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RESEARCH SUMMARY

This,paper presents classifications of successional
community types arising after clearcutting and fire
treatments on four major forest habitat types in west-
ern Montana. A total of seven classifications were de-
veloped based upon data from 770 sample stands.
Each classification represents sequences of seral
community types found on sites capable of supporting
a "potential vegetation type,” similar to a habitat type
phase. The classifications were based on analysis of
data from treated (ages 4 to 80 years) and untreated
stands on the four habitat types. Treated communities
arose after stand-replacing wildfire and after clearcut-
ting with broadcast burning, mechanical scarification,
or no followup site or slash treatment. Paired treated
and untreated stands located immediately adjacent to
each other on the same site were chosen as the basis
for the initial classification, which was later field
tested and refined based on new data from a wide
range of seral communities.

Within a given potential vegetation type, the highest
level in the successional classification hierarchy is the
structural stage. There are five stages: shrub-herb,
sapling, pole, mature seral forest, and old-growth for-
est. The structural stage is determined using values of
the following stand characteristics: tree canopy cover-
age (percent), diameter (d.b.h.) of dominant trees,
basal area of trees, and stand age. Community types
are then designated based upon the composition of
undergrowth and overstory species. Probable pathways
of succession or stand development are shown as ar-
rows linking community types in the classification dia-
grams. In order to provide insight for vegetation
management, the classifications also list the treat-
ments and site or stand conditions associated with
each posttreatment community type.

Simple diagnostic keys are provided for determining
which of the seven successional classification dia-
grams is appropriate for use on a given stand and for
identifying the successional community type. A brief
description accompanies each classification and gives
a synopsis of the successional patterns identified in
the undergrowth and tree layers in relation to kind and
intensity of treatment. This includes interpretations of
natural and planted tree regeneration. Response of
each major undergrowth species to various treatments
across a range of habitat types is also summarized.
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INTRODUCTION
Reasons for Study

The publication " Forest Habitat Types of Montana"
(Pfister and others 1977) describes a system for classify-
ing forest lands into " habitat types" based upon poten-
tial or "projected” climax vegetation. Because the sys
tem is based on the mature forest vegetation associated
with a habitat type, the publication offers only occa
sional inferences as to the development o seral commu-
nities within habitat types. Nevertheless, the habitat
type classification has stimulated an interest in succes
siona patterns within habitat types and has also
provided a logical framework for studying forest
succession.

The need for understanding succession within each
habitat type is heightened by the fact that, because o
fire and logging, early to mid-seral community types
have been and will continue to be a major component d
the forest landscape. Moreover, different silvicultural
practices dlow land managers to develop markedly
different successional communities on a given habitat
type or even on a single site. The differences in seral
communities are o great importance for timber produc-
tion, forest protection (from wildfire, insects, and patho-
gens), wildlife, range, watershed, recreation, and for
natural area values.

This study was initiated in 1977 in order to develop
classifications d seral communities on a few major habi-
tat types in western Montana. Field sampling was car-
ried out during four summers (1977-80), and then are-
view draft classification was made available in 1982 and
intensively tested in the field during 1983. New data and
refinements resulting from the field test have been incor-
porated here. These classifications and the accompany-
ing information can be used by land managers and
researchers as an aid in predicting successional develop-
ment o forest communities (and treatment response) in
relation to various types o cutting and fire treatments.

A comparatively brief description d methods is given
here; however, a detailed treatment, including recom-
mended procedures for developing similar classifications
in other habitat types or regions, is being prepared by
the same authors. (Theproposed outlet is Forest
Science.)

Objectives

The mgjor objectives d this study were: (1)to develop
a general-purpose classification o the seral community
types on selected habitat types; (2)to outline or model
the successional sequences d community types on each
habitat type; and (3)to document changes in canopy
coverage by species during each successional sequence.

Secondary objectives were to interpret establishment
and early growth d tree regeneration and development
d undergrowth in relation to treatment and site
characteristics.

Scope

This study was initiated as an attempt to classify the
successional pathways that result from stand-replacing
wildfire and clearcutting within selected habitat types,
based on field sampling. A rather limited geographic
area was chosen for study in order to minimize variation
caused by regional differencesin vegetation. The investi-
gation was focused on four major forest habitat types
that often lie adjacent to each other on the mountainous
landscape d west-central Montana (fig. 1). This allows
for comparison d succession on a group d different but
related environments. According to the Lolo National
Forest's detailed habitat type map, about 55 percent o
the forest is occupied by these four habitat types.

Successiona data were compiled for common stand-
removing treatments: stand-replacing wildfire (WF);
clearcutting without site preparation or slash treatment
(NP); clearcutting followed by broadcast burning (BB);
and clearcutting with mechanical scarification, usually
dozer piling and burning (MS).

STUDY AREA

The study was concentrated on the Lolo and Bitter-
root National Forests, the southern portion d the Flat-
head National Forest, and the Flathead Indian Reserva
tion. This areais composed d rugged, heavily forested
mountains separated by a few large grasslandlagricultural
valleys. Elevations range from about 3,000 ft (915 m} in
the mgjor valleys to 7,000 ft (2 135 m) or higher on the
mountain ridges. Most o the land above 7,000 ftisin
the slow-growing " upper subalpine forest" described by
Pfister and others (1977).



South
Exposure

Figure 1.— Schematic distribution d some
magjor forest habitat types in west-central

Montana.

ABLA = Abies lasiocarpa
PSME = Pseudotsuga menziesii
MEFE = Menziesia ferruginea

The surface geologic formation in the northern two-
thirds of the study areais the Precambrian Belt Series,
consisting primarily of quartzites and argillites. The
southern third, largely in the Bitterroot National Forest,
is mostly of granitic origin. In general, the forest soils
are o medium to coarse texture and are shallow and
rocky, reflecting the steep mountainous setting. Sail
mantles on leeward slopes (generally facing north and
east) are deeper than those on windward slopes, because
of ancient wind-transported deposits of volcanic ash and
loess.

Study sites apparently have three major subgroups of
soils as described in the Soil Conservation Service (1975)
classification: Crvoborolls on the warmest and driest
sites; Cryandepts on sites having volcanic ash deposits;
and Cryochrepts on most other sites. According to

Nimlos (1963), most soils in these forests have a B;,. hori-

zon 4 to 18 inches thick.

The climate o this portion o western Montana can be
described as inland maritime. It is characterized by a
cold, snowy winter; a cool, rainy spring; a short, warm-
dry summer; and a cool-dry autumn. Mean annual
precipitation ranges from about 15 inches (38 ecm) in the
drier Pseudotsuga menziesii/Physocarpus malvaceus
(PSME/PHMA) sites to about 40 inches (102 cm) in the
Abies lasiocarpa/Menziesia ferruginea (ABLA/MEFE)
habitat type. Topography has a major influence on cli-

" ABLA/XETE

ABLA/MEFE )

FHMA = Physocarpus malvaceus
VAQ. =Vaccinium globulare
XETE = Xerophylium tenax

mate in this area. With increasing elevation, precipita
tion generally increases, while temperature decreases.
North and east exposures are relatively cool and moist
because of decreased insolation and better soil develop-
ment and moisture retention. Conversely, steep south
and west exposures tend to be warm and dry.

FIELD METHODS
Sampling Approach

In order to build a successional classification for a
given habitat type, it was necessary to obtain data from
stands representing different ages since treatment. It
was judged unfeasible, however, to simply piece together
a chronologic sequence of different stands arising after a
given kind d treatment. Numerous attempts by others
have shown that three major uncontrolled variables con-
found such an approach: (1) site variability within a hab-
itat type; (2)geographic variations in vegetation; and
(3)differences in stand history prior to treatment.

These sources o variation could be minimized by sam-
pling an untreated or " control" stand immediately adja-
cent to each treated community (Zamora 1975). Field
reconnaissance revealed that it was possible to locate
one or more young communities (arising from fire or log-
ging) as wdl as a remnant of the original stand, growing
side by side on the same site with similar topography



and soils (fig. 2). Thus, the approach d sampling multi-
ple stands on the same site was chosen as the basis for
this study. It was possible to locate stands in each habi-
tat type, ranging in age from 1 to 200 or more years
since burning in a stand-replacing wildfire. Stands rang-
ing up to about 30 years d age were available for the
clearcutting treatments.

Long-term sampling & permanent plots on an annual
basis would provide the most reliable data for construct-
ing a classification d seral communities. For each habi-
tat type and treatment, however, numerous plots would
have to be established before treatment, and recorded
for 100 years or more to cover only the early and middle
stages d succession. Fortunately, Stickney (1980,in
prep.) and Lyon and Stickney (1976) have begun this
process and have provided detailed records d early suc-
cessional changes after wildfires and broadcast burns on
a few sitesin the four habitat types. Because d the
availability o these detailed early successional data—
and to avoid the additional complexity o dealing with
short-lived, early seral herbaceous plants that may ini-
tially become dominant—we concentrated sampling on
communities 4 years or older since treatment.

Stand Selection

Using information from local foresters, we attempted
to find stands representing a range o ages since treat-
ment for each kind o treatment in each habitat type.
We made reconnaissance trips to locate potential multi-
ple sample stands (treated and untreated) on the same

PSME/VAGL h.t.
SITE X10

STAND A

STAND B
OLD GROWTH
(Untreated) 1910 WILDF IRE
o
o
STAND C
STAND D ° @ 964 WILDFIRE
1964 NP /4
— J
/
375 M? STAND E 1\

Sample Plot —~@® 1964 MS Road

Figure 2.— Example of multiple stands hav-
ing different treatments occurring on one
site with similar soils and topography
throughout. (NP = clearcut with no site or
slash treatment; MS = clearcut and mechan-
ically scarified.)

site. Potential sample stands were evaluated on apparent
uniformity o treatment and adequate size for sampling.
Multiple stands on what appeared to be the same site
were then chosen for sampling based on reconnaissance
evaluations. We attempted to obtain a good geographic
dispersion d sample stands within the study area. Also,
we sought to obtain a range o treatments and ages.
Sites that had adjacent stands representing two or more
treatments, and an untreated stand, were favored for
sampling because d the extra information they would
provide for comparisons.

Sampling Procedures

Within all stands chosen for sampling, we assessed the
variation in tree and undergrowth composition and in in-
tensity d treatment. This assured that our nearly
1110-acre (375-m?) circular plot would be located in a
representative area o the community. The plot size, lo-
cation, and sampling procedures are similar to those em-
ployed in the Montana forest habitat type classification
(Pfister and others 1977). Plot location procedure is
described as " subjective without preconceived bias™ by
Mueller-Dombois and Ellenberg (1974), and is explained
by Pfister and Arno (1980).

Scarified stands (dozer-pileand burn) are intricate
mosaics o scraped areas, heavily burned areas, and
areas that essentially escaped site treatment. On
mechanically scarified stands, we set up a macroplot
that included representative proportions d the treat-
ment mosaic. |t would have been informative to have
sampled large numbers o small plots in each treated
stand in order to document the microvariation; however,
it would have necessitated a large effort to amass
statistically based data d this sort. We chose to invest
our limited resources on characterizing community
types, rather than sampling mosaics within the
communities.

Canopy-coverage data for all herbaceous and woody
plants, including trees, were recorded as described by
Pfister and Arno (1980), with each species coverage
being visually estimated within the entire macroplot.
Coverage classes were recorded as follows: + = present
in the stand, but not in the plot; T = less than 1 per-
cent canopy coverage; 1 = 1-5 percent; 2 = 5-25 percent;
3 = 2550 percent; 4 = 50-75 percent; 5 = 75-95 per-
cent; 6 = 95-100 percent. Further, the numbered classes
were split into a lower, middle, and upper range—for
example, 2—, 2, and 2+—for additional refinement. (In
retrospect, it would have been simpler to estimate cover-
agesin 10 percent or 20 percent classes except for those
under 5 percent.) To help enhance comparability o data,
one investigator (Arno)was responsible for rating cover-
ages d all species in all sample plots.

All trees were tallied by species and 2-inch diameter
size classes. Stand history was determined through anal-
ysis o increment cores or cross-sections (taken near
ground level) from trees regenerating after the distur-
bance and cross-sections from residual trees showing
growth release or scars dating from disturbance (Arno
and Sneck 1977). Records  site treatments were also
obtained from district foresters.



Measurements o average depth o litter, fermentation,
and humus layers on treated stands, in comparison to

their untreated counterparts, indicated the relative inten-

sity d treatment as did the percentage d exposed
mineral soil. In clearcut broadcast-burned stands the
completeness d combustion d various size classes d
slash was observed. Texture d the mineral soil and the
type o soil parent material were recorded in each stand.

Evidence d natural and planted tree regeneration was
noted on treated sites and was also gleaned from
management records. Stocking o established regenera
tion was estimated in three classes:

1. Adequate regeneration - more than 250 trees
per acre and well
distributed

2. Inadequate - between 100 and 250
per acre, or poorly
distributed

3. Nonstocked - less than 100 per acre

Heights and total ages (fromincrement borings near
ground level) were obtained for vigorous, free-growing,
dominant trees d each species, as available. This infor-
mation was used to calculate 50-year site indexes, as
was done by Pfister and others (1977), and to represent
timber productivity d young seral communities.

DEVELOPING THE CLASSIFICATION
Original Data Base

A total d 386 stands occupying 144 sites were sam-
pled on the four habitat types; 242 stands had been
treated, while the remaining 144 were untreated, mature
stands including seven 100-year-old wildfire stands. The
treated stands are divided as follows:

1. Stand-replacing wildfire, 79 stands (including the
seven, 100-year-old stands also listed in the untreated
category)

2. Clearcutting with broadcast burning, 46

3. Clearcutting with mechanical scarification, 68

4. Clearcutting with no site or slash preparation, 48

5. Other treatments (terracing),8

Postclearcut sample stands generally ranged in age
from 4 to 25 yearsin al habitat types; whereas post-
wildfire stands were from 5 to 100 years old, with the
majority over 50 years. Data from all sample stands
were coded for computer-assisted analyses, which were
carried out during each o the four winters on the newly

compiled data and on the entire data set. Thus, the anal-

yses (described later) were run repeatedly, with the help
of different technicians, which allowed for repeated
evaluations and refinements.

Verification and Refinement with
Additional Data

A review draft d the classifications was distributed
for field use by foresters and other land management
specialists in May 1982. During the summer d 1983 the
classifications were field tested as part o a cooperative
study between the Intermountain Forest and Range Ex-
periment Station and the University & Montana (Keane

1983). The classifications were applied in a total o 392
young seral communities located throughout the study
area in four habitat types. These communities had
resulted from wildfire and clearcutting with broadcast
burning, mechanical scarification, and no site prepara
tion. Unlike the original sampling, these stands were not
required to be located adjacent to an untreated " con-
trol™ stand. District foresters were also invited to in-
dependently apply the classifications to some o the
same young communities. This resulted in a total of 73
seral stand evaluations made by 16 field personnel.

