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Keane II, Robert E., M.S., December 1984 Forestry

Predicting Successional Plant Composition on a Pseudotsuga
%gnziesii /Physocarpus malvaceus Habitat Type in Western Montana
96 pp.)

Director: Or. Hans Zuuring "\Y ]

As resource management strategies intensify, forest Tland
managers must be able to predict the probable response of forest
vegetation to silvicultural treatments and wildfires so that
management alternatives can be evaluated. A quantitative computer
model of succession has been developed. This model predicts
temporal changes in cover for major species in the Pseudotsuga
menziesii/Physocarpus malvaceus habitat type. The model is based
on a successional classification system which has recently been
developed. In the model, species are established according to
regenerative strategies and subsequent growth is modeled
empirically via regression equations. Output is offered both in
‘tabular and graphic form. Model ‘validation yielded 63 and 85
percent accuracy in determining correct plant species cover. The
computer program consisting of 21 subroutines was written in
FORTRAN 77 to facilitate the rapid execution of the succession
model.
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CHAPTER 1
INTRODUCTION

The majority of the diverse seral communities present on western
Montana forest 1lands were created by timber harvesting practices and
wildfires. The vegetal composition of these communities influences
timber production, wildlife and livestock forage potential, recreation
opportunity, watershed characteristics, and reforestation problems. As
resource management strategies continue to intensify, land managers must
be able to predict the probable response of forest vegetation to
silvicultural treatments and wildfires so that various management
alternatives can be evaluated. The need to predict successional
compositions is magnified by the fact that early to mid-seral community
types have been and will continue to be a major component of western
Montana forests. Recently, the computer model has become a useful tool
in predicting temporal changes in forest vegetation. \Unfortunately,
many current succession computer models were built for research purposes
and are not oriented to management application. This thesis presents a
quantitative computer model of succession designed to be wused in
resource management and planning.

This computer model is empirical in design and based on the
successional community classification system of Arno and others (1985).

Major plant species of the Pseudotsuga menziesii/Physocarpus malvaceus

habitat type (Pfister and others 1977) are individually modeled using
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regression equations derived from an extensive successional data base.
Initial estabiishment 1is based on each species' physiognomic and
morphologic regenerative strategies and subsequent growth in canopy
coverage is determined from empirical equations. Moreover, since a
given stand-removing disturbance in combination with an appropriate
silvicultural treatment can create a unique successional commuﬁity which
progresses towards climax along any one of several pathways, it was

necessary to stratify species regression equations by pathway.
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CHAPTER 2
LITERATURE REVIEW

Succession Theory

Plant succession has been studied by numerous vegetation
researchers. As a result, many theories on successional processes have
been formulated (for review see Drury and Nisbet 1973, Kessell 1980, van

"Hulst 1978) and diverse conceptual models have been developed (Cattelino
and others 1979, Clements 1928, Connell and Slatyer 1977, Drury and
Nisbet 1973, Egler 1954, Everett and Ward 1984, Gleason 1926, Horn 1976,
Noble and Slatyer 1980, Odem 1969, Peet and Christensen 1980). However,
since Noble (1981) suggests there is no "unifying successional scheme"
but only a muititude of species specific trends (Pickett 1976), it can
be assumed that no conceptual model can be applicable to all types of
vegetation communities.

The "initial floristics" model of Egler (1954) generally describes
early mechanisms of succession in western Montana (Arno 1981, Heinselman
1982, Lyon and Stickney 1974). This model asserts that post-disturbance
species dominance is dependent on the survival of intact plants or
regenerating plant parts from the predisturbance community. And, as
succession is essentially a species by species process (Drury and Nisbet
1973) characteristic of Gleason's (1926) individualistic community
theory, multiple successional pathways can eme}ge depending on

ecological characteristics of the plants (Noble and Slatyer 1980) and
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severity of the perturbation (Gardener 1980, Gill 1977, Kessell and
Fischer 1981). Application of these concepts in the Rocky Mountains is
demonstrated by the multiple pathway model of Cattelino and others
(1979) and succession community classification system of Arno and others
(1985). Therefore, the direction of succession in western Montana
forests is dependent on predisturbance plant composition, disturbance
severity, and survival mechanisms of individual plant species (Antos and
Shearer 1980, Debyle 1981, Lyon 1971, Lyon and Stickney 1974 Zamora
1982).

Current quantitative succession models (summarized in Shugart and
West 1980) deal mainly with the tree layer and rarely simulate changes
in the undergrowth (examples in West and others 1981). These models use
a variety of dependent variables to measure successional growth, Bartos
and others (1983) and Shugart and others (1980) used biomass as a
measure to define changes in vegetation over time, while Everett and
Ward (1984) used percent cover as the successional measure. Variables
such as stocking or species frequency (Bella 1970), basal area, and
breast height diameter (Ek and Monserud 1974, Stage 1973, Kercher and
Axelrod 1984, Botkin and others 1971a) are easily measurable for trees,
but prove difficult to sample for undergrowth species. Shrub and herb
compositions are frequent1y measured in percent canopy coverage because
of cost efficiency (Arno and others 1985, Cholewa and Johnson 1983, Lyon
and Stickney 1976, Pfister and others 1977, Stickney 1980). Lindsey
(1956) considers canopy cover "the most important single parameter of a
species in its community relations'. The shrub succession model of

Steinhorst and others (1984) and the FORPLAN model of Kessell and Potter
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(1980) have percent cover as the predictive variable.

Forest succession models can be categorized into two approaches;
deterministic or stochastic, based on the nature of the driving
variables. Deterministic models can further be stratified into three
types: mechanistic, theoretical, and empirical. The mechanistic model
uses basic physiologic functions to simulate changes in plant growth
during succession (Botkin and others 1972a, Kercher and Axelrod 1984).
Theoretical deterministic models use estimated or assumed parameters to
drive hypothetical growth equations (Bartos and others 1983), while the
data-intensive empirical models use regression equations created from
substantial data bases to estimate successional growth (Adcard 1974,
Arney 1974, Irwin and Peek 1979, Lin 1974, Stage 1973).

Stochastic approaches simu1ate_$uccessiona1 replacement processes
using Markov chain, Monte Carlo, and other types of probability models
(Binkley 1980, Horn 1976, Leak 1970, Suzuki and Umemura 1974, Wagonner
and Stevens 1970) Frequently, succession models are a combination of
both approach and types within an approach. Steinhorst and others
(1984) modeled succession as stochastic during plant establishment and

deterministic thereafter.

Vegetation Ecoloqy

Succession is directly influenced by the biology of each potential
plant species. Physiognomic and morphologic characteristics of the
vegetation, together with revegetation adaptations or strategies,
dictate perturbation response and subsequent establishment and growth.

A gquantitative succession model must be fundamentally based on plant
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species ecology to accurately depict temporal composition changes.
Therefore, it 1is essential to- determine key modes of survival,
establishment, and__growth of the major species to be modeled. The
following is an abbreviated summary of principle revegetation mechanisms
for major plants modeled for the PSME/PHMA habitat type (Appendix A).
The two tree species modeled for this habitat type are adapted to
disperse seeds over short distances to gain reestablishment. Larix

occidentalis (LAOC), a major component in only the PSME/PHMA, moist

phase, is a rapidly growing, shade-intolerant species whose seeds
usually need a mineral seedbed to germinate and grow into an established
seedling (Shearer 1976, Schmidt and others 1976). The seeds of the

semi-shade-tolerant Pseudotsuga menziesii (PSME) are capable of

germinating in more diverse seedbed conditions but subsequent seediing
growth is comparatively slower (USDA 1965). Neither species can
reproduce vegetatively and, therefore, rely on off-site and surviving

seed sources for reestablishment (USDA 1965). Pinus ponderosa (PIPQO)

and Pinus contorta (PICO) are minor components of this habitat type but,

due to theirllimited occurrence, were not modeled.
Shrub species show the most diverse response adaptations. The key

indicator Physocarpus malvaceus (PHMA) sprouts from adventitious buds on

the root crown (basal sprouting) after disturbance damage (Crane and
Habeck 1983, Habeck and others 1980, Schmidt 1980). However, recent
studies revealed that sprouting from adventitious buds and nodes on
deep-rooted rhizomes is also responsible for post-disturbance
revegetation (Bradley 1984). These two adaptations allow PHMA to

regenerate after the most severe disturbances (Bradley 1984, Habeck and
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others 1980). Rhizomes account for the most regeneration in Spiraea

betulifolia (SPBE), which revegetates with high fecundity under certain

environmental conditions, and Symphoricarpos alba (SYAL), which needs

large diameter rhizomes to insure adequate carbohydrate reserves for
resprouting (Bradley 1984, Crane and Habeck 1983, Habeck and others
1980). Both plants can reestablish after moderate to severe

perturbations. Vaccinium globulare, having its perennating rhizomes

nearer to the soil surface, is more susceptible to disturbance damage
(Antos and Shearer 1980, Bradley 1984, Crane and Habeck 1983, Miller
1976,1977). The major basal (root crown) sprouters in the PSME/PHMA

h.t. are the shade-tolerant Acer glabrum (ACGL), the ubiquitous

Amelanchier alnifolia (AMAL), and the somewhat shade-intolerant Salix

scouleriana (SASC). SASC can also reproduce from numerous, wind-borne

seeds but the dry seedbed conditions associated with this habitat type
generally inhibit successful establishment via seed germination.

Two shade-intolerant shrubs have the unique adaptational advantage
of reproducing from seeds which remain viable in the soil for long

periods of time. The nitrogen-fixing Ceanothus velutinus (CEVE)

produces seeds which may remain viable for 400 years or more and need
heat treatment to stratify the seedcoat for initiate germination
(Cholewa and Johnson 1983, Lyon 1971, Lyon and Stickney 1974, Morgan and
Nuenshwander 1984, Mueggler 1965, Quick 1959). Although CEVE also has
the capability to resprout basally, it is usually absent in stands with
greater than 50 percent canopy closure, thus relying on the soil
seedbank for creating the dense CEVE shrubfields evident on western

Montana landscapes (Arno and others 1985, Lyon 1971, Stickney per.
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comm.). The bird-disseminated seed of Prunus virginiana (PRVI) remains

viable in the soil for shorter periods of time but expansion is often a
result of basal and rhizomatous sprouting (Habeck and others 1980,
Mueggler 1965).

Two disturbance response mechanisms are exhibited by the three

subshrubs in this habitat type (Appendix A). Linnaea borealis (LIBO)

and Arctostaphylos uva-ursi (ARUV) are repent, mat-forming shrubs

expanding vegetatively by creeping stems with little or no regeneration
from seed (Bradley 1984, Crane and Habeck 1982, Flinn and Wein 1977).
Since the majority of plant parts are very close to the soil surface,
these species are extremely sensitive to disturbance (Arno and others

1985, Rowe 1977, Bradley 1984). Conversely, Berberis repens (BERE) has

moderately deep-rooted rhizomes (10-15 cm) that regenerate after 1light
to moderate disturbances (Bradley 1984, Crane and Habeck 1983, Miller
1976).

A11 grasses listed in Appendix A, with the exception of Agropyron
spicatum (AGSP), regenerate primarily from deeply buried rhizomes.
(Antos and Shearer 1980, Lyon 1971, Mueggler 1965). However, Crane and
Habeck  (1983) found that the most abundant grass, Calamagrostis

rubescens (CARU), expands equally from seeds and rhizomes and can
potentially double in cover after a disturbance. AGSP can resprout from
rhizomes but the "bunchgrass" or tufted form of this perennial protects
meristematic tissue from fire, allowing regrowth from the original plant

(Stickney per. comm.). The sedges, Carex geyeri (CAGE), Carex rossii

(CARO), and Carex conncinnoides (CACO), are usually not mat-forming like

CARU but seem to possess the protective traits of the tufted grasses.
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Resprouting from rhizomes, stolens, and caudexes are the
morphological adaptations to disturbance for forbs in Appendix A.

Arnica cordifolia (ARCO), Aster conspicuus (ASCO), and Thalictrum

occidentalis (THOC) regenerate mainly from rhizomes and are capable of

surviving low to moderately severe perturbations (Crane and Habeck 1983,
Habeck and others 1980, Lyon 1971, Lyon 1966, Mueggler 1965). Forbs
having shallow-rooted rhizomes that are extremely susceptible to

disturbance include the shade-tolerant plants Chimaphila umbellata

(CHUM), Goodyera oblongifolia (GOOB), and Mitella stauropetala (MIST)

(Antos and Shearer 1980, Arno and others 1985, Rowe 1979). Adventitious

buds on stolons account for expansion in Fragaria vesca (FRVE) and

Fragaria virginiana (FRVI), but due to the close proximity of the

stolons to the soil surface, Fragaria coverage is' somewhat reduced by
moderate to severe disturbances (Rowe 1977). The colonizer Epilobium

angustifolium (EPAN) is capable of resprouting from rhizomes providing

the intolerant plant is present on post-disturbance sites. However, the
major mode of establishment is through production of copious,- Tight
seeds that are dispersed over great distances by wind (Arno and others
1985, Crane and Habeck 1983, Flinn and Wein 1977). This latter

adaptation is also present to some degree in Hieracium albiflorum (HIAL)

and Achillea millefolium (ACMI), although the seeds are usually only

locally distributed. The warm, dry seedbed conditions of this habitat
type are apparently the cause of reduced germination success for EPAN,
HIAL, and ACMI resulting in low post-disturbance coverages (Arno and
others 1985, Miller 1976, Rowe 1977) In addition, HIAL and ACMI can

resprout from a fisberrot caudex. The taproot caudex of Balsamoriza
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sagittata (BASA) is capable of resprouting after low to moderate

treatments while the stout, surficial rhizome system of Xerophyllum

tenax (XETE) can resprout if left intact after disturbance (Antos and

Shearer 1980, Bradley 1984, Habeck and others 1980).
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CHAPTER 3
STUDY OBJECTIVES

At present, forest managers use qualitative procedures to assess
silvicultural impacts on succession dynamics. Successional
classification systems such as Arno and others (1985) and Steele (1984)
relate successional pathways to silvicultural treatments and wildfire
but magnitudes of compositional changes are absent. This study was
initiated to provide quantitative estimates of successional shifts in
species coverage to facilitate evaluation of management actions.

Therefore, the objective of this modeling study is:
To develop a managehent-oriented, quantitative succession
computer model that would predict post-disturbance plant

species' response in the PSME/PHMA successional community

types of Arno and others (1985).

11
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CHAPTER 4
METHODS

Study Area

Data for the succession computer model were collected on the
PSME/PHMA h.t.'s of the Lolo and Bitterroot National Forests, the
southern half of the Flathead National Forest, and parts of the Flathead
Indian Reservation (Figure 1). This area is composed of rugged, heavily
forested mountains bordered by grasslands and agricultural valleys at
tow elevations and slow-growing, "upper subalpine" forests at the high
elevations (Pfister and others 1977). The surface geology 1is mainly
from the Precambrian Belt Series consisting primarily of quartzites and
argillites. However, the Bitterroot National Forest is largely granitic
in origin. Soils are medium to course-textured and generally shallow
and rocky, but deeper mantles sometimes occur on north and east slopes
due to deposits of volcanic ash and loess. Cryochrepts and Cryandepts
are the major soil great groups of the area. The climate 1is described
as inland maritime with short, warm-dry summers and cold snowy winters,
Mean annual precipitation is approximately 15 to 25 inches for this
habitat type.

The PSME/PHMA h.t. consists of two phases. The dry phase is more
abundant and occurs predominately on moderate to steep, south and
west-facing slopes with presence on north and east aspects restricted to

drier portions of the study area. Elevation ranges from 3200 to 5800

12
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feet. The more productive moist phase of this habitat:- type occupies
moderate to steep, north and east-facing slopes between 3400 and 5300
feet in elevation. The moist phase is not as abundant as the dry phase
being absent from the Bitterroot National Forest south of Stevensville
and from the Lolo National Forest east of Rock Creek. The moist phase
is distinguished from the dry phase by having LAOC as a forest component

(Arno and others 1985).

Study Design

The data base used for model construction was created by pooling
data collected for the review draft of the Arno and others (1985)
classification system with data subsequently collected for an evaluation
of the classification system (Keane 1984).

In these studies, potenpial study sites were selected using the
USDA Forest Service Northern Region timber data base and National Forest
Ranger District compartment maps. A study site was often composed of
several, different-aged stands, and typically a combination of a
disturbed stand with an adjacent control or mature stand. This multiple
stand sampling was designed to minimize the three main sources of
vegetation variation: 1. site variability within a habitat type, 2.
geographic variations in the vegetation, and 3. variations in stand
histories prior to treatment.

A circular, 375 square meter macroplot was established in a
representative portion of each stand in the study site. The
representative area was selected as displaying average vegetation

compositions and uniform treatment severity across the stand. This
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procedure, described by Mueller-Dombois and Ellenberg (1974) as
"subjective without preconceived bias", is similar to that employed by
Pfister and others (1977) for the Montana forest habitat type
classification. Canopy coverage for all woody and herbaceous species on
the macroplot was ocularly estimated in cover classes (Table 1) as
outlined by Pfister and Arno (1980). In addition, tree species cover
was stratified into two diameter classes; coverage of trees 1less than
and greater than -four inches diameter at breast height (DBH). Other
variables recorded on the macroplot were:

1. Elevation (feet above sea level + 100 feet).

2. Slope (percent + 5%).

3. Aspect (degrees or azimuth + 5 degrees).

4. Plot location (Township, Range, Section).

5. Treatment type (Table 2) from stand records.
6. Treatment intensity type (Table 3) ocular

estimation.

7. Percent exposed bare mineral soil {percent) ocular
estimation.

8. Total tree cover (nearest five percent) ocular
estimation

9. Average stand DBH (inches + 1 inch).
10. Stand basal area (square feet per acre + 5 sq. ft.)
prism.
11. Stand age since treatment (years + 1 year) from
stand records and field evidence.™
12. Successional community type as defined by Arno
and others (1985).
The sampling design of the evaluation study differed from that of the
original classification study in that only one stand per study site was
sampled. This allowed the freedom to sample a wide range of communities
within the study area in a limited amount of time. As a consequence,
sampling was concentrated on the highly variable early-seral
communities. Additional tree data were <collected during the

classification study but these were not used in the modeling study. A
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Table 1

Cover classes used to estimate cover on sample plots.

Cover Class Cover Range in Percent (%)
T or trace less than 1

1 1 to 5

2 5 to 25

3 25 to 50

4 50 to 75

5 75 to 95

6 95 to 100

Table 2

Sampled treatment types implemented in the model.

Treatment type Abbreviation
Wildfire WF
Clearcutting with broadcast burning BB
Clearcutting with mechanical scarification MS
Clearcutting with no site preparation NP
Table 3

Sampled severity types implemented in the model.

——— o ———— - T ———————— —— ] - - -

Severity type Abbreviation
Low or light L
Moderate or medium M
High or heavy H

——— - — - ———— T 0 T ——— - -
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total of 225 stands were sampled with 146 in PSME/PHMA, dry phase and 79
in PSME/PHMA, moist phase habitat types.

Model Construction

The construction of the computer model of.succession was done in a
stepwise process. First, field data was inspected to determine
appropriate species to model and then analyzed to assess ecq]ogical
modeling criteria. Regression analyses wére then performed on the data
to compute equations which would approximately replicate species
successional trends. Next, a computer program was written to
incorporate equations and ecological modeling criteria into a scheme
which simulates succession on a community basis. The model was then
tested with additional field data to détermine accuracy and precision of
predictions and the test results were then used to further refine the
model. These steps will now be presented in detail.

