 300 links (198 ft/60 m)
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ol the corner being described. Section carners lo-
cated in savannas or grasslands, ofien did not have
four trees near enough 1o serve as corner witnesses,
and the notes reflected this in specific language,
with only 1-3 trees recorded. or none. Tree spe-
vies, tree diameter, tree distance from the corner,
and compass bearing are recorded in the notes,
The height at which diameters of bearing trees were
to be taken was not specified in the guidelines.

[t is necessary for ecologists to practice cau-
tion in extracting information from GL.O survey
notes. Survevors contracled by GLO [ollowed
prescribed instructions in traversing survey lines
and describing bearing trees; Stewart (1935) and
Dodds (1944) provide details of the operational
rules and regulations in cffeet cirea 1900, Tn a par-
ticular locality, such as covered in this report, con-
sideration musl be given ta the possible existence

of individual surveyor bias in applying or interpret-
ing CLO guidelines, or the presence of errors in
GLO notes for a specific township or section.

A surveyor might practice differential selectivity
in bearing tree selection. partly based on the flex-
ibility built into the guidelines for bearing tree
selection, and partially on personal bias, White
(1976). working in western Montana (Lubrecht
School Forest, University of Montana), detected oc-
casional survevor bias against small-diameter trees
as well as very large diameter trees in GLO notes
covering his study area; the exclusion of very small
and very large trees as witness trees scems to Nl
the guideline criteria for bearing tree permanency
or longevity, In a preliminary stage of the present
study, copies of the original GL.(O notes were taken
into the field (upper Pattee Canyon, Figure 1) and
matched with the trees on the modern landscape.
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Figure 1. Locations of Pattee Canyon and the former Fort Missoula Timber Reserve (FMTR) in western Montans, The canvon’s
drainage boundary is shown in dot-dash line, and the canvon’s main access road h\ u dashed line. Surveved corners

and F \1TR bounrlan markers employed in this study are shown by letier symbals,

and “N” for north aspeet und ravine sites (n = 1
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Based on the presence and abscnce of living trees
and the remains of carlier existing trees near
revisited scetion corners, it was assessed that bias
in surveyor witness lree selection was uncommon.

By revigiting the original scction corners, and
re-measuring existing trees al each survey corner,
it is possible te estimate the direction of forest suc-
cessional change. Such an effort was undertaken
in a military wood and timber reservation, the
former Forl Missoula Timber Reserve (FMTR), es-
tablished in 1879 and located in Pautee Canyon
(USDA Forest Service, Lolo Natienal Foresl) near
Missoula, Montana {Lat. 46° 46" N, Long. 114°
50" W, Figure 1); the area is now called the Pat-
tee (anyon Recreation Area (PCRA). Photo copies
of the eriginal GLO notes, dated 1901 or earlier,
are available for Patiee Canvon and the FMTR in
the Missoula County Survevor’s Office, Missoula,
Montana.

History of Fort Missoula Timber Reserve
In 1879, a 648 ha (1600 acre) “wood rescrva-

tion” was set aside by Executive Order in the up-
per reaches of Patee Canyon (Figure 1) to fill the
luelwood and construction needs of Forl Missoula,
a mililary facility focated 8 km (5 miles) west of
Pattee Canvon (USDA Forest Service 1991). The
star-shaped houndary of FMTR (Figure 1) appears
to have heen laid oul 1o encompass a specific con-
centration of large, (75-150 ¢m/ 30-60 in di-
ameter) ponderosa pines and western larches
occurring in upper Pallee Canvon.

Selection of Fort Missoula Timber
Reserve

Fort Missoula Timber Rescrve was selected to
study historic forest changes for the following rea-
sons: {a) the variety of forest and bunchgrass com-
munities it supports is representative of the lower
montane zone forest-grassland types commonly
found eclsewhere in western Montana; {(b) the
FMTR’s irregular boundary, and its numerous in-
lersections with township and scclion lines, pro-
vides an unusually high concentration of GLO
sutvey corners {(“sample points”), and thus an
abundance of bearing tree data from relatively
hoemogeneous landscape units; and () the relatively
light logging disturbance in those portions of Pat-
tee Canyon and FMTR where modern data needed
1o be taken. When FMTR's surveyed corners were
revisited in 1992, only these that appeared to have

been the lcast altered hy postsctlement distur-
bances (other than fire control) were included in
the analysis.