This evaluation (Keane 1983) showed that the classifi-
cations and keys fit wdl or satisfactorily in most sample
stands, but pointed out numerous opportunities to refine
the keys and presentation o the classifications. Keane
(1983) also collected coverage class data for undergrowth
and tree species at each test stand, and these data were
pooled with those from the original study stands, greatly
expanding the data base for classifications. Synthesis
tables displaying data from all stands (770in total, since
eight from the Idaho side o the Bitterroot Range divide
were not used in the final classification) were jointly in-
terpreted by the three authors as the basis for refine-
ments made since the 1982 review draft.

Defining Potential Vegetation Categories

The first step in constructing the classification was to
evaluate the variation within each habitat type using
data from al mature stands. The purpose o this was to
judge whether the habitat types and phases of Pfister
and others (1977)would provide a suitable environmental
stratification for the successional classification. Three
data banks were examined separately for major varia-
tions in potential vegetation within them (initial inspec-
tion revealed that potential vegetation differed greatly
between these data banks):

1. PSME/PHMA h.t., 50 sites
2. PSME/VAGL and ABLA/XETE h.t.’s, 56 sites
3. ABLA/MEFE h.t., 38 sites

Index-of-similarity ordinations (Bray-Curtispolar ordi-
nations as outlined in Pfister and Arno 1980) were con-
structed, based upon all the untreated stands in each
data bank. This was done to detect differences in poten-
tial vegetation within a habitat type that may reflect
substantial differencesin sites. Synthesis or association
tables were also used for a similar purpose (Mueller-
Dombois and Ellenberg 1974; Pfister and Arno 1980).
We looked for consistent differences, within each data
bank, in the presence and canopy coverage o individual
species and groups d species (herbs, shrubs, and trees).
The goal was to evaluate differences in potential vegeta
tion (theend point o succession) to be used as a basis
for classification. In addition to examining untreated
stands, we also inspected the data from younger commu-
nities to seeif their vegetation seemed to reflect site-
related differences.

The result d thisinvestigation o potential vegetation
categories is shown in figure 3, which compares the
"potential vegetation types" used in this classification
with Pfister and others' (1977) habitat types. Overall,



Wam A Montana Forest Habitat Types "Potential Vegetation Types" for
and (Pfister and others 1977) Successional Classification
dry
sites PSME/PHMA h.t., CARU phase PSVIEIPHMA, dry phase
(LACC pooarly represented)
PSVIHPHMA h.t., HVA phase PSVIEIPHMA, moist phase
(LAOCwdl represented)
PSME/VAGL h.t., XETE phase PSVIEIVAGL, XETE phase
 Sites with ABLA poorly represented |
ABLAIXETE h.t., VAGL phase
ABLAIXETE, VAGL phase
ABLA/XETE h.t., VASC phase ABLAIXETE, VASC phase
cold ABLAIMEFE, wam phase
and (PSMEor LACC common)
i ABLAIMEFE h.t.
oo t ABLAIMEFE, cold phase
(PSME and LAQC scarce)
Y

Figure 3.— Schematic representation o the
relationship, aong a gradient of environmen
tal change, o our seven potential vegetation
types to the habitat types d Pfister and
others (1977).

the Pfister and others' habitat types seem quite suitable
as a basis for our successional classifications, but we
found it necessary to make some modifications, mostly
at the phase level. These modifications are a result o a
detailed inspection d a few habitat typesin a limited
area d Montana; thus, they may not be appropriate for
application beyond this study.

Our seven potential vegetation types (fig. 3) can be
described as follows. We have split the broad
PSMEIPHMA h.t. of western Montana into adry and a
moist phase, based upon the ability o these sites to sup-
port appreciable amounts (*"well represented”—>5 per-
cent canopy coverage) o western larch (Larix occiden-
talis). Several dry-site (for example, bunchgrass species)
and moist-site plants (examples, Linnaea boredlis,
Lonicera utahensis, and Pinus contorta) also reflect the
substantial variation in moisture across this habitat
type. In our data, however, western larch was clearly the
most ubiquitousindicator of relatively moist sites.

This phase split seems easier to apply than the onein
Pfister and others (1977)and has direct application to
succession, since western larch is a major overstory com-
ponent only in the moist phase. Daubenmire (1973) made
a similar environmental split, based upon western larch,
within PSMEIPHMA on the Priest River Experimental
Forest in northern Idaho. We recognize the theoretical
drawback o defining a phase on a successional tree spe-
cies (western larch here, and larch and Douglasfir, Pseu-
dotsuga menziesii, in our ABLAIMEFE warm phase);
however, these trees are very long-lived (>300 years) in
most stands, and the frequency o disturbance has been
sufficient to allow these species to perpetuate themselves
in the vast majority o sites that seem climatically

favorable for them. The dry phase of the PSMEIPHMA
seems to be more abundant in west- central Montana
than the moist phase.

The southern portion of the Bitterroot National Forest
lies beyond the geographic distribution o western larch,
and thus has no PSMEIPHMA moist phase as defined
here. This southern portion is climatically drier than
most o the study area and has less PSMEIPHMA h.t.
overall. It is possible that limited areas & PSMEIPHMA
moist phase conditions exist here, undetected in our
sampling, and that they could be identified by the pres-
ence of Linnaea borealis or other moist-site species.

We have incorporated the warmest driest
ABLAIXETE h.t. VAGL phase sites (Pfister and others
1977), along with the PSMEIVAGL h.t., in our
PSMEIVAGL, XETE phase potential vegetation type.
Stands on these sites (fig. 3) seem very similar succes
sionally to other PSMEIVAGL stands except for the ad-
dition of small amounts (" poorly represented”— <5 per-
cent canopy coverage) d subalpine fir (Abies lasiocarpa),
which does not become a major component even in old-
growth stands.

Because o the above alteration, our ABLAIXETE,
VAGL phase potential vegetation type includes slightly
less environmental variation than the h.t. phase, while
our PSMEIVAGL, XETE phase potential vegetation
type is broader than the h.t. phase itself. We have used
Pfister and others' (1977) VASC phase without
modification.

Pfister and others did not recognize phases within the
ABLAIMEFE h.t.; however, we feel it necessary to de-
fine a warm and a cold phase. Douglasfir or western
larch are ""common™ (> 1 percent canopy coverage) in the



warm phase and Vaccinium scoparium is "scarce’” (<1
percent). The opposite is true d the cold phase, which is
comparatively poor in overstory and undergrowth spe-
cies. Much d our study areais at the geographic limits
d the ABLA/CLUN h.t. on upland slopes, and it ap-
pears that our ABLA/MEFE warm phase is to some ex-
tent a geographical replacement for the ABLAICLUN
h.t., MEFE phase d northwestern Montana and north-
ern ldaho.

After defining the seven potential vegetation types
shown in figure 3, we set about constructing an in-
dividual successional classification for each one.

Classification Framework

STRUCTURAL STAGES

Upon inspection d successional patterns shown in the
data for each o the seven potential vegetation types, it
became apparent that the classification would have to
deal with both changes in stand structure and species
composition. The most promising approach for the
highest level in the classification hierarchy seemed to be
delineating simple structural or developmental stages,
such as those used by Thomas (1979).Then, major
differences in composition could be recognized within the
appropriate structural stage.

In order to define a framework o structural stages,
the following parameters from each sample stand were
inspected for logical groupings: total percentage d
canopy coverage by trees; d.b.h. d dominant trees; basal
area per acre d tree stems; and years since treatment.
This grouping process made it apparent that succession
in each d the habitat type phases could be divided into
five structural stages: (1)shrub-herb, (2)sapling,
(3)pole, (4)mature seral forest, and (5)old-growth forest.
The last stage includes both " near-climax" and " climax"
forest conditions; the latter was seldom found in any o
the four habitat types investigated in our study area.
This structural stage classification is illustrated along
the horizontal axis o figure 4. The lower part o figure 4
shows the range d values associated with each struc-
tural stage for tree canopy coverage and the other stand
characteristics. The shrub-herb stage includes tree seed-
lings, but usually the young trees do not develop suffi-
cient canopy coverage to warrant calling this a shrub-
herb-seedling stage. Exceptions to this include the dense
PICO seedling community types designated in the
PSME/VAGL and ABLA/XETE potential vegetation

types.

COMPOSITIONAL COMMUNITY TYPES

After segregating all stands associated with a poten-
tial vegetation type into the structural stages, the next
step was to differentiate seral community types based
upon characteristic tree and undergrowth species. Com-
munity types are listed vertically bedow the structural
stages (fig.4). The shade-tolerant undergrowth species
(VAGL in fig. 4), are characteristic d pole stage and
older communities. Under certain conditions, however,
they are also mgjor components d the younger stages.
Other species, such as CARU and CEVE in figure 4, be
come the characteristic components only in younger
communities.

We used synthesis tables, index-of-similarity ordina
tions, and cluster analyses (listedin order d decreasing
usefulness) to aid in finding compositional groupings o
stands in the shrub-herb and sapling stages. The ap-
proach was similar to that recommended by Pfister and
Arno (1980).A certain amount o judgment based upon
field sampling experience with these stands was also ap-
plied in the process o designating community types. Be-
cause d the limited number o sample stands in each
stage, the rather small study area, and the lack d other
classifications with which to compare, we have tended to
recognize only the more obvious community types. Fur-
ther sampling within our area, or expansion to other
nearby areas, might well reveal community types that
we have overlooked. We tended to designate community
types based on major components d the undergrowth or
the overstory. Also, we recognized either individual spe-
cies or groups d ecologically similar species that showed
rather consistent successional relationships. Finaly, we
developed simple stepwise keys for identifying commu-
nity types within a potential vegetation type.

SUCCESSIONAL PATHWAYS

After the apparent community types had been
differentiated, we attempted to define the usual path-
ways d succession or stand development. These succes
siona pathways (shown as arrows on fig. 4) were dis
cerned through analysis d data from sample stands d
different ages on the same site. Also, trends in canopy
coverage d successional species were identified and used
as evidence for denoting pathways. For instance, cover-
ages d fireweed (Epilobium angustifolium) and young
conifers were inversely related. In contrast, huckleberry
(Vaccinium globulare) tends to expand beneath the newly
developing tree layer in a sapling stand. The process o
identifying probable successional pathways based on
stand data and knowledge o ecologica relationships
gave us insight for evaluating and refining some d our
initial community type categories.

Interpreting Response to Treatment

RELATING TREATMENT TO
COMMUNITY TYPE

After developing the successional classification as-
sociated with each potential vegetation type based on
sample stand data, we attempted to link the kind and in-
tensity d treatment to the initial (posttreatment)com:
munity type. Our information on treatment was based
on field inspection and the available management
records. Intensity d treatment could be rated in general,
qualitative categories based upon the thickness o the
surface organic layers, percentage d bare mineral soil
exposed, and evidence d fine- or medium-sized woody
fuels remaining after fire. Evaluations d treatment in-
tensity had to be tempered by considering the amount o
time and vegetal development since treatment.

We inspected the stand data to determine which kinds
and intensities d treatment were associated with a given
posttreatment community type (shrub-herb and sapling
stages). Linkages to treatment were often unclear, but
could be improved by also keeping track o the composi-
tion d untreated vegetation on the site and severeness
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d exposure and coarseness d soils. As aresult o this
data inspection, each successional classification has a
box at the left showing treatments, pretreatment vegeta
tion, or site conditions associated with early seral com-
munity types (example, fig. 5, page 11). These are
general trends from our data.

SPECIES RESPONSE TO TREATMENT

In addition to providing a basis for classification of
seral community types, the data from multiple stands on
the same site allowed us to evaluate the response of
each species to each kind d treatment within each
potential vegetation type. In order to do this we set up
tables that allowed for comparison o canopy coverages
by species in paired (untreated vs. treated) stands. We
used quantitative criteria (descriptionon file at the
Northern Forest Fire Laboratory, Missoula, MT),for rat-
ing the response d species to a given treatment. A brief
interpretation d the response o each speciesis provided
in the Species Response section of this report.

TREE REGENERATION RESPONSE

Tree regeneration data were taken as a small, auxiliary
part d the study. The reconnaissance basis (rather than
a statistical basis) d our field sampling and the empha
sis on representing the entire plant community limited
our ability to provide a detailed analysis o tree regener-
ation in relation to the successiona classification.
Nevertheless, some o the relationships o natural and
planted regeneration to treatment by habitat type
phases seem dramatic and can be interpreted at a low
level d resolution from our data. Interpretations o tree
regeneration are given in the narrative description o
succession associated with each potential vegetation
type. Fiedler (1982)aso analyzed the regeneration data
from our sample stands and drew conclusions on the
relationship of regeneration success to habitat type,
slope steepness and aspect, and treatment.

Keep in mind that our interpretations d planting suc-
cess are based on results d widespread plantings done
between the early 1960's and the mid-1970's. Artificia
regeneration technology and field practices have im-
proved substantially since then. Still, our observations
indicate the relative ease or difficulty d obtaining artifi-
cia regeneration on the different phases and community

types.



Identifying the Potential Vegetation Type
of a Seral Stand

After mgjor disturbances such as clearcutting or wild-
fire, it may be difficult to determine the appropriate hab-
itat type on a site. The following guidelines are offered
for such habitat type identification:

1. Apply the habitat type keys from Pfister and
others (1977)to the least disturbed portions of the stand
or to an adjacent stand on a similar topographic site
that appears to represent a more mature stage on the
same habitat type.

2. If the entire siteis severely disturbed, perhaps a
similar site with less disturbed vegetation can be found
on the next ridge or valley.

3. Residual "islands™ o pretreatment vegetation can
often be found in logging units, and the prelogging or
prefire tree community can usually be reconstructed by
identifying the species and sizes o stumps (bark on old
stumps is particularly helpful).

4. Habitat type maps are available for much of the na
tional forest and Flathead Reservation lands; these can
be used with caution for estimating habitat type when
field evidence is poor.

5. If Physocarpus malvaceus is common and grand fir
is not the indicated climax, the PSMEIPHMA h.t. is
likely. If Menziesia ferruginea is common (inthe |east
disturbed areas) and Clintonia uniflora is scarce or ab-'
sent, the ABLAIMEFE h.t. is likely.