The data were entered into computer data files in a format
compatible with existing statistical and vegetation analysis programs
(Gauch 1977, SPSSX 1984). Synthesis tables (Mueller-Dombois and
Ellenberg 1974) were produced to select the most important or frequently
occurring species to be modeled. These species (Appendix A} constitute
the majority of cover in any succession community type. Also selected
from these plants were the most AOminant or the species that directed
successional progression 1in any of the community types. (Table 4).
These dominant plants are the species used in the succession

classification key (Arno and others 1985).
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TABLE 4
Major plant species utilized in the regression analysis with their cover
as 1independent variables. These species were the same for both moist
and dry phases.

Species name Common name
1. Pseudotsuga menziesii and Douglas-fir and western
Larix occidentalis larch
(PSME + LAOC)
2. Physocarpus malvaceus (PHMA) Ninebark
3. Calamagrostis rubescens (CARU) Pinegrass
4, Carex geyeri (CAGE) Elk sedge
5. Ceanothus velutinus (CEVE) Evergreen Ceanothus
6. Amelanchier alnifolia (AMAL) Serviceberry
7. Acer glabrum (ACGL) Mountain maple
8. Salix scouleriana (SASC) Scouler's willow
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Two types of numerical analyses were employed to create the
succession computer model. Ordination techniques were used in the
formation- of species response grpupings and regression analyses were
utilized to estimate parameters for the prediction equations associated
with the succession computer model.

Ordination is the process of arranging species (or samples) in

_relation to one or more environmental gradients using vegetation
coverage data (Whittaker 1973). Numeric or graphic representation of
species similarity along the gradients can be obtained from any of the
current ordination programs (Gauch 1977). Using Polar and Reciprocal
Averaging Ordination methods (Gauch 1982, 1977) on the data collected
for species in Appendix A, similarity between plants along possible
succession gradients was indirectly identified and response group
clusters were delineated (Huschle and Hironaka 1980, del Moral 1983).
Examples of ordination by species for both phases are shown in Figures 2
and 3. Ordination results were used to finalize the response groups
defined in the next paragraph.

To simplify model construction, plant species were categorized into
response groups using methods of reestablishment, response to
disturbance, and tolerance to shade as criteria. Formulation of
response groups was facilitated by classifying species according to
Raunkiaer's 1ife forms (Chapman and Crow 1980, Mueller-Dombois and
Ellenberg 1974) Plant Strategy Types (Grime 1979), and Vital Attributes
(Noble and Slatyer 1980,1977). The results of the species
classification and the ordination were used to create 24 response groups

(Appendix B). These groups were designed to permit inclusion of
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additional species as more habitat types are incorporated into the
model. With species response groups as guidelines, modeling decisions
could be based on ecological attributes of plants.

The model was created empirically using multiple regression
analyses. For each phase of the PSME/PHMA h.t., a multiple regression
analysis was performed for each species using only data from plots of
the community types 1in each of the successional pathways depicted in
Figure 4 and 5. These pathways were identified from the classification
system (Arno and others 1985) as explaining the greatest portion of
successional variation. The multiple regression analysis was repeated
for each successional pathway. The dependent variable for the
regression analyses was percent cover for every plant species, and DBH
and basal area for the stand. The independent variables inéluded stand
age, percent total tree canopy cover, dominant species cover (dominant
species are presented in Table 4), elevation, aspect, slope, treatment
type, and treatment severity. Predisturbance cover, assumed to be the
cerr in the control or untreated stand on the same site as the
disturbance stand, was often used as an independent variable. However,
this eliminated the evaluation data from the data base because the
multiple stand sampling technique, which sampled an undisturbed stand
adjacent to the disturbed stand, was not employed in that study. A1l
regression equations generated from the regression analyses were
developed to be descriptive as well as predictive in the successional
sense. Cover class values recorded for all vegetation variables were

transformed to percent cover using the percent midpoint for each cover

class.

e
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PSME/PHMA, DRY STRUCTURAL STAGES
SHRUB-HERB SAPLING POLE MATURE SERAL THEORETICAL CLIMAX
FOREST FOREST
PHMA (1) ——— PESME/PHMA (§) ——————— PSME/PHMA (9)

—————® PSME/PHMA (12) ~——————= PSME/PHMA (15)
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PHMA-CARU (2) — = PSME/PHMA-CARU (6)——— PSME/PHMA-CARU (10) ——» PSME/PHMA-CARU (13) ——= PSME/PHMA-CARU (16)

)/ //

—a= PSME/AMAL-PHMA (11) ~———= PSME/AMAL-FPHMA (14)

4

CEVE-PHMA (4) ———u—— = PSME/CEVE-PHMA (8)

AMAL-PHMA (3) ——me——a- PSME/AMAL-PHMA (7)

SUCCESSIONAL PATHWAYS

1. (1) —(5) —(9) —=(12)—=(15) 4, (3)—(7) —{11) —=(14) —(16) 7. (4)—(8) —=(9) ——(12) —(15)

2. (2) ——=(6) —(10) —=(13)—(16)

5. (3) —~(7)—(11)—(13) —(16)  B. (4) —(8)-—~(10) ——(13) ——(16)

3. (2) ——~(6) ——(9) ~—(12) - —~(15) 6. (3) —~(7)—~(11)——-(12)

»{15) 9. (4) —(8)——(11)~—(14) —(186)

Figure 4 - Successiona) diagram and pathway Tist for PSME/PHMA, dry phase
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Various transformations were performed on the independent variables
of stand age, total tree canopy cover, aspect, slope and elevation to
compensate for curvilinear trends in the data and variable interactions.
Sigmoid and asymptotic transformations were of the form described by
Jensen (1979, 1973), Jensen and Homeyer (1970,1971), and Dolby (1963)
while interactive transformations were formulated using ecological
judgement. A summary of the transformations used in the regression
analyses is shown in Appendix C.

Some species cover regression equations may have dominant species
cover predictions as an independent variable. To eliminate confounding
effects of related predictions for dominant plant species (Table 4), a
priority system (Figure 6) was utilized during the regression analyses.
In this system, each species was prioritized according té its
successional importance or its relative dominance in any successional
pathway. Species of a lower priority were not used to predict cover of
a species with a higher priority. For instance, CARU coverage is not
used to predict PHMA coverage but PHMA coverage is used to predict the
coverage of CARU. Since successional importance is based on pathway,
CEVE received a priority higher than PHMA, CARU, or CAGE along any of
the CEVE pathways.

“Regression analyses were performed using the REGRESSION procedure
in the SPSSX (1983) statistical software package on the University of
Montana DEC 2060 computer. Regression coefficients associated with each
pathway prediction equation were estimated by a stepwise process known
as "backward elimination". A1l independent variables were entered into

an equation and then each was tested for removal using statistical
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FIGURE 6
Priority system for species cover variables used in the regression
analysis for model development. Cover for species with higher
priorities are not used as independent variables in building regression

equations for species of lower priorities. This priority system is for
both PSME/PHMA, dry and moist phases.

e s s ——— —— - i W T At Y A A - - A - -

FIRST PRIORITY -- Total tree canopy coverage
SECOND PRIORITY -~ PHMA
THIRD PRIORITY -- CARU and CAGE
FOURTH PRIORITY -- CEVE (except in CEVE
pathways where it is
SECOND PRIORITY)

FIFTH PRIORITY -- AMAL and ACGL and
SASC

SIXTH PRIORITY -- A1l other plants

- —————— ———————————— - —— —— ——————  — — —— ———— T — s
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significance criteria (F value, tolerance). Once all insignificant
variables were removed, each would again be entered to determine if the
variable accounted for additional variation. Combinations of seventy
variables or variable transformations were used in the stepwise
procedure with each combination selected to best represent successional
trends for a given species. The estimated coefficients for each
equatipn, along with the standard deviation about regression at mean Y,
number of observations, and coefficient of determination were stored in
an external data file to be accessed by the computer program.

The programming requirements for the model were that it had to be
easily implemented on the new Forest Service FLIPS mini computers
produced by the Data General Corporation and it had to be in a
programming language compatible with many Forest Service compilers.
Since large storage requirements for programs built on mini computers
consume valuable computer time, it was decided to storeAa11 parameters,
output labels, and simulation results in external files to be accessed

by the program when appropriate.

Model Assumptions

Since models are simplifications of reality, certain assumptions
must be made to compensate for data limitations. The assumptions for
this model are:

1. If a vegetatively reproducing plant is not present
in the predisturbance community, it will not be
present after disturbance.

2. The pathways displayed in Figures 4 and 5 represent
succession on the PSME/PHMA habitat type.
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3. There is always a seed source for the tree species.

4. The dominant plants in the priority system affect
coverage of species with lower priorities.

5. Presence of CEVE or EPAN on a predisturbance site
or in an immediate area indicates CEVE seed in soil
or EPAN seed source.

6. Basal sprouting is the main method of expansion
after disturbance for SASC in the PSME/PHMA h.t.

7. Cover class is an adequate measure of species
composition dynamics.

8. Any plant species has only one main method of

expansion, all others are considered to be
insignificant.

Model Va]jdation

The model was tested with actual field data to assess the accuracy
of postdisturbance cover class predictions. During the summer of 1984,
20 new disturbance sites (13 in PSME/PHMA, dry and 7 in PSME/PHMA, moist
habitat types) were sampled as previously described using the multiple
stand sampling technique. Measurements for the control or untreated
community adjacent to the disturbance stand were used as inputs to the
model. Cover class predictions for each species from the computer model
were then compared with the corresponding values recorded for the

sampled disturbance community using regression techniques and frequency

tables.
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CHAPTER §
RESULTS

Model Structure

The computer model was structured in modular form, using a main
driver to direct control to subroutines that perform unique tasks. A
simplied flow chart is presented in Figure 7.

At the start of a simulation run, the defaults and flags
initialized in the driver.. Subroutine GREET is then called to
interactively describe the model and ask for the title of the simulation
run and habitat type phase to be modeled. Using habitat type phase as a
key, the number of species, major species (in the priority system), and
transformation parameters are determined. External device numbers are
also set to access proper files. MAJNAME is then called to read
the major species names from an external file. These names are stored
in an array in order of decreasing successional priority so that the
current year's coverage of high priority species can be used to predict
coverage for lower priority species. The input data entry routine is
then activated by calling IREAD.

The data entry routine is an interactive subroutine with a variety
of features for entering input values. Two skill levels are available
to the user. The Novice skill level explains in detail the input value
to be entered, while the Advanced level expedites data entry by printing

a short, one line prompt or query with minimal input value description.
29
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START INTERACTIVE ROUTINE

ENTER INPUT VALUES

START SIMULATION ROUTINE

3

KEY OUT PATHWAY

) 4

DETERMINE MAJOR SPECIES COVER

Y

CALCULATE OTHER SPECIES COVER

LAST SIMULATION YEAR ?

PRINT TABLES AND/OR GRAPHS

ANOTHER DISTURBANCE 7

Figure 7 - Simplified flowchart

for the successional computer

END PROGRAM

model.
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Once the input value has been entered, the subroutine scans for entry or
data boundary violations. Data boundary violations occur when the entry
is not within the range of data wused for model construction. The

following is a summary of data boundary errors.

1. Succession cannot be modeled past year 300.

2. Succession can only start on or after year five.
Stands younger than five years old were not used
in model construction because of the inherent
variablity within early-seral communities.

3. Elevation boundaries range from 3500 to 5800 feet.

4. Canopy coverage can never exceed 100 percent for
any species.

5. The number of individual simulation years cannot
exceed fifty.
This is a 1imitation of the program not the data.
The number of simulation years can be determined
by dividing the maximum year to model by the age
increment.

6. Slope cannot exceed 100 percent.

7. Aspect must be between zero and 360 degrees.

If the program detects an error, subroutine ERROR is called and a
message describing the type of error ‘is printed. The user has the
option of entering cover class or percent cover for predisturbance plant
coverages. However, model output is always presented in cover classes.
A summary of all entered values is printed at the conclusion of the
entry session and the wuser is then able to change any of the input
values. An example of an entry session is presented in Appendix D.

Two unique situations occur during entry of predisturbance plant

coverages. [f the user enters zero cover for either CEVE or EPAN, a
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message is printed asking the user if there is evidence of these plants
offsite. If so, the model assumes, based on response groupings, that
viable propagules of these species are either on site (CEVE) or can
disperse onto the site (EPAN). The predisturbance cover is then altered
to reflect this potential.

After data entry, the successional pathway is determined in
subroutine PATHWAY. This procedure is the most sensitive component of
the model since failure to predict the correct pathway results in
calculating cover from wrong regression equations. The successional
pathway is assessed from predisturbance composition using a modified
Arno and others (1985) classification key for each phase (Figures 8 and
9). These keys attempt to predict pathway before disturbance actually
occurs. '

Successional simulation commences once the pathway is established.
Species cover for each simulation year is calculated in a two staged
process. First major species' coverage 1is calculated in subroutine
MAJOR in order of decreasing successional priority. Cover for remaining
species is then calculated in subroutine COVER., To calculate coverage,
both subroutines pass regression parameters obtained from external data
files to REGRESS. This subroutine creates regression equations from
seventy variables or variable transformations using the regression
parameters as selection criteria. Response groups are used to decide
how to model a species that does not occur on the predisturbance site.
If the species is from group 1 or 2 (Appendix B), or occurs offsite and
is from groups 8 or 17, its coverage is calculated via regression

equations. If the species is a member of any other group, the
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FIGURE 8
Sucgessional pathway key implemented in the model for the PSME/PHMA, dry
habitat type phase. The cover requirements are for predisturbance
cgndi?ions. Start at the top of key and stop at the first requirement
that fits.

1. CEVE greater than 5% canopy cover (cc) and treatment is
WF or BB at moderate to high severity ..ciceciveececennns la

la. AMAL* greater than 5% cc ® 5 ¢ 00 0SSO & 09 S e PATHWAY 9

1b. CARU** greater than 25% CC ccveeeaccnes .. PATHWAY 8
Ic. Not as above .....cceeceecnccncnenancccans PATHWAY 7
2. AMAL greater than 5% CC .cevveerecocessccccscccccnnonssnas 2a
2a. AMAL greater than 15% cc ......... teenses PATHWAY 4
2b. CARU greater than 25% cC ...c0vec.. esseses PATHWAY 5
2c. Not as above .......... esecsssssessnsasss PATHWAY 6
3. CARU greater than 25% CC c.cvvecoceccssccacacasccacasones 3a
3a. CARU greater than 37.5% CC tecceeennsnans PATHWAY 2

3b. PHMA greater than 60.0% cc and low severity

treatment ......... teesesnsescsssasasenons PATHWAY 3

3c. Not as above ....iveeececccnnns (assumed) PATHWAY 2

4, PHMA greater than 15% CC .vcvveeevecncnncnannes «o. PATHWAY 1

5. Not as abOVE .eeecivececcanas (assume depauperate) PATHWAY 1
* AMAL = AMAL + ACGL + SASC ** CARU = CARU + CAGE
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FIGURE 9
Successional pathway key implemented in the model for the PSME/PHMA,
moist habitat type phase. The cover requirements are for predisturbance
g:ndi?ions. Start at the top of key and stop at the first requirement
at fits.

1. CEVE greater than 5% cc and treatment is WF
or BB at moderate to high severity ...ceececececescnccnns .. la
la. AMAL* greater than 5% CC tceeeverctavececsses PATHWAY 5
1b. CARU** greater than 25% cc and LAQC greater
than 5% CC ..civeveerecsnssrsesesscccnsnsessss PATHWAY 6
Ic. Not as abOVe ....eeeecenescsssessse (assumed) PATHWAY 6
2. AMAL greater than 5% CC veveveen.. Ceeeeeeeneeens Ceeeerenen 2a
2a. LAQC greater than 5% cc and moderate to high
severity treatment .......ccceeeecttcncannnce PATHWAY 3
2c. Not as above ......cciveeeiecaceccasenns «oeso PATHWAY 4

3. LAOC greater than 5% cc and moderate to high

severity treatment ..... ceresecctssncnns ceeccscascne PATHWAY 2
4, Not as above .......ceveense tecsessscssecscscecacanasssnan 4a

4a, PHMA greater than 15% CC .cceeiecaceccanaanaes PATHWAY 1

4b. Not as above ......... csecsssssnnns (assumed) PATHWAY 1
* AMAL = AMAL + ACGL + SASC ** CARU = CARU + CAGE
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successional coverage 1is assumed to be zero. REGRESS also scans
computed coverage for negative values and values over 100 percent and
adjusts to zero or 100% respectively.

Subroutine REGRESS also contains equations that were not
empirically developed. Data for some plant species were so poorly
represented along a successional pathway that a statistically sound
regression equation could not be constructed. In these cases,
successional coverage estimates were based on a qualitative assessment
of the 1limited data, or, more simply, equations were designed to
represent a plant's successional trends in general terms from visual
inspection of the data. Three types of variables were used to
qualitatively assess cover changes as a result of_ disturbance, namely
treatment severity, tree canopy cover, and age. Species in obligate
climax (21), stoloniferous shade intolerant (20), and repent mat-forming
climax (12) (Appendix B) response groups were assumed to be eliminated
from the site after moderate to severe disturbances, but retained
predisturbance coverage after 1ight treatments. Species in response
groups 17 and 8 were assumed to be absent from the site after 50 percent
canopy closure. These assumptions were incorporated into the model in
equation form by using treatment severity or canopy coverage as
parameters.

Calculated species coverages for each simulation year are written
to an external output file in subroutine QUTFILE. This file is accessed
by subroutines which display simulation results.

The user can print results on the terminal or the line printer in

two types of formats. Successional coverage can be presented in tabular
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format using subroutines TABLE (for 1line printer) or SCREEN (for
terminal). Graphic display 1s also available for individual species.
Subroutines GRAPH (for line printer display) or DISPLAY (for terminal
display) are used for this task. These two subroutines create graphs
with percent cover on the Y axis and succession years on the X axis.
Since succession is modeled using only cover classes, the graphs depict
only trends in coverage. rather than actual percent and should be
interpreted as such.

Statistics associated with each pathway regression equation may be
displayed to indicate the reliability of the prediction. These
regression equation statistics are read from an external file in
subroutine STATS and printed either on the line printer or terminal.
The printed statistics are coefficient of determination (R squared),
standard deviation about regression at mean Y (Sy.x), and total number
of observations (n).

After the output is displayed for a particular simulation, the user
has the option of implementing another disturbance on the same site.
There are two ways by which an additional disturbance can be modeled.
The user can model a new disturbance after the old disturbance in which
case the coverage of species during the last simulation year is used as
the new predisturbance plant cover. Or, the user can implement a new
disturbance 1in place of the old disturbance and the original
predisturbance coverages are used. If an additional disturbance is not

modeled, the program execution ends and all output files are erased.
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Mode! Specifications.

This computer model was programed in FORTRAN 77 and executed on a
Perkin-Eilmer 1200 mini computer 1located- at the Northern Forest Fire
Laboratory, Missoula, Montana. The code can be easily transfered to the
FLIPS system now available at many National Forest district offices.
The program has low storage requirements (88 kilobytes) because all

- parameters, results, and output labels are stored externally. Twenty
one subroutines, using 2100 lines of structured code, are accessed by
the driver. A copy of the code is presented in the User's manual (Keane
1984). The average entry session requires approximately seven minutes
at the Advanced skill level. There are currently seven external files

which are accessed by the program including two temporary output files.

Parameter Estimation

A 1ist of all regression equations with respective coefficients is
presented in Appendix E. For each equation, the following statistics
are also listed: coefficient of determination (R squared), standard
deviation about regression (Sy.x), and the total number of observations
(n). Of the possible 603 regression equations (312 regression equations
for the dry phase and 213 for the moist phase of the PSME/PHMA habitat
type), 78 are qualitative estimates. The R square values range from
0.44 to 0.99 with standard deviation about regression from 0.010 to
18.000. This large variation associated with these statistics is a
direct consequence of poor data representation 1in some of the less

sampled pathways.
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Simulation Runs

Outputs of a simulation run are presented in Appendixes F and G.
Information printed for the user includes a description of the site, the
keyed successional pathway, and the predicted coverage (in cover
classes) for each species by simulation year (Appendix F). Graphic
output (Appendix G) displays plots of species percent cover on the Y
axis versus stand age on the X axis. Statistics associated with the
user-specified species regression equations are also printed to
indicated reliability of the predicted coverages. A1l outputs may be

printed on the terminal or line printer.

