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ABSTRACT OF DISSERTATION
WILDLAND CLASSIFICATION WITH MULTIVARIATE ANALYSIS

AND REMOTE SENSING TECHNIQUES

Wildland classification is a prerequisite to many tasks in the
land management planning process. Although a variety of general
wildland classification frameworks have been proposed for the United
States, much work remains to develop detailed-level classification.
This study was conducted in three parts to examine three related
aspects of wildland classification at the detailed level.

The first part of the study was designed to examine the utility
of multivariate analysis techniques in developing an ecologic land
classification for a specific area. The second part of the study was
designed to assess the similarity between two independently developed
classifications for the same area. The third part of the study was
designed to evaluate the use of remote sensing data for identifying
detailed land classification units on the ground.

Vegetation dominance data were collected in 102 sample stands in
the Manitou Experimental Forest, Colorado. The data were analyzed by
an iterative sequence of cluster analysis, canonical ordination,
descriminant analysis, and subjective interpretation to identify
important groupings of the sample stands. Ultimately, nine groups

were defined that represent the major upland plant communities of the
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study area. These plant communities form the basis for defining a
habitat type land classification of the study area.

A second classification was independently developed for the same
sample stands. Cluster analysis was applied to physical environment
data (elevation, aspect, slope, position on slope, and soil
characteristics) to develop this second classification. The two
classifications were then compared to assess their similarities based
on class membership of the individual stands. Although the two
classifications showed some degree of correlation, they differed from
each other in many details.

Digitized aerial photographic data (1:50,000 scale color,
infrared) from the sample stands were analyzed to evaluate the
ability to identify stands representing the habitat type classes from
part one of the study. Discriminant analysis of the remote sensing
data indicated the sample stands could be correctly identified 79
percent of the time. Adding three physical site
variables--elevation, slope, and aspect--to the analysis increased

identification accuracy to 97 percent.

David L. Radloff

Forest and Wood Sciences
Colorado State University
Fort Collins, Colorado 80523
Spring, 1983
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INTRODUCTION

The study described in this dissertation was designed to examine
three hypotheses concerning related aspects of wildland classification.
The first hypothesis states, '"Multivariate analysis techniques can
help develop land classifications efficiently and objectively."
Examination of this hypothesis was restricted to considering only
detailed levels of ecologic land classification. Study of the first
hypothesis was further restricted by selecting the habitat type as
the specific classification framework.

This hypothesis has important implications to wildland management
planning and operations. Although a variety of general land classi-
fications have been proposed, it is still necessary to develop
detailed-level classifications that can be applied to specific
parcels of land. Such detailed classifications provide the framework
for summarizing and interpreting information used in planning for
specific wildland management activities.

The second hypothesis states, "Independently developed ecologic
land classifications will show a high degree of similarity." This
hypothesis was examined empirically by comparing two classifications
for the same area. If this hypothesis is true, it implies that a
single classification framework may adequately serve the needs of a
variety of management applications.

The third hypothesis states, "Computer-assisted analysis of

remote sensing data can be used to identify parcels of land



representing different habitat types." Remote sensing offers potential
savings of time and money during the process of locating and identi-
fying classes of land units in the landscape. This hypothesis is
important because it implies these savings can be realized by applying
remote sensing techniques during the implementation of a habitat type
land classification.

The study was conducted in three parts to test each of the
hypotheses. One set of sample stands representing a variety of
environmentally distinct land units was used in all three parts of
the study. 1In the first part of the study, a combination of cluster
analysis, canonical ordination, and discriminant analysis was applied
to the sample data to develop a classification of plant associations.
This formed the basis for defining a habitat type classification.

In the second part of the study, cluster analysis was used to
develop a second, independent classification for the same sample
stands. This classification was based on physical environment
variables. The two classifications, developed in part one and part
two of the study, were then compared on a stand by stand basis. In
the third part of the study, discriminant analysis was applied to
digitized remote sensing data to evaluate the ability to differentiate
among the habitat types.

The next chapter of this dissertation ("Land Classification")
discusses some concepts and practices of land classification related
to the three hypotheses. The '"Procedures' and "Results" chapters

describe the details of the three sequential parts of the study.