6. Determine habitat type and phase using the Pfister
and others keys and then use the key below to help iden-
tify the appropriate successional classification:

Potential vegetation
H.t. and phase Additional criteria type key (and page no.)
(Pfister and others 1977)

PSMEIPHMA, CARU PSMEIPHMA, dry phase, p. 10
PSMEIPHMA, PHMA LAOC < 5% canopy PSMEIPHMA, dry phase, p.10
coverage (C.C.)

LAOC >5% C.C PSMEIPHMA, moist phase, p. 14
PSMEIVAGL, XETE PSMEIVAGL, XETE, p.18
ABLAIXETE, VAGL ABLA <5%' C.C. PSMEIVAGL, XETE, p.18

ABLA >5% C.C. ABLAIXETE, VAGL, p. 22
ABLAIXETE, VASC ABLAIXETE, VASC, p. 26
ABLAIMEFE PSME or LAOC>1% C.C. ABLAIMEFE, warm phase, p.30

PSME and LAOC <1% C.C. ABLAIMEFE, cold phase, p. 34

'This split may sometimes work better at the 25 percent level.



SUCCESSIONAL CLASSIFICATIONS
BY POTENTIAL VEGETATION TYPE

1. Pseudotsuga menziesii/Physocarpus
malvaceus (PSMEIPHMA),Dry Phase

Site characteristics.— This phase is widespread and
abundant in western Montana. It is usually associated
with moderate to steep south- or west-facing slopes, but
in relatively dry areas it occupies north or east aspects.
Our sample stands were located between 3,200 and 5,800
ft (975and 1 770 m)in elevation.

Mean site-index values for vigorous young dominant
trees and mean maximum heights o old-growth trees on
sample sites are shown in appendix C. These are com-
pared with values derived by Pfister and others (1977)
for the comparable habitat types in western Montana.
Our field and office methods for determining site indexes
are essentially the same as those o Pfister and others
(seetheir p. 127-131). Our site-index and maximum-
height values for the dry phase appear to be lower than
those d Pfister and others for the habitat type as a
whole.

Successional classification.—The following key to the
successional classification for the PSMEIPHMA dry
phase (fig. 5) should be used to determine the appropri-
ate community type for an unclassified stand.

KEY TO SUCCESSIONAL COMMUNITY TYPESWITHIN THE PSMEIPHMA, DRY PHASE

Dry phase sites are those where western larch is "'poorly represented” (<5 percent canopy coverage) in
stands d all ages, as indicated on page 9.

1. Select the most appropriate community type row number for the stand in question through use o
the undergrowth key below (first priority). Then compare the tree species composition (second priority)
with the community type names for that row in figure 5.

COMMUNITY TYPE
ROW NUMBER

Stop at the first requirement that fits:" (infig. 5)
a. Ceanothus velutinus >5% canopy coverage (C.C.) 4
b. Amelanchier alnifolia or Acer glabrum or Salix
scouleriana or their combined coverages >15% 3
c. Calamagrostis rubescens or Carex geyeri or their
combined coverages > 25% 2
d. None d above; Physocarpus malvaceus >5% C.C. 1

2. Select the most appropriate structural stage for the stand by comparing it with the stand characteristic values
listed in figure 5 for tree canopy coverage, average d.b.h. d dominant trees, stand basal area, and stand age.

3. Inspect appendix A-1, which shows constancy and average canopy coverages d different species in each com-
munity type. |Is the stand in question compositionally similar to sample stands shown in the indicated community
type? If so, it apparently "fits" that community type. If it is dissimilar in terms d major component species, com-
pare it with the other community types listed. It may fit one d those types, or it may not fit this classification at
al, which was true of two d the 148 stands (1.4 percent) we sampled.

%In stands where undergrowth is obviously depauperate (unusually spar se) because of dense shading or duff accumulations, coverage requirements
for the climax species (in this case, community type rows 1 and 2) can be reduced.
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CONDITIONS (R STRUCTURAL STAGES
TREATMENT
(To use these MATURE THEORETICAY
predictions, SHRUB-HERB SAPLING FOLE SERAL CLIMAX
follow numerical Row FOREST FOREST
sequence) No.
“CARU not abundant
in original stand, PAVIE* PSME PSME PSME
: —_—— —_— —_—
or occasionally “ 11 VA PEMA PEMA PIMA PHMA*
reduced by extreme M5 o
a
3 h e S
CARU abundant in FE) PSME* PSME PSME PSME
original stand 2 PHMA-CARU PHMA -CARU PHMA-CARU PHMA-CARU PHMA-CARU*
h
9 » / / // / f
AMAL "abundant” (>25% . 1 yd
canopy cov.) in original e PVE PME PSME
stand and light to 5| 3 AMAL-PHMA #—> AMAT-PHMA > AMAL-PHMA > AMAT-PHMA
moderate treatment €
3] / without
1 o surface
Medium or hot burn — PSME fires
with CEVE seed in soil © 4 CEVE-PHMA CEVE-PHMA
Pre-1900 forest communities developing under the PSME-PIPO
influence of surface fire at 5-50-year intervals: PHMA+AMAL
with
surface
fires
Stand Characteristics by Structural Stage
(Range represents about 90% of the data; extreme values are shown in parentheses)
Tree canopy
coverage percent 0 - 15 15 - 60(90) 45 - 85 (30)40 = 75
Average d.b.h, of
Range of dominant trees 0-2 2-6 6 - 14 12 - 24
values (inches)
from
sample 2
stands Basal area (ft“/acre) 0- 6 5 - 60(133) 70 - 200 100 - 260
Stand age (yr) 3-30 13 - 50 50 - 85 100 - 300 +
Number of sample stands 63 27 23 33
TREATMENT CODES TREES: UNDERGRONTH:

BB = Clearcut with broadcast burn PSVE = Pseudotsuga menziesii CEVE = Ceanothus velutinus
MB = Clearcut with mechanical scarification PIPO = Pinus ponderosa PHMA = socarpus malvaceus
(dozerpile and burn) AMAL = EmeTanchier alnifolia
WF = Stand replacing wildfire (alternate indicators
{ = Establishment of natural tree regeneration for AMAL are Acer
delayed 2 20 years glabrum and Salix
£ = with or without scouleriana)
CARU = Calamagrostis rubescens

{alternate indicator for

Figure 5.—Successional community types (with natural tree regeneration) on the
PSME/PHMA dry phase in western Montana. (Dry phase sites are defined as those
where western larch is "poorly represented” in stands of all ages.) Constancy and
coverage data for each community type are shown in appendix A-1. An asterisk indi-
cates hypothesized community types without data. The box at left shows relation-
ship of conditions and treatment to posttreatment community type, based on our
data.

CARU is Carex geyeri)



INTERPRETATIONS OF SUCCESSION
Undergrowth.— Asfigure 5 shows, we found that
PHMA is essentially a permanent member of all succes
sional sequences. Considering the principal codominant
vegetation, however, we have identified three kinds of
undergrowth ('unions™")that persist in mature stands
(fig. 5, rows 1-3). Asindicated in the "condition or treat-
ment" box in figure 5, the composition of pretreatment
undergrowth largely masks the effects of treatment. The
notable exception to this trend is the emergence of an
early seral CEVE-PHMA community (row 4) after rela
tively hot fire treatments where CEVE seed persists in
the soil. Unfortunately, it is a very laborious process to
discover whether or not CEVE seed is present in the
surface soil. A possible alternative would be to inves
tigate the surrounding area thoroughly to seeif CEVE
plants are found in openings or disturbed sites (such as
south-facing road cuts). If CEVE is present in the im-
mediate vicinity on similar sites, it could be assumed
that CEVE seeds occur in the soil. CEVE is highly in-
tolerant of shade and dies out rapidly when young
conifers begin to form a moderately dense canopy.

AMAL, ACGL, and SASC (fig.5, row 3) are long-lived
seral species in the dry phase that regenerate principally
from root crown resprouting. Their coverage tends to in-
crease in response to a BB or WF treatment and de-
crease in maturing stands, but often these tall shrubs
have remained as a major component o the under-
growth even in mature stands. In mature stands, vigor
and twig production has no doubt declined compared
with early seral conditions.

PHMA-CARU (row 2) is the most prevalent under-
growth in mature stands, and, in the absence of CEVE
seeds, the CARU or CAGE component is usually able to
maintain or quickly regain dominance after burning or
scarification treatments. The PHMA community type
(row 1) was sampled in only two mature stands in Mon-
tana, while all four of the Salmon National Forest stands
fit here. Responses o individual species by treatment
type are discussed under Species Response.

Table 1 illustrates by specific examples that frequency
of treatments and the pretreatment vegetation (Lyon
and Stickney 1976) are important factors influencing the
resulting vegetation. This table summarizes the treat-
ment history and dominant vegetation on two
PSMEIPHMA dry phase sites where several different
stands occur adjacent to each other. Stands 11D (thatis
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"site 11. stand D) and 42C were burned more fre-
quently 'than their 'neighbors, and as a result, seral shrub
species like CEVE, SASC, and AMAL became dominant
components. Conversely, stands 11B and 42D had gone
so long without burning that recent wildfires did not re-
sult in an abundance of seral shrubs. In 42D, however,
enough CEVE appeared to classify it CEVE-PHMA
community type.

Cholewa and Johnson (1983)recently described succes
sion in 27 communities in the Pseudotsuga/Physocarpus
h.t. in northern Idaho; they represent succession as a
continuum and do not offer a classification as such.
Robert Steele (Intermountain Forest and Range Experi-
ment Station, Boise, 1D) has produced an unpublished
classification o this habitat type in central 1daho using
cone-shaped models for differentiating various tree,
shrub, and herbaceous layer types; the approach is
described in Steele (1984).Hann (1982) used a similar
cone-model approach to classify seral community types
on the Pseudotsuga menziesii/ Linnaea borealis h.t. in
western Montana.

Trees.— Tree regeneration is difficult to obtain in the
PSMEIPHMA dry phase. Natural regeneration often re-
quired more than 20 years to become established. Plant-
ing (1960'sto mid-1970’s practices) was successful about
half the time, and then mostly on terraced or scarified
microsites. Natural regeneration that did occur was
quite delayed and is predominantly Douglasfir. In con-
trast, mature, untreated stands are composed of
Douglasfir and ponderosa pine, and about 80 percent of
the >100-year-old stands show evidence of a history of
underburning prior to about 1920. Occasional under-
burns evidently maintained mixed stands on most of
these sites, as illustrated in figure 5, lower right. Our
data for the PSMEIPHMA and PSMEIPHMA-CARU
community types in the Mature Seral Forest stage (in
appendix 5) represent vestiges o these conditions where
PIPO has not yet passed out of the picture succession-
aly although AMAL (and ACGL and SASC) may have
been reduced in coverage as a result of >60 years of fire
suppression. Although the pineis well adapted to most
dry phase sites, it seldom regenerates adequately with-
out planting after clearcutting or stand-replacing wild-
fire. Relatively frequent underburning generally favored
dominance by ponderosa pine, while less frequent burn-
ing (with occasional severe fires) favored DouglasHfir.
Hypothesized tree succession scenarios under different
disturbance regimes are shown in appendix D-1.



Table 1.—Examples of different vegetative communities arising in response to past treatments at two sites in the PSME/PHMA,

dry phase
Stand Treatment and year Dominant vegetation Seral Structural
Site No. letter 1840 1910 1972 (overstory 1 undergrowth) community type stage (age)
P11 A WF — — PSME/PHMA PSMEIPHMA -CARU  Mature seral forest
(137)
Sampled B WF _ WF none 1PHMA, SPBE IPHMA Shrub-herb (5)
in 1977 C WF WF — PSMEI1PHMA, ACGL, AMAL PSMEIAMAL- PHMA Pole (67)
D WF WF WF none ICEVE, ACGL, AMAL, PHMA ICEVE - PHMA  Shrub-herb (5)
1865 & 1872 1900 1964
P 42 A2 understory - — PSMEIPHMA, SPBE PSMEIPHMA Mature seral forest
fires (250) (near climax)
Sampled B WF — PSME/PHMA PSME/PHMA Pole (79)
in 1979 D " _ WF none IPHMA, SPBE, CEVE ICEVE-PHMA  Shrub - herb (15)
C WF WF none 1CEVE, SASC, PHMA ICEVE-PHMA  Shrub - herb (15)
E —_ BB none ISPBE, CEVE, PHMA ICEVE-PHMA  Shrub - herb (15)

Species abbreviations:
ACGL = Acer glabrum
AMAL = Amelanchier alnifolia
CEVE = Ceanothus velutinus
CARU = Calamagrostis rubescens
PHMA = Physocarpus malvaceus
SASC = Salix scouleriana
SPBE = Spiraea betulifolia
PSME = Pseudotsuga menziesii

Treatment abbreviations:
BB = clearcut and broadcast burned
WF = stand-replacing wildfire

'Plant Creek site: 5,500 ft (1 680 m) elev., SE. aspect, 11 mi (18 km) SE. of Missoula, MT.
2Second Creek site: 5300 ft (1 620 m) elev., SW. aspect, 10 mi (16 km) ESE. of Superior, MT.



2. Pseudotsuga menziesii/Physocarpus
malvaceus (PSMEIPHMA),Moist Phase

Site characteristics.—This phaseis not as widespread
in western Montana as the dry phase. It is essentialy
absent in the Bitterroot River drainage south o
Stevensville and in the Clark Fork drainage east & Rock
Creek. The moist phase occurs primarily on moderate to
steep, north- and east-facing slopes and was sampled be-
tween 3,400 and 5,300 ft (1 040 and 1 620 m)in eleva
tion. It often occurs on south-facing slopes in the moist
areas d northwestern Montana. It usually does not
extend as high as the dry phase, but instead, is replaced
by cooler habitat types near the 5,000-ft (1 525-m) level.
Our site-index data for the moist phase are similar to
those o Pfister and others (1977)for the entire habitat
type (appendix C).

Successional classification.— The following key to the
successional classification for the PSMEIPHMA moist
phase (fig. 6), should be used to determine the
appropriate community type for an unclassified stand.

KEY TO SUCCESSIONAL COMMUNITY TYPESWITHIN THE PSMEIPHMA, MOIST PHASE
Moist phase sites are those that can support appreciable amounts(>5 percent canopy coverage) of west-
ern larch, as indicated on page 9.

1. Select the most appropriate community type row number for the stand in question through use of
the undergrowth key below (first priority). Then compare the tree species composition (second priority)
with the community type names for that row in figure 6.

