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Martin, Fred Ce JrCeys MeSe, 1979 Forestry

An Evaluation of Photogrammetric Terrain Mapping for
Ecological Land Classification in the Lolo Creek
Orainage, Montana (130 pp.)

Dirtector: Frederick L. Gerlach ;;2%627f

The artea of study was located in the Bitterroot
Mountains, Montana, and 1included 2,883 hectarese.
Elevations ranged from 1,122 to 2,381 meterse. Higher
elevations had been glaciated while lower elevations
included residual gentle divides and upland slopes and
oversteepened slopes along higher order streams. Most
slopes had a northern exposure and were covered by
dense forest.

The purpose of study was to test the use of land form
parameters as determined from aerial photographs for
mapping and classifvying habitat tvpes. Methods of
study consisted of constructing a series of maps, 9grid
sampling each map and statistical analysis of the
sampled data. A habitat type map was made from field
traverses. A land form map was made from normal color
arrial photographse. Existing wvegetation was mapped
from color infrared aerial photographye. Statistical
analysis shows that all land form and existing
vegetation variables are associated with habitat type.
Cltassification of habitat types from terrain factors
ranged from 42 to 90 percent success depending on the

classification level. Existing vegetation character-
istics contributed little to habitat type
classification. The most important 1and form

parameters were elevation, slope plan torm, topographic
position and watershed order. Normal color photography
was considered slightly superior to color infrared for
land form mapping, while color intrared was superior to
normal color for existing vegetation mapping.

The landscape 1is discussed Iin terms of an open
system, determined by gravitational and climatic
forces. Variations in these forces at ditferent sites
result in modification of biological and geomorphic
processes. Land from was concluded to be a practical
means tor landscape classification and mapping, and to
provide a sulitable basis for ecological land
classification.
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CHAPTER 1
INTRODUCTION

From a distance the eastern tace of the 8itterroot
Mountains appears almost a continuum ot tree covered slopes,
only occasionally 1interrupted by deeply 1incised stream
valleyse. These 1linear stream valleys, however, greatly
modify the general environment by creating a chevron pattern
of paired slopes. A closer examination reveals that these
paired slopes are not mirror images, but rather, are sharp
contrasts of each other. Generally, north slopes display a
cool-molst environment covered by dense forests, while south
facing slopes are warmer and drier, often supporting only
open forests or scattered trees. Contrast is also evidenced
by the overall steepness of south facing slopes compared to
the gentler incline of north facing slopes.

Further examination reveals that a number of smaller
paired slopes comprise each of the larger slopese
Tributaries rising from the main valley streams divide the
main slopes into new slope pairs, while smaller feeder
tributaries, in turn, create additional slope pairs. As the
tributaries are followed headward, slope sSteepness beqins to
decline and the shape of the slopes becomnes more roundede.
Eventually, the headwater streams are replaced by broad

concave hollows or seepage zones separated by rounded conveX
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divides. A causal relationship appears to have developed
between the land forml/ and vegetation pattern. The forests
of the moister concavities and north slopes are composed of
tall mesic species while the drier convexities and south
slopes support more xeric open standse. At higher elevations
in the Bitterroots, recent glaciation has partially modified
the general 1and form, but even here an interrelationship
between land form and vegetation appears to existe.

The general interrelationship between land form and
environment has long been recognized, as evidenced by the
expression of site in soil catena and torest growth studies.
Despite the apparent association between land form and other
environmental attributes, little attention has been focused
on the use o0f land form for ecological land classification.
Yost natural resource inventories have relied on combining
individual resource characteristics, 1l1.e. soil, water,
vegetation and geomorphic process, into composite ecological
unitse. tiowever, increasing rteatization of the systems
nature of the environment suggests that an integrated

tramework for classifying ecological conditions is possible.

—— - — o——

17/ Land form {is distinguished from landform
according to Savigear (1965) and Young (1972). A landform
is a feature of the earth’s surface with distinctive form
characteristics w#which can be attributed to the dominance of
particular processes or particular structures in the course
of its development and to which the feature can be clearly
related. Land form, on the other hand, refers to the
confiquration of the surface of the 1land and its three
dimensional shapee.
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The purpose ot this study wWas to investigate the
suitability of land form parameters derived from aerial
photogqraphs for landscape mapplng and ecological land
classification. The study objectives were:?

1. To use aerial photography to classity and map land form
parameters

2., To test the ability of 1and form variables to
discriminate and classify habitat types

3. To determine if the addition ot photographically
interpreted existing vegetation wvariables to the land
form variables increased classification results

4. To statistically evaluate associations between habitat
types and the land form and existing wvegetation

variables

The diversity and variable resolution of mapped
information that has generally been produced for land

planning have resulted in a multitude of different landscape

divisionse. If it were possible to delineate single map
units to which various resource attributes could be
correlated, the inventory and mapping of forest land
resources could be significantly improved. It 1is the

supposition of this study that 1land form units possess
sufficient ecological homogeneity to provide a single

landscape stratification systeme.
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The value of aerial photography for increasing the
efficiency of resource inventory and mapping is widely
recognized. A project started in 1973 by the Lolo National
Forest sought to examine the application of aerial
photography to resource inventory in a multi-discipline
planning environment., This study is actually an extension
of that project and utilized much of the aerial photography

acquired for that effort.
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CHAPTER 2

LITERATURE REVIEW

Although literature about the interaction of 1land
form with other physical and biological processes 1is
extensive, generally accepted relationships are vyet to be
fully established, Theoretical concepts are well-grounded
in the basic sciences, but practical techniques and
relationships are still being developed. Cited references
have been selected to document theoretical concepts, to show
general land classitication techniques and to illustrate

some practical applications.

THEQBRETICAL CONSIDERATIONS

The basis for considering land form as an indicator
of environment 1lies 1in the interrelationship between form
and natural processes, ieee. geomorphic, <climatic and
biological processes. Chorley (1962) has advocated an open
system framework for conceptualizing form=-process
interactions, wherein the import and export of enerqy and
materials across and through the land surtace are egquated by
means of an adjustment of form through time. A number of
advantages accrue trom this concept, 1including: 1) the
tocusing of attention on the possible relationships betuween

form and process, 2) the acceptance of a more liberal view
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of <changes of form through time than was fostered by
traditional geomorphic thinking, and 3) the directing of
attention to the whole of the landscape assemblage, rather
than to the often minute elements having supposed historical
significance (Chorley, 1962,p. B1).

Long ago Gilbert (1880) recognized that 1land form
and erosional processes were intricately related in a cause
and effect relationshipe. “0f the main conditions which
determine the rate or erosion, namely the quantity of
running water, vegetation, texture of rock, and declivity,
only the last 1is reciprocally determined by rate of
erosion. « « « Wherever by change of any of the conditions
the erosive agents come to have locally exceptional power,
that power is steadily diminished by the reaction of the
rate or erosion upon declivity." (Gilbert, 1880, p. 117).
A more recent study by Arnett (1971) confirmed the
observations of Gilbert, and showed that slopes could be
grouped by distinguishable 1land torm characteristics and
that the effectiveness of denudational processes was largely
determined by land form.

Recognition of the influence of land form has been
equally strong with regard to <climatic processese. The
description of this influence given by Geiger is noteworthve.

If the surface of the ground is sltoping, the
heat balance will be modified owing to the
ditferent angle of incidence of solar radiation.

In mountainous regions direct solar radiation may
be cut oft due to the effect of shadows, in which
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case only diffuse sky radiation is etfective. The
tlow of water down sloping surfaces and also in
the ground near the surface, modifies the water
balance of the ground. The influence of hills,
mountains, and valleys on wwinds leads to a
modification of the amount of precipitation, since
raindrops, and even more SO, snouwf]lakes, are
carried along by the winde These modifications in
the heat and water balance ot the ground surface
result in a topoclimate which, under otherwise
similar conditions, ditfers widely from the
climate on a horizontal surfacee.

Nther, additional, factors are also involved.
Owing to the slope of the ground and to
differences in height, secondary circulations such
as mountain slope winds, valley winds and mountain
winds are set UDe o o @ Such secondary
circulations react 1in turn on the heat and water
balancee. (Geiger, 1969, p. 105).

The intensity of these climatic modifications has
been measured. A south facing 20 degree slope at 50 degrees
latitude receives nearly 35 percent more annual insolation
than a similtarly inclined north tacing slope (Lee and
Baumgarttner, 1966, p. 260), ‘uhile under cloudless
conditions, a 30 degree south facing slope at 50 degrees
latitude during the month of May could receive over 100
percent more direct solar vcadiation than a similar north
facing slope (Kaempfert and Morgen, 1952). The shape of the
land surface, as well as its slope angle and exposure, is
also a major climatic modifier. Insolation 1losses due to
shading can exceed 30 percent of the annuzal potential on
concave land forms. Shading on convex lLand forms, however,
was found to rarely reduce solar radiation by more than two

percent (Lee and Baumgartner, 1966, p. 262-264).
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The geomorphic significance ot land form determined
topoclimates in the Bitterroot Mountains uwas noted by Beaty.
"Differences in slobe exposure e « o give rise to
contfastinq microclimates, which 1led to the operation of
different gradational processes on slopes of varying aspect
and also to differences in the intensity of operation of
similar processes on north and south facing segments.™
(Beaty, 1962, pe 353). The ettect of land form induced
solar radiation differences on forest growth were studied by
Lee and Sypolt (1974). Ditferences 1in solar radiation
recejived on north and south facing slopes affected forest
growth, even under conditions of ample soil moisture. North
facing slopes had significantly greater tree growth than
south facing slopes. The differences in productivity were
attributed to radiation and thermal regimes that created
leaf water deficits (rates of canopy respiration exceeded
rates of absorption by roots) much more severe on south
facing slopes than on north facing slopes (Lee and Sypolt,
1974, p. 153).

The interaction of form and process also extends to
surface runoft and soil moisture. Hack and Goodlett (1960)
concluded that surface runoff distribution |is largely
determined by 1land forme. Convex forms were described as
areas that disperse surface flow and concave forms as areas
that concentrate runoff, while the amount of runoff passing

any point on a straight slope is proportional to the 1length
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of slope above that point. These relationships are modified
somewhat because the amount and rate ot runoff 1is also
influenced hy s0il depthe. Because the so0il wmantle is
usually thicker in concavities than on adjacent slopes and
convexities (Bunting, 1961 Hack and Goodlett, 19€60),
raintall sutficient to saturate the mantle of slopes and
convexities and to produce rTunoff may be insufficient to
saturate the mantle in concavities. Continued runoff form
side slopes and ridges may, however, raise the moisture
levels within concavities to tield capacity and thus
eventually lead to active runoff within concavities. This
scenario of runoff and soil saturation developed by Hack and
Goodlett is consistent with the variable source, or
contributing area, concept of stopmtlou production proposed
by HNutter and Hewlett (1971).

The influence of land form is not confined Jjust to
surface water flouw, for soil moisture alsc underqgoes gravity
movemente Movement of subsurface water can be expected to
generally follow the course of surtace runoff. Subsurface
movements thus act Yto keep the soil materials in
concavities nearer to field capacity than otherwise would be
the case. In effect intervals of relative dryness are
shor ter for concave areas than in adjacent convex or
uniformity sloping areas." (Hack and Goodlett, 1960,
p. 30). Troeh (1954) also found that soil drainage was

closely correlated with land form and that soil drainage
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could be predicted with a high degree of reliability from
land form parameterse.

The development and composition ot soils has been
closely related to surface and subsurtface water movements,
as well as to land form in general. According to Young
(1972, p. 254) s0il drainage aftects color and organic
matter, while stage of weathering (dependent on rates of
denudation) influenced so0il texture and cation exchange
capacity. Glazovskaya described a geochemical soil
sequence, orf catena, wherein landscapes and soils which "are
adjacent but at different elevations, are united by the
lateral migration of chemical elements into a single
geochemical landscape." (Glazovskaya, 1968, p. 303). The
different soil types ot this catena uwere directly associated
with individual land forﬁ unitse.

Vegetation response has also been shouWwn to be
related to land form, especially with regard to land form
influenced soil wmoisture conditions. Hack and Goodlett
(1960) found not only that tree species and basal area were
associated with slope plan form, topographic position and
exposure, but also that the distribution and coverages of
shrubby and herbaceous species were also associated. They
concluded that the presence of certain soil moisture levels
during the growing season was a major determinant of plant
distribution. Bassett (13b64) found that periodic tree

growth was closely correlated with the availability of
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surface soil moisture. A number of other studies have found
significant associations between site index and such land
form parameters as elevation, topographic prosition, exvposure
and slope angle (Cox et al., 1960; Deitschman and freen,
1965; Myers and Van Deusen, 1960).

The interrelationships betuween land form and other
environmental factors, and the adjustment of land form to
these factors ovVer time were succinctly summarized by Hack
and Goodlett.

The slope forms and the debris that mantles them
are Iin a steady state, or state of continuous
adjustment, dependent on the interrelations
between factors such as the kind of bedrock and
its resistance to Wweathering, the relief, the
climate, the exposure, and others. Inasmuch as
the system is open, some of these tactors may be
changed through time. As a result, the form as
well as other interrelated phenomena must change,
For example, as the reliet is reduced, the slope
must flatten and the texture of the material on
the slope must change; « « « The vegetation, its
distribution and its composition are, of course, a
part of the open system. (Hack and Goodlett,
1960, pe 57).

In addition to geomorphic, climatic and biological
processes, the occurrence of wildfire events has also been
recently related to land forne. Arno (1970, p. 4 and 10)
indicated that both the prevalence and intensity of wildland
fires were influenced by topographic position and exposure.
Habeck (1972) <citing data reported by Aldrich and Mutch
(1971) presented figures showing that wildfires were five
times more numerous on ridge slopes than in valley hottoms,

and were about four times more numerous on midslopes than in
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valley bottomse.
The strong relationships between land form and

natural processes and resource attributes presented ahove

provide a theoretical foundation for developing an
ecological Land stratification based on land form
parameters.

LAND _CLASSIFICATION TECHNIQUES

Land form classification and mapping is based on
acceptance of the concept that distinct, or at least
separable, units can be 1identified within the 1landscape.
The principles of landscape science were reviewed by
Isachenko (1973), wherein he proposed that basic
physical—-geographic land units have been formed by the
independent and simultaneous action of zonal (mainly
climatic) and azonal (mainly geotectonic) forces. 1Isachenko
presented a hierarchy of landscape division ranging form
broad regional units, defined in terms of natural processes
acting within these units, to small indivisible wunits,
defined largely wupon their composition, ji.e. topograprhic
form, soils, vegetation, etc.

In practical applications two general techniques
have evolved, each of which addresses a different part ot
the landscape hierarchye. For regional applications, a
*} andscape® approach has been used, while for lower more

discrete land classification, a *parametric® approach has
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been suggested (Wertz and Arnold, 1972). The landscape
approach is characterized by 1its wuse of air photos to
identify landscape patterns and a reliance on the
recognition of landforms for boundary delineation. No
definite <criteria are used to define land units in the
fandscape approach, rather the mapper seeks to recognize
patterns «herein the factors of climate, parent material,
topoqraphy, soil and vegetation are uniform .uithin the
{imits appropriate to the mapping purpose. Advocates of
this approach <c¢laim that with an understanding of the
genesis of the landforms, landscape units can be defined
which will be found, after closer examination, to have
consistent resource attributes (Mabbutt, 1968, p. 25).

The parametric approach, on the other hand, is
characterized by the use of meésured properties to define
land units. These measured parameters are associated with
selected resource attributes through statistical analysis.
The quantitative nature of the parametric approach 1lends
itself to the use of electronic data processing and
photogrammetric data collection (Mabbutt, 1969, p. 22).

Most resource inventories to date have relied upon
the landscape approach for land classitication and mapping
(Martinson et al., 1973; Petterson, 1976; U. S. Forest
Service, 19763a)e. Although parametric attributes, such as
stream pattern, relief measures and slope shape have been

proposed tor wmore detailed 1land unit classification, in
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actual practice heavy reliance continues to be placed on
identifying the supposed genetic origin of landforms for
land unit delineation (Ul. 5. Forest Service, 1976a). The
land units delineated in the landscape approach are assigned
resource attributes, i.c. soils and vegetation, by
enpirical 1inference rather than by statistical associatione.