Methods

Procedures used to extract phylosociologic infor-
mation from GLO survey notes are well-
documented {Cottam 1949, Bourdo 1936, Habeck
1961, Noss 1985, and Calatowitsch 1990). The
General Land Office began conlracting surveyors
to subdivide public lands in western Montana in
1867, following field 1echniques standardized in
the GL.O"s 1855 Manual of Instructions ([odds
1944), GLO surveying parties created scts of field
notes for the townships subdivided. Section cor-
ner locations were described using hearing trees.
At the end of cach surveyed mile. and afler a town-
ship was subdivided, descriptions were provided
that mention dominant tree species present, qual-
ity of imber. and assessment of agricullural poten-
tial. Somelimes the notes included information on
general topography. soil quality and timber.

As section lines were being run. the surveyors
made nole of the line entering or leaving lorest
cover: the latier. in wurn, might be lurther described
as “heavily timbered.” “heavy open timber™ or
“scattering timber.” Based on my 1992 re-
examination, the lerm “heavy,” as used in the sur-
vey notes, is believed to been used 1o characterize
the presence of scallered “large-sized™ trees, not
necessarily “densely stocked” forests. Ascents and
descents of slopes, intersections of gulches, ridges,
roads, or fence lines were recorded. as were di-
ameters and species of rees found directly on the
line.

Bearing trces in quadrants surrounding the
corners were chosen and described in the GLO
notes. Typically. four bearing trees (the nearest one
in each quadrant} were described at section corners
(mile marks), while two trces were recorded at
quarter-section (hall mile) corners. An excerpt
taken from the September 18, 1901 survey notes
{or the Third Mile along FMTR’s boundary on Pat-
tee Canyon’s north aspect is as {ollows:

{hains
40.00 Set a sand stour 22 1 12 x 7 ins.,
16 ins. in the ground, for 2 1/2 Mil: cor.
marked 2 1/2 M. on T,
T. R. on N. and
P. L. on %. faces; from which

A pine, 24 ins. in diam., bears N 107 EL, 38 Tks.
dist.: marhed Ft. M. T. R.. 2 172 M., B. T,
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A fir. 12 ins. diam,, bears 8. 60° F., 141 Tks.
dist. marked T. 12 NL RL 19 W, 8, 12: 2 1/2 M.,
B. T

A i, 15 ins. diam.. hears 8. 437 W, 114 lks.
dist.marked T.12 N, R19W., %, 12;: 2 1/2 M.,
B. T.

A tamarack, 8 ins. in diam.. bears N. 43° W, 67
iks. dist., marked i M. T R., 2 1/2 M.. B. T.

The "40.007 represents a half-mile corner. The
“pine” referred 1o is ponderosa pine, the “fr” is
Douglas-fir. and the “tamarack™ is weslern larch.
The initials “lks” refers to links, one link equals
7927 On FMTR’s 1901 boundary rc-survey,
corners, mile marks and half-mile marks usually
were described using four bearing trees. Also.
wherever the FMTR boundary intersceted 1own-
ship and section lines. the points were also
described using four hearing trees, if available

within the 300 link limit.

At the end of the surveyed “Third Mile”, a
80.00 chains, the survey party chief provided the
following summary, with the listing of trees in or-
der of dominance, the most dominant listed first:

Land, broken N, slope ol mountain,

Soil. sandy ., 2nd rate.

Timber. pine, fir and tamuarack.

Mountainous and heavily limbered land and through dense
undergrowth 80.00 chns.”