COMMUNITY TYPE
ROW NUMBER

Stop at the first requirement that fits:3 (infig. 6)
a. Ceanothus sanguineus >5% canopy coverage (C.C.) 4
b. Ceanothus velutinus >5% C.C. 3
¢. Amelanchier alnifolia or Acer glabrum or Salix scouleriana or
their combined coverages >15% 2
d. Calamagrostis rubescens or Carex geyeri or their combined
coverages> 25% 1

(If Larix occidentalis is well represented among trees or
regeneration, choose the PSME-LAOC overstory pathway.)

2. Select the most appropriate structural stage for the stand by comparing it with the stand charac-
teristic values listed in figure 6 for tree canopy coverage, average d.b.h. o dominant trees, stand basal
area, and stand age.

3. Inspect appendix A-2, which shows constancy and average canopy coverages of different speciesin
each community type. Is the stand in question compositionally similar to sample stands shown in the in-
dicated community type? If so, it apparently "fits" that community type. If it is dissimilar in terms of
major component species, compare it with the other community types listed. It may fit one o those
types, or it may not fit this classification at all, which was true o one o the 80 stands (1.3 percent) we

sampled.

*In stands where undergrowth is obviously depauperate (unusually sparse) because of dense shading or duff accumulations, coverage requirements
for the climax species (in this case, community typerow ') can be reduced.
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STRUCTURAL STAGES

CONDITIONS OR

TREATMENT

(To use these MATURE THEORETICAL
predictions, SHRUBHERB SARLING FOLE SFRAL AUIMAX
follow numerical Rowv FOREST FOREST
sequence) No.

NP or light

treatment PSME FBVIE PIVIE*

—— PHMA-CARU — > PHMA—CARU > pHMA-CARU ~— > PHMA-CARU

1 AHVIACARU / /
\ PSME-LAOC

“Ms,BB, or WF without 2 FVELACC BMELACC
Ceanothus seeds a AHVACARU i FH\/IA-CARJ
A /
3pMAL " abundant” (>25% =
c.c.) in original stand; PSME+LAOC PSMEiLAOC
light-moderate > 2 AMAL-PHMA > —_—
treatment &
- / without
c surface
Wildfire BE seed . PSMELAOC* fires
or hot 2 in soil 3 CEVEFHVA - CEVE-POMA ?
broadcast £
burn CEA seed o
1 in soil; .. PSME+LAQC*
NW MT C o4 CEARHVA > TSATHVA
Some pre-1900 forest communities developed PSME-LAQC-PIPO*
with surface fire at 10-50-year intervals: PHEMATAMAL \
wythbce
surfe
fires
Stand Characteristics by Structural Stage
(Range represents about 90%of the data; extreme values are shown in parentheses)
Tree canopy
coverage percent 0 - 15(30) 20 -7 65 - 90 40 - 70
Average d.b.h. of
Range of dominant trees 0-2 2-5 6 - 12 11 - 18
values (inches)
from
sample >
stands Basal area (ft“/acre) 0-3 8 - 55(180) (47)70 - 210 140 - 210+
Stand age (yr) 3-2 13 - 45(58) 55 - 90 90 - 250
Number of sample stands 39 18 11 11
TREATMENT CODES TREES: UNDERGROWTH:
BB = Clearcut with broadcast burn RVE = Pseudoisuga menziesii CESA = Ceanothus sanguineus
MB = Clearcut with mechanical scarification LAOC = Larix occidentalis (BVE = Ceanothus velutinus
(dozerpile and burn) PIPO = Pinus ponderosa PHMA = Physocarpus malvaceus
NP = Clearcut with no site or slash treatment AMAL = EeIancEier alnifolia
W = Stand replacing wildfire (alternate indicators for
+ = with or without AMAL are Acer glabrum
and Salix scou%erlana)

CARU = Cslamagrosiis fubescens
(alternate indicator gor
CGRJ I's Carex geyeri

Figure 6.— Successional community types (with natural tree regeneration) on the
PSME/PHMA moist phase in western Montana. (Moist phase sites are those that
can support appreciable amounts [>5 percent canopy coverage] of western larch.)
Constancy and coverabe data for each community type are shown in appendix A-2.
‘An asterisk indicates hypothesized community types without data. The box at left
shows the relationship of conditions and treatment to posttreatment community
type, based on our data.



INTERPRETATIONSOF SUCCESSION

Undergrowth.— It appears that only the PHMA-CARU
undergrowth community persists beneath mature stands
(fig. 6). The CARU and CAGE component o this com-
munity maintained or quickly reestablished itself regard-
less o site preparation. Undergrowth succession
paralels that found on the dry phase except for the ad-
dition d a CESA-PHMA community type (in the west-
ern part o northwestern Montana) and that AMAL,
ACGL, and SASC do not remain as a major component
in mature stands. Responses o undergrowth species by
treatment are discussed in the Species Response section.

Trees.—Tree regeneration was not as delayed as in the
dry phase. Fully stocked natural regeneration was estab-
lished within 10 years in about haf the stands. The
delayed natural regeneration that occurred in other
stands was nearly all Douglasfir. After the fire or
scarification treatments, Douglasfir and western larch
usually regenerated, eventually developing into mixed,
mature seral forests. Haf o the untreated mature
stands sampled had been underburned by wildfires prior
to 1920. In these stands light to moderate surface fires
generally at 10- to 50-year intervals maintained open,
mature forests d Douglasfir, larch, and ponderosa pine
as illustrated in figure 6, lower right. Hypothesized tree
succession scenarios under different disturbance regimes
are shown in appendix D-2.
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3. Pseudotsuga menziesii/Vaccinium
globulare, Xerophyllum tenax Phase
(PSME/VAGL,XETE)

Site characteristics.— This phase is widespread
throughout the study area on moderate to steep slopes
(onal aspects, but least commonly northern aspects).
Our sample stands were located between 4,800 and
6,800 ft (1 460 and 2 070 m)in elevation. Our site-index
and maximum-height data (appendix C) substantially
agree with those of Pfister and others (1977)for their
PSMEIVAGL h.t. as a whole. Our Douglasfir site in-
dexes appear to be higher; however, we sampled more
young vigorous stands than did Pfister and others.

Successional classification.— The following key to the
successional classification for PSMEIVAGL, XETE
phase (fig. 7), should be used to determine the appropri-
ate community type for an unclassified stand.

KEY TO SUCCESSIONAL COMMUNITY TYPESWITHIN THE PSMEIVAGL, XETE PHASE
ABLA/XETE h.t., VAGL phase sites (Pfister and others 1977) where ABLA is poorly represented in
mature stands are included here, as indicated on page 9.

1. Select the most appropriate community type row number for the stand in question through use o
the undergrowth key below (first priority). Then compare the tree species composition (second priority)
with the community type names for that row in figure 7.

COMMUNITY TYPE
ROW NUMBER

Stop at the first requirement that fits:4 (infig. 7)
a. Ceanothus velutinus>5% canopy coverage (C.C.) 5
b. Vaccinium globulare>5% C.C. 1
c. Xerophyllum tenax>5% C.C. 2
d. Calamagrostis rubescens or Carex geyeri or their combined
coverages > 25% 3
e. Dense Pinus contorta seedling or saplings 4

2. Select the most appropriate structural stage for the stand by comparing it with the stand
characteristic values listed in figure 7 for tree canopy coverage, average d.b.h. of dominant trees, stand
basal area, and stand age.

3. Inspect appendix A-3, which shows constancy and average canopy coverages o different species in
each community type. |s the stand in question compositionally similar to sample stands shown in the in-
dicated community type? If so, it apparently "fits" that community type. If it is dissimilar in terms o
major component species, compare it with the other community types listed. 1t may fit one o those
types, or it may not fit this classification at all, which was true of three o the 124 stands (2.4 percent)
we sampled.

*In stands where undergrowth is obviously depauperate (unusually sparse) because d dense shading or duff accumulations, coverage requirements
for the climax species (in this case, community type row 1) can be reduced.
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CONDITIONS OR STRUCTURAL STAGES
TREATMENT
(To use these MATURE ab
predictions, SHRUB-HERB SAPLING FOLE SRAL GONVH
follow numerical Rowv (-SEEDLING) FOREST FOREST
sequence) No.
PICO-PSME
/ - ’ \
Moderate ACO-PSVIE RACO-PSVIE PSME-PICO PSME
treatment : 1 VAQL-CARU e VAA-CARJ - VAQ-CARU VAL > VAGOARJ
Steep south e // +
and west > PICO
slopes » 2 XETE-CARU — ¥ > XETE-CARU
. X
2
Heavy scarification - 3 CARU
or hot burn a
. 3 *
WE in g PICO PICO
g 4 depauperate depauperate
o
© p—» HOO-PEVE
seeds in 5 GAEE GBEVE
soil
17 ARLA>5% C.C.
Stand Characteristics by Structural Stage
(Range represents about 90%of the data; extreme values are shown in parentheses)
Tree canopy 2/
coverage percent 0 - 15(30) 15 - 90 60 - 90 55="- 72 45 - 70
Average d.b.h. of
Range of dominant trees 0-2 2-5 6 - 10 11 - 16 14 - 24
values (inches)
from
sample 2
stands Basal area (ft“/acre) 0-9 3 - 90(143) 45 - 130(321) 120 - 240 140 - 330
Stand age (yr) 4 - 23 12 - 32(54) (25)39 - 90 100 - 230 190 - 300+
Number of sample stands 51 33 13 9 15
TREES: .UNDERGROWTH:
PICO = Pinus contorta CEVE = Ceanothus velutinus
PSME = Pseudotsuga menziesii CARU = Calamagrostis rubescens
I = Establishment of tree regeneration delayed 2 20 years VAGL = Vaccinium globulare
XETE = Xerogﬁzﬂum tenax
ARLA = Arnica latifolia

2 In two stands one-half or less of the coverage was from overstory trees.

Figure 7.— Successional community types (with natural tree regeneration) on the
PSME/VAGL, XETE phase in western Montana (including ABLA/XETE h.t.,, VAGL
phase sites where ABLA is poorly represented in mature stands). Constancy and
coverage data for each community type are shown in appendix A-3. An asterisk indi-
cates hypothesized community types without data. The box at left shows the rela-
tionship of conditions and treatment to posttreatment community type, based on
our data.
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INTERPRETATIONS OF SUCCESSION

Undergrowth.— The VAGL-CARU undergrowth
(fig. 7, row 1), which includes XETE, is persistent in old
stands and remains dominant after light to moderate in-
tensity clearcut and burn treatments on " moderate’
topographic sites—namely, not on steep south-to-west
aspects or on sites with very coarse surface soils. In con-
trast, on severely wind- or sun-exposed sites, VAGL
decreases drastically in coverage even after a clearcut
with no site or slash treatment or a light broadcast
burn. This results in a XETE-CARU community type
(row 2). Our observations suggest that the stems o
VAGL are killed back by subzero (degrees Fahrenheit)
temperatures when there is little snowpack on these ex-
posed sites.

If there is CEVE seed in the soil, a hot burn will re-
sult in the CEVE community type (row 5). Otherwise, a
hot burn, heavy scarification, or a moderate treatment
on a severely exposed site kills most XETE plants, as
wdl as VAGL, and generaly yields a CARU and CAGE
dominated community (row 3). After a hot wildfire in a
lodgepole pine stand (example, the Sleeping Child Burn),
the tendency was to regenerate a dense (doghair) com-
munity o lodgepole pine seedlings with depauperate un-
dergrowth (row 4).

All seral undergrowth communities evidently develop
into VAGL-CARU beneath the dense overstory o a pole
stage. Sometimes the CARU and CAGE element appar-
ently was largely shaded out by this dense overstory
and ARLA replaced the grasses. As the stand matured
and became less shady, however, the CARU and CAGE
again became abundant (> 25 percent canopy coverage).

Table 2 gives an example of how different treatments
sometimes produce diverse responses on a single site on
this habitat type. Figure 2 (p.3)isa map d these
stands. VAGL was severely reduced in stand 10D by
simply removing the forest cover (NP treatment) and ex-
posing the undergrowth to sun, wind, and frost or winter
desiccation damage on this dry, south slope. A similar
result occurred after wildfire (stand 10C) except that
mineral soil was exposed, allowing lodgepole pine to
regenerate. The scraping and hot burning d dozer piles
in 10E killed XETE as wdl as VAGL and alowed a
denser stand d lodgepole pine and seral shrubs to
develop.

Trees.—Full stocking o natural regeneration usually
required 20 years or more for establishment, except after
wildfire and sometimes after scarification treatments.

L odgepole pine regenerated more successfully than other
species in most stands. Planting (1960'sto mid-1970's
practices) was usualy judged unsuccessful in our sample
stands. Lodgepole pine dominated the early stages o
tree succession after wildfire, and often after clearcut-
ting with site or slash treatments. Douglasfir increases
in the understory and assumes dominance in the mature
seral forest stage. Larch is often a minor component o
seral stands. More than 60 percent d the mature stands
sampled had experienced one or more understory wild
fires prior to 1920.
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Table 2.—Examples of different vegetative communities arising in response to past treatments at one site in the PSME/VAGL,

XETE potential vegetation type

Stand Treatment and year

Dominant vegetation

Overstory 1 Undergrowth

Seral
community type

Structural stage
(age in years)

Site No. letter 1910 1964
X-10 A — —
Sampled B WF —
in 1978 D — NP

C — WF

E — MS

Species abbreviations:
CEVE = Ceanothus velutinus
CARU = Calamagrostis rubescens
SASC = Salix scouleriana
VAGL = Vaccinium globulare
XETE = Xerophyllum tenax
ABLA = Abies lasiocarpa
PICO = Pinus contorta
PSME = Pseudotsuga menziesii

Treatment abbreviations:

PSME-ABLA 1 XETE, VAGL

PICO - PSME 1 VAGL, XETE
none 1 XETE, CARU

PICO I XETE, CARU
PICO I CEVE, SASC

MS = clearcut and mechanically scarified

NP
WF = stand-replacing wildfire

clearcut with no site preparation

PSME/VAGL - CARU

PICO - PSME/VAGL - ARLA
XETE-CARU

PICOIXETE - CARU
PICO - PSMEICEVE

Old growth forest (250)

Pole (68)
Shrub- herb (14)

Sapling (14)
Sapling (14)

'Saint Mary Peak site: 6,600 ft (2 010 m) elevation, south aspect, 5 miles west of Stevensville, MT.