Parametric studies to date have concentrated
primarily on classifying land units, without considering the
association between land form and other resource attributes.
Ahnert (1970a) suggested descriptive <classifications for
slope plan and protile form, and VYoung (1972) has given
quantitative categories for classifying slope angles and
slope formse. Speight (196B) devised a system using nine
classes of slope angle, four of profile curvature, four of
plan curvature and three of unit catchment to classify and
map land form units. Savigear (1965) described yet another
method of land form classification based upon profile form,
slope angle and breaks in slope. Dalrymple et al. (1968)
devised a hypothetical nine unit 1and surface model based
primarily on slope profile form and slope position, but also
incorporating denudational processes. A characteristic of
all of these parametric classifications is the division of a
slope into discrete units which are relatively homogeneous
with regard to form characteristicse. The few parametric
land form classifications studies that have attempted to

identitfy resource attribute associations are discussed
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below.

BELAIED_STUDIES

Previous studies of interest include investigations
on air photointerpretation of 1and form ovarameters and
research on vegetation and land form relationships. One of
the few studies that used remote sensing and land form to
address forest productivity (Getter and Tom, 1977) found
that timber yield classes could be correctly classified over
90 percent of the time. Classification wvariables used in
that study included land form parameters such as elevation,
slope angle and topogqraphic exposure, and nmulti-spectral
digital data from LANDSAT-1l. A study by Parry and Beswick
(1973) used aerial photographs to derive parametric land
form indices to describe regional landscape patternse. These
indices proved to be sufficiently sensitive to show
differences in 1lithology and geologicC structurese. wong et
ale (1977) used a combination of topographic wma3ps and
aerial photos to derive a number of land torm and hydrologic
variables, such as slope angle, relief <change 1indices,
drainage texture and density, valley depth, etc. These
variables Were found capable ot distinguishing between
individual soil types,

Deitschman (1971) reported on a project to map
habitat types on the Coeur dTAlene National Forest using

land form criteria. The criteria used were elevation,
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exposure, land configuration {(combination of topographic
position and profile curvature) and adjacent land features
(shadow effects). Data on habitat types were obtained from
scattered field samples, w«which Were then plotted onto
topographic base mapsa The retations between habitat type
and land form were based upon an unspecified procedure using
the plotted field data and the base map contours. “Using a
more—or-less objective extrapolation ot the previously
determined geographic and topographic relationships to
intervening areas, the remaining %96 percent of the forest
was then mapped. « " (Deitschman, 1973, Pe e
Unfortunately, no measures of success ot this exercise were
provided.

In a study of seral shrub communities in northern
Idaho, Mueggler described "the relations of shrub and herb
species to environmental factors that atfect the composition
ot these seral stages within the Thuja-Isuga forest climax
zone.," (Mueggler, 1965, pe. 18B3). The environmental
factors considered included number of years since burning or
logging, latitudinal range, elevation, percent slope,
topographic position, and seven physical and chemical soil
properties. The relation of individual species to
environmental factors varied widely by species, but
generally, all environmental factors, except six of the
seven soil properties, were associated =with one or more

species. Attempts were also made to relate seral
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communities to the environmental factors but without
successe. "There is so little uniformity among communities
that classification into discrete groups 1is hardly
Justified. However, inability to classity communities into
definite species does not prevent prediction of probable
species combinations under different environmental

conditions." (Mueggler, 1965, pe. 178).

In a study of vegetation response to environmental
gradients, ¥essell (1976) identified six major environmental
influences: 1) elevation, 2) topographic moisture and
aspect, 3) primary succession, 4) watershed location, 5S)
alpine wind-snow exposure, and 6) secondary succession. The
six factors (or gradients) were used to describe the

distribution of plant communities, distribution of fuels and

plant succession. Diagrams of fuel categories versus the
environmental gradients showed moderate levels of
association. However, no statistical measures of the

association between the gradients and vegetation and fuels
were givene.

The most significant related study was conducted by
Hack and Goodlett (1960). This investigation evaluated the
relationship between land form and soils, vegetation and
gromorphic process in a forested watershed of the Central
Applachian sountains. "The most important 1lesson to be

learned from the landforms Cland formsl of the Little River
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area relates to the extraordinary regularity of the
landtorms, and the nicety of adjustment of the soils and
vegetation to them. The close relation between these three
terrain elements (Cland form, s0oil and vegetationl has been
demonstrated over and over againe. « « . The correlation
extends even to the asymmetry 1in their distribution
pattern.™ (Hack and Goodlett, 1960, pP. 57). 0Of particular
interest was the finding by Hack and Goodlett that the
distribution of both overstory and understory forest
species, as sell as the size and density of the forest
stands, were largely coincident with well defined

differences in land form.
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CHAPTER 3

STUDY AREA DESCRIPTION

The study area 1s located in the Bitterroot

Mountains «ithin the Lolo Creek dralnage. This area was

chosen because ot the diversity ot terrain and

availability of substantial aerial photographic imagery.

The area encompasses 2,883 hectares (7,125 acres) and

shown graphically on plates 1, 2 and 3. Entirely contained

within the area are three small drainages: upper

Creel, Small Creek and Marshall Creek. Parts of two larger

drainages, South Fork Lolo Creek and West Fork Butte Creek,

are also within the study area. Elevations range from a low

of 1,122 meters (3,680 feet) on South Fork Lolo Creek to

high of 2,381 weters (7,812 teet) at Rocky Point on the

crest of the Bitterroot Mountains. Forested slopes

predominately north-easterly and north-westerly exposures

characterize the area. Precipitation ranges from a low

635 mm (25 inches) per year in the lower northern portions

to over 2,032 mm (B0 inches) per vyear at elevations

1,829 meters (6,000 feet) in the southern portion (Soil

Conservation Service, 1970). The Elk ¥eadows Road traverses

the entire study area, running through the central portion

in a north-south direction.
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Three different geologic units have been described

in the study area (Nold, 1968). The northern one-guarter of

the area is underlain by the Ravalli Grour of guartzites,

with some interbedded argillites, phyllite and schistse.
central half of the area is composed predominately
schist-gneiss and pegmatites. The southern quarter

underlain by the Skookum Butte Stock, composed mainly

The

of

1S

of

granodiorite, quartz diorite and diorite. The varying

lithology 1is not readily apparent 1in the topography,

although subtle differences would normally be expected.

This lack of topographic expression probably results

from

three conditionse. First, differences between the Ravalli

quartzite and the schists-gneiss units may be masked by

ad

large proportion of phyllite interbedded in the quartzite.

This condition wWas supported by field evidence, wherein

substantial amounts of interbedded phyllites

encountered. Second, expected differences in resistance

were

to

weathering between the Ravalli quartzite and the presumably

more erosive schist-gneiss could not be isolated from
geomorphic influencese. For example, the steeber slopes
associated with the Ravalli quartzite appear to have

resulted more from the rapid downcutting of West Fork Butte

Creek than from the resistance of the quartzite. Similarly,

rapid downcutting by South Fork Lolo Creek has created

nearly identical steep slopes along its course in areas

underlain by both schist-gneiss and Ravalli quartzite.
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third, differences betueen the Skookum Butte Stock and

schist—-gneiss are masked by recent glaciation, which

deposited a veneer of material over the upper half
study area.

Geomorphologically the study area

of the

can be

conceptualized as three areas sinmnilar to, but overlapping,

the geologic units. The southern third of the area has been

greatly mnmodified by alpine glaciation. Mary”s Pond and the

other ponds in this portion of the area, as well

as the

f-shaped valley floor of upper Dick Creek, atest to recent

glaciation. With the exception of the watershed above

Mary“s Pond, glacial sculpturing has heen confined to the

upper and middle portions of the Dick Creek drainage. The

central one—-third of the study area is characterized by

relatively gentle residual headwater slopes and

broad

dividese. Exceptions to this pattern are the steeb slopes

along the South Fork Lolo Creek and lower Dick Creek, below

its Junction with Johnny Creek. This central

portion

appears to have evolved through chemical weathering, or

bedrock corrosion as described by Bunting (1961), and by

soil creep. Processes acting on the slopes along the South

Fork L.olo Creek and 1lower Dick Creek were
influenced by the downcutting of these higher order
wash and riltll erosion were evident in the field

sSteep slopes, The northern one-third of the area

probably
streamse.
on these

consists

ot both moderate slopes and broad divides, and relatively
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steep slopes along lower Marshall Creek and wWest Fork Butte
Creek. The downcutting of West Fork Butte Creek appears to
have intluenced slope angles adjacent to 1its tributaries,
including Marshall Creek, as these streams adjusted to the
lower hase level of HWest Fork Butte Creek. Processes in
this northern third appear similar to those of the central
portion, with bedrock corrosion on the gentler headwater
slopes and more active erosion on the steeper slopese. These
general observations of geomorphic processes within specific
watershed orders are consistent with the findings given by
Arnett (1971).

With the exception of a few small areas of rock
outcrop, talus and water, all of the study area is in forest
or capable of supporting forest vegetatione. & substantial
portion of the area has been disturbed by logging and
thinning operations, and a number ot areas, such as the
valley bottom of upper and middle Dick Creek, are entirely
devoid of forest cover because of recent logging. The
composition of tree species largely follows an elevation and
exposure patterne. Low elevation slopes are composed
primarily of Pseudotsuga menziesil and Lagix gccidentalis on
northerly exposures and 2inus ponderesa and Pseudotsuga
mepziesii on southerly exposures. As elevation increases
Pipus copntorta replaces both Pipus pondergsa and Larix
occidentalis on all exposurese. At higher elevations, above

1,585 meters (5,200 feet), Pseudolsuqga menziesii is
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gradually replaced by Pipus contorta, which often forms pure
dense stands. Mixed stands above 1,525 meters (5,000 feet)
are composed of Abjes lasiocarpa, Picea spp., Bssudoisuga
mepziesii and Pipus c¢optorta. As stand age increases,
beyond about 90 vears, A. lasiocarpa and Picea spp. increase
in coverage at the expense of Pipuys contorts. At the
highest elevations, Pinus albicaulis becomes conmmon
especially on warmer exposurese. Isuga pertensianas
I. beteropbylla and ULarix 1yallii were not found in the
study area.

Forest stands on the slopes are generally pole and
saw timber in size, and 60 to 70 years in age. The age
similarity of many lower and wmiddle elevation stands
suggests that they may have become established following
catastrophic fires that swept acrdss much of the Bitterroot
Mountains at the turn of the century. Most forest stands
have closed canopies, but on southerly exposures, especially
at low and mid-elevations, crown coverage is often less than
50 percent.

Vegetation of the valley bottoms along the waajor
streams, and even along some smaller tributaries, is
substantially different from the adjacent slopes. In these
valley bottom areas, the stands are generallv all age and
composed of climax tree specieSe. Picea spp. and Abjes

lasiocarpa are the principal species along with relics of

Pseudotsuga mepnziesii, Lacix occidentalis and Pipnus
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ponderesa. Ihuja plicalta and Abies gcapndis were found only
in a tew locations. Thuja plicata was tound along South
Fork Lolo Creek and lower Dick Creek, and Abjes grandis was
found adjacent to South Fork Lolo Creek, Small Creek and
some of the tributaries to Marshall Creek and West Fork
Butte Creek. Changes in elevation and exposure produced
only minor variations of forest composition or structure on
valley bottom sites. Disturhances in the wvalley bottoms
from both past and recent logqging have been significant and

much more severe and extensive than on the adjacent slopese.
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CHAPTER 4

STUDY DESIGN

Four separate tasks were completed in pursuit of the
objectives: 1) a habitat type map was drawn from field
traverses, 2) a parametric land torm <classification was
formulated and a map of land form constructed using aerial
photographs, 3) existing vegetation cover was classified and
mapped from aerial prhotographs, and 4) each map was saumnpled

and the sample data statistically analyvzed.

BARITAT TYPE CLASSIFICATION_AND MAPRLING

As currently practiced in the northern Kocky
Mountains, ecological land classitication consists of
mapping habitat types and landtypes, and combining
(overlaying) the mapped units to form composite ecological
1and units (Buttery, 1978; Martinson, et al.,
19733 U. S. Forest Service, 1973 and 1974a). "“A habitat
tvype 1is a unit_of _land having a narrow range of
environmental variation. As such, it represents a permanent
fand stratification system based on potential vegetation
development.”™ (Pfister, 1973, P 121). A landtype is based
on the inferred recent geomorphic processes and/or
structural control that is expressed in the geomorphology of

an area (U. S. Forest Service, 1974a, p. 99).
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For purposes of this study, ecological land
classification consisted only of a habitat type mape. A
fandtype wmap was not developed hecause an accepted taxonomic
system for landtypes is not available (U. S. Forest Service,
1976a, pe. 12), and because the landtype <classification
developed for the study area (Petterson, 1976) was
considered oo general for large scale map applications. 1In
addition, it has been suggested that because the habitat
type system utilizes the entire plant community as an
integrated indicator of environmental factors, it shous
internal consistency With respect to such features as

topographic relations, soil type, hydrologic cycle, seral

stages of vegetation, susceptibility or resistance to
disease, rate of gro«W th, etc. (Daubenmire, 1976,
Pe 121; Vaubenmire and Daubenmire, 1968, pe. 51 Pfister,

1975, p. 313).

The habitat type classification used was developed
by Pfister et ale (1977). This classification wuses
indicator species (understory and overstory) for determining
the potential of A site or land unit to produce similar
plant communities at climaxe. A tield inventory was
conducted to 1identify habitat types, to the phase or most
detailed level, and to construct a habvitat type mape. The
field inventory consisted ot ground traverses spaced
approximately 250 meters avpart. Since the intent of the

field inventory was construction of a map, and not the
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sampling of selected plots, a "free" survey was usede. In
this method of survey, the actual route of traverse was
modified by the character of terrain and habitat types
encounterede. A U. S. Geological Survey topographic map
enlarged to 13:12,000 scale with 40 foot (12 meters) contours
was used along with a pocket altimeter for determining field
location during the inventorye. Ecotones (habitat type
boundaries) sere mapped 1in the tield onto the topographic
map base. Habitat type boundaries were extended between
traverse lines with the aid of 1:12,000 scale normal color
aerial photographs. Since all of the mapped habitat type
units were visited, the air photos were used only for
extending the ecotone boundaries established in the field.
Habitat types occurring between tfraverse lines wWere not
detected in the tield and were not included on the wmape.
Photointerpretive criteria tor boundary 1line placement
consisted of genetal terrain and torest cover similarities
between ecotonese. Boundary 1line plotting on the base map
was by ocular transfer, while viewing the stereo photo

images with a lens stereoscobee.

LAND FORM _CLASSIFICATION _AND _MAPPING

Development of the land ftorm <classification was
dependent on the detection and recognition of land form
parameters In the stereoscopic aerial photo model. Although

the use of air photointerpretation has become widesoread in
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natural resource study, it is important to note that only
two terrain elements can be sSeen on aerial photographs.
These are surface morphology and, to a lesser extent,
vegetative cover. Surface processes, soil, hydrelogy and
geology can be inferred only indirectly. *"]It is the form of
the ground surface, described as a combination of relative
relief, slope form and drainage pattern that is seen on
Caeriall) photographs.™ (Young, 1972, p. 5).

The land form <classification wused 1in this study
consisted of combining a selected number of land form
parameters, or variables, to categorize and delineate map
units. Variables describing slope morphology included slope
profile form, slope plan (contour) form, topographic
exposure, slope angle and topographic position. Tables 1,
2, and 3, and plate 2 list the different classes, or values,
associated with each slope form variable. Tllustrations of
a number of these land form parameters are presented in
Appendix 4. These morphological factors are similar to
those used by Speight (1968) and are generally consistent
with other slope morphology <classitication technigues
(Ahnert, 1970a; Curtis et al., 19695; Gregory and Brouwn,
1966; Young, 1972). In addition ¢to the above slope
morphology variables, two other variables—-watershed order
and elevation—~--were used for land ftorm classification.
Watershed order was detined according to the order of the

stream within the delineated watershed. The stream ordering
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system used was developed by Strahler (19%7). Elevation was
measured from the topographic base map 40 foot (12 meters)
contour intervals. The above land form parameters were
selected because of their ease of recognition on aerial
photographs and for their general wusage in slope forn

classification.