LAND CLASSIFICATION
Overview

Requirements for the intensified, planned management of wildland
resources are creating an increasing need for information about the
resources. It is the purpose of land classification to provide a
framework for systematically organizing this resource information.
Therefore, classification is a prerequisite to many other analytical
steps in the land management planning process.

Land classification is a synthesizing process. It provides a
framework for summarizing information about groups of similar units
of the landscape (Hartigan 1975), reducing many variable individual
units to fewer homogeneous classes. C(lassification permits thinking
about the landscape in conceptual terms rather than in details
(Gilmour 1951) and simplifies data storage and manipulation require-
ments. By defining a small number of homogeneous groups, classifi-
cation facilitates communication and evaluation of land areas in
terms of resource production potential.

Increasing recognition has been given to the fundamental role of
land classification in wildland management in recent years. The
October 1978 issue of the Journal of Forestry is devoted to this
topic. Classification was the subject of one session of the 1978
Integrated Inventories of Renewable Natural Resources Workshop (Lund
and others 1978) and of the 1981 In-Place Resource Inventories Workshop

(Brann et al. 1982). 1In a series of papers concerning management of
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forest and range resources in the western United States, Alexander
(1974), Clary (1975), Jones (1974), Schubert (1974), and Turner and
Paulsen (1976) all indicated the importance of land classification in
helping to apply resource management techniques.

As the demands for wildland resources grow, the need for managing
wildlands from an ecological systems perspective will grow. The need
for land classification systems that can help summarize information
about the variety of interrelated resources can only intensify.

Without such systems, wildland management cannot proceed efficiently.

Approaches to Land Classification

A number of land classifications that have broad applicability
have been in existence for many vears (Table 1). Some are discussed
in a briet review by Bailev et al. (1978). Life zones (Merriam
1898), biotic provinces (Dice 1943), and biomes (Clements and Shelford
1939) represent some of the better known systems. Thornthwaite
(1931) developed a classification based on climatic considerations.
Fenneman (1928) developed a classification based on physiographic
characteristics. More recently, Bailey (1980) has provided an
ecosystem region classification of the United States. Bailey
described each class in terms of its characteristic land-surface
form, climate, vegetation, soils, and fauna. All of these classi-
fications were developed on a very broad scale. They may be appro-
priate for national or regional level planning, but are less useful
for more local planning and activity-level wildland management

decisionmaking.
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Several classification frameworks have been p oposed in recent
years to meet the needs for wildland management at a variety of
organizational levels. All are hierarchic systems that facilitate
aggregating or subdividing information depending on the required
management intensity.

The U.S. Geological Survey uses a land-use and land-cover
classification system designed to be used with data collected bv
remote sensing devices (Anderson et al. 1976). This classification
is based on man-made and natural features. The U.S. Fish and Wildlife
Service has developed a hierarchic classification for wetland areas
of the United States (Cowardin et al. 1979). This classification
applies to surface wetlands as well as deepwater habitats of rivers,
lakes, and coasts.

In Canada, a four-level hierarchic, "biophysical" land classifi-
cation system is being implemented (Gimbargevsky 1978, Jurdant et al.
1975). Classes are delineated on the basis of geologic, geomorphic,
pedologic, climatic, hydrologic, and vegetation characteristics. The
four levels in this classification system are land region, land
district, land system, and lana type. Land type, the fundamental
classification unit, is recognized as being homogeneous with respect
to landform, soils, topography, and drainage, and having a charac-
teristic vegetation succession pattern.

Buttery (1978) and Merkel et al. (1982) have described classi-
fication systems comprised of multiple hierarchies that may meet the
classification needs of multi-resource management agencies. Their
classifications differ from each other in some details but are similar

in overall structure. The classifications of Buttery (1978) and
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Merkel et al. (1982) are called component classifications because
they use distinct, hierarchic classifications for several ecosystem
components. Both classifications identify multiple hierarchies for
vegetation, soil, landform, and water components. [ndividual land
units are defined by combinations of class characteristics from the
different hierarchies.

Each of the hierarchic classitications mentioned above is rather
well defined at the broad class levels. However, the classifications
are not well detined at the more detailed class levels. Within any
of the classification frameworks, much work remains to develop the
classifications of individual, detailed land units.