4. Abies lasiocarpa/Xerophyllum tenax,
Vaccinium globulare Phase (ABLAIXETE,
VAGL)

Site characteristics.— This phase is abundant in the
study area and was found primarily at elevations of
5,000 to 7,200 ft (1520 to 2 200 m) usually on moder-
ate to steep slopes, often directly upslope from the
PSMEIVAGL, XETE phase. 1t was found on all aspects
but was less common on north and east aspects. Our
site-index and maximum-height data (appendix B) are
similar to those of Pfister and others (1977)for the en-
tire ABLAIXETE habitat type.

Successional classification.— The following key to the
successional classification for the ABLAIXETE, VAGL
phase (fig. 8), should be used to determine the appropri-
ate community type for an unclassified stand.

KEY TO SUCCESSIONAL COMMUNITY TYPESWITHIN THE ABLAIXETE, VAGL PHASE

Sites where ABLA is poorly represented in mature stands are included in our PSMEIVAGL h.t. classifi-
cation, as indicated on page 9.

1. Select the most appropriate community type row number for the stand in question through use of
the undergrowth key below (first priority). Then compare the tree species composition (second priority)
with the community type names for that row in figure 8.

COMMUNITY TYPE
ROW NUMBER

Stop at the first requirement that fits:® (infig. 8)
a. Epilobium angustifolium or Anaphalis margaritacea or their
combined coverages > 25% 5

b. Vaccinium globulare > 5% canopy coverage (C.C.)
and Pinus contorta or Larix or Pseudotsuga seedlings or their

combined coverages >15% 0
c. Vaccinium globulare >5% C.C. 1
d. Xerophyllum tenax >5% C.C. 2
e. Calamagrostis rubescens or Carex geyeri or their combined

coverages >25% 3
f. Not as above; dense Pinus contorta seedlings or saplings 4

2. Sdlect the most appropriate structural stage for the stand by comparing it with the stand charac-
teristic values listed in figure 8 for tree canopy coverage, average d.b.h. of dominant trees, stand basal
area, and stand age.

3. Inspect appendix A-4, which shows constancy and average canopy coverages o different species in
each community type. |s the stand in question compositionally similar to sample stands shown in the in-
dicated community type? If so, it apparently "fits" that community type. If it is dissimilar in terms o
major component species, compare it with the other community types listed. 1t may fit one o those
types, or it may not fit this classification at all, which was true of two o the 127 stands (1.6 percent) we
sampled.

®In stands where undergrowth is obviously depauperate (unusually sparse) because of dense shading or duff accumulations, coverage requirements
for the climax species (in this case, community type row 1) can be reduced.



STRUCTURAL STAGES
MATURE ab
CONDI TIONS OR Row| SHRUB-HERB SAPLI NG POLE SERAL GROWTH
TREATMENT No (- SEEDLI NG FOREST FOREST
0 PICO
VAGL-XETE
Treat ment s PICO PICO Pl GO PSME ABLA- PSME
usual l'y 1 VAGL-XETE — ¥ yaTL- XETE > VAGL-XETE VAGL-XETE > VAL-XETE
noder at e n
. //'4 f
(=9
> PICO
o 2 XETE-CARU — " XETE-CARU
>
Heavy scarifi- >
cation -
or hot burn = 3 CARU ~ >
=
: /
Extrene £ dense PICO dense Pl QOF
scarifi- o] 4 depauperate depauperate
cation [3)
MW Mont ana 5 EPANy
Stand Characteristics by Structural Stage
(Range represents about 90% of the data; extrene val ues are shown in parent heses)
Tree canopy
coverage percent 0 - 15(70) 15 - 60(90) 55 - 90 30 - 70 40 - 90
Average d.b.h. of
Range of dom nant trees 0-2 2-5 5-11 10 - 15(19) 12 - 22
val ues (i nches)
from
sanpl e 2
stands Basal area (ft“/acre) 0-6 3 -60 60 - 200(393) 70 - 300 (68)120 - 330
Stand age (yr) 4 - 22 (12)15 - 41(80) 41 - 105 130 - 250 | (150)220 - 300+
Nunber of sanpl e stands 57 28 17 14 9
TREES: UNDERGROATH
ABLA = ¢ lasiocarpa CARU = Calamagrostis rubescens
Pl QO = Pinus contorta 'VAGL = Vaccinium globulare
PSME = Pseudotsuga menziesii XETE =

XerophyITum tenax
Epilobium angustifolium

EPAN

% = Establishnent of tree regeneration delayed = 20 years.

1/ Qccasional |y Ribes viscosi ssinumdoninates in sites that are nearly ABLA/MEFE h.t.

Figure 8.— Successional community types (with natural tree regeneration) on the
ABLA/XETE, VAGL phase in western Montana. Constancy and coverage data for
each community type are shown in appendix A-4. An asterisk indicates hypothesized
community types without data. The box at left shows the relationship of conditions
and treatment to posttreatment community type, based on our data.
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INTERPRETATIONSOF SUCCESSION

Undergrowth.—The VAGL-XETE undergrowth (fig. 8,
row 1) persists in mature stands and remains dominant
after clearcutting with light to moderate site or slash
treatments. VAGL-XETE seems better able to maintain
dominance after treatment in northwestern Montana
compared to the generaly drier areas of west-central
Montana (Arno1979). In a manner similar to that o the
PSME/VAGL classification, VAGL decreases as a result
o moderately heavy treatments or harsh topographic
sites. In these cases, XETE persists and CARU and
CAGE increase to form the XETE-CARU community
{row 2).

Clearcutting followed by heavy scarification or hot
burning treatments usually reduce both VAGL and
XETE. In northwestern Montana, these treatments
generaly resulted in dominance by EPAN (row5). In
west-central Montana extreme scarification—such as on
fire lines, mgjor skid trails, and at landings—generally
resulted in dense (doghair)lodgepole pine seedlings with
depauperate undergrowth (row 4). Otherwise, heavy
scarification or hot burning usually resulted in a CARU
(and CAGE) community type (row 3). All seral under-
growth communities evidently developinto VAGL-
XETE under theinfluence d a dense pole stage canopy.
A possible exception to this return to VAGL-XETE was
observed, but not sampled, in some scarified clearcuts
that have been heavily grazed for many years and have
developed an alternate vegetation dominated by exotic
grasses and forbs in place o the native flora.

Trees.—Full stocking d natural regeneration usually
required more than 15 years after clearcutting without
site or slash treatment or with broadcast burning. In
contrast, lodgepole pine regenerated promptly after wild-
fire, and on scarified sites regeneration was prompt
about haf the time. In our sample stands, planting
(1960's to mid-1970's practices) was usually either super-
fluous or unsuccessful (Fiedler 1982).

After all treatments, tree succession was dominated by
lodgepole pine. By the mature seral forest stage,
Douglasfir becomes a codominant in the overstory. In
the old-growth stage, lodgepole pine has essentially died
out while subalpine fir has developed into the dominant
understory, and it codominates with Douglasfir in the
overstory. Western larch and Engelmann spruce are
sometimes secondary components o natural stands.
About 40 percent d the mature stands had experienced
an understory wildfire prior to 1920; such fires readily
killed subalpine fir, but generaly did not kill overstory
Douglasfir and larch. Lodgepole pineis able to survive
light surface fires.

Hypothesized tree succession scenarios under different
disturbance regimes are shown in appendix D-4.
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5. Abies lasiocarpa/Xerophyllum tenax,
Vaccinium scoparium Phase
(ABLAIXETE,VASC)

Site characteristics.—This phase is common in the
drier, high mountain portions o the study area, particu-
larly in the Sapphire Range east o the Bitterroot Val-
ley. 1t was found on moderate slopes, usually with south
or west aspects, and on ridgetops. Most sites were be
tween 6,400 and 7,300 ft (1 950 and 2 225 m)in eleva
tion except in northwestern Montana, where elevations
were about 1,000 ft (300 m) lower. Surface soils tend to
be sandy loams, somewhat coarser on the average than
those o the VAGL phase. Our site-index and maximum-
height data (appendix C) confirm observations o some
foresters that the VASC phase is substantially less
productive than the VAGL phase. Moreover, the VASC
phase appears to be substantially less productive than
al six other habitat type phases studied.

Successional classification.—The following key to the
successional classification for the ABLAIXETE, VASC
phase (fig. 9), should be used to determine the appropri-
ate community type for an unclassified stand.

KEY TO SUCCESSIONAL COMMUNITY TYPESWITHIN THE ABLAIXETE, VASC PHASE

This potential vegetation typeis the same as the ABLAIXETE h.t., VASC phase o Pfister and others
(1977)as indicated on page 9.

1. Select the most appropriate community type row number for the stand in question through use o
the undergrowth key beow (first priority). Then compare the tree species composition (second priority)
with the community type names for that row in figure 9.

COMMUNITY TYPE
ROW NUMBER
Stop at the first requirement that fits:6 (infig. 9)
a. Epilobium angustifolium or Anaphalis margaritacea or their
combined coverages >25% and Pinus contorta seedlings

>15% canopy coverage (C.C.) 0
b. Vaccinium scoparium >5% C.C. 1
c. Xerophyllum tenax >5% C.C. 2
d. Calamagrostis rubescens or Carex geyeri or their combined

coverages >25% 3
e. Not as above; dense Pinus contorta seedlings or saplings. 4

2. Select the most appropriate structural stage for the stand by comparing it with the stand charac-
teristic values listed in figure 9 for tree canopy coverage, average d.b.h. o dominant trees, stand basal
area, and stand age.

3. Inspect appendix A-5, which shows constancy and average canopy coverages of different species in
each community type. | s the stand in question compositionally similar to sample stands shown in the in-
dicated community type? If so, it apparently "fits" that community type. If it isdissimilar in terms o
major component species, compare it with the other community types listed. It may fit one of those
types, or it may not fit this classification at all, which was true o three of the 80 stands (3.7 percent)
we sampled.

5In stands where undergrowth is obviously depauperate (unusually sparse) because of dense shading or duff accumulations, cover age requirements
for the climax species (inthis case, community type row 1) can be reduced.



STRUCTURAL STAGES
MATURE OLD
CONDITIONS SHRUB-HERB SAPLING POLE SERAL GROWTH
or TREATMENT Row (-SEEDLING) FOREST FOREST
No.
0 PICO
EPAN-VASC
Scarification t
or
burn :: PICO PICO-ABLA ABLA
VASC-XETE VASC-XETE depauperate
o N rico PICO -~
-~ 1 VASC-XETE VASC-XETE
o P . PICO PICO*
VASC-XETE VASC-XETE e VASC-XETE
Variable >
treatments v
e PICO
=] 2 XETE-CARU 3 XETE-CARU
=
=]
=]
o PICO
w 3 CARU* ——> TARU
Heavy
scarification
or hot burn
dense PICO* dense PICO
4 depauperate depauperate

Stand Characteristics by Structural Stage
(Range represents about 90% of the data; extreme values are shown in parentheses)
Tree canopy
cover age percent T - 15(35) 15 - 80 (30)70 - 85 20 - 65 70
lRange of Average d.b.h. of
values domiinant trees 0-1 1-4 6 - 10 8 - 14 15
from (inches)
sanpl e
stands 2
Basal area (ft™/acre) 0 - 2(9 2 -35 (20)95 - 216 70 - 150 267
Stand age (yr) 4 - 22 7 - 41(62) | (26)61 - 120 140 - 220 260
Nunber of sanpl e stands 22 40 6 8 1
L
TREATMENT CCDES: TREES: UNDERGROMTH:
NP = Clearcut Wth no site or slash treatnent ABLA = Abies |asiocarpa CARU = Calamagtosiis tubescens
M5 = Clearcut W th mechanical scarification PICO = Pfnus contorta

(Dozerpile and burn)
WF = Stand-replacing wildfire

(alternate indicator for

CARL' 15 Carex géyeri)
VASC = Vaccinium scoparium
XETE = Rerophyllum tenax
EPAN = Epirlobrum angustifolium

Figure 9.— Successional community types (with natural tree regeneration) on the
ABLA/XETE, VASC phase in western Montana. Constancy and coverage data for
each community type are shown in appendix A-5. An asterisk indicates hypothesized
community types without data. The box at left shows the relationship of conditions
and treatment to posttreatment community type, based on our data.

(alternate indicator for
EPAN i 8 Anaphalis
mar garitacea)



INTERPRETATIONSOF SUCCESSION
Undergrowth.—The VASC-XETE undergrowth
(fig. 9, row 1) persists in mature stands and generally
remains dominant after clearcutting with low-intensity
site or dlash treatments. With moderately heavy site or
slash treatments, VASC decreases dramatically. Some-
times a XETE-CARU (including CAGE) community
results (row?2). Heavy scarification kills the XETE,
sometimes resulting in a CARU community (row 3). Ex-
treme scarification—such as a fireline, mgjor skid trail,
or landing— probably results in a dense lodgepole pine
seedling community with depauperate undergrowth
(row 4). Stand-replacing wildfire evidently resultsin
dense lodgepol e pine seedlings, but with a VASC-XETE
undergrowth (row 1).Sometimes EPAN is added as a
major component with pine seedlings and VASC (row 0).
All the seral undergrowth communities merge toward
VASC-XETE at least by the time a pole canopy de-
velops. Virtually all undergrowth may become shaded
out if a near-climax subalpine fir stand develops.

Trees.— Natural regeneration o lodgepole pine was
generally good on these sites. Tree succession after al
treatments is dominated by lodgepole pine, and this spe-
cies remains the sole dominant in most stands until the
mature seral forest stage. In that stage two patterns o
overstory development were noted. On some sites
(presumably moist ones), subalpine fir essentially
replaces lodgepole pine in the old-growth stage. On other
sites, subalpine fir remains scattered and lodgepole
maintains dominance, evidently regenerating in open-
ings. These latter situations have been recognized in
Pfister and others (1977)as ‘' Pinus contorta community
types.”

Two-thirds o the mature stands sampled had ex-
perienced a surface fire since their establishment.
Usually this had occurred when the stand was in a pole
or mature seral forest stage, before heavy overstory mor-
tality and stand breakup.

Hypothesized tree succession scenarios under different
disturbance regimes are shown in appendix D-5.
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6. Abies lasiocarpa/Menziesia ferruginea
(ABLAIMEFE),Warm Phase

Site characterigtics.—This phase is common through-
out the study area on moderate to steep northwest to
east exposures, mostly between 5,000 and 6,800 ft
(1525 and 2 075 m) in eevation. Our data include three
sample sites that are classfied ABLA/CLUN h.t.,
MEFE phase (Pfisterand others 1977), but are near the
upper limits o that type and, for our purposes, are
seemingly comparable to the other sites. Our siteiindex
and maximum-height data for the warm phase are simi-
lar to those d Pfister and others (1977)for the entire
habitat type (appendixC). Note that P cea site-indexes
are based an breast-high age, while other species are
based on total age.