TABLE 1

SLOPE PROFILE FORM CLASSIFICATION

Deqgrees
Moderately Convex 57.3m to 573m 10 to 100/7100m
Nearly Straight >573m or <=513n 10 t0 ~-10/7100m
Moderately Concave =57« 3m to =H7T3m -10 to -100/100m

TABLE 2

SLOPE PLAN FORM CLASSIFICATION

FORM DESCRIPTION ? RADIUS OF CURVATURE : CHANGE N ASPECT

Degrees
Notably Convex >50m 116/100m
Slightly Convex 50m to 500m 11.67100m
Nearly Straight 500m to - S00m -
Slightly Concave -50m to =500m ~11.67100m
Notably Concave <-50m -116/100m

Construction of the land form wmap consisted of A

two-step process:? 1) mapping of stream channels and
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watershed boundaries, and 2) mapping ot slope morphologye.
All mapping was done using a Galileo SMG~4 stereo plotter.
With its 4X magnification power, the SMG—=4 functioned both
as a map plotter and a stereoscope for photointerpretatione.
AT 172 minute U. S. Geological Survey topographic
quadrangle, enlarged to 1:12,000, was used as a base mape.
All mapping, including the field inventory, used the same

base mape

TABLE 3

DESCRIPTION OF SLOPE MORPHOLOGY FORM CLASSFS

MAP CODEL/S PROF ILE FORMWM : PLAN FORM
1 Nearly Straight Notably Convex
2 Moderately Convex Slightly Convex
3 Nearly Straight Slightly Convex
4 4doderately Convex MNMearly Straight
o Nearly Straight Nearly Straight
6 Moderately Concave Nearly Straight
7 Nearly Straight Slightly Concave
B Moderately Concave Slightly Concave
9 Nearly Straight Motahly Concave

1/ Not all combinations of plan and profile forms
occurred in the study area.

Stream channels and watershed boundaries were mapped
from 1:24,000 scale, original color intrared transparencies.
Photogrammetric mapping control for the «color infrared
photography wwas derived from the topographic base map. Two

classes of stream channels were mapped:? 1) channels with
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apparent perennial flow or those possessing a clearly
de fined channelway, and 2) ephemeral streams or linear
traces of seepage zZones, as defined by Bunting (1961).
Watershed boundaries were delineated for each stream segment
uhenever_ possible. Boundaries tor a number of first orvrder
stream segments and seepage zones could not be delineated
because of the 1lack of defined tlow lines on the aerial
photos. Perennial and intermittent ponds and clearly
visible, large springs and seeps wWere also mapped. Fven
though a number of smaller springs and seebds could be
inferred from the aerial photographs, both within the forest
and atonqg roadways, they were not included in the mapped
datae.

Slope morphology was mapped trom original normal
color aerial transparencies ét 1224,000 photo scale.
Photogrammetric control for the normal color photography was
provided through aerial triangulation ot wing points using
1:63,360 scale panchromatic photography on a Zeiss C€-8
stereoplanigraphe. L.and form wunits were delineated by
systematically evaluating each parameter listed on plate 2
and 1in taoles 1, 2 and 3. Plan, or contour, curvature was
the first parameter considered. A transparent templet with
the appropriate radius of curvature inscribed at nominal
photo scale (1:24,000) was used for measuring plan
curvature. Second, profile curvature was determined by hand

plotting a number of representative protiles for selected
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slopes. These measured slopes were used as benchmarks for
classifying other slope profiles. Slope angle #as then
measured using vertical heights read from the SMG-4 and
horizontal distances plotted onto the base mape. Tooographic
exposure was classified by 45 degree intervals. Slopes
possessing angles less than five degrees were considered to
have a horizontal, or flat, exposure. Ffinally, a
topographic position was given to each morphological wunite.
Slope units adjacent to streams which had a developed valley
bottom, wusually fourth and higher order streams, were
classified as "talweg" units. Slopes adjacent to tributary
streams wWwhich did not possess defined valley bottons,

generally stream orders less than three, were considered to

be 1ocated at "midslope.®™ "Interfluve™ slopes w«were those
associated w«with major drainage divides, Convex ridges
separating tributary streams were considered midslope.

Talweg and interfluve slopes wusually bhad 1less than ten
degree angles. Topographic position thus provided a basis
for differentiating these gently sloping units of

significantly different envicronment.

EXISTING VEGETATION CLASSIFICATION AND _MAPPING

Existing vegetation characteristics were mapped in
conjunction with streams and watersheds from the 1:24,000
scale color infrared photogranhy. Plate 3 and table S list

the five variables wused for vegetation mapping. Crown
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canopy cover was determined wusing a transparent crown

coverage scale, and crown diameters were measured with

circle templets calibrated to nominal photo scale. Crown

texture was classified by ocular estimation according to

classes relative to the study area. Two-storied

texture was

based on a nminimum of 15 to 20 foot differences in height

between upper and lower stand storiese. Inter—-Society Color

Council - National Bureau of Standards, ISCC=NBS systen

color chipns (as reproduced in the Mapnual of _Caolor Aerial

Phiotography, 1968), were used to identify and classitfy

photographic colore. Because of the variation

in color

between ditferent photographs, and the color drop-off effect

near the edges of the color infrared imagery,

areas matching the color chips uWere established

benchmark

in a single

stereo-modele. Color classification was then extended by

reference to these benchmark arease. The existing vegetation

classification was applied onlvy to forest stands

where the

undisturhed condition could be ascerttained. Stands that had

been disturbed to such an extent that their pre-disturbance

class could not be determined were classified as

torest stands." Disturbed stands included areas
logging, thinning or burning. The presence
surface was classified when it appeared from the
that more than ten percent of the ground surface

by rockea
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The existing vegetation variables were selected
because they have been traditionally mapped from aerial
photographs to support timber inventories. The application
of these variables to ecological 1land classification is
based on the assumption that current overstory forest
characteristics reflect differences in site conditions and
can thus aid in ecological land classification.

Species composition was not included as a vegetation
delineation criterion because of the difficulty of
consistently identifying tree species at the available photo
scale, 1:24,000, Generally photo scales substantially
larger than 1:24,000 scale are required tor individual tree
species identitication (Heller, et al., 1964). In addition,
species composition is usually an 1interred characteristics
based upon the recognition of such photo characteristics as
texture, color and stand location, 1i.e. exposure and
topographic position (Hudson, et al., 19763 Northrop and
Johnson, 1970). Average stand height was not included as a
vegetation variable because stand height differences in the
study area were often too small to adequately measure with

the SHG-4.

AERIAL_PHOTO _SELECTIION _AND_ARRLICAIION

The selection of normal color photography for slope
morphology mapping and color infrared for drainage and

vegetation mapping was based Jlargely on the results of
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published studies, Anson (1966) compared normal color and
color 1infrared photography under essentially identical
conditions. He tound that color intrared showed greater

detail for vegetation and drainage mapping because of larger
tonal contrasts between dissimilar areas. In the same study
normal color photography was deemed superior to color
infrared for purposes of soil mapping. Studies coamparing
color infrared with panchromatic photography have concluded
that color infrared 1is better than panchromatic for
separating rock areas from bare soil (Garn et al., 1973),
and for identification of surface water features (Malmgren
and Garn, 1975). 0Other studies that compared normal color
with panchromatic photography concluded that land form and
soil delineations were more accurate when conpiled from
normal color photography (Anson, 1970; Halliday, 19569; Kuhl,
1970).

In addition to the ahove published evaluations of
aerial film types, an empirical examination of the available
imagery was made. As this examination was consistent with
the published findings, tilm type selection was
straightforward. Selection of photo scale, however, Was
decided principally by availability. Although a number of
different photo scales had been flown over the study area,
only the 1:12,000 scale normal color and 1:24,000 scale
color infrared and normal color photography provided

complete <coverage. Because the 1:24,000 scale photography
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Wwas the original film processed to a positive image, it was

not suitable for field use.

original photos was deemed

scale normal

form and existing vegetation.

scales and uses

study.

color prints,

But,

far supercior

TASLE 4

to the

ACRIAL PHOTOGRAPHY CHARACTERISTICS

as the resolution of these
1:212,000
they were used for mapping land

Table 4 summarizes the types,

of the aerial photography employed in the

S —— i — — . —— S —— ket D S D el me e s W e G G D L < A SR N G A NS D S G A S S G ——

Slope Form Mapping
Streams, Watersheds and
Vegetation Mapping
Habitat Type Boundaries

Aerial Triangqulation

Normal Color

Color Infrared
Color Prints
Panchromatic

124,000

1:24,000
1:12,000
1:63,360

879773

B/9/13
97 237715
B/6/712
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NNITE:
length metric camerase.

YARIABLES AND_SAMPLING DESIGN

decause a focus of the study was the

of tand units and

themselves became the primary

twalve indepeandent

vegetation variahbles)

variables (1.e.

production

data

the classes

base,

maps,

Values

of the

All photography was taken wWwith 152mm focal

classification

the maps

of the

land form and existing

dependent

variable (habitat types) were obtained from the maps by grid

sampling. Map

sampling

consisted

of
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transparent metric grid over each map~-land form (including
base contours), existing vegetation and habitat type mapSe.
The grid was oriented to the universal transverse mercator
grid markings of the base map in order to provide consistent
reqgistration between maps and to preserve the coordinate
iocation for each sample point. The rectangular grid
provided a sampling intensity of one point for every four
hectares (9.88 acres), for a total ot 722 sample pointse.
Data trom each sample point were then keypunched onto data
cards for computer processinge. Table 5 shows the variables
collected at each sample point and the level of measurement
{(scale of measurement) associated with each of the
variables.

Transformation of values was necessary for a number
of wvariables to make them mwmore amenable for computer
processing and for more consistent representation of actual
conditions. The sampled values obtained for the slope
profile form, slope plan form, slope angle, topographic
exposure, Crodn canopy coverage and average crown diameter
variables were recoded to the gquantity representing the
midpoint of each of the respective variable classes.
Topographic exposure was rctecoded to a linear order
reflecting cold to hot conditions. Table 6 shows the mean
azimuth and recoded value for each exposure class. Although
there appears to be some loss of resolution in the recoding

of exposure, the actual total number of possible values and
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the relative distance between values has been preserved.

For lack of an accepted standard for ranking the
relative influence of intetfluve versus talweqg slopes, the
following values were established: interfluve slopes were
coded as 1, midslope positions were valued as 2, and talweg
slopes were coded as S This ranking is based on the
assumption that soil moisture increases in a3 dounslope
direction and that talweg slopes are sSubstantially more
moist than either interfluve or midslope positionss This
assumption 1is supported by numerous stucdies that have
evaluated the influence of slope position on soil moisture
and vegetation response (RBunting, 1961; Cox et ale,
1960; Hack and Goodlett, 19602 Troeh, 1965%). This recoding
ot topographic position transtormed the variable into an
ordered metric level of measure (see table 5).

Elevation values were treated in two different ways
depending on the statistical procedure used. First, for
contingency table and frequency analysis, elevation was
recoded into 152 meter {500 toot) groups. Second, the
actual elevation value, to its nearest 40 foot (12 weters)
contour interval was used 1in the discriminant analysis
proceduree.

Photographic color was considered to have an ordered
metric level of measurement based upon the ISCC-NBS system
ot 267 color values. All other variables were input to the

statistical analysis procedures without alterinq their
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original level of measurement and without sSubstantive

recoding.

TABLE 5

DATA BASE VARIABLES

VARIABLE H LEVEL OF MEASUREMENT1/

Fcological Land Unit Vvariables

Hlabhitat Types and Phases Nominal
Land Form Variables
#Watershed Order Ordinail
Slope Profile Form Ordered Metric2/
Slope Plan (Contour) Form Ordered Metric
Slope Angle Interval
Topographic Exposure Interval
Elevation Interval
Topographic Position flrdered Metric
Existing Vegetation Variables
Crown Canopy Coverage Interval
Average Crown Diameter : Interval
Crowun Texture Ordinal
Photographic Color Ordered Metric
Presence ot Rocky Surface Dichotomy -
Interval
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1/ Level of measurement after Stevens (1964).

2/ Ordered metric falls, "between the ordinal and
interval levels, an ordered metric consists of ordered
cateqories where the relative ordering ot the inter-category
distances is known even though their absolute magnitude
cannot be measured." (Nie et al., 1975, citing Coonmbs,
1953).

Combination of the numerous values for each of the
twelve independent variables results 1In a large number of
possible <classes to describe each sample point. Many

studies of land form have attempted to deal with the
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multinlicity of classes by subjectively grouping the
potential classes into a few land form elements, €.ges,
crests, concave foot slopes, hack slopes, convex creep
slopes, etc. (Acton, 1965; Dalryasple et al., 19683 Walker
and Ruhe, 1968). Other investigators have sought to deal
with 1l1land form complexity by mathematical equations which
model various slope forms (Ruhe and wWalker, 1968; Troeh,
1964 and 196%5%). Still others have used data processing and
statistical techniques to correlate resource attributes
directly with land form parameters (Arnett, 1970; Gregory et
ale, 1966). In this study electronic data processing and
statistical analysis wWwere used to evaluate independent and

dependent variable relationshipse.
TABLE b6

RECODING OF TOPOGRAPHIC EXPOSURE

mAPOSURE ¢ MEAY AZIMUTH : RECODING

DEGREES
NNE 22 1
ENE 68 3
ESE 113 &
SSE 158 7
SSH 203 9
WSH 248 8
WNW 293 4
NN W 338 2
FLAT1/ - 5

. G G AR G W A e G SN I D T W SUR T GI MRS S G S G D I G SR S S . S i ol e - - iy

17/ No azimuth assigned, assumed horizontal.
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STATISTICAL_ANALYSIS

Data analysis consisted of three general operations?
1) sorting and frequency distribution operations, 2) two-way
contingency table evaluation, and 3) discriminant analysise.
These analysis steps were conducted to examine variable
distributions and variahle associations, and to discriminate
and <classify habitat types (from the tuwelve independent
variables.

The nominal level of wmeasurement for habitat type
(the dependent variable) and the ordinal 1level of
measurement of some independent variables restricted the
types of statistical procedures that were suitable for data
analysis. Although two statistical procedures, c¢alculation
ot eta and discriminant analysis, have generally been used
only with interval level independent variahles, all of the
independent variables (land form and existing vegetation)
Wwere included in these procedures. Although such inclusions
may contradict traditional applications there are precedents

tor including all of the variables in the analysis.2/

2/ "Abelson and Tukey (1999) argue that the proper
assignment of numeric values to the categories of an ordered
metric scale will allow it to be treated as though it were
measured at the interval levele. Labovitz (1970) qoes
further by arguing that, except for extreme situations,
interval statistics can be applied to any ordinal variables
as interval. He argues, “although some small error may
accompany the treatment ot ordinal variables as interval,
this is offset by the use of more powertul, more sensitive,
better developed, and more clearly interpretable statistics
with known sampling error.”" (Nie et al., 1975, p. 6).
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Not all sampled data were included in contingency
table and discriminant analysis. An entire sample point was
excluded if the habitat type for that point occurred 1less
than five times in the entire sample. This situation
reduced the useable sample size from 722 to 696 points. In
addition existing vegetation data were not included if the
sample point was classiftied as a disturbed forest stand,
although the habitat type and land form data for the sample
point were included in the analysis. Sample data available
for existing vegetation analysis was thus reduced to 4771
observations.

The first analysis step was to sort all the sample
data by habitat type to examine the range oif land form and
existing vegetation characteristics associated with each
habitat type. Data was then .sorted by land form and
existing vegetation characteristics to determine the total
number of land form and existing vegetation classes actually
sampled. flne-way frequency distributions wWwere qenerated for
each wvariable to determine the actual number of occurrences
of each value ot each variable. Both absolute and relative
frequency counts were made.

Contingency table analysis consisted of examining
the Jjoint frequency distribution of each land form and
existing vegetation variable (columns) by each habitat type
(rows) in a tuwo dimensional table. Chi-square, Cramers Y,

uncertainty coefficient and eta were calculated for each of
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the twelve contingency tables generated. The chi-square
values were used solely to determine if habitat types were
related to land form or existing vegetation variables, and
to indicate if further analysis was protitable. Cramers ¥
provided a measure of the strength of the association
between habitat type and the other variables. Cramers Y
makes a correction for the fact that the walue of chi-square
is directly proportional to the number ot cases and adjusts
chi-square for hoth the numher of cases and the number of
rouws and columns in the contingency table. Cramers V ranges
from 0 to 1.0, and 1indicates the degree of association
between two nominal level or higher Llevel wvariables, but
does not reveal the manner 1in which the variables are
associated.

The uncertainty coefficieﬁt is a measure of the
proportion of uncertainty in the dependent variable that is
reduced by kxnowledge of the iIndependent variable. The
maximum wvalue of the uncertainty coetficient is 1.0, which
denotes the complete elimination of uncertainty, i.e., when
each independent category 1is associated with a single
category on the dependent variable. The minimum value Iis
zero, which means no improvement in prediction. Calculation
of the uncertainty coefficient is based on the probabilities
of a group membership of the dependent variable and the
conditional uncertainty of the dependent variable given an

independent variable classe. Uncertainty coefficient, like
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Cramers ¥, assumes nominal levels of measure for both the
independent and dependent variable.