Model Validation

The validation data for the undisturbed stands were used as model
inputs and the simulation predictions were then compared with the actual
cover estimated on the adjacent, disturbed stand. The model averaged
63% accuracy in predicting cover class for all species, with dry phase
simulations more accurate than moist phase simulation results (Table 5)
probably due to the more extensive data base for the dry phase. Tree
species proved to be the most difficult to model (55% accurate) when
compared with the undergrowth (65% accurate). The PSME-CARU and CEVE
pathways had the highest predictive ability (63% and 67% respectively),
but this may be due to 1low validation sampling frequency in the
remainder of the pathways (Table 6). Accuracy by treatment type is
presented in Table 7. Species cover 1is best predicted on the
mechanically scarified stands (65%), but treatment type accuracy is

difficult to compare due to frequent sampling for this disturbance.
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. TABLE 5
Results of model validation by habitat type phase.

Percent correct (%)

Phase Range Average Number of plots
Dry 45-74 65 13
Moist 45-74 59 7
Total 45-74 63 20

TABLE 6

Results of model validation by successional pathway.

Percent correct (%)

Pathway Range Average Number of plots
PHMA 45-45 45 1
PHMA-CARU 50-74 63 11
AMAL-PHMA 45-74 64 5
CEVE-PHMA 60-71 67 3

TABLE 7

Results of model validation by treatment type.

Percent correct (%)

Treatment Range Average Number of plots
WF not sampled 0
B8 50-71 62 8
MS 45-74 64 10
NP 54-64 59 2
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In addition to comparing species cover, predicted successional
pathways were compared with observed pathways to test pathway key
reliability. The model determined the correct successional pathway in
all 20 cases.

A common procedure for evaluating the accuracy of a model is to
regress predicted values as dependent variables with observed values as
independent variables and statistically test for a slope of 1.000 and a
y-intercept of zero. The slopes for this model were 0.79 for the moist
phase and 0.88 for the dry phase of the PSME/PHMA habitat type.
However, statistical tests on the slopes (t value) show that they both
were not significantly different from 1.0 with alpha or level of
significance equals 0.05 (null hypothesis: beta = 1.0, alternative
hypothesis: beta not equal to 1.0). Y-intercept values for the phases-
are 1.28 (moist) and 0.78 (dry) with both these values not significantly
different from zero. The results of the validation regression analyses
show the model is over-estimating cover in the lower cover classes and
underestimatin§ cover in the higher cover classes. These resuits were

used to refine the model after validation analysis was completed.
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CHAPTER 6
DISCUSSION

Model Structure

The program was designed to easily accept additional habitat types.
However, because ecological relationships between habitat types are not
identical, new transformations, different major species, and other
pathway keys wiil be required when new habitat types are added in the
future. A procedure for implementing habitat types into the model is

presented in the User's Manual (Keane 1984).

Parameter Estimation

The regression coefficients were estimated according to species
response  groups. Equation parameters for species regenerating
vegetatively (response groups 4 thru 6, 9 thru 16, and 18 thru 24) were
estimated using only plots in which the species was present. This
assumes that species which are not present before treatment will never
become established after treatment, and conversely, species which are
represented in the predisturbance stand will never be eliminated from
the site. However, a species could possibly be eliminated from the site
as a result of a severe treatment, particularly if the species 1is in
response groups 12, 18, 20, 21, or 23. In these cases, all plots were
used in regression equafion construction, but only if the pathway was a

result of a severe treatment as described by Arno and others (198S5).

a1
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Regression analyses for species in groups 1, 2, 7, 8, and 17 had every
plot added to the regression data base because it was assumed these
species could potentially become established on the site regardless of
predisturbance cover.
The use of predisturbance cover as an independent variable was also
governed by response group. Regression analyses for groups 1, 2, 7, 8,
.and 17 never integrated predisturbance cover as an independent variable
in the equations because these species either did not occur in mature,
closed-canopy stands or their method of revegetation was not dictated by
surviving members. Equations for species 1in the remaining response
groups employed predisturbance cover as an independent variable whenever
it was statistically significant.

Predisturbance cover proved invaluable as an independent variable.

This confirms concepts presented in past studies which describe
succession in terms of the predisturbance composition (Lyon and Stickney
1974, Stickney 1983, Steele 1984). Moreover, magnitudes of the
predisturbance cover coefficients, approximately 1.0 or slightly Jless
(Appendix E), indicate postdisturbance cover will be as much as
predisturbance cover or slightly 1less depending on severity of
treatment. Predisturbance coefficients associated with the equations
used to predict SASC cover were sometimes greater than 1.0 indicating a
gain in coverage as a vresult of disturbance. This gain could be
explained as expansion via seed, but is more likely due to aggressive
sprouting from severely suppressed plants. Unfortunately,
predisturbance cover was rarely used as a predictor in the moist phase

equations because few multiple-stand sites were sampled by Arno and
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others (1985). Future modeling efforts should sampie mature stands
adjacent to disturbed communities so predisturbance cover can be
incorporated into regression equations.

In some 1instances, regression equations only explained data
characteristics rather than describe successional tendencies. This was
a consequence of inadequate pathway plot representation coupled with
high species cover variability between sites. This situation was
especially prevalent in the PSME/PHMA, moist phase. Some successional
pathways were poorly represented because they were rarely observed in
natural situations. For example, the dry phase PHMA pathway (Pathway 1
in Figure 4) had inadequate plot representation because silvicultural
and natural disturbances seldom create proper conditions for development
of .this pdthway. Data in these poorly represented pathways were often
combined with data from similar pathways to more adequately explain
variation in successional communities. For instance, dry phase Pathway
9 (Figure 4) did not have enough observations for some species to
adequately build reliable regression equations, so parameters were
estimated using additional data from Pathways 7 and 8. These pathways
are similar in that all are CEVE dominated during early seral stages.

Certain age groups are absent in the data base for similar reasons.
Disturbed stands between the ages of 35 to 64 years are uncommon in
western Montana because of fire suppression policies and the fact that
early logging activities were usually partial cuttings rather than
clearcuts. This limited age distribution in the data base could explain

underestimations in species cover predictions.
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Even in mature stands, plant species cover can vary greatly between
sites of the same habitat type phase. Past disturbance histories such
as underburning and thinning, and subsequent seed germination success
rates are factors which might explain cover variations. For example,
frequent surface fires might enhance seed germination of an otherwise
sprouting plant eventually resulting in increases in cover. Another
site, similar in physical site climatic characteristics, but
experiencing 1little understory burning might have comparatively less
cover for the same species because of the absence of reproduction by
seed. The model cannot account for these differences in stand histories
because 1light surface treatments were not incorporated into the
regreésion equations. As a result, there is inherent variablity in the
coverage data due to these and other unknown factors and this variablity
strongly affects regression equation form and precision. Initial
regression analyses produced equations containing transformations which
apparently made no sense ecologically but explained the greatest
proportion of variation. In such instances, equations were reformulated
so that only transformations which reflected known successional
processes were used. Unfortunately, standard deviations about
regression usually increased as a result of this reformulation, as would
be expected.

The error of the cover estimate 1is often compounded when
predictions are used as independent variables in the regression
equations. Since major species cover predictions are commonly used as
independent variables in minor species cover equations, additional

variation is bound to be introduced. Yet, the compounded error of the
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minor species cover estimate is hopefully absorbed in the conversion of

cover percent to cover class.

Validation and Refinement

This "brute force" validation procedure (described by Shugart and
West 1980) 1is limited in scope because site and vegetation conditions
are not constant between disturbance and untreated stands. A mosaic of
species cover between stands on the same site influences the reliability
of the model predictions. Differences 1in microsite and dispersal
patterns are factors affecting the spatial distribution of species
cover. The model can not handle a vegetatively regenerating species
which is present in the disturbance stand but not in the adjacent
control or mature stand (Assumption 1 in Methods). This situation was
often evident in the validation data. If these cases are eliminated
from validation data base, accuracy increases by 3% to 5%.

An important ecological measure of model validity is the magnitude
of difference between predicted coverage values and observe values. It
makes little difference ecologically if a species occurs at a trace
(0.1% to 1% coverage) or cover class one (1% to 5% coverage), unless of
course the species is rare or endangered which is not the case in this
model. If these two classes are combined and validation data again
analyzed, the average accuracy increases to 85% correct.

An important result of the validation process was the inability of
the model to predict tree species cover reliability. This was probably
due to the establishment of trees from a seed source in or adjacent to

the disturbed area. The amount of seed (seed crop) and subsequent
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dispersal is dictated by highly variable weather conditions. The
stochastic nature of these weather variables makes it extremely
difficult to model tree establishment deterministically. Regression
equations only predict average species cover regardless of current or
past weather influences. Therefore, covérage predictions for individual

tree species should be interpreted as averages.
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CHAPTER 7
CONCLUSIONS

Empirical models do have their limitations. Regression equations
do not indicate cause and effect relationships, therefore, changes in
species cover are modeled as "black boxes" which produce desired outputs
but give no insights as to why these changes occur. Basic successional
processes such as nutrient a1locétion, microclimate alteration, and
competition are not addressed 1in this empirical model. On the other
hand, mechanistic models which simulate these basic processes rarely
produce outputs that can be wused in resource mahagement because
dependent variables are not of the form useful in management planning.
Future modeling efforts should bridge the gap between the empirical and
mechanistic designs to produce management-oriented succession models

which are founded on fundamental ecological interactions.

Model Improvement

The data base for the model could be 1improved by sampling
successional communities along the infrequently observed pathways at the
same intensity as the other pathways. Although these communities are
less common in west-central Montana, they must be adequately represented
so that statistically reliable regression equations can be built. A
more evenaged plot distribution is also needed to accurately describe

shifts in species coverages.

47
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Additional pathways within a habitat type phase could improve model
accuracy. Successional variation in species cover could be more
accurately assessed by the inclusion of more successional pathways
stratified by new community types. However, a larger data base will be
required to properly represent each of the new pathways.

An alternative modeling design is to simulate successional changes
by response groups rather than by species. If collective cover of a
species within response groups could be used as the dependent variable,
perhaps the high variablity between plots could be decrease. Of course,
this assumes species within response groups occupy approximately the
same ecological niche. Another modeling approach involves the use of
factor analysis on the dependent variables. Since data is coI]ected in
discrete categories (cover classes), is converted to percent for
analysis, and then reconverted back to categories, it might prove
beneficial to use Factor analysis on the cover classes categories to

more accurately predict successional compositions.

Implications

This model can be used for any phase of management planning where
the major emphasis 1is on the vegetation component. Wildlife managers
might need to assess the effect of two alternative treatments on the
cover of a major browse species. Timber specialists could determine the
natural regeneration success of LAOC after two types of cuttings.
Recreation planners might wish to evaluate the consequence of
clearcutting with respect to visual quality. The outputs of this model

could be used as an evaluation tool for each of these concerns.
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APPENDIX A

List of the species which were modeled.
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APPENDIX A

List of the most frequently occurring or the most dominant plant species
on the PSME/PHMA habitat type. Also included is the common name and the
four letter abbreviation for that species.

TREES GRASSES

T —— - - T W .- . . A A i ——  —  ——— - — -~ > Y W —

Larix occidentalis
(western larch)
Diameter classes:
‘WL<4-less than 4 " dbh
WL>4-greater than 4" dbh
WLAL-total cover all dbh
Pseudotsuga menziesii

(Douglas-fir) )

Diameter classes:
DF<4-Tless than 4" dbh
DF>4-greater than 4" dbh
DFAL-total cover all classes

SHRUBS

- —— o — A ) Sl M A R L - S G o A

Acer glabrum - ACGL
(mountain maple)

Amelanchier alnifolia - AMAL
(serviceberry)

Ceanothus velutinus - CEVE
(snowbush)

Lonicera utahensis - LOUT
(Utah honeysuckle)

Physocarpus malvaceus - PHMA

(ninebark)

Prunus virginiana - PRVI
(chokecherry)

Rosa gymnocarpa - ROGY
(rose)

Salix scouleriana - SASC
(Scouler's willow)

Spiraea betulifolia - SPBE
(spiraea)

Symphoricarpos albus - SYAL
(snowberry)

Vaccinium globulare - VAGL
(blue huckleberry)

Agropyron spicatum - AGSP
(Bluebunch wheatgrass)

Calamagrostis rubescens
(pinegrass) - CARU

Carex concinnoides - CACO
(northwest sedge)

Carex geyeri - CAGE
(elk sedge)

Carex rossii - CARO
(Ross's sedge)

Achillea millefolium - ACMI
(yarrow)

Antennaria racemosa - ANRA
(woods pussytoes)

Arnica cordifolia - ARCO
(Heart-leafed arnica)

Aster conspicuus - ASCO
(showy aster)

Balsamorhiza sagittata-BASA
(arrowleaf balsamroot)

Chimaphilla umbellata -CHUM
(prince's pine)
Epilobium angustifolium-EPAN
(fireweed)

Fragaria vesca - FRVE
(strawberry)

Fragaria virginiana - FRVI
(Virginia strawberry)

Goodyera oblongifolia -GOOB
(rattlesnake plantain)

Hieracium albertinum and

albeflorium (hawkweed)-HIAL
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APPENDIX A (con't)

List of the most frequently occurring or the most dominant plant species
on the PSME/PHMA habitat type.

SUBSHRUBS FORBS (con't)

Arctostaphylos uva-ursi - ARUV Mitella stauropetala -MIST
(kinnickinnic) (starry mitrewort)

Berberis repens - BERE Thalictrum occidentale
(creeping Oregon grape) (meadowrue) - THOC

Linnaea borealis - LIBO Xerophyltum tenax - XETE
(twinf lower) . (beargrass)
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APPENDIX B

Species Response Groupings
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APPENDIX B

ipecies Response Groupings for the 33 species in the PSME/PHMA habitat
ype.

TREES

Group 1 - Shade tolerant (climax)
Pseudotsuga menziesii

Group 2 - Shade intolerant (seral)
Larix occidentalis Pinus ponderosa*

Group 3 - Serotinous seral
Pinus contorta~*

SHRUBS

Group 4 - Root-crown sprouting seral
Prunus virginiana Salix scouleriana**

Group 5 - Root-crown sprouting climax
Lonicera utahensis Rosa gymnocarpa

Group 6 - Root-crown sprouting meso-seral
Acer glabrum Amelanchier alnifolia

Group 7 - Light-seed producing seral
Salix scouleriana**

Group 8 - Soil dormant seed producing séral
Ceanothus velutinus

Group 9 - Rhizomatous climax
Vaccinium globulare  Symphorocarpus albus
Spiraea betulifolia

Group 10 - Rhizomatous meso-seral
Rubus parvifolia

Group 11 - Root-crown sprouting and rhizomatous climax
Physocarpus malvaceus
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APPENDIX B (con't)

ipecies Response Groupings for the 33 species in the PSME/PHMA habitat
ype.

SUBSHRUBS

Group 12 - Repent mat-forming climax
Arctostaphylos uva-ursi Linnaea borealis

Group 13 - Rhizomatous climax
- Berberis repens

GRASSES

Group 14 - Mat-forming rhizomatous climax
Calamagrostis rubescens

Group 15 - Tufted rhizomatous climax
Carex concinnoides Carex geyeri

Group 16 - Tussocked or bunched climax
Agropyron spicatum Carex rossii

FORBS

Group 17 - Widely-dispersed, light seed producing seral
Epilobium angustifolium

Group 18 - Locally dispersed 1ight seed producing seral
Achillea miltefolium** Hieracium albertinum

Group 19 - Rhizomatous climax
Arnica cordifolia Antennaria racemosa

Group 20 - Stoloniferous seral
Fragaria vesca Fragaria virginiana

Group 21 - Obligate climax
Chimaphilla umbellata Goodyera oblongifolia
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APPENDIX B (con't)
Species Response Groupings for the 33 species in the PSME/PHMA habitat
type.
FORBS (con't)

Group 22 - Rhizomatous seral
Thalictrum occidentale Mitella stauropetala

Group 23 - Caudex perenniating seral
Balsamorhiza sagittata Achillea millefolium

Group 24 - Stout rhizome climax
Xerophy1lum tenax

* Species was not modeled but used to create a response group to
facilitate addition of new habitat types.

** Species demonstrates duel revegetation mechanisms
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APPENDIX C

Transformations and Interactions used in Regression analyses
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Transformations used in the regression analysis for model construction.

TRANSFORMATIONS

. s e s . T T ——— > W B A - " — ] T T AT - — -

ETevation (feet)
Aspect (degrees)
Slope (percent)

VARIABLES

Severity type (categorical)
Treatment type (categorical)

Age (years)

Tree canopy cover (CC) (percent)
Predisturbance coverage (percent)

SINGLE VARIABLE TRANSFORMATIONS

(Agemax - Age)**5.0
(Agemax - Age)**3.0
(Agemax - Age)**(0.15)
Age / (1.0 + Age**2)
1/ cCC

Elevation / Aspect
Slope / Aspect

Age**(0.15)
Age**(0.40)
Age**(0.35)
Age**(0.65)
Age**(0.10)
Age**(0.25)
CC**(0.40)

CC**(-0.01)
CC**(-0.20)
CC**(-2.00)
CC**(-0.60)

INTERACTIONS

POWER TRANSFORMATIONS

PHMA (%)

CARU (%)

CEVE (%)
AMAL+ACGL+SASC (%)
(CAGE+CARU) (%)
DBH (inches)

CCx*2

Age**2
Age**3
1 / Age

CC / Age
CC**2 / Age**2

Age**(-0.20)
Age**(-0.30)
Age**(-0.40)
Age**(0.50)
Age**(-1.50)
Age**(-2.00)
CC**(0.30)
CC**(0.25)
CC**(-1.50)
CC**(-0.40)
CC**(0.15)
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APPENDIX C (con't)

Transformations used in the regression analysis for model construction.

TRANSFORMATION

——— —— R A ——— . 0D WO B SO W SO W T Y W o WO W D Al . Y - —

SIGMOID TRANSFORMATIONS

EXP(((1.0-Age/Agemax)/0.7)**5.0))
EXP({(1.0-Age/Agemax)/0.6)**6,0))
EXP(((1.0-Age/Agemax)/0.9)**8.0))
EXP(((1.0-Age/Agemax)/0.7)**8.0))
EXP{((1.0-Age/Agemax)/0.8)**8.0))
EXP(((1.0-Age/Agemax)/0.8)**9.0))
EXP(((1.0-Age/Agemax)/0.8)**10.0))
EXP(({1.0-Age/Agemax)/0.6)**4.0))
EXP(((1.0-Age/Agemax)/0.9)**10.0))
EXP(((1.0-CC/CCmax)/0.8)**5.0))
EXP(((1.0-CC/CCmax)/0.6)**6.0))
EXP({(1.0-CC/CCmax)/0.8)**10.0))
EXP(((1.0-CC/CCmax)/0.7)**8.0))
EXP(((1.0-CC/CCmax)/0.9)**8.0))
EXP(((1.0-CC/CCmax)/0.7)**5.0))
EXP(((1.0-CC/CCmax)/0.7)**8.0))
EXP(((1.0-CC/CCmax)/0.8)**9.0))
EXP(((1.0-CC/CCmax)/0.6)**4.0))
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APPENDIX D

Sample Interactive Data Entry Session.
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CUN T ORGUN
.