Successiond classification.—The following key to the
successiond classification for the ABLA/MEFE warm
phase (fig. 10), should be used to determine the appropri-
ate community type for an unclassified stand.

KEY TO SUCCESSIONAL COMMUNITY TYPESWITHIN THE ABLAIMEFE,

WARM PHASE

As indicated on page 9, warm phase sites are those where PSME or LAOC are common; additionally

VASC is not abundant.

1. Select the most appropriate community type row number for the stand in question through use o
the undergrowth key below (first priority). Then compare the tree species composition (second priority)
with the community type names for that row in figure 10.

PART | —applies to shrub-herb and sapling stages

COMMUNITY TYPE
ROW NUMBER

Stop at the first requirement that fits:? (infig. 10)
a. Menziesia ferruginea >590 and Epilobium angustifolium >5% 2
b. Menziesia ferruginea >590 1
c. Vaccinium globulare >5% 3
d. Salix scouleriana >5% 5
e Ribes viscossimum >5% 6
f. Epilobium angustifolium or Anaphalis margaritacea

or their combined coverages > 25% 4
g. Arnica latifolia >25% 7

PART 11—appliesto pole and older stages

a. Abies lasiocarpa stands; other tree species are poorly

represented 1
b. Abies lasiocarpa a major overstory component, but other tree

species are well represented 2

3

c. Other species are the mgjor overstory components

2. Select the most appropriate structural stage for the stand by comparing it with the stand
characteristic valueslisted in figure 10 for tree canopy coverage, average d.b.h. of dominant trees, stand

basal area, and stand age.

3. Inspect appendix A-6, which shows constancy and average canopy coverages o different speciesin
each community type. | s the stand in question compositionally similar to sample stands shown in thein-
dicated community type? If so, it apparently "fits" that community type. If it isdissimilar in terms of
major component species, compare it with the other community types listed. 1t may fit one d those
types, or it may not fit this classification at all, as was true o four d the 129 stands (3.1 percent) we

sampled.

"In stands where undergrowth is obviously depauperate (unusually sparse) because of dense shading or duff accumulations, coverage requirements
for the climax species (in this case, community type rows 1 and 2) can be reduced.



STRUCTURAL STAGES
MATURE ab
CONDITIONS Row SHRUB-HERB SARLING FOLE SHRAL GONH
or TREATMENT No. FOREST FOREST
ABA . ABLA* N ABLA* ABLA*
NP or light bum 1 MEFE-VAGL MEFE-VAGL MEFE-VAGL ~ MEFE-VAGL ~ MEFE-VAGL
(theoretical climax)
4
ABLA-(others
Scarification ABLA-(others ABLA-(others ABLA-(others)* _ except PICO)
® 2 v > et - A O > v > S e
or burn
a
treatments h 5 spp. N 5 spp.
- 3 VAL T OTVAL > v@eha — MEFE-_E%_VA
5 spp.
Dol AN~ “EPRN-
e 5s
] > 58
SAC seeds 5 SAC
blown in
E
E
o
RIVI seeds (&) SpD.*
in soil 6 RIVI > Re
Undergrowth sparse in 3 5 spp.* 3 ?
pretreatment stand 7 ARLA IKEA
Stand Characteristics by Structural Stage
(Range represents about 90% of the data; extreme values are shown in parentheses)
Tree canopy
coverage percent 0 - 15(40) | (10)15 - 70 50 - 90 40 - 70 40 - 75
Range of Average d,b.h, of
values dominant trees 0- 2 2-5 6 - 12 11 - 20 14 - 20
from (inches)
sample
stands 2
Basal area (ft“/acre) 0-6 5-25 (45)120 - 270 108 - 327 129 - 282
Stand age (yr) 3- 22 12 - 33 (31)54 - 80 97 - 260 200 - 300+
Number of sample stands 63 34 8 13 6
TREATMENT CODES TREES: UNDERGRONTH:
NP = Clearcut with no site or slash treatment 5 spp. = All those listed below MEE = Menziesia ferru_inea
BB = Clearcut with broadcast burning PICO = Pinus contorta VAGL = Vaocinium globulare
MB = Clearcut with mechanical scarification PIEN = Picea engelmmriii EPAN = Epilobium angustifolium
(Dozerpile and burn) ABLA = es laslocarpa SASC = Balix scouIerlIlana
WF = Stand-replacing wildfire PVE = Pseudotsuga menziesii ARLA = Arnica latifolia
LAOC = Larfx occidentalis RIVI = Ribes viscosIssimum

Figure 10.—Successional community types (with natural tree regeneration) on the
ABLAIMEFE warm phase in western Montana. (Warm phase sites are those where
Pseudotsuga menziesii or Larix occidentalis is common.)Constancy and coverage
data for each community type are showm in appendix A-6. An asterisk indicates
hypothesized community types without data. The box at left shows the relationship
of conditions and treatment to posttreatment community type, based on our data.
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INTERPRETATIONSOF SUCCESSION

Undergrowth.— The MEFE-VAGL undergrowth (fig.
10, row 1) persistsin old stands and generally remains
dominant after clearcutting with no site or slash treat-
ment. With clearcutting and broadcast burning or
scarification EPAN often joins the MEFE and VAGL
(row 2), or MEFE drops out while VAGL remains and is
joined by EPAN (row3). Sometimes VAGL also dies
back, leaving an EPAN community type (row 4). A
scarification or hot broadcast burn treatment on a site
having RIVI seeds in the soil may result in a RIVI com-
munity type (row 6), or SASC seeds may be blown in
from some distance and result in a SASC community
type (row5). If the undergrowth was sparsein the
pretreatment stand and a light treatment was applied,
the result may be an ARLA-dominated community type
(row 7); evidently MEFE and VAGL were reduced by
heavy shading in the pretreatment stand, while ARLA
flourished. As the various, young community types ma
ture and reach the pole stage, MEFE-VAGL again be-
comes the dominant undergrowth.

Trees.— After clearcutting without site or slash treat-
ment, natural regeneration was sometimes retarded. This
regeneration consisted primarily o subalpine fir, some o
which was old and defective advance regeneration. After
broadcast burning and wildfire, sites were usually fully
stocked with natural regeneration within 10 years. This
was primarily lodgepole pine and secondarily Engelmann
spruce. Scarified clearcuts usually regenerated within 15
years; spruce was the most common species, followed by
lodgepole pine. Douglasfir or larch were often successful
when planted (1960's to mid-1970's practices).

Where site treatment following clearcutting was light,
subalpine fir became the dominant tree from the sapling
stage onward (fig. 10, rows 1 and 2). After moderate to
heavy treatments, including stand-replacing wildfire, any
combination o five tree species—lodgepole pine, Engel-
mann spruce, subalpine fir, Douglasfir, and western
larch—may dominate through the mature seral forest
stage. By the time an old-growth forest has developed,
lodgepole pine has died out. In the old-growth stage,
subalpine fir dominates the understory and is at least a
codominant in the overstory along with veteran spruce,
larch, or Douglasfir. More than 50 percent d the ma
ture stands sampled had experienced an understory wild-
fire; this would have favored perpetuation o the four
seral tree species.






7. Abies lasiocarpa/Menziesia ferruginea
(ABLAIMEFE),Cold Phase

Site characteristics.—Thisphase is common near the
highest elevations of commercial forest growth on moist
sites. It was sampled between 6,000 and 7,300 ft (1 830
and 2 225 m) (downto 5,600 ft [1 710 m] in north-
western Montana) on moderate to steep slopes generally
having northwest to east aspects. It sometimes occurred
on broad ridgetops. The limited siteindex and
maximum-height data (appendixC) suggest that this
phaseis less productive than the warm phase.

Successional classification.—Thefollowing key to the
successional classification for the ABLAIMEFE cold
phase (fig. 11), should be used to determine the appropri-
ate community type for an unclassified stand.

KEY TO SUCCESSIONAL COMMUNITY TYPESWITHIN THE ABLAIMEFE, COLD PHASE
As indicated on page 9, cold phase sites are those where PSME and LAOC are scarce in stands o all
ages, additionally VASC is often abundant.

1. Select the most appropriate community type row number for the stand in question through use o
the undergrowth key below (first priority). Then compare the tree species composition (second priority)
with the community type names for that row in figure 11

COMMUNITY TYPE
ROW NUMBER
Stop at the first requirement that fits:8 (infig. 11)

a. Senecio triangularis or Veratrum viride or wet site graminoids

(listed on page 36) or their combined coverages >1%eand

Menziesia ferruginea<25% canopy coverage (C.C.) 5
b. Senecio triangularis or Veratrum viride or wet site graminoids

or their combined coverages >1% and Menziesia ferruginea

>25% C.C. 4
c. Menziesia ferruginea >5% and Epilobium angustifolium>5%

CC. 2
d. Menziesia ferruginea >5% C.C. 1
e Epilobium angustifolium >25% C.C. 3

2. Select the most appropriate structural stage for the stand by comparing it with the stand charac-
teristic values listed in figure 11 for tree canopy coverage, average d.b.h. o dominant trees, stand basal
area, and stand age.

3. Inspect appendix A-7, which shows constancy and average canopy coverages o different speciesin
each community type. Is the stand in question compositionally similar to sample stands shown in the in-
dicated community type? If so, it apparently "fits"™ that community type. If it isdissimilar in terms d
major component species, compare it with the other community types listed. 1t may fit one d those
types, or it may not fit this classification at all, which was true o three o the 82 stands (3.7 percent)
we sampled.

81n stands where undergrowth is obviously depauper ate (unusually sparse) because of dense shading or duff accumulations, coverage requirements
for the climax species (in this case, community type row 1) can be reduced.



STRUCTURAL STAGES
MATURE ab
CONDITIONS Rowv SRBHERB SARLING FOLE SRAL GONH
or TREATMENT No. (-SEEDLING) FOREST FOREST
ABLA+PIEN ABLAZPTEN* ABLAXPIEN* ABLA*
Q -Veaoc MEFE-Vacc MEFE-Vacc MEFE-Vacc
NP or V (theoretical climax)
light bum
“ 1 MEFE-Vax 1
@ h’ﬁ:}‘ PICO-PIEN-ABLA PICO-PIEN-ABLA _ PICO-PIEN-ABLA ABLA-PIEN
a e FE-Vacc MEFE-Vacc * MEFE-Vacc MEFE-Vacc
>
sl
Intermediate 3 PICO-PIEN-ABLA
treatments > 2 EPAN-MEFE MEFE-EPAN
. A
~t
Heavy MS < » DICO-PIEN-ABLA*
or hot BB a 3 EPAN P
B |— |- - o o o 4 a4 a4 a4 a4 a4 4 a4 a e e e e e = o=
Very i
NP o MEFE-WEl =gy PICO-PIEN-ABLA*
moist meedow  spp. -wet spp.
sites Bum or wet meadow PACO-PEN-ABLA I
scarifica- 5 spp. wet meedow spp.
tion
Stand Characteristics by Structural Stage
(Range represents about 90%of the data; extreme values are shown in parentheses)
Tree canopy
coverage 0 - 15(30) 15-50 60 - 80 30 - 60 40 - 60
Range of
values
from Average d.b.h, of
sample dominant trees 0-2 2-5 7- 10 11 - 14(17) 15 - 18
stands (inches)
Basal area (ft2/acre) 0- 4 5 - 45 95 - 220 117 = 274 135 - 319
Stand age (yr) 3-25 12 - 29(40) 60 - 115 128 - 200 220 - 300
Number of sample stands 44 17 4 7 7
TREATMENT GCDES: TREES: UNDERGRONTH:
NP = Clearcut with no site or slash treatment ABLA = Abies |asiocarpa EPAN = Epilobium angustifolium
BB = Clearcut with broadcast burning PICO = Pinus contorta MEE = Hgnziesm ferruginea
MB = Clearcut with mechanical scarification PIEN = Picea engelmannii m:‘ophyiium tenax,
(Dozerpile and burn) is a constant associate)
WF = Stand-replacing wildfire Vacc = VAGL (Vaccinium globulare),
+ =

with or without

Figure 11.—Successional community types (with natural tree regeneration) on the
ABLA/MEFE cold phase in western Montana. (Cold phase sites are defined as those

where Pseudotsuga rnenziesii or Larix occi

dentalis are scarce.) Constancy and

coverage data for each community type are shown in appendix A-7. An asterisk indi-
cates hypothesized community types without data. The box at left shows the rela-
tionship of conditions and treatment to posttreatment community type, based on

our data.
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VASC (Vaccinium scoparium),
and VAMY (Vaccinium
mzrtillusi.



INTREPRETATIONSOF SUCCESSION

Undergrowth.— The MEFE-Vacc (Vacc = VAGL,
VASC, and Vaccinium myrtillus) undergrowth
(fig. 11, row 1) persists in old stands and generally re-
mains dominant after light to moderate clearcutting or
fire treatments. On very moist sites within this phase,
surface water appears after clearcutting with site prepa
ration, and wet-site associates d Calamagrostis caraden-
sis become common (rows4 and 5). These wet-meadow
species include Calamagrostis canadensis, Cinna latifolia,
Deschampsia atropurpurea, various wet-site Carex spp.,
Juncus drummondii, Senecio triangularis, Vemtrum vi-
ride, Trollius laxus, Ligusticum canbyi, Dodecatheon
jeffreyi, and other wet-meadow forbs. These "wet'" condi-
tions were not evident in the untreated stands, presuma-
bly because the large trees were using the water.

On better drained sites. scarification or hot broadcast
burning usually resultsin an early seral community type
dominated by EPAN (row 3). Where the treatment is o
intermediate intensity, an EPAN-MEFE community
type develops (row 2). All o these seral undergrowth
community types (rows2-5) evidently give way to a
MEFE-Vacc undergrowth as the pole stage d conifers
begins to develop.

Trees.— Natural regeneration had become fully stocked
within 10 years on more than haf o the treated sites,
including al those burned in wildfiresor hot broadcast
burns. Clearcuts without site or slash treatments or with
light to moderate treatments were usually slow to
regenerate and came back primarily to subalpine fir.
Successfully regenerated stands were dominated by nat-
ural lodgepole pine with lesser amounts o subalpine fir
and Engelmann spruce. Planting (1960'sto mid-1970's
practices) d spruce was partially successful.