Fta is a measure of the association between a
nominal level variable and an interval level variable.
Values of eta range from 0 to 1.0 High values of eta would
suggest that predictable values of land form and existing
vegetation variables can be expected to coincide with
specified habitat types. Eta is calculated using the means
of interval level variables (independent variables) and is
an indication of how dissimilar the means of these variables
are wWithin the categories of the nominal level variable
(dependent variable). The square of eta can be interpreted
as the proportion of variance in the land form and existing
vegetation variables accounted for within a habitat type
class. Eta squared is, therefore, usually expressed as a
percentage value (Nie et alae, 1975, Pe 230).

The twelve contingency tables gave a visible record
of the frequency relationships between habitat type and the
land form and existing vegetation wvariables. Chi~sgquare
provided a measure of the independence between the variables
while Cramecrs ¥ gave an indication of the strength of this
relationship. The uncertainty coeftticient indicated the
amount by which uncertainty of habitat type prediction is
reduced by knowledge of land form and existing vegetation
variables. And finally, eta described the degree to which

vaiues of land form and existing vegetation could be
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correlated to habitat typese.

The final analytical procedure was the application
of discriminant analysls to measure the contribution of each
independent variable for habitat type discrimination and
classification. Discriminant analysis is a procedure that
formulates linear combinations ot discriminating
{independent) variables which maximize the separation
between groups (dependent variables)e. "The discriminant
functions (linear combinations of variables) are derived
such that the first function separates the grouprs as auch as
possible. The second function separates (the groups) in an
or thogonal (right angle) direction given the first
separation, the third function provides maximal separation
in another orthogonal direction, etc."™ (Klecka, 1975,
Pe 444). Each function <can be considered as an axis in
geometric space (or discriminant space) along which each
case can be located. The average value of a group for each
function represents its centroid, and the combinations of
all such centroids describes the most likely position of a
group 1in discriminant space. The maxinun number of
discriminant functions which can be derived is either one
less than the number of groups (dependent variable groups)
or equal to the number of discriminating (independent)
variables, whichever is smallere. Because the number of
dependent variable groups (habitat types) was greater than

the numher of independent variables, the number of derived
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functions equalled the number of independent variables.
Seven discriminant functions were derived tor the land form
variables and tive functions were derived for the existing
vegetation variables. A combined total of twelve functions
were available for discriminant analysise.

The method for selecting the discriminating
(independent) variables wused in the discriminant functions
is a stepwise process. The variable that has the highest
value on the selection criterion is chosen for input to the
function generator. This variable is then paired with each
of the other variahles to determine the next best
discriminating variable. These two variables are then
combined Wwith the third best variable, and so on, until all
variables are selected, or until no additional variables
provide a minimum level of improvement in separating the
dependent variable classes. The crtiterion used for
determining variable selection is the overgll multivariate F
ratio tor each variable. The 1larger the F value, the
greater the discriminating power of the variable. Variables
that meet or exceed the minimum sSelection criterion value
arfe wused in developing the discriminant functions which
perform group {(dependent variable) classitication.

The discriminant analysis procedure produces a
number of {important measures valuable for analyzing the
importance of a given independent variable in discriminating

between dependent variable groups. An eigenvalue, a special
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measure computed in the process ot deriving the discriminant
functions, is a measure of the relative importance of a
single function. The sum of all eilgenvalues is a measure of
the total variance existing in the discriminating variables.
"shen a single eigenvalue is expressed as a percentage of
the total sum of eigenvalues, we have an easy reference to
the relative importance of the associated function. "
(Klecka, 1975, p. 442).

A measure of a functions statistical significance is
prtovided by Wilk“s 1lambdae. "Lambda 1is computed as each
function is derived and 1is an inverse measure of the
discriminating power in the original variables which has not
vet been removed by the discriminating tunctions.”™ (Klecka,
1975, p. 442). Since 1lambda <c¢an be transformed into a
chi-square statistic it is a heans for evaluating the
significance of the separation in discriminant space
provided by each independent variable.

A measure of the importance of individual variables
in the classification of groups 1is provided by the
standardized coefficients derived for each variable in each
of the discriminant ftunctions. The absolute value of each
coeffticient represents the relative contribution of 1its
associated variable to that function. The sign merely
denotes whether the variable 1is making a positive or

neqgative contribution. Since the functions are derived in

order of increasing importance, those variables that
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contribute the most to the tirst functions play a greater
role in discriminating between qgroupse.

Using the derived discriminant functions, a
discriminant score on each function for each case can bhe
computed and its location in discriminant space determined.
By comparing the location of each case with the centroid
location for each group, it is possible to classify unknown
cases according to their independent variable values, or to
classify Known casese. The purpose of classifying known
cases is to evaluate the effectiveness of the discriminating
variablese. From an examination of a generated
classification table, the proportion of correct to incorrect
classifications can be measured., The plenary test of 1land
form and existing vegetation variables for habitat type
discrimination was the constructidn and evaluation of such a
classification tablee. A major short coming of this
classification procedure, however, is the inability to
determine reliability levels for the classification resultse.
The significance level of each variable and each function to
separate classes 1is provided, as noted above, but the
significance of the classification results as a whole cannot

be measurede.
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RESULTS

Plates 1, 2 and 3 illustrate the results of the
habitat type, land form and existing vegetation mapping
procedures, respectively. Because each map represents an
independently conducted 1inventory, the resuylts of these
inventories, along with their trequency distributions, are
reported 1individually. The interrelationships between each
of these three data sets are then discussed in terms of both
map similarities and the statistical analysis of the sanmpled

data.

HABITAT TYPE _CHARACTIERISTICS
A total of 40 different habitat types and phases

were mapped within the study area, but only 24 types were
statistically analyzed because ot limited occurrences.
Plate 1 lists the habitat types actually mapped. All of the
types normally found within the Bitterroot Mountains 1in
Montana, with the exception of the Pinus ponderosa and Isuga
heterophylla climax types, were encountered within the study
area. Two habitat types--Picea/Physocagrpus malyaceus and
Abies lasiocarpa/¥accinium globulare--found 1in the study
area are usually found only near or east of the Continental

Divide (Pfister et al., 1977, p. 61 and 97). In addition,
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one new habitat type phase--Abies lasiocarpa/¥enziesisa
ferruginea-vaccinium scoparjupn--was detined. A feuw areas
could have been mapped and described by a combination of
habitat types, 1i.e. a mosaic or complex map unit
description. But, in order to provide a more straight
forward appraisal of habitat types, all map units were
defined as a single habitat type. To present a better
measure of map unit resolution, a new method for stating
habitat type map "accuracy" was employed.

Throughout the following sections, habitat types
(and ohases) are occasionally referenced by their accepted
abbreviationse. The full habitat type names and
abbpreviations are listed in Apvrendix 1. For a complete
definition and typical description of each habitat type, the

reader is referred to Pfister et al. (1977).

HABITAT TYPE DISTRIBUTION

The distribution and character of habitat types
(h.t.s) of the Pseudotsuga menziesii series generally agreed
with the descriptions given by Pfister et al. (1977). A
number of notable exceptions were encountered in the field
which were later recognizable in the statistical analysis.
Separation of the two phases of the Physocar»us malvaceus
het. was often difficult under field conditions. According
to Ptister et al. (1977) the Physocarpus malvaceus (PH4A)

phase is characterized by the dominance ot P, palvaceuys 1in
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the undergrowth on cool moist sites, «hile the Calamagrostis
rubescens (CARU) phase occuplies warm—=dry sites where Larix
occidentalis and Pipus contoris are absent. In the field a
nunber of steep cool sites possessed dense layers of
P. malvaceus and some Pinus contortis, while similar sites
with Pinus copntorta and Larix gccigdentalis had comparatively
little coverage of P. malyaceus but substantial coverages of
Cs Lubescensg and Carex geyveri. Little environmental
difference could be detected between these sites, and their
classification to a single phase could not be consistently
assigned. Of course, the typical moist site PHMA phase and
the drier CARU phase sites were encountered, but the middle
ground uwhere neither phase appeared appropriate was common
place.

The second exception was distinquishing between some
Pseudotsuga mepziesij h.t.s and some Abjes lasiocarpa h.t.s.
Broad transitions where the eventual climax--P. mepziesii or
Abies lasiocarpa--was uncertain occupied many interfluve and
uppetr slopes. Phases of Pseudotsuga penziesii/Vaccinium
globularce and  Abjes lasiocarpa/Xerorhvllum 1gnax were
particulardy difficult to separate at times. In many areas
there was a conplete absence of torest regeneration under a
mature closed canopy of E. pepnziegii and Einus contorta,
while in other areas 2jcea spp. was the only reproducing

tree species. Most areas such as these, Wwere classified

into Abjies lasiocarpa hete.es, depending on either the
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presence of Picen sppe. reproduction or the presence of any
amount of 4. lasiocarpa. Stands with a complete ahsence ot
Picea spp. or A. lasiocarpa were classiftied as Pseudotsuga

mepziesii h.tes.

The transition between P mepziesili and A.
lasiocarpa climax habitat types appeared to be highly
correlated with elevation. This altitudinal transition was
ohbhserved to occutr about 1,584 meters (5,200 feet) throughout
the study area. Variations were noted, as on cool exposures
where the upper level dropped to 1,465 meters (4,600 feet),
and on warmer exposures where the transition extended up to
1,705 meters (5,600 feet)e.

In addition to the two exceptions cited above, a
number of Pseudoftsuga menziesii habital types were found to
be quite similar to each other and often to grade 1into one
another without definite boundariese. Phases of Pseudotsugs
menziesii/Linnacsa borealis were found to often grade into
Abies lasiocarpas/Lippnaca borzsalis or Abies grandis/Linpaeld
borealis h.t.s on moister sites and to grade into the
PSME/PHMA-PHMA phase or PSME/YACL hetes on drier sites.
Likewise, although the RSME/CARU hetes are readily
distinguishable from the ophases of PSME/YAGL and the
PSME/PHMA-PHYMA phase, the boundaries between PSME/CARU hete.s

and these other t¥o habitat types were often broad

transition zonese.
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The Picea/Physgocarpus malvaceus he.t. occurred at
only two locations, Both sites were cool moist hollows
adjacent to the headward extension of first order stream
courses at an elevation of 1,370 meters (4,500 feet). A
dense shrubby laver of E. palvaceus and all ages of Plicea
spp. characterized each site. Abies lasigcarpa was poorly
represented, This habitat type appeared to represent an
extension of the PSME/PdMA~PHMA phase into an even moister
environment.

Abies grandis h.t.s occurred sporadically on
swarm-moist sites below 1,585 meters (5,200 feet). A number
of L. grapdis he.tes were sampled but not enough for
statistical analysise. Abies darapdis het.s occupied hollows
or cool exposures adjacent to Abies 1lasiocarpa h.tes, but
generally wuoslope from strean ‘bottoms and possible frost
pockets or cold air drainage ways. Abjes grapdis h.t.s
appeared to represent a transition between Abjes lasiocarpsa
hetes on cool moist sites and Pseudoisuga pepnziesii h.t.s on
drier sites.

Thuia plicata het.s were found only in the higher
order stream valleys of lower NDick Creek and South Fork Lolo
Cceek. The valley bottom of the extreme lower portion of
South Fork Lolo Creek was classified and mapped as a Ihuia
plicata h.t., even though no T. 2licata was found in this
areae. Environmentally, no ditferences were evident between

this area and sites further upstream which supported dense
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stands of I. plicata. The vegetation in this lower area has
been continuously disturbed for many decades. This
disturbance has reduced crowWwn canopy coverage to 50% and has
caused intervening openings to become occupied by dense sod.
The valley bottom of West Fork Butte Creek has been
similariv disturhed and represents nearly identical
environmental conditionse. But, because no I. plicata was
found anywhere along West Fork Butte Creek, this area was
classified according to the vegetation types present, as an
Abies lasiogarpa hete.

A majority of the study area was classified as Abhies
lasiocarpa he.te.s, with 20 different types identified. ¥ith
one exception, the Abies lasiocarpa he tes generally
conformed to the descriptions of Pfister et al. (1977). The
exception was the occurrence of Ag1g§ lasiccarpa/Vaccipium
globulare h.t. This type 1is usually found only in areas
near or east of the Continental Divide. The ABLA/VAGL
he te occupied cool north midslope exposures of moderate
slope angle betueen 1,585 meters (5,200 feet) and 1,770
meters (5,800 feet). Except for the absence of Xerophyllum
tenagx no major environmental differences could be detected
between this type and adjacent similar sites occupied by the
Abies  lasliocarpa/Xerorhyllum  tepax-¥accipium  globulare

phase. The Abies lasiocarpa/¥accinium globulare h.t. may,

however, be slightly moister and a 1little more sheltered

than ABLA/XETE-VAGL. The ABLA/YAGL h.t. is also quite
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similar environmentally, and often tound adjacent to the
Abjes lasiocagpa/Alpus sipuata bhe.t. The ABLA/ALSI h.t.
appears to occupy sites slightly more moist than ABLA/JYAGL,
and 1s usually found downslope trom ABLA/YASGL on slopes
having a more concave plan form. The ABLA/VAGL h.t. may
represent a subtle, wide transition =zone between the
ABLA/XETE-VAGL phase and the JABLE/ALSL h.t.

Two habitat types occurred over extremely broad
ranges of environment. The Ables lasigcarpa/Menziesia
ferrugines h.te occupied sites ranging from moist lower
slope hollows at low elevations (1,370 meters, 4,800 feet),
to drier cold middle and upper slopes at high elevations
(1,980 meters, 6,500 feet). At the higher elevations,
ABLA/MEFE took on a distinctive appearance which permitted
definition of a new phase uniqﬁe to the study area. This
ned phase--Abies lasiocarpa/lenziesia (ferruginea-Vaccipium
scopAariuym--was created to separate stands with minimal
coverage of M. ferrugipnpea that occurred on some high
elevation sites. The ABLA/MEFE-VASC phase was characterized
by scattered M. ferruginea, dense coverages of V. scoparium
and the absence of almost all other typical undergrowth
species., DNverstory coverage in this phase consisted almost
solely of Pipuys coptorta with A. lasiocarps reproduction.
Pinus albicaulis was absent. The ABLA/MEFE-YASC phase was

mapped as a single continuous relatively large map unit. It

was boardered by the more typical high elevation ABLA/FMEFE
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het. (termed the ARBLA/MEFE-MEFE phase) at lower elevations,
and by  Abies  lasiocarpa/Luzula hiichcockii-Menziesia
ferrugipea at higher elevations. The ABLA/MEFE-VASC phase
may represent a broad transition between the typical
ABLA/MEKE he.t. and ABLA/LUHI-MEFE. Even with the creation
of APLA/MEFE-VASC, the ABLA/MIFE-MEFE phase occupied a broad
range of sites from moist lower stopes at low elevations to
cold unland slopes at high elevations.

The 4Abies 1lasigocarpa/Xerobhyllum  tepax-Yaccipiup
globulare phase was also found to occur over a broad range
of sites, trom cool damp gentle north slopes at moderate
elevations to steep high energy sites to cold high elevation
slopes. This wide range of AHLA/XEIL-VAGL 1is evident on
plate 1, where this phase extends contiguously from steep
south facing slopes, over gently sloping wide divides to
moderately sloping north facing cool slopes. The broad
range ot both the ABLA/XETE-VAGL and ABLA/MEFF-HEFE phases
is consistent with the descriptions given by Pfister et
al. (1977).

Although most of the Abies lasigcarpa he.tes were
readily recognized in the field, the placement of boundaries
hetween types was often difficult and somewhat arbitrarye.
Relatively wide transitions were often encountered between
BRLA/XEIE-YAGL and ABLA/MEEE-MEEE on cold-moist sites and
between ABLA/XETE-YAGL and Abies lasiocarpa/Linpnaea borealis

hetes on warn-moist sitese. A narrow transition uwas found to
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occur between ABLA/LIRBO het.s and fgbjes lasiocarpasCliptonia
ugifloras he.tes, especially with the ABLA/CLUMN-CLUMN ophase.
Environmental differences between ABLAZALSI and
ABLA/MEEE-MEFE were not obvious on a number of occasions,
particularly where the two types were found adjacent to each
other. The occurrence of transition zones was more common
at middle elevationse. At the higher elevations, however,
fewer habitat type classes occurred, but the types then
extended over a broader range of sites. For example, the
ABLA/LIBO h.te.s were generally absent above 1,675 meters
(5,500 feet). Sites expected to be occupied by ABLA/LIBO
h.t.s above this elevation were often classed as ABLA/CLUN

hetes or ABLA/MEFE-MEFE phase.