» EXECUTIUN OF rORSUM FOLLOWS: Page
x

FQRest SUccession Model

This 15 @ commuter model whach predicts the coverages of major
Plant Specles e115T1N0 of & habitar tvpe over tine.

Do vov wish further information an the operation of this moedel?
vleuse answer Y lyas) or N Ingd:
134

This conputer medel reads 1nput tnfermatien given by The yaer and wiilizes
the 1nput informatian in ¢ numter of mvltiple regression eaquationns.

Thece regression egeartions predict the coveraqges oFf the major specires

th s MabIYAT type phase over a wser-specified time span. The succeasienal
Tteitlétien Starts on the Fifth year after the stand removiag disturbance,

The voer will be asked a variety of gquestions pertiining to:
1. The sate to be modeled.
2. The time period and i1nterval to model.
T. The post~di1Sturbance cCoverages of *he masor plant specLes.
4. fhe types of sutputs to be generated.

It 25 1AportTant 1hat the eser input only one valve per prompt tquestion)
and end the entry with 3 Carrage revYurn. I there are any avestions
concerning the data entry procedures, please consvlt vhe USER'S CUIDE
befare proceeding.

DATHA ENTRY PROCEDURE
Please antar & title for vour simelation ren:

The title cannat exceed 40 characters and should describe the unique
1spects of rthis samulatien, (en: BIG FORK CREEK TIMBER UNIT PSHE/PHMA,DRY)
DEMO RUN PSME/PHMA, DRY BOP KEANE

Fleasa enter the number corresponding to the habivrat type phase

whith you wish to medel. 1If yev desire more informavion

on which hatitat type phase your land ared keys To, plesse consult

The putilacation "FOREST SUCCESSION ON FOUR HABITAT FTYPES IN WESTERN MONTaNA™
to obtain the necessary information.

The phases i1mplenented i1n this nodel are:

1T~ PSHE/PHMA ,DRY

2 - PSHE/PHMA ,NDIST

4 - ABLA/XETE,vaGL -
S ~ ABLAZXETE ,VASC

Please enter the habitat type phase number:

fex: An entry af "2 would cavse the medel to samulate SUCTeSSLOA
on the PSME/PHMA HCIST habitat type phase.)

n

THE INPUT OF SITE VARIABLES

Please enter the elevation of the distyrbance s1te 1n feer:
tex:r4500)
Y4800

fnter the awgect of the site in degrees:
{ex:?250 - rhis wevld be & northaerly aspect)
1160

Please enter the slope in percent: (exr4%)
45

INPYT OF PRE-DISTURKANCE VEGETATION COVERAGE

¥ou will now be presented with the latin name for each of the

M3 Jor species sccerrihg on this habitat type phase. After the name,
please enter the coveraQe (cover class or percent) for that plont species.
{ex:hceor qlabrum 3453

There IaFe TWe ways 10 enter gre-disturbance coverages.
you Con Bnter coverage Classes or the actual percent of canopy coverage.

Do you wish 1o prter cover classes? (Please enter "Y" (yes) or "N" (ue)}
Y

The cover rlazses implemented 1n this sodel are:

~ 1@ro oF no canopy coverage
troce or 8.1 10 1.0 % can. cov.
-~ 1.0 to .0 X con. cev.

- 3.0 to 25.80 % tan. cov.

2%.0 10 506.0 X can. cov.

- 30.0 to 7%,0 X can. cov,

-~ 75,9 to ¥9.0 X can. cov.

- 95.0 to 189.0 %X can. cov.

i

CAdDLuN= 10
'

Please use only these values for canopy coverdge codes.

Enter the coverage for all tree species {(CCAL):

>4

fnt1er the sverage Dirameter at breast haight (DBHI, 1n 1nches, Far alil .
trees 1n the stand:

M3

Enter the average Basal Arma ef The stand in squere fe@tr per acr
1139

Cnter the covaraqe far Douglas-Fir less than 4 inches DBH (DF(4):
¥

Enter the coverage for Douqlas-¢ir greater than 4 inches DEH (DFY6):
ra

Enter the coverage for all Douglas-¥ir (DFAL):
e

Enter the covecage for Acer glabrues (ACGL) or movntaln reole:
31

Enter the cdverage For Amglanchaer #lnafolia (AMAL) or <erviceberry:
¥ i
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FEL svus s LA Lime i ANyt MY WHiAWL TMI @ WEYE L.t

with no visible evidence of Ceasthus on the site. Hawever,

presence of Cesnothus seed on si11@ Caf vSvally be determined by Page
TWwo means. Firsy, are there Ceanethus plants on the mes| disiurbed

portions of the stand (read cuts ar fills, ukid roads, etcr. waad

LeCond, are there many senescent Ceandthus plants «n the wtany whach

Ub not constiture greadt coverdge? If the answer® s yes to s ther one

of theee questions plesse mnter ~Y", otherwise enter °N*
i

ﬁ;'qr the covarage far Lonicera stahensis (LOUTY or Utah honeysuck e:

§¥ter the coverage far Physocarpus malvaceus (PHMA) or niaebork:

Enter the coverage fer Prunus virganiana (PRVI) or chotecherry;
ha 1]

Enter rthe coverave fer Rosa gymnocarpa {(ROGY) or wild rose:
i3]

s;ver the coverage fer Salinw scowlerians (SASC) or Scouler’s willow:

Enter the caverage fer Spiraes betulifolia (SPBE) ef white spirsea:
2

E:ter the coverage fer Symphoricerpos albus (SYAL) or snowberry:

Enter the coverage fer Vacciniwm globulare (VAGL) or blue huckleberry:
0

Enter the coveraae far Arctostaphylas uva-ursi (ARUY) or kannikinnac:
i34

Enter the coverage for Berberis repens (BERE) or creeping Dregon grape:
i

Enter the coverage for Lannaes boerealis (LIBO) or tuinflower:

0

Envter the coverage for Aqropyron spicatum {(AGSP) ar bluehunch wheatgrass:
T

Enter the coverage for Calamagrostis rvbescens (CARU) or painegrass:

¥2

Enter the coverage fer Carex concinnordes (CACO? or nerthuestern sedge:
b}

Enter the coverage for Carex geyeri (CAGE) or elk sedge:
22

Enter the coverage for Carer rossii (CARO) or Ross sedge:
30

Enter the coverage for Achillea millefelive (ACMI} or yarrouw:
T

Entiar the coverage for Antenndrid racermosa (ANRA) or wooed’ s puvisytoes
T

Eoter the coverage for Arnica cordifolia (ARCO) or heartleafed arnica:
F

Enter the coverage far Aster conspicevs (ASCO} or sShowy aster:
b1

Enter the coverage for Palssmorhizs sagittary (BASA) or arrowuleaf balsamroset
12} :

Enter the coverage for Chimaphila vmebellavra (CHUM) or papsissewa:
T

Esiter the coverage for €Epilobium angeusifolium {(EPAN) or fireveed:
e

Firewswd (EPAN)Y has the potential to disperse many light seeds over wide ranqe.
Iz there evidence of Fireweed in 4reas thav are off-sive?

Plaase enter yes (Y} or no (N)...

w

Envier the toverage for Fragaria vesca (FRUE) or strawberry:
T

Enter the coverage for Fragaria virginiana (FRYUI) or Varginia strowberry:
b1 ]

Eater the coverage for Coodyera oblongifalis (COOB) or rattlesnake plantain:
H

Enter the coverage for Hieraciuem spp. (HIAL) or haukueed:
1

Eaver the coverage for Mitella stauropevala (MIST) or starry mitrevert:
¥

Enter the coverage for Thalictrum sccidentale (THOC)? or western measdowrve!
b2l

Entar tha coverage for Xerophyllum tenax (XETE) or beargrass:
)

THIS IS THE END OF THE PRE-DISTURBANCE VEGETATION COMPOSITION ENTRY PROCEDURF
IHPUT OF MANAGEMENT VARIABLES

Please enter the number corresponding te the treatment type which
will be implemented on the disturbance site. The treateent types and their
respective nusbers are:

1 - WILDFIRE

2 -~ BROADCAST BURN

3 - HECHANITAL SCARIFICATION (incivdes pile and burn}
4 - NG SITE PREPARATION

Please enter the Treatment type number: (ex: an entry of 2 would

reselt 1n modeling a broadcast burn treatment disturbance)
1
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Pleane anter The nusber Correnponding To The InTensity or eyt 1ty 0 o,
vl rthe r. gutmenty, The soverity Tvpes with rheir respoective qumbern o w,

1 - LIGHF OR LOW SEVERITY Page
2 -~ BODERATE SEVERITY
3 ~ HIGH OR HOT SEVERITY

Plesse enter the severity type number: (ax: an entry of 2
results «n the modeling of a mederately severse treatment)
2

INPUT OF THE TIME CONSTRAINIS
You will be 3sked 1o enter twn time variables 1o mege)
successien. The first time variable 1s the total amount of tame (1f viiare
vou wish te model. The second tine factor 1s the time ine rement
21 Which you wash te examine The SUCCESS10Nal CoOveragrs
For example, 1f yov wished toe mudel a2 disturbance site from
vear S to vear 200 (after disturbance) and you wanit to loak
4t the species ceversges avary 10 years, simply enter 20D
after the first promot and 10 after the second. There 1s, howavar,
one rule which you must remember: the moedel can onlv handle %0 t,me
intervals.  This seans that the time span (1n thig example 200) divided
bv the time 1aterval (10) must aocY be greater than S (in
fthis case 200710 = 240).

Plesase enter the Time span which you wish 16 medel suCcession.
{ex: an entry of 200 woyld resuvlt i1n the prediction of the najoer
Species coverages up Yo the 200th year after disturbance)

*200

Pleswe enter the time interval 3¢ uhich vou wish 1o vikw svecesscon.
tex: an entry of 20 would allow you 1o examine the coveraaes

of the major plant species every 20 vears vp tu the masimum year
vou specified above)

pih-]

Usuld you like 1o see the results of your successlonal simulation in
tabular Form? (Please enter "Y' (yes) or "N" (no)}
G

*x%x# ERROR xxmxx

A " Y * or a " N " was not entered. Plmase try again

Would vou like to sae the results of your seccessional saimulation in
tabular form? (Please enter "Y” (yes) or "N* {no))
Y

Uowld veuv like response graphs for the major species?
(Please enter “Y* (yes) ar "N" (ng)) -
Y

SUMMARY OF THE DaTa INPUT SESSION

THE FOLLOWING ARE THE VALUES WHLCH WERE ENTERED:

(1) ELEV (FT)= 4800. °
<2) ASPECT (DEG)= 160,

€3} SLOPE (%)= 4%,

<(4) THREATHENT TYPE (1-WF, 2~BE, 3-HS, A-NP)
€5) INTENSITY TYPE (1-L0W, 2~MOD, 3-HIGH)} =
£6) TIWE SPAN TO MODEL = 200 YRS

¢7) TIME INTERVAL = 2% YRS

(8) TABLE FORMAT (0-NO, 1-YES) = 1

(%) GRAPH GENERATION (0-ND, t-YES) = 1

2

1f yov wish to change any ofF the i1ngut values,.please enter the number
€in parenthesais? next ro the 1nput value which you wish 1o change,

Lf vou are satisfied with the entries, anter rern (0) 8 rantines,
fex: 1f you wish tso change the elevation value, enter the uumber )

a

PREDISTUREBANCE PILANT SPECIES COVERAGES
SE VALUES ARE PECENT COVERAGE EXCEPT DEH & BA:
: The mrdpoints of the cover classes w1ll be prewented.
€1y ELak) 2.5 ¢ 2> DEH 2 13.0 3 BA > 130, ¢ 4y DFcay 2,

n
C S) DF>4) 62.% ( 5) DFALY 2.3  7) ACGLY 3.0 « 8) aMAL: 5.0
¢ 9y CEVEY 0.0 (10> LOUT> 6.0 (11) PHAA} 0.5 <123 PRVIY 0.0
(13> ROCY) B.% (14) SASCY 0.5 (15) SPBE} 15.0 (16) SYAY 3.0
(17) VAGL)Y 0.0 (18) ARUVY> 0.0 (19) BEREY 3.0 <20 LIBD} 0.0
(21) aGSPY 0.5 (22) CARUY 15,9 (2X) CACOY 0.0 124) CALF)Y 15.4
(2% CARDY 0.8 (26> ACMIY 0.5 (27) ANRAY 0.5 (28) ARCDY 0.7
(2%) ASCUY 0.0 (30) RASA) 0.5 (31 CHUMY 0.3 (323 ©£PAN) g
(33) FRVEY 0,5 (24) FRVI> D.0 (35) GOOB> 0.0 (36} HiALY 0.0
€37y MISTY) 0.5 (38) THOCY 0.5 (39) XETE> ¢.0 (40> > 0.9

1+ you wish ta change any of the pre-disturbance coverages, plesce
sntar the nvmber (1n parenthesis) next to the pldant name whosr coverans
yov wish to alter. If no corrections are necessary, enter rero (M)
iEx: to chanqe the tetal coverage of all Tres sprrcies (CCAL),

anter the nenber 1)

11

Enter the ceverage for Physocarpus malvaceus (PHMA} ar nineburk:
>4

PREDISTURBANCE PLANT SPECIES COVERAGES
THEGE VALUES ARE PECENT COVERAGE EXCEPT DBH & EA:

|
1
#
'
'
t
¢
§

NOTE: The midpoints of the cover classes will te presented.
a

« 1) €cCaL) 62.% ( 2y DBH > 13.0 ( 3) EA > 130, < 4) DF¢8> 3.0
¢ 5y DFYA) 2.5 L 6) DFALY 82.5% ( 7) aCGLY 3.0 ( 8) AMALY 3.0
¢ 9 CEVE) 0.0 <¢10) LOUT} 0.0 <(11) PHHA)Y 82.5 (12} PRVIY 0.0
(1.4 ROGYY 0.% (14) SASCY 0.5 (15> SPEE> 15.0 (14} SvaLy 3.0
417) VAGLY 0.0 (18X ARUVY 0.0 (19) REREY 3.0 <20 LIROY (0.0
(212 AGSP)Y 0.5 (220 CARYY 1.0 (23) CALOY 0,0 24r CALF)Y 195,90
25y CARDY 0.0 (26) ACMIY> 0.5 (27) ANRAY 0.5 (28) ARCUY (0.5
(293 ASCOY 0.0 (30 BASAY 0.% (31) CRUM> 0.5 (32) EPANY ;.0
¢33y FRVE)Y 0.5 (34 FRVE? 0.0 (35) GOOk> 4.0 «(36) HiAL) 0.7
(37 MISE) 0.5 (38) THOC) ¢.5 (39) XIITEY» 0.0 403 > a.0
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¥ v wish to change «ny of the pre~disturbance coverage:, ploane

enTAT the aunber (1n parenthesis) next 1o the plant name whose caver aur P 72
voy wish to alter. If no corrections are necessary, entor rero (0). age

(Ex: to rhange the total coverane of all tree spacaes (CCALY,

wNTer the number 1)

e

You hiave the sption of either printing THe outpet on this terminal e
on the line pranter. Do you wish fo view the sutput on this terminal?
Please answer yes (Y) or no (N},

'Y

DATA INPYT SESSION NOW CONCLUDED. .. SIMULATION WILL COMMENCE,
CURRENTLY SIMULATING YEAR 25,

CURRENTLY SINULATING YEAR 50.

CURRENTLY SIMULATING YEAR 73,

CHRRENTLY SIMULATING YEAR 100

CURRENTLY SIMULATING YEAR 125,

CURPENTLY SIMULATING YEAR 150.

CURRENTLY SIMULATING YEAR 175,

CURRENTLY SINULATING YEAR 200.

NE XM X BXRXMIAK XK KRN NN RN ERT R LR LR AR AR REERBXRRAR L XN NN
TITLE :DEMO RUN PSME PHMA, DRY EOR KEANE

L R Rt e el T T e I T r E T T L]

DESCRIPTION OF THE SIMULATION AREA:

ELEVATION : 480D, FEET TREATMENT TYPE : WILDFIRE
ASPECT : 160. DEGREES INTENSITY TYPE : MODERATE
SLOPE @ 45, (DEGREES) HABITAT TYPE PHASE : PSMFE/PHMA,DRY
SULCCESSIONAL PATHWAY DIAGRAM:
AMAL -PHMA --=—=) PSHE/AMAL-PHMA = =  -——w- >
PSHE/AMAL-PHNMA @ ~—-—- ) PSHE/PHMA-CARU -~

PSME /PHMA-CARU
22000 XU KO0 0E NI 3600600000 0300 300 0K 9000006006060 0006 XX K

Preass “C" to continue the displap of outpu?
W
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APPENDIX E
List of the Pathway Regression Equations.

This appendix is composed of many tables containing regression equations
stratified by pathway for each species. Each variable in the equations
has been assigned a four-letter abbreviation to condense the format. A
key to the abbreviations is presented at the beginning of the appendix.
The appendix is also stratified by the two phases; PSME/PHMA, dry and
PSME/PHMA, moist. Equations that were formed qualitatively (not from
regression analyses) have zero values for the coefficient of
determination (R squared), number of observations (N), and standard
deviation about regression (STD DEV).
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ABBREVIATION KEY FOR TRANSFORMATIONS
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ABBHEVIATION TRANSFORMATION FORM

ELEY ELEVATICN / 100.0

ASPT ASPECT

SLOP SLOPE

SVRY SEVERITY

TRMT TREATMENT TYPE

AGEL AGE

TREE TREE CANOPY COVER(CC)H

Cce1 CCx%2,0 /100.0

AGE 2 AGE®*2,0 / 100,0

AGEX AGE*»3,0 s 100000.0

PHMA PHMA

CARU CARU

CEvE CEVE
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CCAG CC / AGE
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EXPS EXP((l 1.0 = AGE/AGEMAX)/0.,8)%%x(8,0))
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AG11 AGE*%(=0440)

AG1l2 AGE=®2(0,25)

CCP3 CCxx(0,40)

cCPry CCe=(=-0,01)

cCPs CCxx(~0,2)

CCcPé CC#%x(=2,00) / 1000,0

CCP? CCxx(=0,60)

EXP9 EXPC((1,0 = CC/CCMAX) / 0,8)%x(9,0))

€Exiq EXP(((1,0«CC/CCMAX)/0.6)%%16))/1DE6
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Ex12 EXP(((1.,0=-CC/CCMAX)/0.7)%%(8))/1000000,0

EX13 EXP(((1.,0 = CC/CCMAX)/0+9)%%x(10,0))

1/CC . 1.0 7 CC

1/A6G 1.0 / AGE
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AG19 (AGE=®%(0,60))
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EX18 EXPLI{{1.0 = CC/CCMAX)/Qe7)%%(B8.0)

EX19 (EXP(({1,0=CC/CCMAX) /70,8)%%(9))/1000,0

AG21 AGE*%(=0,20}

cP11 CCx%(0,1%)

pumy (OUMMY VARIABLE}

TSEV <<< SEV. TYPE TO ELIMINATE SPECIES

TAGE <<< AGE WHICH SPECIES DIES FROM sSTAMND
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APPENDIX E (con't)