Bearing tree data resembles plot-less, point-
centered distance measurement data (Collam and
Curtis 1956). GLO tree data, when summarized
for a series of corners oceurring on similar (rela-
tively homogeneous) landscapes, allow caleulation
of importance values for each tree specics defined
as the sum of relative density, relative frequency
and relative basal area. The distance measures also
allow estimates te be made of lree densities (num-
ber per hectare) and basal areas (square meters
per hectare) for all tree species recorded in the sur-
vey noles. Since a mygjority of the 1901 survey
points were witnessed by four bearing trees, the
average point-lo-tree distances are directly relata-
ble to tree mean area (MA), the value necded (o
caleulate tree densities. Tn addition, it was assumed
in using the 1901 GLO notes that sapling-sized
trees, under 10 ¢m/4™ in diameter al groundline,
were not selected as bearing trees; no evidence was
lound in 1992 that trees over 10 em/4”, if alive,
had been rejected as bearing trees. The 1901 notes
provide data for 30 corner poinls and 82 bearing
trees.
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During 1992, the FMTR corners were
revisited; onc of the original corners could not be
relocated (thus n = 29 for 1992). The presence
and survivorship of the 1901 hearing trecs at each
corner poinl were noted. The diameters of surviv-
ing bearing trees were mcasured at 0.3 m (1 fi)
ahove groundline, or “stump height.” Random
increment corings of surviving bearing trees at
breast height (modern standard DBH, 1.4 m above
the ground) and at 0.3 m (1 1) confirm that di-
amelers recorded in the 1901 notes do represent
bearing trec diameters near their bases. White’s
study (1976) closcly supports this finding. A larger
sample of 324 presettlement bearing trees cover-
ing much of Paitce Canyon indicates that corner-
lo-bearing tree distances and compass bearings
were preeisely instrument-measured; bearing tree
diameters were regularly recorded, but not exclu-
sively, in even numbers such as: 107, 207, 307,
or in multiples of a hall-foot: 67, 127, 187, 247,
suggesting surveyors simply estimaled bearing tree
diameters.

The 1992 data were taken at each corner
revisited, employing the point-centered quadrant
method (Cottam and Curtis 1956). The area
around each corner point was divided into quarters
using cardinal compass bearings. replicating the
same sct of quadrants used in 1901, The nearest
trec in each quadrant over 10 em (47) was
recorded by species, diameter (30 em (1 fi) above
groundline) and distance (corner-to-trec). In ad-
dition, the ncarest tree sapling (diameter 2.5-10
cm (1-47), and nearest trec seedling {under 2.5
em ') diameler), but over 1 m (3 fi) high in each
quadrant were tallied,

The 1992 data were used to calculate impor-
tance values (LV.) for trees, saplings and seedlings
for cach species, as well as density and basal area
per hectare for euch tree species (Cottam and Cur-
tis 1956). Within a 0.04 ha (0.1 acre) circular
macroplol around each corner, eslimated canopy
coverage percentages (Daubenmire 1939) were as-
signed to each tree. shrub, and herbaceous spe-
cies present. These latter data were employed in
habitat typing (Plister ef al. 1977) each surveyed
corner location,

To understand how presettlement forest vege-
tation in FMTR has changed over the past 90+
years, the survey corners were partitioned into two
canyon subunits (Figure 1), each encompassing a
sel of survey corners occupying homogeneous
canyon aspects. The FMTR corners ocecur on




TABLE 1. Post-settlement (1901-1992) forest chunge® on south aspects in Forl Missoula Timber Reserve. weslern Montana (Fig-
ure 1), based on GLO survey records.

A 1901 South Aspect Forest Composilion:

Tree Points Number Busu! F Den Dom LV, Diensity Basal Area/
Species Oceur. Trees Area Y% Y% % Y% No.Hu m*/Ha
PIFO 124 34 8.5 100 100 T0H) 300 32.8 8.2
PSME 0 0 0.0 0 0 0 0 0.0 0.0
Totals 12 34 8.5 10H) 1060 100 300 32.8 8.2

B. 1992 South Aspeet Forest Gomposition:

PiPO 14 >3 7.5 88 Qa5 99 282 125.2 17.7
PSME 2 3 0.1 12 5 1 18 7.2 0.2
Totals 16 56 7.6 100 1) 100 300 132.4 17.9

* = Importance Values (LV.} = summation of relative frequency (= F %), relative density (= Den %) and relative dominance
{= Dom %) values, Density = Lrees per hectare, Basal Arca = square meters per heclare. PIPO = Pinus ponderosa. PSME =
Psendotsuga menziesis.,

= In 1901, two surveverl corners in grasslands lacked nearby bearing trees. Al other corners located in savannas, only 1-3
wilness trees were recorded ruther than the typical four. In 1992 four trees were recorided at cach corner point.