HABITAT TYPF MAPPING

A comparison of the habitat type wap, plate 1, with
the Lland form and existing vegetation maps, plates 2 and 3,
shouws obvious differences in detail between the maps. xhile
the resolution of the habitat type map is comparable to
similar maps (Daubenmire, 1973; Klinka and Skoda,
1977; Ptister, 1976), plate 1 is not nearly as detailed as
plates 2 or 3. The ditference in detail resolution of plate
1 1is the direct result of a ground observer®s inability to
adequately locate and map small units ot 1land without the
aid of a more detailed field map, more precise traverse

methods and substantially greater traverse density.
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The importance of an adequate base map cannot be
overemphasized., As noted by others {Daubenmire,
1973; Morisawa, 1957) the standard topographic gquadrangle
often tails to portray adequate detail for the natural
scientist. Problems in mapping habitat types onto existing
maps have been described by Daubenmire?

Nften ecotones were associated with minor changes

in direction of slope that either Wwere

undetectable on the aerial photos from w«hich the

map was made, or that the cartograpvher felt must

be ignored because of time and money 1limitationse.

it is frustrating to stand beneath a cover of

trees and find no match for slope direction on the

map at that elevation. « « « (Daubenmire, 1973,

po 90)‘
sSuch conditions often result in the mapper simplifying the
desired portrayvyal of ground detail to fit the resolution of
the base mape.

The use of aerial photos aided the extension of
boundary 1lines between habitat type boundaries (ecotones),
but did not entirely substitute for a more detailed base
mape In most instances, the location ot an ecotone detected
on the ground could be associated with an image or 1line
visible on the air photo. The exact nature of the
pPhotographic expression for a habitat type boundary was
quite variable and no consistent pattern or criteria were
identified. In some cases the ecotone was recognizable on
the air photo as a distinct or subtle change in exposure or

plan form, while in other instances boundaries were

expressed as changes in crown canopy coverage, stand height,
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canopy texture or photographic <color. As sugqgested by
Colwell (1967), what 1is often seen in the air nphoto as an
ecological boundary is the response ot the forest overstory
to a change in the complex ot ecological factors that govern
forest growth. The inability to characterize all the many
subtle terrain difference portrayed by aerial photographs
and to select only those elements that correspond to ecotone
boundaries limited the wuse of photointerpretation to
directly identify and map habhitat type boundaries. It is
important to note that a detailed study of an aerial photo
can yield a multitude of nuances and subtle lines that can
be interpreted as habitat type boundaries. The selection of
the correct image characteristics for a specific ecotone was
possible in this study only when prior knowledge had first
been obtained in the tield.

In order to provide others with some indication of
the reliability level of the habitat type map, two measures
of resolution uwere recorded on plate 1. These measures are
the density of field traverse and the percentage of mapped
stands field visited, The density of field traverse
specifys the number of traverses made through an area, i.ee.
the linear distance traversed for each areal wunit of land
mapped. The traverse density for this study--~four linear
kilometers per square kilometer (6.4 miles per square
mile)--appears comparable to densities used for other

similar mapping projects (Daubennmnire, 1973; xlinka and
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Skoda, 1977). Both of these investigators listed mapping
density strictly in terms of the area covered per day,
approximately 75 hectares (185 acres). This daily areal
density is comparable to a density of three kilometers (1.85
miles) of 1linear traverses per day, which was the average
rate of mapping in this studye.

The percentage of mapped stands visited informs the
map user of the number of map units that were actually field
visited, and conversely, how many units were placed on the
map by inference ftrom other factorse. This measure provides
an estimate of the confidence that a wuser <can have in
actually finding a specified habitat type within the mapped
unit. Traditionally, accuracy estimates of habitat type
maps have been based on a subjective appraisal by the nap
maker, and have given the map vuser little gquantitative

information ahout the field work actually completed.

LAND _EFOPM_CHARACTERISTICS

The classification of the study area into land form
classes consisted of conmnbining the slope morphology units
mapped on plate 2 with the appropriate watershed order and
elevation at each sample point. Yor practical purposes, the
slope morphology units shown on plate 2 can be considered as
land form units. ks can be seen on plate 2, most slove
morphology units do not overlap different watershed order

classses., This situation is expected since slope form
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greatly influences surface flow dynamics. 1In addition, only
rarely do slope morphology units extend over a wide
elevation rangee.

The slope morPhology characteristics listed on plate
2 yield a possible 1,152 combinations. By combining the
potential slope form classes with the six different
watershed orders and the nine different elevation classes,
62,208 different land form classes are possible within the
study areae. The grid sample of plate 2 produced only 1959
different slope morphology typres, ot which 54 occurred once
and only 48 types were sampled on five or more occasionse.
Combining the 155 different slope morphology types with the
watershed and elevation classes <created a total of 331
different land form classes. 0t the 176 new classes created
by the addition of watershed ofder and elevation to slope
morphology, B9 classes differed only by a single watershed

order.

LAND FORM DISTRIBUTION

Appendix 2 lists the frequency distributions for all
sampled variables. With few exceptions, land form variables
exhibit normal or at least expectable distributions.
Watershed order presents the most curious distribution, with
a small sampling ot first, fourth and sixth order watersheds
and a large number of second and third order watersheds.

Recause each sample point represents a wunit area, an
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exponential progression should occur when the areas of lower
order watersheds are summed, This obviously does not occure.
A partial explanation for the observed distribution is that
the study area does not represent a complete drainage basine.
Also, problems in mapping watersheds (described in the next
saction) resulted in an under representation of first order
watersheds.

The twWwo-fold number of talweg slopes compared to
interfluve slopes can also be explained, in part, by the
absence of a complete drainage basin for study. The
inclusion of partial areas of third and higher order stream
valleys, without including the 3accompanying upper slope
drainage areas, increases the area of talweg areas without a
corresponding increase in intecrfluve arease. In addition,
the areal extent of valley bottoms appears greater than the
area of divides. Examination of plate 2 confirms that
Arainage divides (interfluves) are extremely narrow and thus
occupied areas much smaller than the valley bottoms (talweg
slopes), or were too narrow to even be mapped as separate
unitse.

The frequency tables also show an irreqularity
between convex and concave slope forms. Concave areas, both
in pltan and profile dimensions, are substantially nrore
numerous than convexities. An explanation for the large
areas ot concave plan form is that midslope rtidges are so

broadly rouﬁded that they were classified as straiqht in
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plan form. An examination of the base map contours shows
that most midslope ridges have broadly rounded contours,
while stream channels are shown by more "V"™ shaped contourse.
Concave profiles are also more numerous than convex
profiles. Like concave plan torms, concave profiles are
associated @with stream channels, particularly along the edge
of the glaciated valley floor of uppet Dick Creeke. Convex
profiles, however, are found largely on upper slopes. As
with plan form the greater changes in slope curvature are
associated vith the occurrence of stream bottoms, while the
upper slopes exbibit more gradual changes in slaope
curvature. Upper and midslope areas having larger radii of
curvatures thus are usually classified as straight, while
lower slope areas generally have smaller radii of curvatures

and are are classified as concave,

LAND FORM MAPPING

Overall, the land form units shown on plate 2 agree
closely with the topography as represented by the base map
contours. The land form units, however, show Hnhumerous
topographic features which are not detectable from the base
map contour lines. Small drainage features, areas of
concave form and changes in exposure are particularly more
evident from the photographically interpreted 1land form
units than from the base map contourse. The slopes adjacent

to the middle portions of Dick Creek clearly illustrate
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these features. Some differences bhetween the
photogrammetrically mapped land torms and the base map
resulted f€from ervrors in the original base map. Errors on
the base map probably occurred because ot the heavy forest
cover over most of the study area. Recent logging in some
aAareas permitted a clearer Interpretation of terrain on the
aerial photographs used for this study than was probably
possible on the original photography used for base map
compilation. Such errors illustrate the need for high
tesolution film and precision viewing optics when analyzing
subtle terrain in densely forested reglions.

The slope angles measured using the aerial
photographs and classified on plate 2 generally agreed with
angles interpreted from the base map contours. Other
investigators have demonstrated‘that slope angles measured
from Aaivt photos are slightly better than slope andles
measured from contour maps (Moessner and Choate, 1966 and
1968). During the field inventory of habitat types, slope
angles were measured #ith a hand held Brunton pocket
transit. A comparison of 144 of these measurements with the
slope angle groupings listed on plate 2, showed that 88% of
these spot ground angles agreed with the slope groups, or
were within one degree of these groupings. Of the 12% ot
spot angles not in agreement, the largest deviation from the

group bounds was four degrees.
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Stream orders for selected stream segments are
listed in table 7. These stream orders are generally two to
three orders higher than expressed on the original base map
because of the addition of first and second order streams to
the base map from the aerial photographs. Morisawa (1968)
has also shoun that drainage densities depicted on published
topographic maps do not adegquately represent the drainage
network. Many first order streams that were visible on the
air photos could not be identitied from the base map, i.0.,
contour crenulations for these drainage lines were absent.
ALthough ephemeral streams Were considered first order
streams, it was not always possible to delineate a watershed
area for these segments. In such cases, the adjacent slopes
were classified according to the stream order at the base of
the slope. This situation was particularly common with
feeder streams to South Fork Lolo Creeke The smaller than
expected watershed area for first order streams and larger
than expected area for second and tifth order streams may,
in part, be related to the absence ot these delineated first
order watersheds.

Identification of profile curvature presented two
mapping problems. First, the necessity to hand plot
elevation points to construct a protile was extremely time
consuming. Second, at the scale of the photograrhy,
1: 24,000, and the scale of map compilation, 1:12,000, convex

and concave profiles were difficult to recognize and plot
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because of the limited map area occupled by these slope
units. As an example, <classification of convex slopes
requires a rate of curvature greater than ten deqrees per
100 meters. If a <convex slope 1is encountered with an
initial slope of 15 degrees and a rate ot curvature of 20
degrees per 100 meters, within a slope length of 100 meters
the slope angle would have increased to 35 degrees, and
within 300 meters the angle would be 75 degrees. Most
convex or concave profile slope segments are therefore quite
short, horizontally. In the case ot the above example, the
horizontal length of the 100 meter slope segment would be 90
meters, or 0.75 cu (0.3 inches) at map compilation scale,
and only 0.375 cm (0.15 inches) at photo scale. Profite
plotting and subsequent mapping of such small slope units is
a task appropriate only at larger map scales, at 1least as

large as 1236,000.

TARLE 7

SELECTED STREAM ORDERS BY STREAM SEGMENT

Seepage Line or Ephemeral Stream 1
Small Creek 3
Marshall Creek 4
Upper Dick Creek 3
t‘iddle Dick Creek 4
Lower Dick Creek (Below Johnny Creek) 5
Hest Fork Butte Creek 5
South Fork Lolo Creek 6
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The use of two different sets of photography for
land torm mapping--color infrared tor watersheds and normal
color for slope morphology~-did not produce significant
advantages. In tact, the need to examine and plot data from
two sets of imagery caused problems in registering different
sets olf terrain data to the base map, as well as increased
mapping time. Neither form of imagery was considered to be
superior to the other. Drainages appeared slightly mwmore
visible on the color infrared thamn on the normal color,
while the familiar color relationships on the normal color
permitted easier recognition of ground featurese. Problems
of dense shadows on infrared photography reported by Colwell
(1960) were not significant on the color infrared wused in
this study. Shadow and color drop-otf problems outside the
center of a color infrared photo éresented few difficulties
as 1long as adeguate stereo overltap, at least 60%, was
available. An important attribute of both forms of imagery
was the fact that all film was original. Color integrity,
color differentiation and resolution uas substantially
greater on this original film than on the color prints that
were used for habitat type boundary extension. In summary,

this investigator preferred the normal color for land form

mapping because of the fariliar color relationships. The
color infrared did occasionally provide greater color
differentiation valuable in some circumstances. The value

ot the color infrared appeared to decrease as fawmiliarity
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Wwith garound conditions increased. Similarly, it appears
that the value of the color infrared would decrease as photo

scale increases.

EXISTIING VEGETATION CHARACIERISTICS

According to the <criteria 1l1listed on plate 3, a
possible 144 combinations of existing vegetation types could
be deftined. 0Out of these possible tvypes, 31 types were
actually sampled, of which only 24 types occurred on five or
more occasions.

The principle result from the mapping of existing
vegetation was an empirically derived relationship betuween
color infrared (CIR) photographic color and vegetation
conditione. Table 8 summarizes these relationships. Areas
labeled as *"9" on plate 3 were generally wet sites occupilied
by low vegetation, either grasses or shrubs. These areas
were associated with moist areas along streams, seeps or
springs within the forest canopy or with brushy seepage
areas adjacent to talus slopes. Forest areas having the
identical photographic color tone as these wWwet non-~forest
areas wWere usualiy moist sites where tree growth was
vigorous due to increased soil moisture availability. These
areas were usually located in the center .¢f a hollow or on a
bench adjacent to a stream. 0Old growth torest stands also
had a distinctive photographic color and were readily

detected, NDften an understory of vigorous reproduction was

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



Page 69

recognizable by its brighter color tone and gave some old
growth stands a two-tone appearancee. The one occasion of a
boggy site with a perched water table, but still wvigorous
tree growth, had a distinctive *"deep purple pink"™ color.
These relationships were based on general observations made

during the field inventorvy.

TABLFE B

EXISTING VEGETATION AND CIR PHUTOGRAPHIC COLOR

CULOR AND NUMBER1/ H SIGNLFICANCE : MAP CODE
297 Very Deep Purple Pink N1ld Growth Forest 2
256 Deep Purple Red General Forest 3
255 Soft Pink Red feneral Forest 4
248 Deep Purple Pink Wet Forest Stand 8
254 Very Purple Red Moist Forest Stand 5
9

254 Very Purple Red Moist Grass or Brush

S e anD whin e e el ol R S S S P AU Y AN G G D S N W G GRS WA A . G UED VS U GUD AU MY ND SED WD WIS SR G WIS, U AU G GED R A GED win s S A S AN D e S i

1/ Number codes and color names from ISCC-NRS System
(American Society of Photogrammetry, 19Y68).

The above relationships between photographic color
and vegetation condition were not evident on the normal
color photographye. Although the mapped stands could be
detected on both the normal color and the color infrared,
the normal color photography provided little color
differentiation for stand separation. Stands that were only
slightly different in color on the normal color photos were
readily separated on the color infrared photographye.

Similarly, areas of rock versus bare sSo0il or grassy and
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areas of wet grass versus dry brush or grass, were readily
identified on the color infrared but only marginally
recognizable on the normal color photography. These results
are consistent with other studies (Anson, 1966: Garn et al.,

1973).

MAP COMPABISONS

A visual comparison of plates 1, 2 and 3 reveals
only a general resemblance between all three mapse. Plates 1
and 2, however, exhibit a greater degree of correspondence
even though the amount of detail portrayed on each map is
substantially different. For example, areas having coamplex
delineations on one map are also complex on the other wap.,
while the areas of less detail are generally coincident on
both mapse. lLikewise, areas ot rough topography exhibit
increased land form variability as well as increased habitat
type variability, while areas of smooth topography exhibit a
more simplified land form and habitat type pattern. A high
degree of parallelism is also evident between plates 1 and
2, pavrticularly along ridges and stream channels. This
parallelism folilows the actual topographic pattern, ukhether
or not it is visible in the base map contours. The habhitat
types mapped in the field along drainages and tidge slopes
that were not visible on the base map match surprisingly
well with the portrayal of these land form features as

mapped from the aerial photography. The areas along lower
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Small Creek and middle Dick Creek, in particular, illustrate
these relationships. The similarity between plates 1 and 2
also extends to moisture relationships. The concave areas
(hollows) associated with the upper watersheds of tributary
streams to West Fork Butte Creek and Marshall Creek are
clearly evident on hoth maps, even though such areas are not
always recognizable from the base contours. Although the
above noted conditions are most obvious on plates 1 and 2,
these same relationships also occur, but to a lesser degree,
on plate 3. The slopes adjacent to lower Small Creek

provide a good example of these subtle likenesses.

STATISTICAL COMPARISONS

Because of the often complex visual appearances of
the maps and their different degrees of detail, a
statistical evaluation provides a more satisfying measure of
the interrelationships between habhitat type and the land
form and existing vegetation variables. Contingency table
analysis of each independent variable (1land form and
existing vegetation variables) by habitat type produced
chi-square values significant to at least the 99.93% level
for all variables. These values indicate that all of the
1and form and existing vegetation variables are indeed
related to habitat types. Values for Cramers YV, A measure
of the strength of relationships betueen two variables,

generally shov only a moderate degree of association between
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habitat type and the independent variables. The highest
value of Y was 0.623 for elevation followed by 0.522 for
topographic position. Values tftor Cramers Y for each
variable, Aas well as the values tor the uncertainty

coefticient, are shown in table 9.