Huch of the past detailed land classitication has been tunction-
allv oriented to specific, single uses. Timber site index as a means
of site evaluation or classification in timber management 1is an
example. Other functional indexes exist for other wildland resources.
These indexes provide detailed information about the productivity of
specific land units for specific uses. As Jones (1969} indicated in
a review of timber site evaluation methods, the functional indexes
are probably the best indicators of site productivity. However,

Jones (1969) also recognized the need for a broader, ecologic approach
to classifying sites.

A significant problem in detailed land unit classification is
the measurement of values of the various primary environmental factors.
This problem can be reduced or avoided it certain readily evaluated
secondary characteristics provide a good indication of the state of
these factors. Because of its visibility and ability to reflect

environmental conditions, the use of natural vegetation as an indicator
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9e8, 1973). Individual envirommental factors are not necessarily
rdentified; rather, total unique environments are identified as
delineated by the occurrence of discrete plant communities and
Lmportant physiographic tfeatures.

One habitat type comprises all land areas characterized by the
same climax plant association {Daubenmire 1952, 1963, 1978). Related
habitat types can be grouped into broader categories of land units by

various strategies {(Daubenmire 1978, Pfister et al. 1977) to fit into
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e ovariabtion oo adata 1o over dimensions  foan the
‘nal i Les.
2. SLoar toe ot ordue e Tiou : Tl L UL Larme YU
\.‘.V ~ -
sdination Leokal ores didior o Lo naniner of deborminii e
tentacon o the o HMes. e Mmool T Sy Dhie une of o T Cence
“odivicval s oo ack=Foddie o ana Cosir 18T 00 ‘v othis wnroach, e 3
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bl bl Lo Lo Tral. Yo Lo T nCe L vidaals or oalad axio
e oCnosen 10 ooty sigilar Lo Lloso oo Lae fsosuci that toe

1ndividuals are =pre:;d vut s mnch as possibie iu the coordinate
nlane. llore axes may bLe describod U necessary.

Reference-individual ordination iz the criginal ordinatiocn
approach described ‘5 vogetation cualwvsis Ly Bray and Curtis o357

In that study, the v-lationships among a »roup of torest stands in

iisconsin wevre studic § by displaying the stands in a two-dinensiocral
ordination. S7nce the work o @ 5oy and Cuctis (19370, aany svinewniogic
studies huave included the usce or ordination wetficds. Orrness ol oal.

(1974) used reference-individual ordination to assist in the classi-

fication of forest plant communities in the Oregon Cascades.
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ddCnLie=assist o and mannal Lo Tpretation proc . dur oaore
Ptege coeulls are tvpilcal v Lhe corly ooassiols ition s odres
satellite imagery.

Recent sateilite imagery quality, _reprocessing, and analvsis
technigues have greatly improved.  5till only broad lund olooses oo
ldentifiable at usetul Yovels of accoaracy.  Bevant ot L. (19807
pentitied rortwood, wixed  ood, hardoood, water, coen land, and oy
“lasses 1 Mawne.  The three forest Lunes vorc not ora iy il Lo dush-
aole. faublen (19797 Las anle to distinguich =evoral fovest Lo

{vlack spruce, white spruce, balsam i{ir, Lacdwood) sud " e Classes as

well as some forest Lunsect damage <Classes Ln Quebec. The classific o
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chemes oo s oveloped aitor the aghry anidl Sis oL ocnooumise o
sedarabilio o Studving setorest s L0 oy T Hral 1L, Chmaonkare oo

al. 1930} ostinzuirsned <iash ne, sther olnes, cuacalvptus yonn.

shan ieon cors, and o ldor cucae s . Thoewe studies ol omnloved

compnl. "= simted ol asiiTeie e arocedilves o oanalvioe too cioital

a0 o ZoCT
Do SR cempioosdt v L toad s o i L
Avaludce Lo oS icy o carmp e s~ sarsted nandsal mantiine noeac G-