TABLE 2. Summary of 1992 south aspect tree reproduction data* taken at original 1901 GLO survey corners in Fort Missoula
Timber Reserve, western Montana,

A, South Aspeel Tree Saplings:

Painls F Den LV, Density
Specics Oceur. Number Y Y % No./Ha
PIP(O 12 35 Y 03 120 66.4
PSVE 9 2] 13 37 80 40.0
Totals 21 36 100 100 200 106.4

B. South Aspect Tree Seedlings:

PIPO 10 28 53 30 103 73.6
PSME 9 28 A7 30 97 73.6
Totals 19 50 100 100 200 117.2

* = Imporlance Values (LV.) = summulion of relative frequency {= F %) und relative density (= Den %) values. Density = num-

ber of saplings or seedlings per heclare.

well-defined southern aspects, northern aspects,
and several moist ravines; the latler two site cate-
gories were grouped for analysis.

Results

Corners occupying southern aspects Nt coni-
fer/grassland habitat types, including: ponderosa
pine/bluebunch whealgrass h.t. (Pinus ponderosa/
Agropyron spicatum h.1.), ponderosa pine/Tdaho fes-

cuc h.t. (P ponderosa/Festuca idahoensis h.).
Douglas-fir/snowberry h.t. (Pseudotsuga menziesii/
Symphoricarpos albus h.t.), and Dovglas-fir/rough
fescue h.t. (P. menziesii/Festuca scabrelia h.t.).
Stand daia for south aspect survey corners arc
presented in Tables | and 2.

Survey corners on northern aspects ave classi-
fled as Douglas-fir/ninebark h.t. (Pseudotsuga men-
ziesit/Physocarpus malvaceus h.t.), with most fitting
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TABLE 3. Post-settlement (1901-1992) forest change® on northern aspects of the Fort Missaula Timber Reserve, western Monlana
(Figure 1}.

AL 1901 North Aspeet Forest Composition:

Tree Points Number Rasal F Den Nom Lv. Densily Basal Areal
Species Oceur. Trees Area % Y% % % No.fHu m*/Ha
PIFO 14 25 5.2 47 52 72 171 21.7 5.1
PSMIS 9 11 0.7 30 23 9 62 10.8 0.7
1LAOC T 12 1.3 23 25 19 67 11.8 1.3
Totals 30 43 7.2 100 100 100 300 47.3 7.
R. 1992 North Aspect Foresl Composition:

PIPO 6 T 1.1 21 12 19 22 40.5 6.5
I'SME 14 36 2.8 50 60 15 155 202.5 15.4
LAOC 8 17 2.1 29 28 36 93 94.3 119
Totals 28 &0 6.0 100 100 100 300 3373 33.8

* = lmportance Yalues (LV.) = summation of relative requency (= F %), relative density (= Den %) und relative dominance
{= Dom %]). Density = aumber of trees per hectare. Basal Area = values cxpressed in square meters per heclare. PIPO = Pinus
panderosa, PSME = Pseudotsuga menziesii, | AQC = Larix oceidentalis.

TABLE 1. Summary of 1992 north aspect tree data® sampled at G1.0O survey corners in Fortr Missoula Timber Reserve, westermn
Monana.