TABLE Y
NOMINAL LEVEL MEASURES OF ASSOCIATION

BETWEEN HABITAT TYPE AND THE INDEPENDENT VARIABLES

. N G A A S S . —— v WD b R i v A W A SR M e el i o S b S A N i . A Y A G A SN AR S < W TR W W W S —

INDEPENDENT VARIABLE $ CRAMERS ¢ UNCERTAINTY
: v ¢ COEFFICIENT

Land Form Characteristics

Slope Profile Form «331 « 027
Slope Plan Form «426 112
Slope Angle «374 «110
Topographic Position «344 «143
Elevation «.b623 «328
#atershed fNrder «404 «122
Topographic Position -522 -094
Existing Vegetation Characteristics
Crown Canopy Coverage «516 101
Average Crown Diameter «401 « 085
Crown Texture «401 «08%
Photographic Color «368 -.0481
Presence of Rocky Surface - 269 «014

The values for the uncertainty coefficient listed in
table 9 1indicate that knowledge ot any given land form
variable increases habitat type prediction generally about
12%, while knowledge of any single existing vegetation

variable increases predictive ability by only eight percent.
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Etevation had the highest uncertainty coefficient, and
decreaserd uncertainty of habitat type prediction by nearly
one third. Although all of these values, except for the
elevation value, are dgquite small, they wutilize only a
nominal level of measure for the 1independent variable.
Therefore, a substantial amount of information provided by
the independent variables has not been considered by this

measure of association.

TABLE 10
INTERVAL LEVEL MEASURES OF ASSOCIATION

BETWEEN HABITAT TYPE AND THE INDLPENDENT VARIABLES

SR AL I G IR ER R S AW D GE G S G S S G S S R R S G G W e e SRR D D R A S T WD SR S GE WU SRS W U L AN G G AN i - A wva

INDEPENDENT VARIABLE : ETA : ETA SQUARED

- Sk T W IR efe I ER W R W hn W I TEP U R SR ST WD AR A D D M AR IR WS IR G G A Y S GED ARG SUR S G R W G W G RS Ghm D SER R M AW S S W O N S

Land Form Characteristics

Slope Profile Form «44? 19.5%
Slope Plan Form « 601 36.8%
Slope Angle «5H33 28. 4%
Topographic Exposure « 480 23.0%
Elevation . N B0 .5%
Watershed Q(Qrder 938 28.9%
Topographic Position -« 60632 43. 8%
Existing Vegetation Characteristics

Crown Canopy Coverage -645 41.6%
Average Crown Diameter «bb1l 31.5%
Croun Texture N/A N/ZA

Photograonhic Color 394 15.5%
Presence of Rocky Surface « 209 Te2%

T M S W Gy WY IV AR TR TR R S T G G v S S A G I PR Guk O W R i G U W S i e T e A e S W i S T Sy T T — g - . -~

The values for eta and eta squared are shown 1in
table 10 and indicate that there is a gqgreat deal of

association between some land form and existing wvegetation
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variables and some habitat types. In particular, most
habitat types appear to occur within a narrow altitudinal
ranges. Similarly, topographic position and slope plan form
are moderately associated with habitat types, as Aare crown
canopy coverage and average crown diametere.

The discriminant analysis procedure was applied
using the independent variables in three wayse. First, only
the land form variables were evaluated, second, only the
existing vegetation variables wvere evaluated, and thicd, all
independent variables were included. The classification of
habitat types to the phase level using only the land form
variables resulted in 42% of the cases correctly classified.
The discriminant analysis procedure also computed the second
most probable class for each case. Combining the first and
second most oprobable classificétions, yielded a correct
classification result of 63% using the land form variables.
Jsing only existing vegetation variables produced a correct
classification of 16% for the habitat types at the phase
level. ®hen both the first and second most probable classes
were couynted, the percentage of classification was 27%. The
percentage of correct classitication when all the
independent variables were entered 1into the analysis was
only 48%, For both the first and second most probable
cases, the classification percentage was ©67%. Thus, the
land form and existing vegetation characteristics produced

largely overlapping results, and their combination did not
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substantially increase prediction capability. Because of
the missing data the number of cases evaluated using land
form variables was 696, while only 477 cases could bhe
evaluated using all of the variables together, or using just
the existing vegetation variables.

Table 11 summarizes the classification results
obtained at the habitat type phase level smhen only the land
form variables were analyzed. Classified habitat types
which occurred less than eight percent of the time, or which
occurred less than five times, were not listed in table 11.
Although the cases for each habitat type were classified
into several rifferent types, the range of classified types

is relatively narrow.
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TABLE 11
DISCRIMINANT ANALYSIS CLASSIFICATION -

PREDICTED HABITAT TYPES FOR KNU#N HABITAT TYPES

e iy . — - A T A O e . wgy W WY A P D A W S . —— W G W A AW T WD T D W T SO T NI - —

KNOWY : PREDICTED ¢ NUMBER : TOTAL %
HABITAT TYPESL1l/ T HABITAT TYPES : OF CASES : NOF CASES
PSMFE /PHMA-PHMA (30) PSHE/PHYA-PHMA 12 430.0%2

PSME/PHMA-C ARU 4 13.3
PSME/LISB0O-CARU S 167
PSHME/CARU=-ARUY 3 10.0
24 80.0%
PSME/PHUA-CARU (31) PSME/PHYA-PHMA 6 19.4%
PSME/PHMA-C ARU 20 64.5
26 83.9%
PSME/VAGL-ARYV (19) PSME/PHYMA-PHMA 3 15.8%
PSME/PHMA-CARU 2 10.5
PSME/VAGL=-ARUY 6 31.6
PSYE/VAGL-XETE 4 21.1
PSME/CARU=-ARUY 2 10.5
17 89.5%
PSME/VAGL-XETE (19) PSME/VAGL=-ARUYV 2 10.5%
PSME/VAGL=-XETE 6 31,6
PSME/LIBO-VAGL 2 10.5
PSME/CARU-ARDY 4 21.1
ABLA/XETE-VAGL 2 10.5
16 84, 2%
PSME/LIBO-CARU (18) PSME/PHYMA-PHMA 4 22.23%
PSME/L.IBO-CARU 6 33.3
ABLA/LIBO=-VASC 7 38.9
17 G4.4%
PSME/LIBO-YAGL (25) PSME/LIBO-CARU 3 12.0%
PSME/LIBO-VAGL 9 36.0
PSYE/CARU-ARUV 3 12.0
ABLA/LIBO-XETE 4 16,0
ABLA/LIHBN-VASC 3 12.0
22 80.0%
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PREDICTED
HABITAT TYPES

NUMBER
GF CASES
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TOTAL 32
Or CASES

A A W e W W TR IR R W G wn D G G W TR N N WS A Gu PR O AU WS S S G AR W D e D GNP W U TER D S D R e ek G RS W G —

PSME/CARU-ARUV (15)

THPL/CLUN-CLUN (11)

ABLA/CLUN-CLUN (24)

ABLA/CLUN~ARNU (24)

ABLA/CLUN~XETE (21)

ABLA/CLUN-MEFE (63)

PSME/PHMA~CARU
PSHME/VAGL-ARUV
PSME/LIB0-VAGL
PSME/CARU=-ARUY

THPL/CLUN-CLUN
ABLA/CLUN-ARNU

THPL/CLUN-CLUN
ABLA/CLUN/CLUN
ABLA/CLUN=-ARNY
ABLA/CLUN-XETE
ABLA/LIBO-LIBO

ABLA/CLUN-CLUN
ABLA/CLUN-ARNU
ABLA/CLUN-XETE
ABLA/ALSI

ABLA/CLUN-XETE
ABLA/CLUN-MEFE
ABLA/ZVAGL

ABLA/CLUYN-ARNU
ABLA/CLUN-MEFE
ABLA/CACA-CACA
ABLA/MEFE/MEFE
ABLA/ALSI

=

[

-

N (|
flVoooaod ol bhbs Wl WWaw @t NONWID

!

)}
[
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s e e D G i TS I S M S S S SE I G e G G S A N G A . QIR S W . G S i . —— D ———— —

KHUWN
HABLTAT TYPES1/

PREDICTED
HABLTAT TYPES

NUMRER
OF CASES

TOTAL 2
OF CASES

R S L R AR NS G W S S W S S W S D W D GRS GEm SR S WD ML WD WS R SRR SR WD AR UL I G G G AR A GEY AR NI WL W e R WOV SN ER R R A D R M D R W

ABLA/CACA-CACA (9)

ABLA/LIBSBO-LIBO (15)

AHLA/LIBO-XETE (68)

ABLA/LIA0N-VASC (5)

ABLA/MEFE-MEFE (70)

ABLA/MEFE-VASC (6)

ABLA/CACA~-CACA
ABLA/MEFE-VASC
ABLA/LUHI-LUHL

ABLA/LISO-L 180
ABLA/LIA(O-VASC

PSME/VYAGL-XETE
ABLA/LIBO-LIBO
ABLA/LIBO-XETE
ABLA/VAGL

PSME/LIBO-CARU
ABLA/CLUN-CLUN
ABLA/LIBO-VASC

ABLA/HEFE~-MEFE
ABLA/MEFE~-VASC
ABLA/XETE-VAGL
ABLA/LUHI-VASC
ABLA/LUHI-LUAI

ABLA/MEFE~VASC
ABLA/LUHI-LURX

N
VA2 b N N=N

¢
{

W
[
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TABLE 11--Continued

- Gm EE S Gh D GD W D D A N G N T A S G R D RS WD AR S A iy D e G e A G D S S D . e i el " W W W D R A D N W SN SN G S W=

KNOWN : PREDICTED : KUMBER 3 TOTAL %
HABLTAT TYPESL/ : HABITAT TYPES : OF CASES : 0OF CASES
ABLA/XETE-VAGL (142)  PSME/VAGSL-XETE 11 7.7%

ABLA/LIBO-XETE 7 4.9

ABLA/MEFE-MEFE 16 11.3

ABLA/MEFE=-VASC 5 3.5

ABLA/XETE-VAGL 56 39.4

ABLA/VAGL 7 4.9

ABLA/ALSI 19 13. 4

ABLA/LUHI=VASC 6 4.2

ABLA/LUHI-LUHI 7 4.9

134 94.2%
ABLA/VAGL (6) ARLA/VAGL 6 100.0%
ABLA/ZALST (7) ABLA/LIBO-XETE 1 14. 3%
ABLA/XETE-VAGL 2 2B.6

ABLA/VAGL 2 28.6

ABLA/ALSI 2 28. 6
1 100.0%
ASLA/LUHI=-VASC (35) ARLA/CACA-CACA 4 11. 42
ABLA/HMEFE-VASC 4 11.4

ABLA/XETE~VAGL 3 8. 6

ABLA/LUHI-VASC 14 40.0

ABLA/LUHI-LUHI S 14.3

PIAL-ABLA 5 14.3

35 100.0%

ABLA/LUHI-LUHI (23) ABLA/CACA-CACA 5 21.7%
ABLA/MEFE=VASC 4 17.4

ASBLA/XETE-VAGL 3 13.0

ABLA/LUHI-VASC 6 26.1

ABLA/LUHI-LUHI 5 21.7
23 99.9%

PLAL-ABLA (10) PIAL-ARLA 10 100.0%

1/ tHumbers in parenthesis are total number of cases
analvzed.
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An attempt was made to combine the numerous habitat
types and phases into groups to improve the percentage of
correct classifications. The classitication results
obtained from the 1and form variables were examined to
identify natural groupings of habitat types. Groupings were
developred by lumping together those habitat types uwhich
tended to be confused in the classification process. The
groups identified by this bprocess were identical to the
grouping suggested by Pfister et ale. (1977, p. 141). Using
only the 1land form variables to predict these habitat
groups, a correct classification of 53% was obtained.
Recause each of the habitat types overlap one another in a
number of dimensions of discriminant space, grouping did not
substantially increase the percentage of correct
classificatione. A

Classification of habitat types was also calculated
for different levels, i.ee. the habitat type level (one step
less detailed than the phase level) and the series level
(only overstory climax species considered). Using only the
tand form variables, classification results were 53% at the
habitat type level and 90% at the series level. For both
the first and second most probable cases, classification
results at the habitat type level increased to 712 using
only the land form variables. Using Just the existing
vegetation variables, classification results were 26% at the

habitat type tevel and 76% at the series level. Yhen all
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the 1independent variables were used, correct classification
occurred 57% of the time at the habhitat type level and 89%
of the time at the series level. Again, the addition of
existing vegetation variables did not substantially increase
the classification results. Table 12 summarizes these

results,

TABLE 12

DISCRIMIMNANT ANALYSIS SUMMARY RESULTS

HABITAT TYPE CLASSIFICATION LEVEL

VARIABLES INCLUDED : PHASE : TYPE : SERIES
Land Form 42.5% 53.0% B9.9%
Existing Vegetation 15.7% 25.8% 76.1%
All vVariables 47.8% : 57.2% 89.1%

- e e e e i w allp o S b Wb S s T G T S W A e — N — W A S i . A M Y A -

A total of seven functions were derived for the
discriminant analysis of land form variables, one for each
variable, Table 13 lists the order of variable entry into
the analysis, and their ¥ values. The importance of a
specitic variable is slightly ditferent than that suggested
by the values of the uncertainty coefticient and the other
contingency table statisticse. Slope angle became less
important in the discriminant analysis, while plan form
increased its importance when all variables were considered

together in the discriminant analysis. The #®Wilk®s lambda
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calculated for each variable shouws that all variables
produced stgnificant separation in discriminant space for
habitat type classification. Tab lLe 14 shous the
discriminant function number, the eigenvalue and relative
eigenvalue percentage. These percentages show the relative
importance of each function for habitat type prediction.
Table 14 shows that 87.3% of the total variation has been
accounted ftor by just the first two tunctions. The Wilk"s
lambda value for each function indicated, however, that all
functions produced significant separation results to at
least the 95% level. The importance of each variable in
each function 1s given by 1its standardized coefficient.
These coefficients are listed in Appendix 3. The
coefficient values 1indicate that the land form variables
most important for habitat type Aprediction, in order of
decreasing importance are: 1) elevation, 2) slope plan
fotrtm, 3) topographic position, 4) watershed order, 5)
topographic exposure, 6) slope angle, and 7) slope profile

forme
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TABLE 13

VARIABLE ENTRY SEQUENCE AND F VALUE

W S T W Y T —— .y W N T A . T W . G T W ———————

STEP NUMBER @ VARIABLE : F YALUE
1 Elevation 131
2 Topographic Position 24
3 Slope Plan Form 10
4 Topographic FExposure 9
5 Slope Angle 8
6 Watershed Order 6
7 Slope Profile Form 3

TABLE 14

DISCRIMINANT FUNCTION EIGENVALUES

A Gy A e o S A W e AN A G S G I M S AN AL SN R S — iy S . A ——— —— i T R e S G S S M -

DISCRIMINANT FUNCTION 2 EIGENVALUEZ ¢ RELATIVE PFERCENTAGE

L I W D AT D WG UL NN G G WM M WIS Smp Gwp N WS AES GED W G WG U dwe e e MM SN GEE GAS WA M A NS SAN WIS A GME AN dle i G wme T Gl b Al i e S e v ks dmm A ——

1 5.01 69
2 1.29 17
3 <38 5.
4 27 3
5 «15 2
6 « 07 1
7 - 04
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CHAPTER b
DISCUSSION

A number of characteristics of the hahitat type and
land form classifications warrant further discussion because
of their influence upon study results and their significance
to other studies. Similarly, a presentation of some of the
shortcomings and credits of the techniques and variables
used herein may help to illuminate opportunities for future
applications. And finally, additional research needs are

suggested.

HABITAT TYPE _CLASSIFICATION EVALUATION

Many of the situations encountered during
development of the habitat type map have already been
presented. But several observations of species occurrences
and mapping difficulties deserve further mention,

The occurrence of Thyia plicata in middle and  upper
South Fork Lolo Creek and its abhsence in lower South Fork
Lolo Creek and West Fork Butte Creeks 1is puzzeling. The
di sappearance of TIT. plicata in South Fork Lolo Creek is
abrupt and coincides with man®s disturbance. The abrupt
disappearance and ahsence of . plicata in other areas under
similar conditions has been noted by others (personal

communication, Floyd #Pond, U. S. Forest Service, Missocula,
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MT)e The absence of T. plicats in South Fork Lnlo and West
Fork Rutte Creeks wmay be caused by the dense sod and higher
solar insolation in these disturbed areas. A lack of root
penetration and susceptibility to tull sunlight ot
T. plicata seedlings has been Teported (U. S. Forest
Service, 1965) and supports these observations. Had most of
the valley of West Fork Butte Creek been classified as
ITHPL/CLUN-CLUN instead of ABLA/CLUN~-CLUN heto,
classification results for the ABLA/CLUN-CLUN h.te. may have
been higher (see table 11). Such a possibility is quite
likely because of the differences in environment between
most ABLA/CLUN-CLUN h.t.s and the valley of West Fork Butte
Creeke Most ABRLA/CLON-CLIN he.te.s were found in hollows and
seepage zones or on benches and slopes adjacent to and above
the wet bottoms bhoarding stream channels.