Regression equations for PSME/PHMA, dry phase.
Nine successional pathways.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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2 CCAL= 6. 69N =12, 36 eEXPR4L  2.938)aTRAT 3.90 36
3 CCAL= 75.089+(-11.4071eEXP3 0.5 & 20,792
“ CCAL:  ~1U.b6R+§-11,524)0EXPRet 2.03310ELEV %.67 3& 18,997
5 CCalz  68,9224( +9,9171eExP3 A,8n &3 19.115
5 CCALE  TS.ATT+e=11,2291eE2P3 3,83 36 2Z.u9e
7 LCALS® €5.19400( -3,.9701eEXPS ¢.5S7 32 20.10%
3 CCALE 129,950+ 1=30,%993)e€XP et «0,131)8A8PTe( «0,9421=ELEY #a71 32 16.955
9% ceaLs €9,0304¢-10.575)EXPS 2.53 5T 2C.1g%
seves PATHWAY REGRESSION EQUATIONS FOR 0BH  OR AVERAGE OBH OF STAND {INCHES) “vaer
PATH  AFGRESSION CQUATION FORM RSQ 1 $TD QEv
1 MK = 18.0CTrI <R.36T1AGESSE 00,1433 4SLOP 7.6 e 1.ea8
Z OFH = 12,295+ =0,67610a6E0+t 0.08099108VRT 0.91 3& 1,346
3 nAaH = 11,938+t ~0,0201AGER+( D.83D)eSYRT 0,90 18 1,535
. AN 3 17,122¢( ~6.76R1 &AGEY 0.39 34 1,835
5 DAH T 17.31%¢( -6,80%) s4GET n,68 S2 2,513
[ TuM E 13,284+t =0,63L1eAGEA n.2c 3w 1.83%
7 nRK = 13,%06+( -9.6491sAGES 0.86 32 2.65)
] LA 1T,411e( =7.011124GE9 r,87 80 2.fe2
b NSH = 16.960s( +6.7331¢AGES 0,80 37 1.87%
srvvs PATHWAY REGRESSION EQUATIONS FOR RA  OR avE STAND BASAL AREA 1SQ FTy rren
At RECARFEESION FQUATION FOnM w50 " 319 pev
1 AA = 238,55%¢ ~8,270)sAGEAs+| ~2,.372)eSLOP 7.80 29 35.08%
2 A 2 19P . 0Tke(=10.064)«AGES .86 ST 35,218
1 AA = 233,889 -8.775)19AGEGe{ ~2.301)eSLUP 0,82 39 29,080
“ 35 = 1Bl.RB%+( =-8,007)%AGES - 0,82 3e 28.9¢3
s BA = 209.,562+1+85,426)¢AGEG n,83 52 38,239
& An = 155,926+¢ -7,664)AGES 0,73 3 3w T30
7 w8 = 15b.1l6Wet -T.667)sAGES 2,70 1z 39%.7s1
a BA = 209.595+(=44,.945)+4GEY nN.81 50 92.226
2 Ha 3 183,102+¢-72.8561¢AGET v.T9 3e 3l.uss
waere PATHWAY REGRESSION EQUATIONS FOR OFC% OR PSEUDOTSUGA MENZIESII (< & TN+ svnes
PATH REGRESSION EQUATION FORM RSG © STD DEV
1 nECUz  16.544ed +3,201) «EXPS 0.8%5 25 12.%0%
2 NFCYz 4.503¢1 =3,3861EXP34¢  9,T06)eSLASH( 5,851 )e5VAT .73 26 .923
3 pFCHz 13,883e¢ ~1.932)10€0P3 0,72 3& 1%.5%%
L DECHE  =25,67741«10,01B810EXP3+(  0,T0B}VELEVH( 2.327)eAGES+s £.013)1#SVRT 0.70 31 1%.2%8
5 OFCY= 6E.Fuel  2.51A) ¢AGEBe( ~1.08U)I2ELEVHL ~6.302) «SVRT*L «3,9171*EXPI 6.70 31 1v.238
6 DFCYs  =23,389+( -B.85T)sEXPYet 1.0T3IsELEVS: 0.114)eAGEG+L 6.699)9SVRT 0.56 3% 19.29%
7 Ok Chz 68.12Te1=11.5951sEXP3et «0,23110a85PF e =0,9423eELEVHL 2.067)%AGES 5,71 12 16.9%3
-] NECHs 68,12T+1~11.5931sEXP3¢f ~0,13110ASPTe( +0.942)e€LEVS(  2,06T71#AGES 0.71 32 16,953
9 AFCUz 11,651t +2.373ieExP3at 2,358})+AGES 6.57 37 17.468
smeae PATHWAY REGRESSION FQUATIONS FOR pF>4 OR PSEUNDTSUSA MENZIESIL (> + Mo “xunm
PATH REGHESSION EQuUaTION FORM e m e smeeeeraesataememecceomeeas—asan ,-_-_2_..?1?_253_
1 OF %= TEL204et~10.526)1 ¢EUPI+(=22.007) ¢SVAT+({ 0,029 +ELASH{ L1.40%)*TRUT 9.8% 25 12.90%
2 DF34z 43,729+ ( -2.216)%4GES 6,58 57 16.912
3 UFd%z  60.620+(-13.506)sEXP3 0,71 32 14.589
" DF>4s  «1B,77%e( ~2,32718AGES+( 1.11619€LEVet 6.0131«3VRY Q.71 34 13.H82
5 0FS4z  =10,0124¢ +2.518)¢AGESs{ 1.09GJeELEVer &6,.302) «SVRT 8,70 31 14.238
s OF Y4z 30.812¢¢ ~2.114)0AGES«]  6.6F9)#SYRT .58 33 16.2u47
T OF>¥s  %2,423ef -~2.067)%AGES n,%9 %0 1e,v08
8 DF >4z 42,428¢¢ ~2.067)«AGES 7.%0 5S¢ 18,708
9 SEMMZT 46,3631 ~2.35A)SAGES n.56 37 16.-a8
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A 3E$C= -N,268+( 46.807)91/CCeE 0.05519GASS

k] casCz ~0,268+( 46.807181/CC+1  0.055)1a6RG

sasvs PATHWAY REGRESSION EQUATIONS FOR SPRF OR SPIRAFA AETULIFOLIA AL L

PATH REGRESSION EQUATION FORM

1 SPRE= 10,6134¢ 0,6181ePRED+{-25.515)9CCa2

2 SPREz 8,316+t 0.967)ePRED+! 01343 0EXPS4{ ~D,054)eaSPT+  3,1261*SURT

3 SPBE= 2,751¢¢ 0,654 1«PRED

“ sPBE= 6.94341 G,977HePREUs( ~4,253)0TRNT+¢  0.1631sPHMAY -5, BT2101/CC+ 1 G.9741nAGEE
5 SPRE= 23,R6%+1 0,99812PRED+( =6,167)#TRMT

& 3PREs 24 ,661+( 0.98WIsPREDsE ~7.399)aSYKT

7 $FBE= ¥.112+( 17,200)&1/CCs¢ O,745)ePRED

a8 spBE= A 8T+ N,99)ePREQ+ 7,734 )«EXP4er ~4,023310CP2

9 sSPBE= 17.030¢( 0.969)«PREC+I 8.0%4)sEXRUs( =4,03014CCP2+( =5,44n)eSVRT
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tvaen PAtHLAY IEGRESSION FAULATTIINS FOR “YAL Qa4 SYY@u HICL (PGS ALALD

rrear

PATH  CFGRESSIOL FOUATIL.: FORM

1 SYALT  =2E.vubed .99 )eEX124¢  1,013)4PREDs(  RL,AS1)eSynT S35 11 W TR?
2 CYAL= 2.IP%01 D.e17rePREp - s.el Ze G.ee T
E] SYAL= 31,3644 T, 4C3)0THRET4 «0.124}18EX1044 0.R32)ePPED 1.1 21 raca?
“ “yaLz L.910e¢  U.6301eFREDIL 22, 74S)sL/CC T3 5.7
s SYAL= 35,3180 32.2971/CCo0 0,799 9PREDet =0.73a)eELEY f.eu 18 FPRS
& SYALE 21,502e1 29.1ARGIeL/CCet D, TUB) wPREUST =0 41THeELEY N.63 22  &.0%e
T SYAL: SHLP9E+{w1T THUINSYHTSL 0,950 )eCCitbet 0,311 )ePRED [P S £.92
f TYALS 14, 08641 11.871121/0CHt =7,326)8CCab G.ec  1p 1.ean
L] sYhts 14,0A6+1 31,3711 el/CCet ~7.32a1CCHG Gerna e faazn
vessn PATHWAY REGRESSIOH EQUATIONS FOO yAGL 00 VACCINIUM GLAHULARE wsuse
PATH HEGRESSICR EULTTON FORM L Losrh a6y
1 ynéLz 0.080+( 1,80n1ePRED A, o y.san
2 vAGLE 0.,000st N.,90NIsPRED+!  2.000)eT5EV A, Q L]
3 VAGLS 0.000+¢ 0,900)ePREDe! 2,000}TSLV a0 0 9,010
4 vAGLE =0, 0A4s L J,00G)edGE240 0.0321mSLaS4d  0,3403«PRED Gere 21 velte
Y vAblz =0,U34s{ D.000IeARE24( D,032)05LA4S¢( 0.3%0)sFREN LIS Yaile
A vhuls =0, 0364a( 0.N00F2RGE2+{ 0.032)»5LuSe+( 0,340197REN Canh 21 Nailyw
4 VAGLE 0,475+(  1.01UM=AGE3 5,95 7T 3.626
a ynGlz Q,47%+1 1.010}eAGES ~, 20 b N,428
9 vAGLs 0,467+t D,0251eLCP1et =0.003)9AGES ‘LS5 LG J.1laa
ceses FATHUAY REGHESSION EQUATIONS FOR ARUV OR ARTGSTAPHYLOS UVA=LRSI canes
Pr.Tn  REGRESSION TOUATIOGN FOpr~ 53] t s
e e e e TS A - A e A e 7 R e e e 8 B e e o
1 ApuVE 15.316+10 1,497 14CCA2+¢ =0,.526) *SLOP n, 83 7€ [ 'Y
2 ArLvE 09,3924 2,410 ePREQ+¢ 0.,002)1e€xP24¢ =0,060102/CC+( N,006)e3L0P n,99  2u [l Y
3 reyvs 0,151+t S.4101+PRED+! Q.002)%EXPLe( ~D.060)el/7CCHt 0,000 )+SLOP nL49 24 V.1 TR
[ AcuUVE 0,5984¢ 0.1741aSLAS+t «0.0271eSLLP .7 21 2,311
5 ARLVE  0.6RM+E U031 eTREE T.57 11 J.51w
& AvuvE D,EnBel C.OXG]IwTREE S.ET 1% J.51e
b4 AvuNz -3,3324¢ 9D.LE51eTRYT . aL82 7 B.lg6
a [P R, 2330t H.1AS)eTHMT nE2 T ©.166
? LRUVE  =10.005+¢ T, 134 }eCEVESt 3,066 aTANT f.%s 10 %,012
seers BATHAAY REGRESSION EOLATINNS FOR GERE AR NERUCRIS REPELS trens
PATH REGRESSICGN CQUATICT FURM -3 H ST 2Ey
1 PERES  -1.341+8 15.96319CCAG TeER 120wl kae
2 EFRE= ab 322¢¢ U.ONSISAGELel G,0181¢ASPTe(  0,1731eELFy+( -0, 1501 85LOF U.82 2e 1.hnug
3 #ERES D,647+¢ 1T.2001+CCA24( ~8.738)+PRED AR 2,338
u nEag= 5,.0a2e¢ =3, 13u1efLEVel  0.00%9)e1/CC4t 0,0791eS5LOP - L 1.ugl
5 PERES +2,053+¢ 0.054)1#AGE3+(  Q.0SUIeELEV 1.7 1f €23
[ [RAT A 4,87240 =0, 12T 12ELEY+t  0.008)%1/CCe¢  0.,095)wSLOP TeBe 2P 1,+94
r LEREE  ~0,4P6+41 1.4961eCAHU+( =3,83F)1sExp7 Tew? orro 2.3y
3 L EPE=2 6.72341 0.0431+AGEL+(=18.950) w5000 1.2 2T laine
3 HERE = .05 0,645 sFRED teSe X% Sa.att
seexs HATHWAY REGRESSION EQUATIONS FOR (180 OR LILNAEA AOREALIS sreer

FATH REGRFSSIOF EQUATION FORM

1 L180= 0,000+t 1.0Q01sPRED+( 2,000)¢TSEV
2 LIRO= §.57641 =3.B411aTHNMTe( G,4021eSLOP
3 LIBO= S,976¢¢ =3.A4LIeTRHUT 1  CG.402)eSLOP
% LIf0= 0,266+t O0.1561#SLASH! =01,009)sPHMA n.S2 21 Ja.sar
L] L180= 0,2664F 0.19618S5LAS+( =0.009)*PHNA .50 21 J.4a8
'3 LIBOs 0,266+t Da19616S5LAS+T ~0,00919FHMA ".22 2 Youna
7 LiBo= ~0,343+0 0,438)ePRECet 0,1251wAG12 fuhE 2% Tellt
8 L180= ~0,343+¢ 0,4331ePREQs( 0.125)eAGl2 n,ez ¥ PR
9 [W4:1: 2] ~0,383+40 O0,u38)aPRED+T 0.125ieAG1R2 c,ez of J.1t
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svens PATURAY RIGRESSION EQUATTONS FOX ACSP OR ACHGPYRG! 3HICATL aeany
fff?--ﬁif?fffi°' LQUATION FORY . -
1 AGEIE  =CLUplsc .59 1eL/CCet  D,002)%aGtl+ec  2,.02001eCCAP hPE-TR- it
2 AGSPs  34,01Ps1  S,u261vl/CCeE =0.203y8CARUCL ~0,56%)eELEY AT A 2,77
3 AGSP= FULTLALE T.4RE)8L/CCe1 «0.20%10ChRUe{ =P, 568 sELEY e ot
[} AGSPz Ga1834( 0.305)0CCPTa{ 0.199)ePREV+T ~0,053)«TRNT 1.99 21 Culam
5 ASP= 0,91540 0.32810CCPT41 «0.007)2CARUS( 0,007} eSHAR AT TN
8 AGSPm 0,%1%4¢ 0.32818CCPTet «0.00710CARUST ~N,00T ) wSHRD LT 31 T.2nz
? ALSP= 4289940 0,653)1ePREDC( -0.01510CTrEI+1 ~0,08714ELEV PRI £.4 Yl 7
A AGSP= 4.899+1 D.6531ePRED+ -0,01510CCk1ec ~0.G87 I vELEY TL72 17 Jean”
9 a65P= 9.699+t 0,653510PREDS I ~0.015)¢CCHL4C =0.08T)abLEY .00 1 LN
*nese PATHWAY AECGRESSION EQUATIONS FOR CARU OR CALAMAGROSTIS FURESCT:S rrews
PATH PEGRESSION EQUATION FORM wen
i CARUZ  =11,05340 1.2%01sPRED(  0.283)8PHRAGL «0,030)446E1 a3 12 1.778
2 CANU= 10,165+( 0.6731ePnEC+( 0.29563%TREE A R S R
3 CARLT 336,981+ «?.6391oASPTe(swenesn}aSiaSestennsnorn)eCEVES| 12,501 )0SURT4( ~J.E52)aTucy L7 . U
“ CARUEZ 14,38240 0.87114PRED+1 +5.401)e1/CCo¢ =0,30714CCPL 4,87 Wb 10,332
s CARUS 14.30240  U.B8TL1sPREO+ 1 «6.401381/CCo¢ =0.3071CLPT P BT T ¥
L] Crau= 14,342¢8 O0BY1ISPREDS( =6.4011a1/CCai =0,3071LCPY et we 10,312
4 CARUZ 1,793¢1  0.7841ePRED4( 0.15518CCP6 LTI 4 1,839
8 CAKUzZ 60.912¢( 0,67510PREDe (=27, 759191 /CCo( ~0.4681ePHMAST 0. 192)2aSPT4( ~0.5331EVF+d =0.4SS)eTREE .80 &7 g, Jor
3 CARUS 164,693+ 0.783)0PREQe( =5,61812EXP3+¢  0.89712CLPR .65 23 11.%9
sesss PATHWAY REGRESSION CQUATIOMS FOR CACO OR CraKkiEX CONCINMLOINES e
PATH  PCGRESSIOM EQUATION FORM uep ST opEy
8 caco= G.000+4¢ 1.0003)¢PRED A, 0 a G,nnn
2 ¢acos= 3,172¢¢ «0.27639EX114¢ «0.10318(CAZ4( =0.536)185VRY n.er 20 G,°n%
3 cACGE 0D,000+¢ 1,000)ePRED He o n c.nnn
“ cato= -0,2284¢ 1.615)sPRED 0,70 e 1.133
L1 tacos= £.887+0 ~0,1601sSLOP+( =0.054)=CARU T.87 14 1.ht
& CACO= 0,000+0 0.500)+PRED 0. [ n.000
k4 cacoz 0,466+ 0,395)1sCCAZ 499 LA T
LY cate= «1.903+4  1.930)eCCTAG4( 0,0B84)+5L0P [N s 0,407
9 cat0z 2.578+( O.ALUISCCAGH( =0.TTC)eSVHT a3 10 1,508
ssser PATHWAY REGRESSION EGUATIONS FOR CAGE 0R CAREX GEYERT seswn
PaTH RCGRESSION EGUATION FORM .
I3 CAGE= 4B, 25640 1.52814PRED+{ ~0.761)8ELEVe( =0.,093)+TREE
2 CaGEs= 3.249¢t 0,492 sPRED+C 12.35319CEVE
3 CAGE= 1,24940 0,4921«PRED+l 12.3531eCEVE
- CAGES 1€,12604¢ 0,80518PRED f.E8 21 1%.r=%
5 CAGE= 22,7724( 0,652 %PRED+( 39.649)11/CC N.4%T 18 19.3%4
& CACEz 10,1244 0,805)19PRED+ 113,000 nEXPH+r -0, 405)alCP) 0.87 23
k4 CRGE= 70,6234 ~2.622)05L0P+t  0.539)9PHMA4[ -0.3171«TREE LIS L
A ca6Es L5004t O0,BBT1ePRED#{ ~9.43A1eCCAZ4( =1.29012CCPTH¢ =2,523)45LAS 0.P2 2 11.1:2°
4 CaGE= §,5004( 0.88716FREQ#( +F,43810CCA2+( ~1.299)aCCPT4g =2,523)95LAS F.82 23 11,177
snsee PATHRAY REGRESSION EQUATIONS FOR CHARO DR CAREX ROSSII LARL L
PATH REGRESSION EQUATION FUKM . -----.--_.__-_---.__-.‘_-._--‘____-_-_--fff--..._.ff:-ffi.
1 CAROs 0,000+¢ 1.0001ePRED 4.0 ° TLan
2 CARO= N, 4204 (628.0001+CCPE [ R A 74163
3 LARO= 0.600+{ 1.000}#PRED 0 © e J.epc
“ CARO= 10,210+( 0.600)#PRED 6.%0 21 1%.5u0
s CAROD= 0,000+t 1,000}ePREQ 6. = € 0.0ef
6 CaRO= 0,000+t 1.000}sPRED e e @ r.at
7 CAROE 0.000+( 1.000}ePRED 2, 0 o
8 CARGET 0,000¢¢ 1.0001+PRED 0. » ¢ yoman
9 ¢ARG= 0,000¢1 1,000)FePRED I c ST,
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esres FATMAY REGHESSIOWM Ecunrxo:s FOR ACM] OR ACWILLEA MILLEFOLIULN eseue
PATH  HEGRESSIOA CoLATICH FLRN (313 3T, rEv
13 Acmlz 0.3004+0  J.02¢reCaRU LTS T Y Y'Y
2 ACH L= 1.000+¢ TH.000wTAGE ~on n c.eno
5 ALKL= 1ohubet =G, 02010PnMa teet 22 s.2n%
4 FYad £ ~1,49840 1.666103/CC1  B.043)eELEV N.9% 14 .23
S ACHIs =1.498+40 1.,566101/7CC+t 0, 043)eELEV 2,95 14 8.230
& F14.4 £ 1. Y7840 1.672)el/CCet  0.080)eELLY J.54 14 2,268
7 aAgPI= Bs0424( «0.09310ELEV+t 0,127)¢0CA2+¢ 0,.N313}eGRSS n.86 16 LY
8 ACHI=  =14,0404( ~U,098)ELEvel 20,548)0AGES«( 0.451)eC5a24¢ «0,950)1%CCAG 0eB6 20 N.2a%
9 ACMI= 6492240 =N.205)0ELEVeL =0,009) aGRSS ¢ «5993eCCAR+( =1,23319CCAG t.Y 18 .21
*sowe PATHWAY REGRESSION EQUATIONS FOR AARA OR ANTERUARIA RACEMOSA shuws
PatH PREGRESSYON EQUATIOQN FORM (1 " ST rEV
1 ARFAZ 1.962+¢ 1.126relCh2 .77 13 3,458
2 ARA= Qu7883¢ G APSISPRED+T ~1.3371eCCA2 0,358 26 1.556
3 anRAS 1R F96+ (1 0,155 10ASPTH{ 0.712)#PREUS(«13.465)95L4AS .20 1é& 1.%n7
“ ANRAS «2.692+41 1.123)sPREN+1  0.07T)eCAhU ¢.70 11 1-665
5 AMRAz T 22,6528t 1.123VePRED+C  0,.077)»CanNy a.7e 11 1.86%
6 aNHAZ La38840 1,012)ePHEDSL  1.739)aSLASs(rwmansa)sELASHT 0, 000)+SLOP Na.8e 22 0,967
7 #.RAZ 0,000+( D,9001ePRECH( 2,000)s¥SEV nooe ] C.ran
a afikAs =2,102+41 0,G79}¢PHMRst  0,033)9CCPL 0.77 e 1.371
9 AtRAE =0.643s0 24,800 18ELASH( «0.0%2105LUPeL  0,.018)4ASPT G.90 23 0.%s5
scams PATHWAY AEGRESSION EQUATIONS FOR ARCD OR ARNICA COROIFCLIA "mene
PATH REBRESSION LQUATION FORM - L3149 Ly STM pEY
o e e e L e 8 A M M A M4 S ee iAo GasGmeA—memE—. e
1 ARCO= 0.268+¢ 0,3520)sPRED+1 ~0.193)8AGE? D85 A 0,948
2 ARCU= 0.207+( 9,6361sCCAG+( 0.002)w8GE3 V.42 24 0,883
3 +RCO= G,2T4e( 1.0131ePRED¢( =0.113)eSVRT 0.9% 17 0.240
“w AHED= 0,274+ ( 1,013)ePREDs! -0.113)sSVKT 2.9% 17 ba.20d
9 ARCO= ~U.FBF+( 0.942)+PRED*( -0.20%)2SVAT+( =0.0091eCCPE*1 ~0.00%)*PHMNA 0.97 17 t.156
[} ARCOx «0,936+( U,9482)«PRED+( =0.20%)14SVKT4{ ~0.009)sCCPE*({ ~0.005)PHMA A.97 17 O.158
k arCOs wG, 2124t UJIUSINPREDS( ~0.228)18CCA2¢ 1 1.323)48CA5 0.9 1% telsl
L] 148 “0.212+¢ 0.9951sPREDe| =0,228)19CCA2+1  1.923)1eCCAG .58 19 f.25t
9 ARCO= =0,212+7 0.945)1«PRED+( ~0.228)18CCA2+1 2.923)1elC26 0,34 1% 0.181
sssss PATHWAY REGRESSION EQUATIONS FOR ASCO OR ASTER CONSPICUUS LA e Al