A. North Aspect Tree Saplings:

Points r Den Lv. Density
Species Oceur. Number % Y Y% No./Ha
FIPO 6 13 23 20 13 30.1
PSME 12 27 48 50 98 74.8
LAOC 8 16 29 30 39 44.9
Totals 26 50 100 100 200 149.8

B. North Aspect Tree Seedlings:

PIPO 4 7 20 13 33 24.2
PSME 14 46 70 82 152 153.6
1LAOC 2 3 10 5 15 9.4
Tolals 20 6 100 100 200 187.2

* = Importance Values (1.V.) = summation of relative frequency (= F %) and relative density (= Den %) values. Density = num-
ber of saplings or seedlings per heetare.

within the Physocarpus malvaceus phase, The lat-
ter phase includes cool, moist siles capahle of sup-
porting western larch. North aspect survey corners
dale are summarized in Tables 3 and 4.

South Aspects

Ponderosa pine was and continues to be the ma-
jor overstory dominant on southern aspects. In
1901 (Table 1, Part A), the south aspect G1.0 cor-

ner notes recorded ponderosa pines exclusively as
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bearing trees. The lower density of trees suitable
as bearing trees on south aspects led, at times, to
the surveyors recording only two or three bearing
trees at corners where four trees would have heen
selecled. In fact. two bunchgrass-dominated cor-
ner sites lacked, in 1901, bearing trees within the
recommended 300 link distance, so none were
recorded at these corners. The caleulated 1901
south aspect tree density is 32.8 trees per ha
(13.3/acre), suggesting an open-canopied pine



savanna prevailed; basal area averaged 8.2 m*/ha
(36 2/acre). The 1907 ponderosa pine beuring
trees averaged .25 m* (2.8 ft*) in basal area, and
an average of 57 cm (22.8% in stump diameter.

At the south aspect points revisited {Table 1,
Part B), the magnitude of forest change was very
evident. Ponderosa pine still maintained ils over-
story dominance, but there has been a four-fold
increase in tree density reaching 132.4 trees per
ha (53.6/acre). In 1992 there was a greater den-
sity af pines. but those recorded averaged smaller
diameters than those present in 1901, with basal
areas averaging 0.14 m? (1.5 %), and diameters
averaging 42 em (16.8"). In 1992, three Douglas-
firs were tallicd al south aspect corners. indicat-
ing post-1900 entry of firs on warm, dry FMTR
sites, perhaps capable of supporting lorests elas-
sified within the Douglas-fir climax serics (Pfister

et al. 1977).

Sixteen (47%) of the original 34 south aspect
bearing trees were alive in 1992, but these were
not always recorded as the nearest tree(s) to the
corners during the 1992 re-measurcment. Bear-
ing tree mertality appearcd mostly due to natural
causes (standing snags, wind-thrown logs, broken
stumps), but a few of the original bearing trees,
positioned on private property outside the FMTR
houndary, appeur to have been lost to logging, not
withstanding the illegality of cutting and removal
of section corner bearing trees. The basul areas
of the 16 surviving ponderosa pines increased four
fold, [rom an average of 0.11 m?* (1.2 fi*), and 37.5
em (157 in stump diameter in 1901, to 0.44 m?
(4.8 ). and 75 em (30™) in stump diameter in
1992,

A summary of 1992 structure and composition
of the sapling and seedling layers on south slope
corners is given in Table 2. Comparable tree
reproduction dala are not available for 1901, Mod-
ern importance values (LV.) for tree saplings show
that Douglas-fir reproduction is currently well
represented. Ponderosa pine saplings, originating
over the past 3-4 decades. still outnumbered
Douglas-fir saplings in 1992, Field obscrvations
indicate pine and Douglas-fir reproduction has
heen invading the open gaps between the old-
growth ponderosa pines (Figure 2). The 1992 data
show Douglas-ir seedlings cqualling established
ponderosa pine seedlings in density. Savanna-
bunchgrass components are hecoming reduced in
total area without the frequent fire interventions
on southern aspecls. Succession towards Lthe poten-

tial climatic climax stage dominated or codomi-
nated by Douglas-fir and/or ponderosa pinc has

progressed over the past ninely years (Pfister e

al. 1977).

Figure 2. Entry of Preudatsuga menziesti reproduction into an
old-growth Pinus ponderosa community earlier main-
tained as a savanna by low intensity (ires. Photo 1aken
near caslern boundary of Fort Missoula Timber Re-
serve (Figurc 1}. Photo by JL.R. Habeck, 1990.