After all treatments except clearcutting without site
or slash preparation, lodgepole pine evidently develops
as the overstory dominant and retains that position
until the mature seral forest stage. By the old-growth
stage, however, lodgepole pine dies out, leaving sub-
apine fir and Engelmann spruce as overstory
dominants, with subalpine fir forming the understory.
Spruce is a large, long-lived seral tree that depends
primarily on infrequent disturbances to reestablish it in
appreciable quantities. Only one o the 14 mature and
old-growth sample stands showed evidence d having had
an understory wildfire since stand establishment; appar-
ently stand-replacing fires recycled these stands at long
intervals.

SPECIES RESPONSE

This summary reports apparent responses o in-
dividual undergrowth species to the different kinds of
treatments recorded during the current study and makes
no attempt to correlate them with literature on plant re-
sponse such as Fischer and Clayton (1983), Volland and
Dell (1981), and Stickney (1980). Remember that our re-
sponse measurements were generally made 4 to 20 years
after treatment. The indicated response describes
changes from conditions in the mature communities.
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Shrubs

Acer glabrum is common in both phases o
PSMEIPHMA. It showed little change after most
treatments, but generally increased after wildfire
(presumably from root-crown sprouting) and main-
tained greater canopy coverage in the form d very tall
shrubs growing among pole-stage conifers. Browsing
by big game may locally prevent full development of
this shrub.

Alnus Sinuata is common, as a minor stand component,
only in the ABLAIMEFE warm phase. 1t showed little
change after most treatments, but increased moder-
ately after WF and BB (treatment codes are explained
in fig. 6). Along the cuts, fills, and beds of roads and
some other "extreme scarification™ microsites, it some-
times increases dramatically (from seeding) to form
dense strips.

Amelanchier alnifoliais ubiquitous, and occasionally a
major component, in PSMEIPHMA.. It generdly in-
creased (presumably from root crowns) after WF and
other treatments, although this response was some-
times delayed a decade or more. In some areas, big
game browsing pressure may be sufficient to stifle in-
creases. Scarification treatments produced little change
or possibly a decrease; this may result from destruc-
tion d root crowns. This species maintains relatively
great canopy coverage as very tall shrubs growing
among pole-stage conifers. |t was sometimes common
in PSMEIVAGL sites, but exhibited little change after
al treatments there.

Ceanothus sanguineus occasionally becomes abundant
after burning treatments on north aspects in the
PSMEIPHMA moist phase in the western portion o
northwestern Montana. This species becomes wide:
spread westward in northern Idaho, where it occurs on
several habitat types. It is ecologically similar to the
more ubiquitous Ceanothus velutinus.

Ceanothus velutinus is essentially absent in mature seral
and old-growth stages, but often became a stand com-
ponent after BB or WF treatmentsin PSMEIPHMA
dry phase, PSMEIVAGL, and occasionaly
PSMEIPHMA moist phase. The speciesis clearly in-
tolerant d overstory shade and died out by the time
the pole stage was reached. Response evidently
resulted from heat treatment d seed stored in the sur-
face soil. The species failed to appear after NP and
only small amounts resulted from dozer-pile and burn
treatments.

Lonicera utahensis is most common in the ABLAIMEFE
warm phase. |t showed little change after all treat-
ments and was occasionally browsed in the young
stands.

Menziesia ferruginea is a major undergrowth component
throughout the ABLAIMEFE h.t., and its coverage
declined following al treatments except NP, whereit
remained steady. We found no evidence that BB or
WF leads to a MEFE "brushfield" in either phase o
ABLAIMEFE h.t. Scarification treatments resulted in
marked declines. Following WF, recovery to predistur-
bance levels appears to require about 30 to 50 years.



Pachistima myrsinites was occasionally common on sites

in the ABLAIMEFE warm phase, ABLAIXETE,
VAGL phase; and PSMEIVAGL h.t. It showed little
change after dl treatments.

Physocarpus rnalvaceus is the major shrub in the
PSMEIPHMA h.t. It decreased somewhat in response
to heavy scarification, and a modest decrease was
noted after BB on the dry phase. Little change oc
curred after NP or WF.

Prunus virginiana occasionally became common follow-
ing BB, WF, or NP treatments on the PSMEIPHMA
dry phase. It was very scarce in the untreated stands.

Ribes viscosissimum occasionally became common fol-
lowing scarification treatments in the ABLAIMEFE
warm phase. It was scarce in untreated stands.

Rubus parviflorus was occasionally common in mature
stands in the ABLAIMEFE warm phase, and it often
increased modestly after scarification treatments. It
showed little change following other treatments.

Salix scouleriana was often a minor component o stands

in the PSMEIPHMA, PSMEIVAGL, and the warm
phase of ABLAIMEFE. In PSMEIPHMA it increased
after all treatments, and the increase was most pro-
nounced following WF. In PSMEIVAGL, little change
or modest increase was noted after al treatments. In
the ABLAIMEFE warm phase, a strong increase was
recorded after WF, modest increase after scarification,
and generally little change after BB and NP treat-
ments. The larger increases evidently resulted from
establishment of wind-transported seed. Once this spe-
cies becomes well established (inthe absence d severe
big game browsing) it grows very tall and persists well
into the pole stage.

Spiraea betulifolia is a magjor component d many stands
in PSMEIPHMA and a minor component d most
standsin PSMEIVAGL and ABLAIXETE. It in-
creased rather consistently after scarification treat-
ments. After other treatments it showed little change
or modest increases.

Syrnphoricarpos albus is often a major component o
stands in the dry phase  PSMEIPHMA and is often
a minor component in the moist phase. In the dry
phase, it generally increased after NP, BB, and MS
treatments, but showed little change after WF. In the
moist phase, it exhibited little change after NP and
MS; there were few data for other treatments.

Vacciniurn globulare is a major undergrowth component
d most polestage or older standsin the
PSMEIVAGL, ABLAIXETE, VAGL phase, and
ABLAIMEFE h.t. It is a minor component of most
ABLAIXETE, VASC phase stands. In all habitat type
phases, it decreased strongly following scarification
treatments and did not recover for about 20 years. On
the relatively warm and dry PSMEIVAGL h.t., it
decreased strongly following all treatments. On
ABLAIXETE, VAGL phase, it decreased modestly
after NP and strongly after BB and WF, but appar-
ently begins to recover sooner after WF than after
scarification. On ABLAIMEFE h.t., it showed little or
no decrease after NP and light to moderate BB; it
decreased strongly after relatively hot BB and WF,

but recovered after about 15 years. After all treat-

ments, a few stunted stems would appear around the

edges o rocks or stumps. These evidently were

sprouts from surviving rhizomes. As a canopy of

saplings developed, this shrub would expand beneath

it.

Vacciniurn scoparium is a major undergrowth component
on the ABLAIMEFE, VASC phase; the ABLAIXETE,
VASC phase; and often the ABLAIXETE, VAGL
phase. This species had a response similar to that of
Vaccinium globulare. |t decreased strongly after
scarification treatments, and less dramatically after
most BB, WF, and NP treatments.

Subshrubs

Arctostaphylos uva-urs is a ground layer associate o
CARU and CAGE that was often common on the
moist phase o PSMEIPHMA and on the
PSMEIVAGL h.t. It increased strongly after NP and
showed little or variable change following other treat-
ments. Its root crown is apparently easily killed by
fire or scraping, but any surviving plant parts (and
seed regeneration) may alow arather rapid recovery.

Berberis repens is often a minor associate o stands in
the PSMEIPHMA, PSMEIVAGL, and ABLAIXETE,
VAGL phase. It showed little change following treat-
ments, except for occasional decreases after
scarification.

Linnaea borealis is occasionally common in the
PSMEIPHMA moist phase and in the ABLAIMEFE
warm phase. 1ts perenneating organs are near the sur-
face and are evidently vulnerable to fire and scarifica
tion (Fischer and Clayton 1983). On PSMEIPHMA it
generaly decreases following al treatments. On
ABLAIMEFE it showed variable changes followingall
treatments.

Graminoids

Calarnagrostis rubescens is a major component o the
undergrowth in both phases & PSMEIPHMA and in
PSMEIVAGL. It isaminor component in both phases
d ABLAIXETE. On the PSMEIPHMA moist phase, it
showed little change after NP, but decreased after BB
and MS. On the dry phase it showed little or variable
changes after treatments. On PSMEIVAGL it gener-
aly increased after NP or light BB, whileit was little
changed following hot BB or scarification. (It
decreased on the youngest WF stand pair, but this
was related to development of an extremely dense sap-
ling stand.) Although it is only a minor component in
the ABLAIXETE h.t., the species tended to increase
strongly after all treatments, except that on the
VAGL phaseit showed little change after scarification.

Carex geyeri iS a major component o many stands in
the dry phase o PSMEIPHMA and is a common
minor component of the PSMEIPHMA moist phase,
the PSMEIVAGL h.t., and the ABLAIXETE h.t. On
the PSMEIPHMA dry phase it showed a decrease 5
years after BB and WF, and little or variable changes
following other treatments. In the other habitat types



and phases, it generally increased after NP, light BB,
or scarification. It showed variable changes after hot
BB and WF.

Carex rossii is often present in small amounts on un-
treated stands in the ABLAIXETE and the cold phase
d ABLAIMEFE. It increased after all treatments, ex-
cept occasionally after NP, and it increased strongly
after scarification. Carex concinnoides showed a similar
response on both phases & ABLAIXETE h.t.

Forbs

Anaphalis margaritacea is a native species that israre in

mature stands, but colonizes (from wind-transported
seed) many o the treated sites in the PSMEIVAGL;
ABLAIXETE, VAGL phase; and ABLAIMEFE h.t.’s.

I t becomes common most often following scarification
treatments. Achillea millefolium has a similar response
pattern.

Antennaria racemosa is often a minor component of
stands on the PSMEIPHMA and PSMEIVAGL h.t.’s.
I't showed little change after NP. On the dry phase o
PSMEIPHMA and on PSMEIVAGL, it generally
decreased after other treatments, while on the moist
phase it showed little change.

Arnica latifoliais often a minor component d the under-
growth on PSMEIVAGL and ABLAIXETE, VAGL
phase, and it decreased following al stand-removal
treatments. It is often a mgjor component o the warm
phase & ABLAIMEFE and a minor component o the
cold phase. On both phasesit showed variable changes
following dl treatments. |t seems to be more tolerant
d stand-removing treatments on the ABLAIMEFE
h.t., presumably because d moist site conditions.

Aster conspicuus was often a minor component on the
PSMEIPHMA moist phase and PSMEIVAGL h.t. It

appeared to increase after NP and showed little change

after other treatments.

Chimephila umbellata, Goodyera oblongifolia, and Py-
rola secunda are small, wintergreen herbs that are
widespread in mature stands in these habitat types,
but seldom contribute appreciably to undergrowth
canopy coverage. All three species essentially disap-
peared following stand removal treatments, except
that some quantity survived after NP. All three spe-
cies (and probably other wintergreen forbs) return with
the development d a new overstory canopy.

Epilobium angustifolium is a wind-seeded native
colonizer that became a component o treated stands,
other than NP, on the PSMEIVAGL h.t. and
ABLAIXETE, VAGL phase. |t often became a major
component on both phases d ABLAIMEFE after
scarification, WF, or hot BB.

Fragaria vesca and Fragaria virginiana form a minor
component d the ground cover on PSMEIPHMA and
PSMEIVAGL h.t.’s. They showed little change in re-
sponse to treatments.

Hedysarum boreale and Hedysarum occidentale are pres
ent in small amounts in a few mature stands in the
PSMEIVAGL and both phases d ABLAIXETE h.t.
These species increased strongly following al treat-
ments in those stands.
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Iliamna rivularis is a short-lived seral speciesthat occa
sionally became wdll represented after WF or hot BB
treatments in the PSMEIPHMA dry phase. It evi-
dently regenerated from seed stored in the soil.

Senecio triangularis is a wet-site forb that was often
present in small amounts in mature stands in the
ABLAIMEFE cold phase. |t generally increased with
treatments other than NP.

Xerophyllum tenax is a major undergrowth component
on the PSMEIVAGL, ABLAIXETE, and cold phase d
ABLAIMEFE. It isusually a minor component on the
warm phase  ABLAIMEFE. On all habitat types, it
decreased strongly after scarification and evidently re-
quires 25 years or more to recover. |t decreased after
WF or relatively hot BB on all habitat types, except
the VASC phase @ ABLAIXETE, whereit showed
little change. 1t showed little or variable change after
NP or light BB, except on the ABLAIXETE, VASC
phase where it increased, and PSMEIVAGL whereit
decreased. Thus, it was most vulnerable on
PSMENAGL, decreasing after all treatments. In con-
trast, it was least vulnerable on the ABLAIXETE,
VASC phase, where it decreased only after
scarification.
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APPENDIX D-1.—HYPOTHESIZED
TREE SUCCESSION ON THE
PSME/PHMA, DRY PHASE

Case 1.—Natural Succession With Understory Fires

This figure shows a common pattern of tree succession
in a pre-1900 stand in the dry phase. Low- to medium-
intensity surface fires generally at 5- to 30-year intervals
continually favored ponderosa pine (PP) by killing a
higher proportion of the Douglas-fir (DF) regeneration
(Arno 1976; Gruell and others 1982). Ponderosa pine
saplings have thicker bark, thicker twigs and buds, and
less foliage near the ground; thus, they are less vulner-
able to light fires than Douglas-firs of comparable age.
This fire regime maintained ponderosa pine as the major
overstory component, resulting in parklike stands of
large ponderosa pine (many age classes) with a relatively
open understory.
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Case 2.—Natural Succession With Fire Suppression and
No Cutting

This diagram represents the succession that typically
occurs with fire suppression in the same type of prime-
val stand. After about 50 years without fire, Douglas-fir
has become the understory dominant because of its
greater shade tolerance. Ponderosa pine fails to regener-
ate and replace itself; thus the stand is converted to
nearly pure Douglas-fir in 300 vears.
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Case 3.—Stand-Replacing Fire or Clearcut Imposed
on Case 2

The dense growth of understory Douglas-fir, resulting
from fire suppression, forms a fuel ladder that allows a
wildfire to crown and destroy the stand in year 90. Or, a
clearcutting treatment is applied, followed by natural
regeneration. After either of these stand-replacing treat-
ments, Douglas-fir regenerates more abundantly than
ponderosa pine. This results because Douglas-fir has
lighter seeds that disperse readily from adjacent stands
and the species is more shade tolerant than pine, allow-
ing it to eventually regenerate even in shrub thickets.
(The treatment reduces the total number of stems to
zero, which is depicted in the relative number of stems.)
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Case 4.—Selection Cutting Without Burning (Speed-up of
Natural Succession)

The figure depicts a series of selective cuttings in
which the large ponderosa pine are favored for harvest
because of their high value. The first cutting is made 40
years after the last understory fire. Because no appreci-
able site preparation or burning accompanies the cut-
ting, Douglas-fir regeneration is favored. Succession to
Douglas-fir forest is accelerated by this type of cutting
in the absence of understory fire. A dramatic example of
this case is shown in photographs taken over a 39-year
period in Gruell and others (1982, page 32).
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Case 5.—Selection Cutting With Underburning to Favor
Ponderosa Pine

The hypothesized effects of selection cutting and
prescribed underburns intended to favor regeneration of
ponderosa pine are shown. The stand-opening cuttings
and site-preparing burns were begun 80 years after the
last understory wildfire. Most of the overstory Douglas-
fir is removed in each cutting, while pines are left as a
seed source. Larger proportions of understory Douglas-
fir are killed with each treatment than ponderosa pine;
thus, the result is a silviculturally perpetuated PP-DF
forest that closely resembles the presettlement situation
(case 1). A shelterwood cutting-underburn treatment
could also be applied to perpetuate ponderosa pine
through natural regeneration.