PATH  RFGRESSION COUATION FORM

T LT T T R L S R et el RS S L L L T T

1 asCO= 1,386+4( 0.3351¢CCP&+1 D.,052)sCARU D.8e 13 1,707
2 a5C0= -0,300+( 1.0321+PREQ+L  2.400)=EXFT+{ 0.074)sGRSS .57 ae G737
3 ASCO=  ~u8,3%e(  L.230)eELEVHL  1.769)19CCA24¢( ~4,924)eCCP3 Q.42 2¢ 11,1A0
“ A8COz N,257+( 0,072)#1/CC+{ 0.970)PRLU 0,25 59 0.218
S 43C0= N.257+0 G.072)191/CC+0  0.970)ePRED C.8% 5% 319
[ ascns 0,2%7+( Q.072)93/0C+1  0,970)=PRED f.8% 59 0.8y
7 ASCC= 0,000+1 1.100}«PRED f. ¢ ¢ 2.9n0
8 ASCO= 0,000+¢ 1,100)+PRED r, 0 o d.000
9 AsCO= 3,000+4(100,000)eTAGE . ¢ n 0,00
sesss PATHWAY REGRESSION EQUATIONS FOR AfSA OR BALSANORMIZA SAGITTATA “rews

RSG N 3T nEy

PATH REGRESSION EQUATION FORM

J. C g G,on0

1 BASAS 0,000+ 1.000}aPREQ

2 BASAz  «0,085e1 O0.T4TISPREDe( 0.271)#CCPT .51 2% 1.1%6
3 QASAz  -0,08%+( 0.T47)&PRED+( 0.271)1%CCP? 0.91 2% 1.13%
4 BaSAz 1.,671st 0,002)3CCPEsl «0,023)+PHNA 0.5 11 2.6a1
5 aashs 1.678+{ 0.04215CCP6+1 =D, 023)9PHMA .64 11 3,688
3 AASA: 1.580+1 ©$.04214CCPEs! ~0.013)1sPHMA 3.60 13 0,648
7 BASAz 0,487+( 8.0031w46E3 .98 10 PERF-1
8 BASAS D.594+¢ 0.111)9CCPL+1 ~0,0k4)aTREE f.ew ° I,.xag
9 aASAz B,u33s0 ~0.422185L48 .66 1% J.3et
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Page 83

swass PATILGAY REGRESSION EGUATINARS FON CHUM OR CHIYAPHILLE L4EELLATA srare
‘_"\TN RESRESSION COUATION FOAY I TS S
1 CHM= U,0004( 1,0001ePRED+( 2.,uU001eTSEY 5. " 6.000
2 CisuMsz 0,000+4¢ 1.0003+PRED+E 2.00014TSLY 6, 0 v 3.000
3 CHUNE 0,600+4( 1.000)«PREVeT 2,UND38TSEV A, o 2,370
@ CHYMR 0,0004( 1.000FePREQ+{ 2,000)*TSeV te © o 0,209
5 CHME D,U00s¢ 1,000)«PREDsI  2.000)eTSeV T T ) 7.159
6 Ptz 0,0004(  1.000VePREDS( 2,000)eTSEV feg 0 9,000
7 Chuks 0.000s1 1.000)ePREDt 2.000)mTSEV 9. 0 5.000
] Criuks 0.000¢( 1.000)aPRED+t 2.,000)8TSEV fe 0 0 J.8n0
? CHuM: 0,000+t 1.000)ePREDMC  2,000)«TSLY 4,00 0 1,060
ceasn PATHWAY RCGRESSION FOULATIONS FOR EPAR OR EPTLOHIUM ANGUSTIFOL IuM [Ty T LY
ﬂntu. HEGRESS1Ar £QUATION FORM us6 3T nEy
1 rEANz 0,500+( S4,0001sTAGE a, om0 0,300
2 EPatiz ~0.3014( 0,192)0EXP3et «0.229)91/8Cet ~0.00L}4EXP2 n.68 28 0,130
3 FPANZ ~0,2010( J,)1P2)eEXPI4{ «0,229)91/CCo( «0.001)sEXP2 J.6R 2% 0.1%0
“ FPaks =u.201¢0 0.1921EXPIel ~0,229)%1/LCe( =0.001)elxP2 g.6e 24 2,130
-] EPANS “0,20040 GolS<I«EXPI+( ~0,229)%1/CC+( -0.001)eEXP2 Legd 2% f.180
® FPah= ~C.201+4( Q. 1F2)eEXNF3I4( -0.229)01/CC+( ~0,.001)vEXP2 D.eR 28 8.130
7 EPAR= ~0.,201+¢ D.192)eEXPAs{ ~0.229191/(Co( =0.001)+EXP2 rLES 24 n,130
8 EpANZ 0.203+( 0.152)eExPIed ~0,229101/CCri =0.00L)EXP2 0.6 2% 0.130
9 EPANZ =0.200+( 0,192)8EXP3+{ «0,22958L/CCe( =0, 001)+ExP2 N.68 2% 0,130
srases PATHWAY REGRESSION EQUATIONS FOR FRVE OR FRAGARIA VESCA LT L)
PaTH  PFGRFSSICN FouaTION FORM as5e
1 FryFs *2.355+0 0,282)eCARUSC «3,527)9CCAZ24( 11.8B8%32CCoG*( ~0,122)CCP1 0.2 27 “.246
2 LY BaT70S+( 0.,272)»E%P3+( «0.068)nCCFae({ 0.546)3sSVRT+( ~0,032)*ELEV r.az2 27 Q.97
3 FryE= §.299+¢ 4,.363)eCXPY - Qatn 2% G.79)
L4 Fuyls 0.708+( 0.572)2LxP3e( -0.068)sCLPE6+t 0.546)+SVRTS| -0,0921%ELEV n.82 27 0.567
5 FRVE= G.9u2et 0,S581%EXE341 ~0.069)0CCP6+( 0.582)14SYRTH+{ =~0.057)*FLEV 2481 2% 0,59
] FREVE= N.d64s( 0,5511@EXPYs{ «0.06914CLPE2t  0.590145VRTsy =0,054)*ELEV 0.82 28 0.55%
7 Frycs= 10,028+t =0.181)mELEVel ~0.162)0CCPlar  B.682)+CCAGH{ «C,.023)¢CEVE t.72 2% 1.0a0
3 FrRVEs 10,028+( =0, 141 P«ELEVSL =0.,26212CCPLet  S5.642)sLCAGe( =0.023)*CEVE Ga72 20 1.Man
? FryE= INLG2%+1 =N.19206ELEVSL =0,16218CLPLey 5.6&2)-CCAGf( ~0,023)8CEVE 2.72 20 1.0a0
sswen PATHWAY REGRESSION EQUATIONS FOR FRVI OR FRAGARIA VIRGINIANA erany
PATH RESPESSINN EQUATION FORM RSG N SI? nFyv
1 FiavIz 0,959+« Q.0741+1/7CC+1 =0.035)*ELEV 0.99 27 7.23%
2 Fivl=z ~3,4244( 2,1331«CXPO 7.0 1% T.300
3 Fpyl= N,U00+t 1,000)¢PREC+¢ 1.000)»TSEV [ L] Ce0nO
3 Fail= 0,000+¢ 1,000)eaPREJe! 1,000)4TSEV 0. 0 [} 9,000
5 Favls 1.9304( 0,072101/CC+4 ~0,033)0SLOPe1 «0.158)uTANT J.8% 59 5.892
5 Fryl= 1.9304( 0,072)e1/CC+1 =0.033)wSLUP+( =0.163)+TRMT 0.”1 53 N.282
k4 Faviz 1.950+1 0,072)s1/CC+1 =0.033)2SLaP et -0,168) ¢ TRHT Beba 8% Teza2
8 Fuviz 0.500+1 2.000rsTSEV 3, @ < 2.0
9 FRVI= 0.500+t 2.000}sTSEV Qe 3 o I3
vevee PATHWAY REGRESSION EQUATIQNS FOR GODNB OR GLODYERA OBLONGIFOLIA e
PATH  PEGRESSIQN EQUATION FORR e ‘___________________-_____"__________'___'___'_____fff___‘____f:';‘_?f‘j_
1 cages 0.000s¢ 1,000)¢PRECHE 2.000)eTSEV Js 3 o a.8212
2 6008z 0.000+t 1,000}aPREQet 2.000)s¥SEV n, 0 a g.oot
3 600B= 0,000e¢ 1.000)sPREDe( 2.0001»TSCV Ny 0 [+ Q.900
4 HO0H= 0,000+t 1,00014PRED4t 2,000)8TSEV 8, 0 [ G,000
k] 6000z 0,000s1 1.000)ePRED+t 2.0002¢TSEV Da N o 4,300
& 50GB= 0,000+1 1.0603sPREDsC 2.000)«TSEV 4, 9 a 2.330
7 GOCRA= 0,000¢( 1,000)ePRED+¢ 2,000)4TSEV D, 0 a d.nn0
8 A000= 00,0008t 1.000MePREQs{ 2,000)eTSEV 1. € 3 4,320
9 G008z 4.000+1 31.000)«PREC+{ 2.000)eFSEV 7., @ ] ¢.970
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sesss PATHWAY RESRESSION EQUATIONS FOR MIAL 0w “IEBPACIUM ALDFRYIMUM X CYINGLo

LA XL Y]
':n:H rGRESSICA Canalion rft':-.-- R Rse . Str nEv
1 HIAL= 0,500 (100,000)1=TAGE ) Na 0 3] Q.000
2 S IALZ 0,500+ wsenren)eTaAGE 7. 0 [ G.000
3 HTALZ 0,500+ =0.002)8AGE3+( 0,000)0AGER 0.99 12 7.001
w wiALE 0,900+ «0.001)2AGES 3.9 . T.301
s RIALZ 0,50041 =0.001)14AGES .99 5 0.001
6 HTALz 0,00e( =0.001)enGER 9455 = 0.30%
7 “ugaL= B.53544 0,002)aPHMa 0,48 9 6.0%2
3 HiaLE 0,535+ .002)aPHMA 0oun 5 0,052
? ~iAL= Ga535+1 U002 )ePHKA hPL T I
skees PATHWAY REGRESSION ECQUATIONS FOR nIST OR MITELLA $TAUKOPETALA sosee
PATH  REGRESSION E€0UATIDN FOxm nsh " S19 gEv
1 (4 AL 0.429+( 0.0021eExXPY n.79 11 g.207
2 ®ISTs L,u20s( 0.002)eEXPY ".79 11 0.207
3 vgsTs 0,429+( 0C.0021%ExPY n.75 11 d.207
4 »)sT= 0.429+( 0.002)1sExP9 n.7e 11 f.207
3 15T 0.42941 2.002)¢EXPY .75 11 2.207
& MIST= 0.%29+( 0.002)sEXPY 0.79 11 U, 207
7 mistz 04429+ D.0N21eEXPY 9.79 11 3,207
8 #1857z V42940 0.UNZV*EXPY fLT9 N.2n7
3 M1STz N,429+1 U.N0Z)eEXPY n,72 11 n,207
sesse PATHWAY REGRESSION EGUATIONS FOR THOC OR THALICTRUM CCCIDEMTALE seane
PATH  REGRESSION EQUATION FORM 4508 ™ ST DEV
3 THIC= 1ol6le( =0.317)sTRET+{ +0,286)+CCPS5ef ~0,002146RSS+¢ 0,085} *SVRT n.5% 17 .05
2 = 1.40340 =0, 3170TAMT+( -0.286)9CCPY+{ =0,002)wGRES+(  0.08a)*SvAT - [P LI & 4 0.065
H T™HECS 1.18344 =N 317)sTRAT+( =0.286)8CCP5e( =0.0021eGRSS+( 0,08R)2SVRT e,9¢ 17 1,945
LY THOC N, X510+ 0,451)#PRED .46 12 0,589
5 TROC= D.007+0 N TTIIWPRED+! =0.482)wSLAS+( ~0.006)#TREE 0,99 10 n.0a2
& THOC = 0,607+0 O0,7791aPREQ+( ~0,482)sSLAS+( -0.006)eTREE 0.99 18 o.na2
7 THOCZ 0,000s( 1,000)ePRED, . n a u.an
'). Trol= 0.000+( L1.,000)+PALET Ne 0 o ¢,900
2 THOC=E 0,000« 1.0003ePRED N o, ¢ ] 9.000
seess PATHUAY REGRESSION EQUATIONS FOR xETE OR XEROPHYLLUM TENAX wheaw
PATH RFGRESSIOM EQUATION FORM _"_______-_'“___"___"_'_______“__“F_’f‘.’___'_-"_fzt-?fy_
1 ¥€TE= 0,000+¢ G,200)9PRED+{ 2.000)eTSLV L a 9.399
2 ETE=Z 0,000+¢ 0,300)xPRED+{ 2.000)aTSEV e 0 9.000
3 XETE= 0,000+¢ G,900)PRED+( 2.000)aTSEV n. 00 o a.nan
“ XETE= 0,0004¢ 0.900)«PRENs( 2.000)10TSEV n,on b 9.000
% wETE= 0,000%t G.300)19PREQ+{ 2.00018TSEV e G 0 .90
& Xt TE= 0,.000+( B.900)sPREDI  2.000)TSEV 6, o 4 .00
7 XFTEs 0.000¢7 0G,9001ePRED+E 2.000)9TSEV ¢. 0 2 L
8 x YE= 0.0004¢ 0.900)1+PRED+( 2.0003#TSLV 0. D a D.0n0
9 XETE= 0,000+ 0,300)aPREQ+t  2,000)1sTSEV n. 2 o G,000
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APPENDIX E (con't)