North Aspects

The seclion corners occupyving northern aspects
and moist ravine sites in FMTR have western larch
along with ponderosa pine and Douglas-fir as ma-
jor forest ecomponents (Table 3); both western larch
and ponderosa pine are fire-dependent and were
favored by the frequent, low intensity burns oc-
curring before 1900 (Habeck, 1990). Although
western larch was present, the most commeon wit-
ness tree recorded at north aspect corners in 1901
was still ponderosa pine which displayed the
highest importance value, the highest density and
greatest basal area values (Table 3, Parl A).

The 1992 data from north aspect and ravine
corners {Table 3. Part B} show distinet shifts in
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Fort Missoula Timber Reserve
Pattee Canyon - Lolo National Forest
Basal Area Data - North Aspect

1901

LAGCC-19%

PSME-9%

1992

LAOC-35%

PIPO-19%

PIPO-72%

Total Basal Area:
7.1m%/ha

90 Years w/o Fire

Total Basal Area:
33.8m%/ha

Figure 3. Ninety vears of forest change in basal arca (m*fha) on nerth aspects in Forl Missouia Timber Reserve. westormn Montana,

Percentag
LAOC = Larx oceldentalis.

forest structure and composition towards Douglas-
fir. Figure 3 emphasizes the significant increase
in basal area per hectare, and the much greater
importance of Douglas-fir on the modern FMTR
landscape. All three conifer species have increased
in density and basal area, changing the physical
structure of forest cover from open to closed
canopy; ponderosa pine has shifted, proportion-
ately, to third place ranking within the modern
FMTR forest. About 30% of the original 48 north
aspect bearing lrees survived 1o 1992, bul these
survivors, though larger in 1992 than in 1901,
were scattered amongst thousands of smaller
Douglas-firs established during the post-1900 era.

A summary of 1992 conifer reproduction data
taken from FMTR's northern aspects is provided
in Table 4. Although all three specics remain pres-
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of total basal area per hecture are given for PIPO = Pirus ponderose, PSME = Preudotsuga menziesii. and

ent in the lower forest stratum, Douglas-fir
dominates the seedling and sapling lavers, as might
be expecled of the potential climax specics in the
pralonged abscnee of fire. Ponderosa pine and
weslern larch, although long-lived, benefit by site
disturbances (mineral sced bed exposure) in their
establishmenl. Eighty-two pereent of all tree secd-
lings recorded during the 1992 sampling were
Douglas-fir. As mature, old-growth ponderosa pine
and western larch are lost through natural atrition.
with limited replacement, the shift towards over-
story dominance by Douglas-fir is predictable
{Arno 1980, Habeck 1990).

Discussion

The successful use of GLLO survey notes in the Fort
Missoula Timber Reserve in assessing direction and



magnitude of post-settlement forest change is partly
due o the uncommon concentration of surveved
corners in upper Pattee Canyon. The inclusion and
description of bearing trees wherever the FMTR
boundary intersected lownship and section lines
expanded the quantitative database used to caleu-
late circa- 1900 forest siructure and composilion,
Furthermore, the GL( survey note data for upper
Pattee Canyon originate from relatively uniform
south agpect and north aspect landscape units, al-
lowing the grouping and averaging of the 1901
data. FElsewhere in mountainous parts of the Pa-
cific Northwesl, there may be difficulty in as-
sembling a sufficient number of bearing trees to
represent homogeneous landscapes supporting
similar vegetation or closely related habitat types.
as exist in Pattee Canyon. However, where simi-
lar analyses of GLO notes are undertaken, in arcas
lacking the spatial concentration of surveyed
corners found in Patee Canvon, it would be neces-
sary to group bearing tree data taken from similar
aspects and elevations within contiguous townships
that sharc hiophysical similaritics.

Frequent presettlement fires in Pallee Canyon
and elsewhere in western Montana are known 1o
have generated and  perpeluated  pine-larch
savanna and grassland types. forming a fire-
mediated mosaie. Reduction of five after 1900 has
led to the transformation of the parkland mosaic
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