Pices spp. and Abies 1laslipcarpa were generally
considered to be ecoloqical equivalents for habitat type
classification. 1In western Montana, this egquivalence has
also been accepted by most other habitat type investigators
(personal communication, Stephen F. Arno, Intermountain
Forest and Range Fxperiment Station, Missoula, MT)e. Many
areas classified as either ABLA/XETE-YAGL or ASLA/LIBO-XETE
contained no Abjes 1lasiocarpi, but did support numerous
BRicea spp. seedlings and saplings. Such areas generally
supported a mature overstory ot Pseudotsuga mepziesii and

Pinus coptorts ahout 60 years in age. The presence of Pice:s
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Sppe. in these stands, generally 1focated upslope fronm
available A. lasiocarpa seed sources, may be explained by
differences 1in seed <characteristics between J. lasiocarpa
and Picea spp. The seeds of Picea spp., Picea engelmanpii
and Pigcea glauca, are less than one half the size of
L. lasiocarpa seeds, have substantially more wing area and
are tour to eight times lighter in weight than A. lasiocarpa
seeds (U. S. Forest Service, 1974b). Seed dispersal should
ba substantially greater for Piceg spp. and may account for
the more rapid succession of Picea sppe. Iin upslope aresase.
The lack of A. lasigcarpa in these mature stands may also
indicate their marginal environment for this species,
particulacly with regarqd to seedling establishment,

The difficulty of classifying a site based on 1its
potential to support and develbp a given climax plant
comnunity should be obvious. Both, areas that have been
continuously disturbed and transitional sites that are in a
successional stage do not lend themselves to habhitat type
classification. The situations presented above illustrate
the difticulty in consistently classifying habitat types.

Although habitat type classitication has been widely
accepted in the northern fRocky Mountains as a means for
classifying ecosystems (Daubenuire and Daubennire,
1968; Hoffman and Alexander, 1976; Pfister et al., 1977), a
number of shortcomings were noted. The most significant

problem vas the use of habitat type classification
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cciteria--threshold canopy coverages of selected indicator
species=-—-as a basis for map wunit boundary delineatione.
Daubennire states: “"For all practical purposes habitat
types have fixed characteristics and boundaries.”
(Daubenmire, 1976, p. 128). This 1investigator found the
contrary to be the rule. Although many sites could be found
that fit a given habitat type description, only rarely could
boundaries be Teadily placed around a specific site or
be tween habitat types. The difficulty of boundary placement
around a site has been noted by others: "What is clear and
precise in a vegetation type 1is always its center, not its
margin, and that it characteristically may not have sharp
boundaries." (Kuchler, 1972, pe 514, citing Tuxen, 195%).
Another mapping difficulty was the occurrence of a
habitat type over a number of different environmentse. Rs
noted previously the ABLA/XETE-VAGL phase is found in a
number of different environments. Floristic composition of
the AHLA/XEIE-VYAGL phase was quite varied from site to site.

Moist site forbs, such as Coptis occidentalis, Thalictrum

eccidentalis and Nliola orbiculala, were associated with this
phase on cooler sites, while drv site graminecids, such as
Calamagrostis ruhescens and Carex dJdeyveri, were associated
with this phase on drier sites. Fxamples of other habitat
types with similar broad environmental! ranges have been
previously presented., The use of a single set of indicator

species to describe a habitat type appears to result in many
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types having an excessively broad environmental range.
Kuchtler (1972, <citing Godron, 1964) suggested that all
species are of diagnostic value, and it is only that the
indicator value of some species have not vet been
discovered.

The need for deriving more satisfactory nmapping
criteria for habitat type mapping is analogous to a similar
neerd in so0il mapping. The mapping of so0il boundaries
defined solely on the bhasis of profile characteristics is
similacly difficult. Curtis (1962 and 1973) has advocated
that the soil sevries be related to landscape units, defined
by features such as drainage pattern, slope form and angle,
and micro-relieft. These landscape units would then bhe
correlated Wwith groups of soil series possesssing a liwmited
range of profiles and parent matérials. Thus, a separation
of taxonomic units and mapping units 1is proposed. Such an
approach may be worthwhile for habitat type mapping, wherein
the mapping units are described in terms of observable and
measurable surface features and are then correlated with a

Limited numher of similar habitat types.

LAND _FORM_CLASSIFICATION EVALIATILIQN

Three aspects of the 1fand torm classification
warrant additional comment. irst, the relation between
individual land forms and specific geomorphic processes and

reqgions occurring within the study area are presented.
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Second, additional land form variables are described and
recommendations for their fFuture use are suggested. And
third, opportunities for applying photogrammetric and

digital methods to land form classification are considered.

LAND FORM AND PROCESS

A number of relationships between individual land
form characteristics and specific areas of differing
evolutionary history were recoqnized within the study area.
Many concavities, both in plan and protile, are found in and
adjacent to valley bottoms which have a stable stream base
level. The base level of both Upper Dick Creek and lower
West Fork Butte Creek appear to be stable, as evidenced by
their meandering stream channels. Also, the slopes
boardering each stream are quilte steep and possibly
oversteepened. These conditions appear to give rvise to the
occurrence of concave land forms. According to Young (1972,
Pe 95) a concave slope profile is a transmortational slope
subject to control by removal of the regolith, and requiring
a restriction 1in the rate of lowering of the slope base.
The forms adjacent to these two drainages appear to satisfy
these requirements, and to be finherited features, the result
of past glaciation and associated processes. South Fork
l.Lolo Creek, on the other hand, appears to he currently
downcutting its valley and producing rectilinear

transportational slopes. These rectilinear slopes may be
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caused by the continuous undermining of the slope bases by
Soputh Fork Lolo Creek. The occurrence of convex slopes are
usually associated with upper slope positions where the
slopes are subject to denudational processes, - such as soil
creep and washe. These upper slopes also appear to have been
influenced 1less by changing geomorphic conditions over time
compared to the valley bottom (talweg) 3arease. Thus, the
slope torms of the study area appear the result of: 1)
current geomorphic processes, 2) historic forms, and 3)
longstanding continual processese. These observations are
consistent with the conclusion expressed by Ruxton (1968),
that most land is disordered. The tact that the land form
classification used herein permits recognition of possible
disequitibrium and disorder in the landscape, suggests that
a parametric approach is sensitivé to the complexity of form

and process interactions through time.

ADDITIONAL LAND FORM PARAMETERS

Analysis of the various tand ftorm variables was
based solely on their individual values. The comhination of
variables into new measures was not undertaken due to time

limitations, nor were additional land form elements gathered

to further refine the initial discriminant analysis
classificatione. Previous studies indicate that the
inclusion of additional 1land form variables could be

beneticial. Schumm et al., (1970) has suggested that slope
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angle be used in the form of a sine-cosine product. It was
proposed that this product would provide an index to express
the susceptibility of a given slope segment to erosion.
Stage (1976) has also suggested use of a combined variable
detined as the product of the tangent ot slope angle times
the sine-cosine product of topographiC exposure,. "In this
way, plots on flat ground will have a zero value for these
two variables, but plots on steep ground will have weights
tor sine and cosine of aspect.*" (Stage, 1976, p. 457-458).

Lee (1963 and 1964) has given equations for
calculating a radiation index derived from slope and
exposure measures. These equations (derived from OCkanoue,
1957) utilize the slope and exposure values for a given
slope, along Wwith its geographic latitude to compute the
period of sunlight (ignoring shading by adjacent slopes) and
the daily maximum potential insotation. Similarly, Nash
(1963) has proposed a method ot combining potential
evapotranspiration and average solar radiation to vyield a
measure of so0il moisture deficits on a given slope.
Me asures such as those of Lee and Nash would provide data
directly related to elements infiluencing the growth and
development of plants.

In addition to variables derived from slope and
exposure, other land form parameters appear to have
potential for improving the land form classification. The

length of slope above a given point has already been
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discussed with regard to runofft and soil water moveme
Slope length has also been used in both soils and vegeta

studies. Site index has been correlated with the dist
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up the slope as a percentage of total slope length (Mevers

and Van Deusen, 1960), while the thickness of the

mantle has been positively correlated with slope le
(Ahnert, 1970b). Part of the value ot watershed order
used in this study, may bDe its partial measure of s

length, According to Strahler (1950) the length of slop
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accordinglye.

A consideration of additional hydrologic elem
also appears to have value 1in land form classificat

Speight (1958) used unit catchment area, along with

then
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four

other parameters, in a larqge scale study of land form

classification. Unit catchment area was defined by
number of tlow lines passing within a specified distanc

a point. This parameter thus provided an indication
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drainage density as Wwell as slope length, particularly in

areas where the drainage density was relatively <constant.

Kuska and Lamarra (1973) used drainage density and pat
to evaluate large land areas at small map sca
Inferences about the diversity of surface materials

potential vegetation were then made on the basis of

tern
les.
and

the

total number, size and densities of the various drainage
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basin studied. Other hydrologic parameters have been used
in geomorphic analysis including stream length, basin area,
basin perimeter and variously detined indices (Stranler,
1957). Almost all of these various measures can he derived
from aerial photographs in quantitative forn.

A further possible refinement ot the land form
classification Iis the stratitication ot land from units by
landform or parent material. As noted above, various slope
torms Aare closely related to specitic landforms, CeJe
concave slopes and glaciated valleys. The combination of
land torm units and parent material has been used as a basis
for soil maprping in the forested Cascade Mountains of Nlregon
and Jashinaton (personal communication, E. C. Steinbrenner,
Senior Soil Scientist, Weyerhauser Company, Yestern forestry
Research Center, Centralia #“A)e. |

Experiaence from this study suggests that topographic
exposure and slope angle should be considered in terms of a
combined variable. As was previously stated, use of angle
and exposure as separate variables contributed little to
habitat type classification. Calculation of a sine-cosine
nproduct from slope angle and exposure or the generation of a
radiation index would require no additional data collection
and little additional computation. The addition of slope
length or wunit catchment area to the land form
ctassification is believed to also warrant consideratione.

Collection of this variable could be difticult with wmanual
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methods, but might be easily derived from digital terrain

data (described in the next section). GCrouping,

or

stratifying, tand form variables by parent material might bhe

bpbeneficial where major lithological differences

are

encounterede. Stratification ot variables by lithology or

landforms 1in this study probably would not
substantially increased classification resultse.

stratification by prarent material may be of some

have
While

merit,

stratifying by landtorms appears less important because of

the natural association betuwean 1and torm and geomorphic

PprocessesSe. And finally, the addition of hydrologic

pArameters appears worthwhile, hut may be so closely

cortelated with unit catchment area or slope length as to

negate their value. Also, collection of hydrologic

variables, especially for smnall watersheds, may require

considerable extra efforte.

PHOTOGRAMMETRIC AND DLIGITAL APPLICATIONS

The use of land form characteristics for classifving

the landscape, be they the ones used 1in this study or

possible additional elements, has one vital attribute

significant for mapping--they are all wvisible on aerial

photographs and they all can be quantified. “Most land

form

variables could also be derived from digital terrain models,

which provide a dense grid of horizontal and wvertical

coordinates that describe surface tooography
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configuration. The use of digital terrain data for
generating slope angle and exposure mAos and for
constructing perspective drawings of landscapes has become
commonplace (Gnssard, 1978; Sharpnack and Akin, 14$69;
U. S. Forest Sertvice, 1976b). And, Troeh (1965) described
me thods for calculating plan and profile forms from digital
coordinatese.

The ability to use precision photogrammetric devices
for efticiently gathering terrain data over large areas in
digital form creates new opportunities for measuring 1and
form parameters. Computer processing of this data and
construction of waps by computer controlled electro-
mechanical plotters wWwould permit replicable results with
known precision. In addition, newW variables could be
defined and then generated froﬁ the original digital data
without re~examination of either the air photos or the

ground.

EYALUATIIQH DF STUYDY RESULTS

Comparison of the current s tudy with other
investigations is difficult for lack of comparative
measures. Of the related studies previously discussed, only
Mueggler (196%) and Getter and Tow (1977) provided
statistical measures of success. The results of this study,
90 % corctect classification at the broadest level of

classification (series level), are comparable with the
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classitication results for timber productivity obtained by
Getter and Tom. Muegqler attained good statistical
association between individual species occurrence and land
form parameters, but not for the more variable community
groupingse. Likewise in this study, some habitat types,
generally those restricted to narrowly defined environments,
were highly discriminated, while the more variable habitat
types were often classified among a number of similar tvpes.
The lack of statistical measures for the studies by
Neitschman (1973) and Kessell (1976) makes comparison with
the results of those studies diftficult. It was apparent,
however, that both Kessell and VDeitschman were satisfied
with the procedures and results that they obtained.

A characteristic of all of these related studies was
the <comparison of field samplé plot data with 1and form
variables. Ffven in the mapping study by DNeitschman, the
habitat type and terrain relationships were initially
obtained from individual samnle plots. In this study,
however, all data was detrived from a sampling of mapped
data. The inherent differences between boundaries of the
three separately constructed maps created numerous
opportunities for mismatching of boundary lines. The
severity of potential misregistration ot boundaries between
maps was not initially recognized, yet this mismatch 1is
considered a major shortcoming of the current study.

Boundary integrity may indeed be a major reason for the lack
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of coincidence between land torm and vegetation boundaries
that has so often been noted in operational studies. The
lack of coincident of boundary tines does not necessarily
mean a lack of correspondence between resource attributes.
As can be seen from an examination of plates 1 and 2.,
coincidence of lines is a rare occurrence, whereas the
correspondence of habitat types and land form exceeds 40% at
the phase level and approaches 90¢% at the series level.

The results of this effort are considered successful
despite the relatively low classification value of 42% for
habitat tvypes, to the phase level. As previously presented,
the <classification of habitat type from land from variables
increased to 53% at the habitat type level and to 90% at the
series 1level. further, as shoun in table 11 most habitat
types were classified into three 6r tour similar types 80%
or more of the-time. The overlap betdeen numerous habitat
types is evident from this table, wherein for example, the
PSME/XETE-VAGL phase was predicted in tive different habitat
types. It has been shown that the habitat types With the
poorest classification results «ere also the types that
occupied extremely varied environments or presented special
mapping problemse. The gradation between specific habitat
types, as well as their varied floristic composition, is
evident in the classification manual of Pfister et
al. (1977). The fact that habitat types can be evaluated

only as nominal levels of measurement, and the inability to
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assign more quantitative values to each habitat type, made
it particulacly difficult to adequately determine similarity

or overlap between individual habitat types.

I4PL1CATIONS FOR FURTHER STIUDY

Rowe (1971) listed two technical means for improving
land inventory systems: 1) by more quantified descrintions
of the land surtace for greater consistency in its
definition, and 2) by more sophisticated measurement of
environmental attributes for characterizing 1land units.
Jones (1969) proposed that, *so far as forestry is
concerned, the primary purposes of site classification or
ordination Cincluding mappingld are 1) to 1identity
productivity, and 2) to provide a frame of reference for
silvicultural diagnosis and prescription.” (Jones, 1969,
P. 16). Classification systems for these purposes may not,
however, provide an adeguate means for defining map
boundaries, as has been shown for habitat tvpe classes 1in
this study. Rut, assignment of torest characteristics to a
map unit does not necessarily require that the same criteria
be wused for both recognizing and characterizing map units.
As stated by Beckett, "if we map the natural resources of a
region we do so in order to be able to make more precise
statements about the mapped subdivisions than we can make
about the region as a whole.”"™ (Beckett, 19568, p. 53). The

ability to adequately characterize an area of 1land by 1its
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map units requires the units to be consistently recognized
and precisely located. The use ot criteria, such as
vegetation coverages 1in habitat type classification or of
qualitative or inferred characteristics 1in the landscape
approach, cannot provide consistency or precision. The land
form parameters used in this study provide quantitative
criteria for map unit definition that can be precisely
measured through photogrammetric procedurese.