Regression equations for PSME/PHMA, moist phase.
Six successional pathways.
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esess PATHWAY REGRESSION EQUATIONS FOR CCAL QR TOTAL TREE CawfPY LOVER ¢=)

sane

PATH ™ GRESSION E£GUATICH FORE
i CLALs 6 ERALT=49.A0T I eErF 341 737,428 mAGL] 0,69 Ze  19.4vn6
2 ccaL= 14,5256 140 402)SEXP R+ I655.276)00G11 $.58 1 27.0ui
3 CCALs 160, 52%4 444,002 EXP3+ (675,276 %0610 9.8% 18 ¢, Cul
L] CEALZ  19.52%+1+83,8021eEXP3+1665.276)%2G611 7,55 18 20,041
5 CCALE  120,12041=10.9831aENF34~21.38200SuRTey -0.1361eASET Q.82 17 1%,F29
& CCALE  124,297+0 +%,296) «AGES 0.7% 19 17 uag
sevee PATHUAY REGRESSION EQUATIONS FOR OBM  OR AVERAGE OBM OF STAND (INCHES) reene
AT SCSESSION Couarion ok .. wa L ste oy
b3 LUH = 17,403+t ~0,422)0AGEU41 ~0.0651eELLY 0.%7 18  uv.7ev
2 CbH = 37.177+( <5.760)¢AGEY 6,97 20 0.e17
3 COH = <35,.321+0 27.83%)eAG20 0,95 20 1.2%9
- rBH = -4.908+¢  1.529184517 “,89 <20 l.3¢®
1] cas = 23,0004t <0,821 )1 0AGEAS{ =0, 111 )0FLEVe( =0,.120 aSLOP*; 0,835 eSLAS n.58 20 9,730
L ORH 3 ~22.814+( 26.526)88G20+1 =~0.146)2ELEVer ~0,152)«SLOP g.%2 19 C.573
seter PATHWAY REGRESSION EQUATIONS FOR Ba  OR AVE STAND BASAL AREA (SG FT) ereur
PATH  REGRESSION EQUATION FORM
1 BA T 147.133+i-26.36%1ExP3 U.el 3¢ 36,038
2 BB = 229.41%et +8.518) ¢AGER 0.3 + w0439
3 NA = L3L.406+(-25.6731EXPY D.E0 20 7.7
“ A = ~3uT.89641240,74%8)sAGEY . 0.60 20 40.%83
5 PA = 320,423+ 4 4TIISAGES+! ~0.96119A5PT4( ~3.490) e5L0P 0.9 20 21.761
& €A = 145,388 0=16.6TWIsEAPI4 39,5561 08LASHt «2.514)eSL0OP 0.90 1% 17.732
senes PATHWAY REGRESSION EQUATIONS FOR DF<U QA PSEUDOTSUGA MENZIESIE 1< & IN.} v
PATH REGRESSICL TQUATION FORM . RSB N §TA pEv
1 CFEYZ  10.670+¢~10,4061*EXPIei 1.4011AGES 0.52 1a 19.02¢
2 124 B “.50%4( +3,306)eEXPIai  F.T70610SLASet S5.851)19eSVRT 2.73 20 sa923
3 CF Cus 2.A3901 1.652)19CCAGHT  D.000)eSLAS 080 21 12,650
“ UF<u= 5.639¢( 1.6521»CCAG n.40 21 13.e%5¢
5 (24T «2.304e( U,28816CARY G.%2 17 €.113
3 pF s 35.71%¢t  0.5241wELAS+(+76.512Y9SLASH( ~0,866)4ELEVS( 3. 3u6)#AGED n.9% 19 1,51
vasne PATHWAY REGRESSINN EQUATIONS FOR UF>3 OR PSEUDUTSUGA MENZEESII (> & IN.) vesms
PATH  RFGRESSION E£4UATION FORM AS¢ 4 STD pEv
1 0F 4= 6.68041-49, 8091 ¢EXP34(TLT7. 4281 #4611 ".6% 26 1%5.454
2 OF dux 43.0TUsi «0,9BUIsAGEASI <6.336)9SVRT 0.9 20 2,850
3 DF >4z 5. 1uTet =1 1SLISAGEAML «1.300)sELEV N.64 20 17.7at
u LE>ux 16, 67%9+¢ ~0.68519AGESe( «1.544)sELEV 0.51 20 11,53
S OF 34z 62.002+8 =1,2191%8GE8+1~12.649)85VRT LI T4 9. Taw
5 NED4=  =45,597+( O.5151sAGE2e( -0,62552ELAS+(106.%87)eSLASHT  1.028) *ELEV .68 19 €.512
wasss PATHWAY REGRESSION EQUATIONS FOR DFAL OR PSEULOOTSUGA MENZIESII (TOTL| Tewws
PATH REGRESSION EQUATION FORM e i Rse  n o STe ooy
1 DFAL= 2,688+ (43,8091 0EXPI+(727.428) ¥AGLL 0.69 26 1%.%54
2 nFaLz 65,5254 (=40, 902 I0EXPI4 (625,276} %4611 .5 1 20,041
3 OFALE  1u0,.525«( ~9.0191mEXP3+( ~1.A23FELEV U700 20 1. ts?
“ OFALE  86.67%+( ~0.685]1wAGED+( =1,548)eELLY 9,51 20 11.853
s OFALZ  S9,4u24( =7,203)9EXP3Ie( 0.072)8SLAS+(~12.925)aSVRT 0,88 20 10,79
6 OFAL= 68,3750 =D, 484 )15ASPT( -0.965);SL0P01 7.536)9AGES 0.95 19 S.R34
ssese PATHWAY REGRESSION EQGUATIONS FOR WL<4 OR LARIX OCCIOENTALIS (¢ & INCwTS) i

PATH REGRECSSION EQUAT

)
2

ML
WL<Y=
WLy
(R4 23
(AR 4 2

aLlhs

679560
«32,003+1
«25.00381
55,160+

F.055+4

~0,7B3s¢

10N FORM

=0,020) #PHIA+

0.S561eTREE+
0,556 TREE+ !
0.58019TREE+(
=0,319)sS 0P

0,095}« TREE

~0.09 1 wELEV
4.395) EXP I
4.556)0EXP 3¢

1.789)1wAGES

«5,3791«TRMY

*%5. 3791« TRHT
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ssese PATIIMAY RFGACSSION EQUATTGONS FOR L34 Ok LARIX GCCTUENTALES (> esaar
PATH  REGRLSSION € ATIGL fORE, »50 t ST 5Ev
1 A 242 “5.21%44 O0,0211TREE+( 0.02519GASSs( 0.0rFrelLEY T.7e  je C.e71
e AL28E <85 76241 ~1.3T2)AGESNT  1.6961eFLLY .70 20 9,225
3 ELIEE eg. 500 0,156 FaTHER S.3 17 e,0x7
) L4z «3 USE+t B.224) A
< U56+ 243+ AGEL 0.81 20 2,542
s w4z 2A.9064( =%,63610EXPY N.22 20 12,408
& [RLH =8.23248 D.207)aV
ol . 207)10TREE+T  0.33210PHMA C.61 21 T il
evvas PATHuAY REGRESSTON EQUATIONS FOR wLAL OR LARIX OCCIDEMTALIS (TOTaL: veeme
PaTH  REGRESSIGH cqUATION FPORM
1 wLALE €-79%+C 0,028 vPHMAG T =0.099)%ELEV
2 WLALE  ~10,7624f -1,372190G0A+1 1.69612€LEVH( 1.3461eEXPS¢( 0,000)ELEYV 9,70 20 9,225
3 whAkz  +22,.5908( U T38YeTREE+€  T.36UI%EXPIe( ~8,21610GRES54( 4,813 aTAMT G.§0 20 10,%-4
“ abLALE 9.58840 D.uTUISTREESL «5.655)wTRAT 5,86 20 11.7A2
L] WLALZ 26,8114 +4.81119EXP3 g,4% 20 10.222
3 A= -
5 ~LAL 33,342+ <0.9881¢0GER G822 19 18,349
vesns PATHMAY REGRESSION EQUATIONS FOR ACGL OF ACER SLARAUN aanne
PATH REGRESSIO EAUATECN FORM rsa ST "EV
1 acnLz Cel39+4¢ 1.10312EXFUs(anruran}o(CPE g.e% 17 7.237
z 4cGLe De4820¢ Li0CS)eEXFUs(naenenn)sCCPE+1=16.1391+EXLL+( -0.006) $GRSS 0.94 20 0,246
3 ALGLE $el11vt U.199)elCPB i 9,81 1% 6.401
“ ACGLE S.111+44 0,199)eCCPE n.31 13 6.u01
L] ACEL= 1.135+¢  7.398) «EXPu 0,56 10 2.137
& ACGLE 2.13%e¢  7.398)EXPu n.E6 10 2.132
svess PATHWAY PEGRESSION EQUATIONS FOR AMAL OR AMELANCHIER ALKRIFOLIA sevee
PATH HEGRESSIOM EQUATICH FORM RSQ 4 STOD nEV
1 anaLs 1.670+{ 1.213)+PRED 0.52 19 27
2 AfaLz l.670+¢0  1.213)«PRED fi.52 19 4,208
3 AMALZ 19,649+ Te68L)SPRED4I ~5,236)95VNT fads 2% F.250
“ AMAL = 18,069+1 0,681)%PRED+( -5.236)aSvRT G.éa  PL 9.290
S AMALS Se021¢0 2,48408CCA241 +5,967)9CCAGHL =0.062)CEVE C.73 17 206
3 AMBL= £.62104 2.484780CA2+1 =5,96719LCAGH( =0,062)»CEVE .72 At 2,300
saves PATHWAY REGRESSTOM EQUATIONS FOR CEVE OR CEANOTHUS VELUTINUS serne
PATH KEGRESSIGH LQUATTION FOHM
1 CEVE= 2.0004( 50,000)«TAGE 9.~ o O0.oc0
2 CEVE= 2,000+( S0,00C3eTAGE 4., 0 & 6,000
3 cEvEz 0,370+t D,0221«PHMAs(  1.0791#EXPT2(«12.,88919ELAS+t 80,0001 *TAGE D% 2% T.478
“ CEVE= D.3764( 0,022} ePHMASL  1,079)8EXPT+(=11,889)sELAG+( 80,0001 &TAGE a.%8 20 Durr
H CEVER 112,263+(-61.3863e0P11+¢ =0.054)«EXPS 7120 182618
6 CEVEZ  115,56341-60.60119CP124L ~0.0551+EXPS D.6% 19 15.982
awsee PATMMAY REGRESSION EQUATIONS FOR LOUT OR LOKNICERA UTAMENSIS bkt
PATH  REGRESSION £QUATION FORM
1 LeuTs «3,378¢( C.015)«EXPSa(  0.,083)eELEV f.6T L2 TaTa3
2 LouYs <0.797¢1 D.0061eEXFEs+1 1.355)9CCA2+( O0.70%5eSVRT+1 ~0.261 1% TRHT 0.9% a c.law
3 LouTs 0,377+44 0,015ksCARY r.uY 132 le4us
“ LouT= 0.377+¢ D.0151wCARU 0.43 13 9.4u%
5 Lout= 0,508 0,023)8CCPI+( =0.0191%TREE+! 0.00834«GRSS+¢ ~0.013)#AGE3 0.97 190 3.301
s LouTz 0,370+t 0.018FsCCPle( ~0.0111sTREE+! 0,0051eGRES 0,81 L2 3,219
essss PATHWAY REGRESSION ECUATIONS FOR PHMA QR PHYSOCARPUS MALVACELS seuns
PATH REGRESSION EQUATION FORM as4 P s:E,C[V
1 PHMAZ  78.568¢( 0.T63)mPREOe! 19.03310EX1241 +0.114)sEXP9et -1, 420) #ELEY 2,17 1°  9,3s%
2 PHMAZ 18,5680 0.563)sPREQ#! 19.033)8EX12¢4 =0,11410EXPI+{ -1.490)*ELEY 4.7 1= 3,801
3 PHMAS 0.000s¢ 1,00014PRED+{ 0.220)12EX12 Tese 1z nan
“ PHMAS 0,000+t 1.000)¢PREDed 0,220)wEX12 n.99 12 3.710
5 pumAz 15, 66841 ~0.590)8CCAGSL “3, 391 a5 ASe(vswrean)sCCPEFE ~0,uBu)eCARU+( -0.612VenR1S Q.8 17 Hat3e
3 parhz 1566840 =8,590)CCAGe( =¥, 391)vSLASreaverentoCCPEs[ «0. uSHISCARUS T ~0.6121wn 07 Tete 1T aend

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



tesen HATHWAY PEGRESSIOM LQUATINGS FOH PRVI DM PRty VIRGT? 1anA seane Page 88

PATH  REGRESSICH QU TICH FOHH 53

DA REGRESSICH eowcTie £0ww . . TS LR L
1 PRVIZ 0,000+ 1.00002CCPIs(  1,000eTSLY LY & LIS ]
H PR 6.000+f 1.00GIvCCFaeq 21,6001 aTSLY ot s lawae
3 ELTS & 0.600st 1.00CIsCCPI+1  1,000)8TSEV 2.6 3 .cac
“ Prvlz 0.,600et 1.00014CCKEIel 1,000 aTSEY A, 8 [ Q.00
s VRYVEz 0,0004¢ 1,06001¢CLPO+t 1.000)sTSEV 3., 0 o C,0p
[ PRVIT 0.000st L1.000)+CCP9s{ 1.000)aTSEV fe € G 0,0

.

* FPaTHweY AEGRESSION EQUATIONS FOR AUGY 0f ROSA GYMNOCARPA sexes
PATH QEGRFSSION €QUATICHN FORM

1 aQGeY= 8.716+1 0,032184GE2+1 ~0.1681=ELEV

2 uAGYS €.71Rs1 0.DI2)«AGE24¢ -0.168)0ELEV

3 ROGYZ  «0,270s( 0.0281eCCPY

L3 FAGY=s *0,2%+1 0.0901¢CCF14( Q.040)AGRSSer ~0.0221aTRFE+( =0,028}¢CARY

LY POGYS 0.592¢1 0G.026)19CCPLst =0,017)sCARY 9,89 13 0.7 s

[ ROGYz 0.919+44 0.0481elCR1+( =0,288)eCCP3 t.85 1% 1.833
sxsss PATHWAY REGRESSION EQUATIONS FOR SASC OR SALIX SCOULERIANG seane

PATH MWEGRLSSION E£QUATION FORM eS¢ . STe aeu

1 sasCz A.toRe 1 0,008 «EXPE 0.39 20 F.%%e
2 SASC= 0.,068e0 0.006)eEXPE .35 20  G.74s
3 $nsC= »0.359¢+1 0,12012AGEE+( 1.07718PRED f.91 17 9.%50%
4 505C= «0.35%t 0.120)enGEB+L 1.0TT73ePRED .91 1T 0,508
L] SASC= =1.GuS+( D, 30%FeGRSS 0.4%9 v S.ug%
& TASC= =1.0u5+t D,35051¢GRSS n.s0 1N B, 444
awsss PATHHAY REGRESSION EQUATIONS FOR SPBE OR SPIRAEA AETULIFOLIA stenr
PaTh  RESRESSION EQUATION FORA a$¢ . 3T gEv
1 SPCFz 8,709 Q. 142)19AGE3sL - 1.88330CCAR2 1 ~0.125)+CCP1 _N.9% 17 I.2n?
2 WPEEz Wh,pu244 3 A3TICCAZel ~1.063)¢ELEVeL 0,416)%SLOP 0.&8 19 Ae523
3 SPBE=  ~25,453¢1 O0.651I%PRED+! 1.002)&SLOP+{ 6,90S}«SVRT 5.83 13 7.90%
4 SFBE= SZ2.590+4 0.129¥2AGESe( -0.936)wELEV 0.7 15 A.028
b ©PUEz  =2,955¢{ 0J1011=AGE3+t -0.2571ePKNAC( 0.716)5LOP 0.66 2° 7,517
3 SPREZ 47, T0uel B.0991sAGESst ~0.1601eTREE+({ ~0.54%)sELEV 6,60 35 T.728
seess PATHWAY REGRESSTON CQUATIONS FOR SYAL OR SYMPHORICARPOS ALBUS navsn
PATH  RFGRESSION EQUATICN FORM 5¢ g 13 nev
1 TYALE *1,259+41 1.1311ePREQ+! 1.62839CEVE n.9a 13 T.13e
: 2 SYAL=  «14,32%s1 0.3591sTRECe!  S.0791CEVELL  0.278)wPHMA G.4e 19 120743
3 syYaL= 1,027+ 0.192Y9CCP1+1 =2.457)eAGES n.4% 1t LI
“ B¥ALz  =0,3904{ 0.029)eGRSS 8,78 A 0.582
s SYAL= 3,708+1 0,u041eCCPL+f -0.2821%CaRU 9.8 13 5.97h
[3 SYaLs 3.700+1 G.40418CCPL+( =0,282) wCAVY . g,88 13 5.%7%
sssas PLTHWAY REGRESSION FQUATIONS FOR vAGL OR VACTIMNIUM GLDBULARE crram

PATH WEGRESSICH EGUATION FORM

1 VAGLS  <B.970+1 2.4S8)«CEVE+l  0,019)eELEV 0.9 ¥ D.6uk
2 wiGls -8,370+1 2.453)eCEVEst 0.019)sELEV Te%é Ed Chbed
3 VAGLZ 0,000+¢ 1,0001%PRED+( 2.000)eTSEV ¢, 0 L 2.rnA
“ yaGlz 0,000+1 1.00014PRED+C 2,00018TSLV 9. P < a.0%0
5 vaGls 0,000+1 1,000)ePRILCst 2,00D)eTSEV 2. 0 [} 2.7c0
L vAGLE 0.000+1 1.000)=PREQ+t 2.000)8TSLV b. 0 [} [
sasus PATHWAY REGRESSION EQUATIONS FOR ARUY OR ARTOSTAPMYLOS UvA=URST reame
PATH  REGRESSION £QUATION FORM e ...---_--..----.-..__.-___.-.._._.-_--_-.‘.‘.ff-_-‘.‘...f:?-’fsx-
1 ARUNE  «2.861e1 0.009)sExXP2e( 0.0661%ASPT 0.77 20 2.%3%
2 sRUVS 496848 6.0TXIeEXP4s{ «5.3231aSLAS 8,77 113 2.°87
3 AHUVE  14.539+0  D.07412AGE3+l ~0.276)eELEV 2,99 @ 1T
L] AnuUVE G.u54941  0,0761¢AGE3+1235,881)1%A8G10¢( ~0,030raPHMa 2.9 2% *, 139
E ARUYEZ  B7,237e( «1.5371eECEVel ~0.20T)aCEVESC  §,041) wAGEY 9,92 11 w.7s2
6 ARLVE 96.082¢1 *ke412300LEV4T «0.232)8CEvE ey =5,860) «TAT J.96  1C .97
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avers VATIRAY REGOFGSING CQUATIN.LS FN? NIRF OR FR=E. 1§ WERF' S

PLTH ApLPESSILT Ean TIGH FOEM

1} HElt] W %ol =0 1E6 @SLLPet 0,290 )8CCAR fLag 1w 1.2r2

2 Agnfs *?,4591 =0.163185LQPet  D,264)aF LV 0.3 2¢ 1.%42

3 fERF= C.5Slet 0.001}eAGER LI 13 LR T4

¥ sePLs 0,5%1et D.0011wRGER LI TR T8 1,7an

& prhiz G.271e¢ lesusrelLaz et L® flew®

L aEHlsE Ca27168 l.uunialCaz 0.72 1F Teuya
mrses PLTHWAY REGAESSION EQUATIONS FOR ( 1BC OR LINNATA HOHEALTS rwuse

BATH YECRESSEUh ¢ou~T1ON FGOR#

1 Liabz Ea FTA FAT] P.TTS1eTREE
2 - LIVES -1%.0824¢ G.285)%AGESsd  O,367)eGRSSat  3.4933140C80 0, 9% » “.20%
3 L1R0E  el&.720et 0,58679CARUS(  0.2171%TALE ke 1L S.haf
u Llufz  ~13,7u6et  0.%53s0ARGSL  4.2087a5ynT 21 m.ege
5 Linds 0,020+t O,J00)ePHEDSt Y.000¥sTSEV 4, 0 o 2.t
6 LIRD=  101.517s1 C.63TIeCARUs{snenren;olxpSet 0.0001»SLOP 0,99 0 £2.4%%
=esee PLTHWAY ATGRESSION EQUATIONS FDR AGSP 0P aGLROPYRON SPICATUM reous
HATH  IESHESSICA FAUATICN FORM R5Q .. 3YC nEw
) AGSPE 0,0h0e¢ O0.7S50}sPREL#I  2.000;eExp9 o, 0 ¢ B.900
N aCsPz 0.000ef O.750:ePRENH(  2.D0C1eEXPY PR ¢ f.on0
3 8G5F= ¢,000e¢ 0,7%01PREDet  2.000)eIxPY R e 0.009
L] AGSF; 0.000et 0,7%01«FRED+d  2.0C01sEXPY ¢, 0 4 ft.tae
5 i,5P 0.0004+¢ O,7%01ePSECH] 2,000;2Ex¢9 a. n 4 ¢, 000
5 ELGPE G 000« O,2EursPRECHT 2,000)+E%P9 [ [ 0.0r0
weand PATHWAY REGHESSION EQUATIONS FOR CARU OR CALAMAGRNSTIS RUBESCENS sesse
PATH wuxiSﬂCh EQUATION FORM RSG N STD pEV
¥ CARUzE ~31,0%3et¢ L1.250)sPREB4t G, 28519FKMAS( ~0,030)aldGEL 8,95 12 1.758
2 CaPLs  ~11.0%3ef 1,2503+PRECHS D,2E314PHAA+r ~0,030)1»45E8 G.55 12 1.758
s CaRUz tu . d42et O0.B8713¢PREDe{ «6,.007121/0Cey =0.307r-lCPF1 8.87 w4 14,212
“ Cafuys tu,2u2¢t 0.BTLISPREDSL ~6,007121/CCe¢ ~0.3071elLPY n,BY w4 10,%y2
5 CaRLz «1B,978¢t 0,77piefREEe( L0,8351¢TAMT £.53 3 15.%us
LA ChRUzs <18 ,%2Rka( 0,7761¢TRECs({ 10.8381sTANT .63 17

snszew PATHWAY REGRESSION EQUATIONS FOR CaCQ OR CAREX CONCENNOIRES

BatH  KEGPFS5SICN ELUATION FURM

H cACos 2.97%+4 =0,10L¥sS5LCP+{ 0,.869181/CC

2 Tal0s 3.5¢8et =008 e5,CP r.72 e d.ouu?

3 cacos= ~3.7%0e0 BL.TE2)SEXPT+i O 1B4)eSLOP LY : w656

» £ACOS ~=206,873#¢ 0.2291s5L0Pe1  C.23310ELEVes 1.273)«TRMTes D 012100 Pe o.es 21 1.158