RELATIVE NO.
OF STEMS

1.0

/

OVERSTORY

UNDERSTORY (< 4" d.b. h.)

|
T T T
0 100
(1900 A. D.)

61

FF f f f 11

Cut and burn treatments

YEARS

200

300



APPENDIX D-2.—_HYPOTHESIZED
TREE SUCCESSION ON THE
PSME/PHMA, MOIST PHASE

Case 1.—Natural Succession With Understory Fires

This figure shows a common pattern of tree succession
in a pre-1900 stand in the moist phase. Low- to medium-
intensity surface fires occurred at 10- to 50-year inter-
vals, continually favoring western larch (L) and pon-
derosa pine (PP) by killing a high proportion of the
Douglas-fir (DF) regeneration. Larch and ponderosa pine
saplings are less vulnerable to light fires than Douglas-
firs of comparable age. This fire regime maintained
mixed, open stands of large larch, Douglas-fir, and pon-
derosa pine, with a patchy regeneration layer. Lodgepole
pine is sometimes a minor component of this phase, but
is not shown in this illustration.
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Case 2.—Natural Succession With Fire Suppression and
No Cutting
This represents succession that occurs with fire sup-

pression in the same type of primeval stand as in case 1.

After about 50 years without fire, Douglas-fir has be-
come the understory dominant because of its greater
shade tolerance. Larch and ponderosa pine fail to

regenerate and replace themselves; thus the stand is con-

verted to nearly pure Douglas-fir by year 300. Partial
cutting without scarification or underburning will tend
to accelerate this succession to Douglas-fir.
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Case 3.—Stand Replacing Fire or Clearcut Imposed
on Case 2

A severe wildfire or a clearcutting treatment occurs.
Afterwards, larch and Douglas-fir, having lighter seeds
that disperse readily from adjacent stands, regenerated
much more abundantly than the heavy seeded ponderosa
pine. (The treatment reduces the total number of stems
nearly to zero, which is depicted in the relative number
of stems.)
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Case 4.—Selection Cutting With Underburning to Favor

Larch and Ponderosa Pine

Hypothesized effects are shown for a silvicultural sys-
tem of selection cutting and prescribed underburns in-

tended to favor regeneration of larch and ponderosa

pine. The stand-opening cuts and site-preparing burns
were begun 80 years after the last understory wildfire.
Larger proportions of understory Douglas-fir are killed

with each treatment and, unlike clearcuts or stand-

destroying fires, this treatment retains a ponderosa pine
seed source. The result is a silviculturally perpetuated
L-DF-PP forest that resembles the presettlement situa-
tion (case 1). A shelterwood cutting-underburn treatment
could also be applied to perpetuate larch and ponderosa

pine through natural regeneration.
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APPENDIX D-3.—THE PSME/VAGL,
XETE PHASE

Hypothesized successional patterns of tree species are
not presented for the PSME/VAGL, XETE phase; how-
ever, such patterns would parallel those shown for
ABLA/XETE, VAGL phase if subalpine fir were deleted.

APPENDIX D-4 —HYPOTHESIZED
TREE SUCCESSION ON THE
ABLA/XETE, VAGL PHASE

Case 1.—Natural Succession With Pre-1900 Wildfires

The figure shows a pattern of tree succession in a
pre-1900 stand in which both stand-replacing fires and
lower intensity surface fires occurred at various intervals
(Arno 1980). Lodgepole pine (LP) was favored by fires,
as was Douglas-fir (DF) to a lesser extent. Subalpine fir
(AT}, a shade-tolerant species, is killed by any fire and
requires more than a century to regain dominance after
fire. Most pre-1900 stands had overstories of Douglas-fir
and lodgepole pine. Understories contained subalpine fir
in addition to the other species. Underburning perpetu-
ated open stands of large Douglas-fir and sometimes
western larch. Stand-replacing fires favored lodgepole
pine and sometimes larch. (The crown fire reduces the
total number of stems to zero, which we have depicted
in the relative number of stems.)
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Case 2.—Natural Succession With Fire Suppression and
No Cutting

Without disturbances, lodgepole pine fails to regener-
ate, allowing Douglas-fir to become the overstory domi-
nant 125 to 150 years after the last fire. Subalpine fir
becomes the dominant understory and eventually be-
comes a codominant in the overstory with Douglas-fir.
Partial cutting without burning or scarification tends to
speed up this natural succession. (The crown fire reduces
the total number of stems to zero, which is depicted in
the relative number nf stems.)
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Case 3.—Clearcutting with Broadcast Burning

This treatment is most favorable for lodgepole pine,
which increases relative to Douglas-fir through succes-
sive rotations. Subalpine fir remains a minor understory
component. (The treatment reduces the total number of
stems to zero, which is depicted in the relative number
of stems.)
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Case 4.—Selection Cuttings

Cuttings are made (at 40-year intervals) to favor
Douglas-fir. All subalpine firs greater than 4 inches in
d.b.h. are harvested or felled with each cutting in order
to remove this seed source. Slash concentrations are
burned in piles or jackpots. Douglas-fir (and larch if
present) regeneration is benefited by the stand-opening
cuts, burned areas, and skid trails. This species’ faster
growth enables it to maintain overstory dominance over
subalpine fir with continued cutting treatments.
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APPENDIX D-5.—HYPOTHESIZED
TREE SUCCESSION ON THE
ABLA/XETE, VASC PHASE

Case 1.—Natural Succession With Pre-1900 Wildfires

Both stand-replacing fires and less intense surface
fires occurred at various intervals (Arno 1980). Lodge-
pole pine was favored by fire treatments, whereas sub-
alpine fir became the climax dominant after 200 years or
more without fire. Douglas-fir, Engelmann spruce, and
whitebark pine are minor components in this phase that
are not shown in this illustration. Fire suppression or
partial cutting tends to favor succession to dominance
by subalpine fir. (The crown fire reduces the total num-
ber of stems to zero, which is depicted in the relative
number of stems.)
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Case 2.—Clearcutting with Broadcast Burning or Other
Site Preparation Treatments

These treatments are made every 130 years, and this
results in development of nearly pure lodgepole pine
overstories. Clearcutting carried out without burning or
site preparation would generally result in stands domi-
nated by lodgepole pine and subalpine fir. (The treat-
ment reduces the total namber of stems to zero, which is
depicted in the relative number of stems.)
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APPENDIX D-6.—HYPOTHESIZED
TREE SUCCESSION ON ABLA/MEFE,
WARM PHASE

A common successional pattern is depicted for pre-1900
stands. To simplify the diagram, subalpine fir (AF) and
Engelmann spruce (S) are combined. (Their successional
differences are shown in appendix C-7 representing the
cold phase of ABLA/MEFE.) Douglas-fir (DF) and west-
ern larch (L) are long-lived intolerant species in this habi-
tat type and are also combined. Two types of wildfires
occurred. The stand-replacing fire gave rise to vigorous
regeneration of lodgepole pine (LP), DF, and L, with
lesser amounts of AF and S. This developed into a dense
pole stand of seral species. When the LP component of
this stand died {150 to 180 years after the fire), AF and
S replaced it. A moderate surface fire occurred in the
mature seral forest and killed most of the fire-susceptible
trees, leaving the overstory DF, L, and a few S. A mod-
est amount of regeneration of all species, except
perhaps L, occurred after the surface fire.

Fire suppression and partial cutting without site
preparation will allow subalpine fir to develop into the
climax dominant species. The crown fire reduces the
total number of stems to zero, which is depicted in the
relative number of stems.
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APPENDIX D-7.—HYPOTHESIZED
TREE SUCCESSION ON ABLA/MEFE,
COLD PHASE

A common successional pattern is shown in pre-1900
stands. A stand-replacing fire occurred in a 150-year-old
stand having seed from serotinus cones in a few living
lodgepole pine (LP) and snags. After the fire, LP and
spruce (S) dominate the young stand. LP dies about 150
years after the fire, and subalpine fir (AF) steadily in-
creases in abundance. In the 300-year-old stand (right
edge), S is slowly being replaced by the more shade-
tolerant AF.

Partial cutting without site preparation would presum-

ably speed up this succession. Clearcutting with site
preparation would generally restart this sort of succes-
sional pattern, provided that a seed source for the seral

species remained. (The crown fire reduces the total num-

ber of stems to zero, which is depicted in the relative
number of stems.)
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APPENDIX E.—SUCCESSION CLASSIFICATION FIELD FORM FOR
HABITAT TYPES PSME/PHMA, PSME/VAGL, ABLA/XETE, ABLA/MEFE

OBSERVER: DATE: Elevation

HABITAT TYPE: Site No.: Slope

PHASE: Aspect

Canopy Coverage Class codes: Treatment codes: Intensity codes: Location: T R S % sec

0 = absent 2+ = 20 - 25% NP = Clearcut and no site prep. L = Light or Low Description:

T = 1% 3 =25 - 50% BB = CC & Broadcast Burn M = Medium

1 =1-5% 4 =50-175% MS = CC & Mechanical Scarification H = Heavy or High "

2-=5~10%2 5 =75 - 95% MSB = CC & MS and burning

2 =10 - 20% 6 = 95 - 100% WF = Stand replacing wildfire treated treated
[ STAND Letter

STAND Characteristics: -ﬁ &

1. Total canopy coverage of all trees (percent)

2. Average d.b.h., of dominant trees (inches)

3. Basal area per acre (square feet)

4. Year of treatment or major disturbance

5. Treatment Type/lntensity (codes from above) / / /

6. Bare mineral soil exposed (percent)

TREES: Scientific Names Abbrev. Common Names Coverage codes for overstory/understory ( <4" dbh)

1. Abies lasiocarpa ABLA subalpine fir / / /

2. Larix occidentalis LAOC western larch / / /

3. Picea engelmannii PIEN Engelmann spruce / N /

4. Pinus albicaulis P1AL whitebark pine / / /

5. Pinus contorta PICO lodgepole pine / / /

6. Pinus ponderosa PIPO ponderosa pine / / /

7. Pseudotsuga menziesii PSME Douglas fir / / /

8. / / /

SHRUBS and SUBSHRUBS: (Include other species with 5% coverage or greater) G Si2t Coverage codes % -

1. Acer glabrum ACGL mountain maple

2. Alnus sinuata ALS1 8itka alder

3. Amelanchier alnifolia AMAL serviceberry

4. Ceanothus canguineus CESA redstem ceanothus

5. . Ceanothur velutinus CEVE evergreen ceanothus

6. Menziesia ferruginea MEFE Menziesia

7. Physocarpus malvaceus PHMA ninebark

8. Ribes viscosissimum RIVI sticky currant

9. Rubus parviflorus RUPA thimbleberry

10. Salix scouleriana SASC Scouler willow

11. Spiraea belulifolia SPBE white spirea

12. Symphoricarpos albus SYAL common_snowberry

13. Vaccinium globulare VAGL blue huckleberry

14, Vaccinium scoparium VASC grouse whortleberry

15.

16.

GRASSES: (include other species with 5% coverage or greater) wa‘ RN

1. Calamagrostis rubescens CARU pinegrass

2, Carex geyeri CAGE elk sedge

3. Carex rossii CARO Ross sedge

4. Carex concinnoides CACO northwestern sedge

5.

FORBS: (include other specles with 5% coverage or greater) S o f““%{:&}

1. Anaphalis margaritacea ANMA pearly everlasting

2. Arnica latifolia ARLA broadleaf anica

3. Chimaphila umbellata CHUM prince's pine/pipsissewa

f+. Epilobium angustifolium EPAN fireweed

5. Xerophyllum tenax XETE beargrass

6.

7.

WET SITES SPECIES: (include other species with 5% coverage or greater) i

1. Calamagrostis canadensis CACA blue joint

2. wet-site Carex Carex wet site sedges

3. Cinna latifolia CILA drooping woodreed

4. Deschampsia atropurpurea DEAT mountain hairgrass

5. Juncus drummondii JUDR Drummond rush

6. Senecio triangularis SETR arrowleaf groundsel

7. Trollius laxus TRLA American globeflower

8. Veratrum viride VEVI white hellebore

9.

10.
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Arno, Stephen F.; Simmerman, Dennis G.; Keane, Robert E. Forest succession
on four habitat types in western Montana. General Technical Report INT-177.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain For-
est and Range Experiment Station; 1985. 74 p.

Presents classifications of successional community types on four major for-
est habitat types in western Montana. Classifications show the sequences of
seral community types developing after stand-replacing wildfire and clearcutting
with broadcast burning, mechanical scarification, or no followup treatment. In-
formation is provided for associating vegetational response to treatments.

KEYWORDS: forest succession, plant communities, vegetation modeling, forest
ecology, fire effects




The Intermountain Station, headquartered in Ogden, Utah, is one
of eight regional experiment stations charged with providing scien-
tific knowledge to help resource managers meet human needs and
protect forest and range ecosystems.

The Intermountain Station includes the States of Montana,
idaho, Utah, Nevada, and western Wyoming. About 231 million
acres, or 85 percent, of the land area in the Station territory are
classified as forest and rangeland. These lands include grass-
lands, deserts, shrublands, alpine areas, and well-stocked forests.
They supply fiber for forest industries; minerals for energy and in-
dustrial development; and water for domestic and industrial con-
sumption. They also provide recreation opportunities for mitlions
of visitors each year.

Field programs and research work units of the Station are main-
tained in:

Boise, Idaho

Bozeman, Montana (in cooperation with Montana State
University)

Logan, Utah (in cooperation with Utah State University)

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

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

Provo, Utah (in cooperation with Brigham Young Univer-
sity)

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