The use of parametric measures also provides greater
flexibility and longevity for the map units than is provided
by vegetation classifications. in synecological
classifications {(like habitat type classification) other
environmental factors are associated in an unknown and
unadjustable way (Jones, 1969, pe. 17). The association of
environmental factors to land forﬁ pavrameters, however, is
based on knowledge of ecosystem intetactions and statistical
associationse. As k¥nowledge of ecosystem dynamics increase,
land form parameters can be Adjusted and refined to
incorporate new relationships much more easily than can
synecological classificationse. Future improvements in
mapping natural resources are suggested by refining the land
form parameters used for delineating map units and by
identifying the type and extent ot natural resource
attributes that can be correlated within delineated map

units.
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CHAPTER 7
SUMMARY AND CONCLUSLDNS

The use of hahitat types as a basis for land
classification and mapping was tound difticient in a number
of «wWavsSe. First, disturbhed areas and transitional
environments Were extremely difficult to classify. Second,
placement of boundary lines between units was often
arbitrary because ot the gradual transition of species
representation and distributione. And third, the use of oniy
a few indicator plant species for habitat type
determinations resulted in different environments and plant
communities being classified aAas the same habitat type. Had
the habitat tvpe system incorporatéed a greater numbher of
indicator species and classes, 1t 1is believed that the
relationship between land form and habitat tvype would have
been much stronger.

The wuse of aerial photography for land form
classification and mapping proved highly successful. With
the exception ot slope profile form and a few first order
watershed boundaries, all land torm variables were readily
interpreted and mapped from the photos. Although slope
profile form was easily recognizable, instrument limitations
and mapping scale reduced the ability to adeauately measure

and map slope profile form. All ot the variables, except
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profile form, were considered wvaluable for landscape
classification. But in the future, topographic exposure and
slope angle should be combined to form a single variable, in
addition to their use individually. The ability to derive
land form varliables from photogrammetric digital terrain
models promises to substantially increasé opportunities to
acquire detailed land form information over large Aareas,
while the ability to computerize data analysis should
improve classification and mapping efficiencvy.

The addition of existing vegetation variables to the
land form variahles did not substantially increase habitat
type discrimination or classification results. Fxisting
vegetation variables were, however, significantly associated
with habitat types and by themselves did produce moderately
successftul discrimination of hébitat types, up to T6%
correct classification at the series level,

Improvements in the use of land torm characteristics
for landscape classification are suggested in three areas.
First, the addition ot combined slope angle-topographic
exposure variable and a measure of slope length, such as
unit catchment area, is believed worthwhile. The combined
angle-exposure value would provide an index of solar
insolation received by a landscape unit, while the measure
of slope length could indicate the amount of upslope soil
moisture storage that might be available to a land unit.

Second, the <collection of resource attrihutes should be
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based on a sampling of ground points rather than on a
sampling from map sources, Problems ot line coincidence and
line placement precision on the mans create numerous chances
for error in sampling land form and resource attribute
observations. And third, comparison between 1land form
characteristics and resource attributes should wutilize
attributes which can be precisely measured and determined.
Simple class data (nominal measures) such as hahitat types,
limit the type of statistical procedures that can be applied
to data analysis, thus restricting opportunities for
quantifying relationshipse. To the extent possible, all
variables, including laﬁd formy, should be measured using
continuous scales of measure.

The use of land form characteristics to describe and
delineate Lland units appears to provide a more sensitive
classification of environment than does habitat type. In
addition, because land form can be expressed as measurable
quantities and can be derived trom precisely determined
topographic coordinates, iand form units are easily and
consistently wmapped. The attainment of an acceptable
percentage of correctly classified habitat types from land
form characteristics suggests that close relationships may
also be definable between fand form and other resource
attributes, such as site productivity, soil depth, soil
moisture, etc. The desirability ot using land form for

ecological land classification and stratitication comes not
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only from theoretical acceptability and 1land mapping

advantages, but also because land torm is readily apoplicable
in the field, being based entirely upon visually apparent

teatures of the landscapee.
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APPENDIX 1

HABITAT TYPE NAMES AND ABBREVIATIONS

PSEUDOTSUGA MENZIESII CLIMAX SERIES

PSME/AGSY he.te. Pseudotsuqga menziesii/Agropyron spicatum

PSME/PHYA h.t. Pseudotsuga menziesii/Physocarpus malvaceus
-PHYA phase ~-Physocarpus malvaceus
-CARU ophase -Calamagrostis rubescens

PSHYE/VAGL h.te. Pseudotsuga menziesii/Vaccinium globulare
~-VAGL phase -Vaccinium globulare
- ARUV phase -Arctostaphylos uva-ursi
-XETE phase -Xerophyllum tenax

PSAE/LIRO h.te Pseurdotsuga menziesii/Linnaea borealis
~CARU phase -Calamagrostis rubescens
~-VAGL phase -VYaccinium glcbulare

PSIE/SYAL h.t. Pseudotsuga menziesii/Symphoricarpos albus
-CARU nhase -Calamaqgrostis rubescens

PSHME/CARY h.te. Pseudotsuga menziesii/Calamagrostis rubescens
- AGSP phase : —Agropyron spicatun
-ARUJY phase -Arctostaphylos uva-ursi

PICEA CLIMAX SERIES
PICFA/PHMA heot. Picea/Physocarpus malvaceus
ABIFS GRANDIS CLIMAX SERIES

ABGR/CLUN h.te. Abies grandis/Clintonia uniflora

-CLUN phase -Clintonia uniflora
- ARNU phase -Aralia nudicaulis
-XETE phase ~-Xerophyllum tenax
ABGR/L1IAR0O h.t. Abies grandis/Linnaea borealis
-LIRBO phase -Linnaea borealis
-XETE phase ~-Xerophyllum tenax

THUJA PLICATA CLIMAX SERIES

THPL/CLUN h.t. Thuja plicatasClintonia uniflora

-CLUN phase -Clintonia uniflora
- ARMNU phase -Aralia nudicaulis
~-MEFE phase -Menz iesia ferruginea
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APPENDIX 1~--Continued

HABITAT TYPES AND PHASES

Page 115

ARIES LASIOCARPA CLIMAX SERIES
ABLAJCLUN h.t. Abies lasiocarpasClintonia uniflora
-CLUN phase -Clintonia uniflora
-ARNUY phase -Aralia nudicaulis
-XETE phase -Xerophyllum tenax
-MEFE phase -Menziesia ferruginea
ABLA/VACA h.t. Abies lasiocarpasVaccinium caespitosum
ABLA/CACA h.t, Abies lasiocarpaf/Calamagrostis canadensis
~-CACA phase —-Calamagrostis canadensis
-GATR phase -Galium triflorum
ABLA/LIRD h.t. Abies lasiocarpa/Llnnaea borealis
=-LI80 phase -Linnaea borealis
-¥YETE phase —Xerophyllum tenax
=VASC phase -Vaccinium scoparium
ABLA/MEFE h.t. Abies lasiocarpa/Menziesia ferruginea
-MEFE phase -Menziesia ferruginea
-VASC phase =Vaccinium scoparium
ABRLA/XETE ha.te. Abies lasiocarpa/Xerophyllum tenax
-VAGL phase -Vaccinium globulare
-VASC phase -Vaccinium scoparium
ABLA/VAGL he.t. Abies lasiocarpasVaccinium globulare
ABLA/Z/ALSI h.te. Abies lasiocarva/Alnus sinuata

Upper subalpine h.te.s

ABLA-PIAL/VASC

he Lo

ABLA/LUHI he.te.
-VASC phase
-MEFE phase

Abies lasiocarpa-Pinus albicaulis/Vaccinium

scoparium

Abies lasiocarpa/Luzula hitchcockii
-Vaccinium scoparium
-denziesia ferruginea

Timberline hete.s

PIAL=-ABLA hetes Pinus albicaulis-Abies lasiocarpa
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APPENDIX 2

FREQUENCY DISTRIBUTIONS

RELATIVE ADJUSTED
ABSOLUTE FREQUENCY FRFQUENCY
CATEGORY LABEL FREQUENMCY (PERCENT) (PERCENT)

HABITAT TYPES
SCRFEE
PSHE-AGSP
PSME-PHMA~PHMA
PSME-PHMA-CARU
PSME-VAGL-VAGL
PSME-VAGL-AROV
PSME-VYAGL-XETE
PSME-LIBO-CARYU
PSME~-LIBO~-VAGL
PSME~-CARU~-AGSP
PSME-CARU-ARUY
ABGR-CLUN~-CLUN
ABGR=-CLUN=-ARNU
THPL-CLUN-=-CLUN
THPL-CLUN=-ARNUYU
THPL-CLUN=-MEFE
ABGR-L 180-L1IRO
ABGR-L1RO-XETE
ABLA-CLUN-CLUN
ABLA-CLUN=-ARNYG
ABLA-CLUN-XETE
ABLA-CLUN-MEFFE
ABLA-VACA
ABLA-CACA-CACA
ABLA-CACA-GATR
ABLA-LIBO-LI30
ABLA-LIRO-XETE
ABLA-LIBO-VASC
ABLA-MEFE-MEFE
ABLA-MEFE-VASC
ABLA-XETE-VAGL
ABLA=XETE=VASC
ABL A-VAGL
ABLA-ALSI
ABLASPIAL-VASC
ABLA-LUHI-VASC
ABLA-LUHI-MEFE
PIAL:ABLA

OQut ot range
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APPENDIX 2~-Continued

Vvalid cases 721 Missing cases 1
RELATIVE ADJUSTED
ABSOLUTE FREQUENCY FREQUENCY
CATEGNRY LABEL FREQUENCY (PEKRCENT) (PERCENT)
PROFILE FORM
CONCAVE RVYL=5T73M 36 5.0 5.0
STRAIGHT RVKH573M4 684 94,7/ 94.7
CONVEX RYDS5T3IM 2 0.3 0.3
Totals 722 100.0 100.0
Valid cases 722 Missing cases 0
RELATIVE ADJUSTED
ABSOLUTE FREQUENCY FREGQUENCY
CATEGDRY LABFL FREQUENCY (PERCENT) (PERCENT)
PLAN FORM
CONCAVE RH>=50! 61 Be 4 8. 4
CVE RH==50T0O-500M 137 19.0 149.0
STRAIGHT RHA>S500M 375 519 51.9
CVX RH=50TOS00M 132 18.3 18.3
CONVFX RH<HOM 17 2.4 2.4
Totals 722 100.0 100.0
Valid cases 722 Missing cases 0
RELATIVE ADJUSTED
ABSOLUTE FREQUENCY FREQUENCY
CATEGDRY LABEL FPEQUENCY (PERCENT) (PERCENT)
SLOPE ANGLE
2=5 DFEGREES 42 5.8 5.8
5-10 DEGREES 95 1371 13.7
10-18 DEGREES 322 44. 6 44.6
18-30 DEGREES 202 28.0 28.0
30-49 DEGREES 38 5.3 5«3
45=-70 DEGREES 2 0.3 0.3
Totals 722 1¢60.0 100.0
Valid cases 722 Missling cases 0
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APPEMDIX 2-=Continued

RELATIVE ADJUSTED
ARSOLUTE FREQUENCY FREQUENCY
CATEGRDORY LABEL FREQUENCY (PERCENT) {PERCENT)
TOPO EYPQOSURE
NNE 138 19,1 19.1
NN« 11?2 15.95 15.5
EMNE 83 12.2 12.2
WNW 84 11.6 11.6
FLAT 59 Be 2 8.2
ESE 106 14.7 14.7
SSE 83 11.5 11.5
WS 21 269 2.9
Ssu 31 4.3 4.3
Totals 722 100.0 100.0
valid cases 722 Missing cases 0
RELATIVE ADJUSTED
ABRSNILUTE FREQUENCY FREQUENCY
CATEGDRY LABREL FREQUENCY (PERCENT) (PERCENT)
ELEVATION
3500~ 6 .8 0.8
4000~ 59 - Be 2 8.2
4500~ 94 13.0 13.0
5000°" 128 17.7°1 17.7
5500° 150 20.8 20.8
6000° 159 22.0 22.0
6500° 94 13.0 13.0
7000~ 24 3.3 3.3
7500° 8 1.1 1.1
Totals 722 100.0 100.0
Valid cases 7272 Missing cases 0
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APPENDIX 2=--Continued

RELATIVE ADJUSTED
ABSOLUTE FREAQUENCY FREQUENCY

CATEGORY LABEL FREQUENCY (PERCENT) (PERCFENT)
NATERSHED ORDER
1ST ORDER 27 3.7 3.7
2ND ORDER 239 33.1 33.1
3rRD ORDER 235 32.5 32.5
4TH ORDER 58 8.0 8.0
5TH OPDER 113 1977 15.7
8TH QORDER 50 He 9 6.9
Totals 122 1000 100.0
valid cases 122 Missing cases 0

RELATIVE ADJUSTED
ABSOLUTE FREQUENCY FREQUENCY

CATEGDRY LABEL FREQUENCY (PERCENT) (PERCENT)
TOPO. POSITION

INTERFLUVE 62 B. 6 B.6
HIDSLOPE 5271 13, 0 73.0
TAL¥EG 133 14.4 18.4
Totals 122 100.0 100.0
valid cases T272 Yissing cases 0

RELATIVE ADJUSTED
ABSOLUTE FREQUENCY FREQUENCY

CATEGORY LADEL FREQUENCY (PERCENT) (PEECENT)
RAOCK PRESENCE

HORMAL SUPFACE 686 95 .0 55.0

ROCKY SURFACE 35 S.0 5.0
Totals 122 100.0 100.0
Valid cases 122 Missing cases ]
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APPENDIX 2--Continued

RELATIVE
ABSOLUTE FRENUENCY
CATEGORY LABEL FREQUENCY (PERCENT)
CROWN COVER
€40 % CRDWN CVYR 88 12.2
40-80% CROWN CvVvPp 132 18. 3
>B0% CROWN CVR 280 3B.8
Nut of range 222 20.7
Totals 122 100.0
Valid cases S00 Missing cases
RELATIVE
ABSOLUTE FRERQUENCY
CATEGDORY LAREL FREQUENCY (PEHRCENT)
CROMN DLAMETER
CT” CROWN DIA 158 21.9
T-14" CRPOWN DIA 233 32.3
14" CROWN DIA 109 15.1
Nut of range 222 30.77
Totals 122 100.0
Valid cases 500 Missing cases
RELATIVE
ABSOLUTE FREQUENCY
CATEGDRY LABEL FREQUENCY (PERCENT)
CROWN TEXTURE
2-STORY CROWNS B 1.1
CNDARSE CROWNS 1C1 14. 0
MID-TEX CROWNS 233 32.3
FINE CROWNS 158 21.9
Qut of range 222 30.71
Totals 122 100.0

Yalid cases 500 Missing cases

ADJUSTED
FREQUENCY
(PERCENT)

17.6

26. 4

56.0
Missing

222

ADJUSTED
FREQUENCY
(PERCENT)

31.6

46. 6

21.8
Missing

222

ADJUSTED
FREQUENCY
(PERCENT)

1.6
202
46.6
31.6

Missing
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APPENDIX 2-~Continued

RELATILIVE ADJUSTED
ABSNLUTE FREQUENCY FREQUENCY

CATEGORY LABEL FREQUENCY (PLERCENT) (PERCENT)
PHOTO COLOR

248 (HET STAND) 1 De.1 0.2
254 (VIGAOROUS STAMD) 11 1.5 Z2e 2
254 (LOW VEG) 5 ./ 1.0
255 (GEYNL FDREST) 157 2177 31.1
256 (GENCL FOREST) 312 43, 2 61.8
257 (NLD GROWTH) 19 2.6 3.8
Out of range 217 30.1 Missing
Totals 122 100.0 100.0
Valid cases 505 Missing cases 217
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STANDARDIZED DISCRIMINANT

Protile
Plan
Angle
Erposure
Flevation
w0
Position

Profile
Plan
Angle
Exposurte
Elevation
Wi
Position

vUNC 1

0.01346
-0.,03903
0.10379
0.07219
-0.99923
-0.01210
~0.09264

FUNC S

0.49470
~-0.70986
0.52301

0.21604
0.09077
0.01472

APPENDIX

FUNC 2

-0.17200
-0.50132
-0.25071
-0.09220
-0.01571

0.03306
0.46685

FUNC o

-0.99837
-0.41541
0.26014
0.11099
-0.02994
-0.30314

3

FoNec 3

0.09595
-0.04268
~0.26422
-0.33148
-0.27921
-0.76869
~0.16772

FuUnNc 7

~0.06310
-0.58775
~0.74744
—U0.12692
0.05081
0.71932

-1.09674
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FUNCTION COEFFICIENTS

FUNC 14

-0.10098
-0.12086
0.44139
-0.93225
0.15792
0.35530
-0.0973%



APPENDIX 4

ILLUSTRATIONS OF LAND FORM PARAMETERS

2

PROFILE FORM CONFIGURATION

TOPOGRAPHIC POSITION
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APPENDIX 4-Continued
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v

Notably Concave

PLAN FORM CLASSES PROFILE FORM CLASSES
(12:24,000 scale) (1224,000 scale)

WATERSHED ORDERS
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