5 cAacls 0,580et  0.1421s£x10 Ll PR 4

A LrLuz 0,500+t 0.1423eEX10 .99 9 0,500
seres PATHWAT ALGRLSSION €AUATIONS FOR CAGE OF CuWix GEYCRE reumn

PRTW  NEGRESSIOM ECUATION FOPM

~Z.ER0e¢ H.993reFPECHE -0.036)%406E2

> caces 3 Up0ef Q.I9%)eFREDS! ~0.036)%AGER

k3 CHGls 10,174%et  0.B051ePPEDS1-15.000)@ExPY+( «0.209)«CCP1 S.r3d 2% 1iL0nY

“* (41347 1G.isuei D.B0%)ePREL+(~15.000)eEXPYeL ~0.%0%14CCPY f.eg 21 18.5ee

5 CanEs 13,230l 7,508 €EXPUel ~0.27TVIOELLV n.ed 0 4,307

L CAGER 16.912¢¢ 8,43712E0F7er  0,262)8PnMAst ~0.85312ELEY c.78 1w 3.z77
sssas FATHWAY REGAESSION CQUATIONS FOR CARD OR CAREX ROSSIY esnss

PATH FESRFSSIOS EQGUATIGH FORM

X CaRQ= 0.000+d 03001 »PRED F] r (g1
4 £ aRb= G.000+0  0.9001ePRED 5. O 3 .ot
3 CARD= 0.L%0et OLD0LIwAGES T TL 3
“ caROs 0.230et 0,001)wAGES fiew 1T Cuave
. CaRO= 0,000et 0.500tepRfp .- ¢ saee
® rapOz 0,65041 0.%00)ePAED - ¢ - e
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PATH  KEGRESSEGE t oUATIC Y FORK w5, - 2]

t ACKEs LolaMet  DL.BRUPSEXLL 1 26 9.159
2 AC™Ex D.IA%+( D.51NtaExlt .51 26 n1g9
3 EY< £ 1.624¢¢ =D, 028 TALE (PP - tes
L] ACHI= 1.326s1 «C.O013IeTRLE B8 20 G.795
S acMls Ce¥A%E[ 0,070 0FKHMA -1 L] 0,95
-3 ACME= 2.48541 «D,3701ePnMf Coby 4 U5y
teakts PATHWAY REGRESSTON EQUATIONS FOR ANRA OR ANTENRAHTA RACEMOSA dhaww
Bse i s ey
1 AURAZ  =15,185341  2,520)1eCEVEet =3,035)0EXPY+1 0,3611sELEY G.7% 1% 2.8
2 AhKAS 0.73%44 0.752)sPRED f.,74 13 2,872
3 at.AAZ *2.12040  F,oT2h4EXPUs] 0. 145)eSLOUPe =1.7501eCP1D T 3y 1.0%9
L) ARKHAZ =2.778+41 7,289)eEXPus ~0,004)0EXPF+1  0.136)1s5L0P 0.6 21 l.a07
-1 ArRAE 0.025+1 0,056)eCaRY n.59 e [L°T, T
o Atz 0.02%«0 0.nZé3wCany 0.59 £ [ -3 1
saves PATHRAY REGRESSION EQUATIONS FOK ARCO OR ARNICA CORDIFOLLA caens
#aTW  QLGRESSION EGUATION FORM /RSGC Kl ST oty
...... T R T e e o e e k8 kB e o e e % 0 8 B e e e e
1 aRCG= O.4u0ed 0.032)9TREE 0.99 E 7.002
2 ARCO=  -0.929+4 0.211)eCCP1 0.91 % 2,17
3 ARCO: ~0.557¢0  0.549)e(CPLst  D,1%8)19TkeE 3.32 " EPLY.F
“ AKCOz ~0,598+1 0, 0B811eSLASsiesnenan sCTPber  0,00210A5PTe; ~0.180)¢TRMT 7.96 13 0.0%6
-] ARCOz «G,22kel  0.,1231eLCPL O.42 2% 3.r21
6 ARCE= =0,926+1 0.123)elCP) 0.4e 29 3.0
seser PATHWAY RFGAESSION ECUATTONS FOR ASCO OR ASTER CONSPICUYUS A ddd
PATH  KEGRESSION EQUATION FQuM RSG N 5T pEv
1 asCO= 3,716t 0G.12%1xCARLed =2.908)9SVRT : 9.3 231 $.198
2 asCoz «2,025¢ (e enen) eCCPE+( U 04UBIWGRSES 0.78 28 2.2p%
L] ASCOz  ~R0.ETT+( D,187)1eSLOPs{ DB.150)V#ELEVes 0,.038)#5HAB+ ~0,D1119GRSS Naps 1% 1.549
" £5C0= “0,87140 0.0P1)aSLOP 0.3% 21 1.0a0
5 asgo= 39,618« 1,193 «SLOP+{ 5.307)9SLAS 0.7 11 1.5
© A5G I6.74F4c ~3. 34031 aTaMTeq ~0.920105,0Per  4.88481s5LAS 0,68 15 3.6u3
sesas PATHWAY REGHESSION EGU/‘Y!ONS‘FOH AASA OR BALSAMORHIZA SAGITIATA supnn
PaTH RFGRESSEON EQUATION FOKM RSQ e sTh nlv
] FASK® 0,000+t 0.9001ePRED+{ 2.000)eTSEV 0. 0 0 ”,0c0
2 BASAZ 0,00Gei 0.900}#PREQS! 2.003)10TSEV n, ¢ o g.Mga
3 HaShs 0.000e1 0,300 I+PREAS! 2.000)18TSEV 0. 0 4 3,000
“ Aastx 0,000¢t D,9CN)*PREQ+{ 2.000)1eTSLV 0, 0 Q 0.000
E HASA=z 0,C00er 0,900 «PRED+! 2.000}eTSEV 0. 2 & v.oee
& BASAZ 0.,000s( 0,900 )ePPEDeL 2.00D0)eTSEV . 0 o 0.a0%
esvse PATHWAY REGRESSION EQUATIONS FOR CHUM OR CHIMAPHILLA UMEELLATA tunn
PATH REGRESSICH EQUATICN FOHK . ______,_______________,,_______-._,.,_.-Tff_--;_-.fff.?ff-
1 CHUM= Q00041 0,750)ePREN+t 2.000)=TSEV G, " o a, e
2 cHumt= 0.000sd 0.750) =PHED+T  2,00018TSEV o, 0 o 2,710
3 CHUMS a 30380 N, N22Va0ARUSH 0.026)eTREES| ~0.020]elCPL* 0,071 ISELEVed D.231F1eTRNMY n.7a 20 1, T9n
4 CHLMs a5 3u3eq  0,0223CARUST 0.02619TREEST =0.020)eCCPReL 0,07L1ELEVLL  0.,231)eTANT a.Ts 20 0.%g98
% CHum= 6.000+1 =2,500})s5VAY 0,27 T a,ran
3 CruNz 6.,00041 =2,500)8SVAT 6,97 7 4,000
sesss PATHWAY REGAESSION EQUATIONS FOR EPZN OR EPILOBIUM ANGUSTIFCLIUM renan

PATH REGRESSICN EGUATION FORM

1 EPANE 0.010+0  3.030)e1/CC

2 EPANE 0.010+( 3.030)e1/CC

3 cPANz 0,35001 B.AEIISEXPIr »1.36THaCEVES( T0.0001«TAGE

. EPANE  -2,BTBed  2.0TH1eSVRTel! 4,2971eEXP4ay 70,0003 4TAGE

S €PANG 6.401+0 ~0,705)1*TREE

& EPANE -1.630e1  3.77418CCPh 2,60 1% T.27%
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csmer FATHWAY REGHESSION CQLATTODLS FOR FRYE QW FHMAGARIA VESCA

FAXTH  RFGHFSSION FQUATICH FOw.

1 FRVE=  ~13.367+( 6,365)nSVRT+t  0.45818CCa2+( D.1011aCARD [T LA Y 2,78
2 FRVES  ~19.722+t 0.204)848PTa¢  0,0234=ELAS Naeo 17 4.522
3 FRVE= A,101s( O u29)ePRED N.7% A i.iaa
- EuvEs= 8,101+t 0,825)ePRED 2,73 L] 9.1¢8
3 FuUVER =0,5334¢  1.667)wPRED 0.99 & G.001
[ FPVEs “0.333+40  Ll.beT)erREY

teons FATHWAY RFGUESSION EQLATIONS FOR FRVI OR FRAGAHIA VIRGINTAMA

suons
o s oy
1 FRVlz 3,000+( 0.900)=PRED+t 1,000)sTSEV 0, 0 1] Hadgd
2 Fiviz 0.000+¢ 0.900)ePRED4! 1,000)8TSEV 9, n o [T
3 FAvIz N.101+0  0,825)9PRED 0.73 a 2,108
u cuyl=z B.11300 Y, 5621«EXPY e,47 19 1.292
9 FRYI= 0,571¢4 0,04%0)aCCPL+( ~D.016)4GASS D.Ps 10 0,350
6 FRVI= 0.500+¢1 ~0.0011+AGE3+{ 0.000)+4GE2+( 0.000)1SHRE 0.9% 13 0.%00
seome PATHWAY REGRESSION EQUATIONS FOR GOOB OR GOODYERA CRLONGIFOLIA ’ vhewsn
PATH REGRESSICR EQUATION FOWM " ST Ay
1 Gond= 0.000+( O0.9200}=PRED#{ 1.000)»TSEV 0. 0 o 0.500
H GCOBx 0,008+ D, 9001 #PRENst 1.,00014TSEY g, n ¢ g9.0nn
3 4008z 6,000+c 0.900)uPREN 1.0003«TSEV 0, N 1] g.anp
“ 30Chs 0,r00«¢ U.9003wPREDS( 1,00038TSEV 0. O b 8,200
s GnoR= 0,000+t 0,9CO}ePREQ+( 1.00013TSEV 0. 0 0 0,000
6 cCO0Bz 0,000+¢ 0.900)«PREO+¢ 1,0001TSEY d. h [} a,0n0
toene PATHWAY REGRESSION EQUATIONS FOR HIAL OR KIERACIUM ALBERTINUM 3 CYNOGLO xanw
PATH  REGRESSION FQUATION FORM #$8 N STn oEv

1 wlats 0.500+1 0,7001e0UNY 0, 6 [ 0,000
2 HIALS 0.500+1 $.,000)e0yMY ) D, 0 [} a.an0
3 WIALS 212209+ Q0,034 2ELEVA( ~0.012)%PHMA+( 0,012)e5HRB*¢ ~0,0922)19LCAG f.68 20 C.162
4 M LALE ©1.209¢( O,0331eELEV+( <~D.02219PHMA+(  D,012)+SHRB+{ =0,032)200AG D.68 28 G.lgz
5 HEALE 0.500+¢ 0,000)=DUnY [ L] e.0nn
[ wlALE 0.500+¢ D,000)s0UMY 0. 9 0 G 000
sesse PATHWAY REGRESSION EQUATIONS FOR #IST OR MITRLLA STAUROPETALA ssaay
PATH REGRESSION CAUATION FORM ! 250 H §In pEv
1 misis 0,473+ 0.215)eEX22 d.98 12 9.392
2z MIST= G T3¢l 0.213)eE%12 7.98 12 a.092
3 MIST= V4736t 0.21302EX12 0.8 12 2.ra2
“ MIST= 0,473+ 0,213)eEN12 b.9% 12 a.n22
S ~1ST= 0,73+ D,213)8EX12 - Q.93 12 ¢.092
& “iST= D.473et D.213)mEX22 3,38 12 D.032
senes PATHYAY REGRESSION EQUATIONS FOR JHOC OR THALICTRUM OCCIDENTALE snane
PATH  REGRESSION FoUETION FORM RS [ $T0 ~EV

1 ThHOC= 8,298+t 0.5707+CCAZ €9 9 1,337
2 THOCz €. N8B0 0.16614ELEVS( ~0.021)ePHMA 1.481 ¢ 9.552
3 THOC= 4,000+1 1.000)+PRED X 1.99 8 B.000
4 THOC= 0.000+( 1.000)4PRED .92 €& 0,000
S THOCS 3,.5004( 0.900)ePREQe! 1.000)eTSEV ¢, 0 @ ©.000
4 THOC= 0,500+i 1.300)3PRECSL 1.000)»TSEV G, 0 0 D.0n80
seesr PATHUAY REGRESSION EQUATIONS FOR xETE OR XCROPHYLLUM TENAX LEa A 2
PATH REGRESSION EQUATION FORAM s ___,,fff__.f___fff.?ff-
1 XETES =2.13140  3,508)EXPhel  0.07%)%ASPT 945 28 2,211
2 XCTES  ~2.1314€ 3.588)EXP4st  0.079rensPt t.46 28 E.811
3 «ETE= 6,067+t =1.293)xTRATe( 0.60%}1wCCA2 9.63 10 2.1u3
“ XETES 5,495+ 0,052)ASPTet =1.1851TRMT+¢ -0.136) «SLOP p.3% 20 1.95%
s yETE2  <1.865+( 0.09%9)aCARULE  0.160)8SHRB 0.9% & 1.011
s XETE= 9.728+¢ ~0.303)18SLO0OF+( «0,0501 vPUMA 3.45 19 1.87%
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APPENDIX F

Sample of Tabular OQutput Generated by the Model.
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SRSt hhib it bl it et ML LI LA AL LR L LR T A R LR L R R R L PP SR PP L P S LT LR O

SUCCESSIONAL STrmyLaTior Aub

R L R L L L

DESCRIPTION QF THE SIMULATION aREA:

ELEVATION @ 3500, FERT TREATYELT YYFE @ WwILDFIRE
ASFECT @ 190, DEGRETS IMTENSITY TYFE | “ONERATE
SLAPE @ 45, % IPERCENTY HAGITAT TYPE PHASE 1 PSYE/PwsL ,TRY
(AR AL LR A AR LA A L R A A A L N T R NN LR I T i T LTIy LAS AR S]]

res

A R R P R L T TN oY

A QIAGRAM OF THE vODELED SUCCESSIONAL PATHWAY

SURUB-KEAA SAPLING PLLE MAYURE SERAL CLIMAR

PHMA wemed PEME/PHMA

amswy MEME PHMA csmw) PEME/PHMA meme) TSUE/PEER

LRI AR AR A AT R AR A AL Al e L L L Y L T TP T TR P TP R L R TR F T T Y P T Ty P P T TR L Y P P
PEACENT COVENAGE BY SPECILS FOR SefC{FIEC abfe
SPECIES NAME 5

e o 0 $% (L] 10% 120 15% 200
TOTAL TREE CANOPY COVER t%) [ 6 - 30 51 - 7% 51 - 7% st - 75 51 - 7% 51 - 7% 51 « Te
AYERAGE Q8n OF STAND (INCHES) ¢ 4 a 10 12 13 14 1.
AyE STAKWD BASAL AREA 15Q FT) o “e 9% 129 150 163 tTo 174
PSLUDUTSUGG “E.2TESTI (< 4 NG} 7 6 - 2% 6 -~ 25 5 - 25 6 - 2% & « 2% 6 - 2% € - 2=
PSEUDOYSUGA MERNZTESTI (> @ IM.y [ 6 - 2% 6 ~ 2% 26 - S0 26 - %9 26 - 50 26 - %0 26 - %
PSEYUDOTSUGS MEMZIESTY (TGFAL) 1] 6 -~ %0 si - 15 %1 - 73 %1 - 7% 81 - 7% <1 - 79 51 - 7=
ACER GLABRUF ] b 1 9 a " t N
AMELARCHIER ALMIFOLIA & - 2% 6 -+ 25 6 - 2% 6 - 2% & - 25 & - 75 & - 25 & - 2=
CEANOTHUS VELUTINUS 4 4 q 1 S 3 a H
LIRICEAN UTAWENSES T T T T T T T T
PUYSOCAAPYS MALVACFUS 26 « %0 26 - S0 26 - S0 26 - %0 26 - S0 26 - S0 26 - 50 26 - 5
PRUNUS VIRGINIANA T T T T T T t T
ROSA GYMNOCARPA T T T T T T 1 T
SALIX SCOULEHIENA T T h T T T T T
SPIRAEA BETULIFOLIA & - 28 0 ] ] T -5 T=95 & - 25 & - 25
SYMPMOS [CARPOS ALAUS 6 = 29 T -5 T .= T -5 T -t T -y T .= T .=
VACCTHIUM GLOALLARE TS L -5 T -5 T -3 T-5 r-5 T ~5
ARTOSTAPHYILOS UVA-URSI T -5 6 - 2% T e T -5 T .S T- F-5 Tt .=
TERAERTS REPENS T -5 & - 2% 6 = 25 & = 2% & = 25 6 = 2% 6 = 2% T -5
LINAEA POREALIS 1 T 1 T T T T T
AGROPYRON SFICATYM v [ ] o [ T T Y
CALAMAGROSTIS RURESCENS 6 - 2% 6 - 2% & -~ 2% 6 - 2% 6 - 2% 6 - 2% 6« 2% 6 - 2®
CAQEX CONCINNOINES Q o L] . L] 2 o [ ~
CAREX GEYERI 26 -« 30 & - 2% 6 - 28 6 = 25 6 = 29 & - 2% 6 - 2% & - 2=
CAREX ROSSII 26 - 30 26 - 50 26 - 59 26 = 50 26 -~ S0 26 « 30 26 + 89 2& - Sn
ACHILLEA MILLEFOLIuM T T T T T T . T T
AYUTENUARTA RACEMOSA T=-5 T .S T - T -5 T -5 T -5 T-5 T .5
ARNICA COPQIFOLIA 0 [ 0 ] ° 2 2 n
ASTER CONSPICUUS T s T -5 T -8 T T .5 T -5 T -5 T .=
AALSAMCRNIZA SAGITTATA T T t v T T T -
THIMACRILLA UMEELLATA 6 - 2% 6 - 25 & - 2% 5 = 25 & » 25 & =« 26 & » 25 & » 2%
EPILOBIUM ANGUSTIFOLIUK T ] [ n b] ] )
FAAGARTE VESCA T -5 6 - 25 6 - 2% T -8 T -3 T 4 °
FRAGARIA VIRGIL:TAMA 1 T T T T T T 1
HI00TERA OPLONGIFOLTA T T T T T T T 1
SICRACTILUM ALRERTTIUM & CYITGLO t T T T ] 3 3 3
MITELLA $TRLROPEYALA T -5 ¥ A\ T T T T +
THALICTALM CCCICENTALE \ 1 1 T T r - v
XEROPHYLLUM TEAAR 1 T 7 T T A T T
;}‘i,.él:;'géﬁir?g: P A:E:sae R SQUARE = 74 DEGREES OF FREEDON = 24

;';ﬁng};;’g}zﬁi,igﬂ At SO ¥ SGUARE = S0 OEGREES OF FREEDEH = 27

THE STATISTICS FOR GMAL ARE! faErioe =

SranDsel DEVIATION = 1.61% R SQUARE = 62 DEGREES OF FREELCY = 11

yaTISTICS FOR ARCO ARE: )
;ﬁn;nﬂg QEVIATION = 2.44% R SQUARE = A

i

OfGREE® OF FREECCY 2,83
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APPENDIX G

Sample of Graphic Output Generated by the Model.
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