Sadoin Lo oand Acizoaa. U usses of dtavon-ianine o o pasalby
LTIYOn- [ L s on Cipestone. Lt s, ol bl L e R O
STopes wera colineate o TURL SO s San T Lo e O
UOCLVLATens . Lhe cTavan=To gper o an ocasalt o ad o onh o isses 0 2o
deiineatod oo much foger aconsacies oo AR AR

dmes oL YR dndicate compulir-assioond analysis ol

sandsat ot can JlioUinguioh caaong cocut bevel land oLos e as
CLAn, v ooludral, syl o, Orest. cra satheo. ndenbiric tion oo

sore noecibic Class “as 1ess salistactury, aithoush several classes

of aeritontiural, range, gnge/erass, orvush/shrub, wparse, and toreot
ldeciduous, =vergreen coniferous) land were recognized.

These studies all indicate that s.o-i'ite dimagery can be usetnl

for identifving general wildltand classes.  Vhe primarv advant.zs

L2

that large areas can be analvzed at low coocs. the voility of macei=
fite imagerv tor detailed land unit “aentification will increase as
remote sensing satellites with  Thater scene resolving capabilit: s
are deploved.

ireater resolution lor rdentifving ddetailled Tand nnits is provided

bv remote sensing imagery obtained from aiccraft. Large scale aerial
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aotos (el a. . 112,000 or Llarger) have o noused oLt Co

B O
tacerc sy o Tadividuatl tree cyecies tdeller oL o oA, iea T h,
Ldr o and Lo 1573, Jiels o oet al. Y79) . shrups and  rasses
s ol zan 1074, “atson and Clurtha 19770, naoco ST o VIR
amaee CChaetita 70 LS makes fogge oaics N1obtor ooyoontlally
Sl e b g bed Lond ctor LAl oaee ot ses on
et al o0, S Sac calv o T Lvea nocavered s
U B 1 e O I N« U S SR PSS T AR S o 4
sampling procoinre v cscoumal ng quantitatic e Joatures sucl e
LUDEr Coame e b and Lowe o o, o lsen o i w70
i eeneval, a3 aerial photo o le cec rses, "0 Tocoenit’ o o
tor oo tand NGRS Coooes omo e o7 ult. T v, Ulirless, ot
cliasses at o oowels oot Dar auag ment L 2 v oeen et
LLh some suve $3 oo ru s 1 b sueles e vla s 10020 g
AL S A T T In U000, 0 oL L 2 20 rroEc
MEresenls 0 oW wrea of wnoub 1D, 000 Lociares. TLs Luarge e
cuver oomakes wuiarl o s0cae o ocrial photography 2 re asiuvle Lol i%e

idencitving radividual land units over larze arcoas.

ES

iatson and kiliot (1977) mapped a lavge usrea 1n o.storn 1o Lo

using 1:80,000 coler itudrared aerial photos and ground reconnalssance.

fhev recognized 14 orass, shrub, and tree classes.  Gommon nd Car .c

(1979 used color ‘orared photos in scabo. of 1220030 to 11, 00
slong with ground checking to Ldentifyv 13 cverureen, deciduons,
Tocrea Yorest cliasses 1o the Greal Drismal Dnamp o Tlrglinla and
North Carolinn. They were also able te distinguish deciduous sncnh,
evergreen shrub, and grass understories beneacht deciauous canopies on

winter photography. Understory species could not be identitied.

A



Atson and Turiha (10770 f0 nriotied cange and forest cmoct v oo
us e @ combinac on o0 Landsat imagery o o cial photos sl

ceom 1w, 000 o 1o 000, ¢ ruification of vt vequiro d !

100,000 scawe photos or  round .. -1. ication.

Lol IV TOY nned ool 9hotos L n.abes of T, La0 aad T o000
qd color anfroced ohotos o T G 0J0 Lo owap subasn o ooang oy e
Classea b v Lo oand onins ol Lran. Tt T e Lo
Ee U pEeN oL T, LD L dA0 s, dF e Lows, sedue-or s, L ore .

Krummholz, subalpine conttfor hies Tislocarma, "iCcin g soooLrt

Ceoanities, and soic s Lisioc mmad aceiniay Qe DUoea GO o
fhe larzer coales v re nes oCoalisuined ot R e N B
o
T preceding o tadles o0 T avolr ol a0 Lttt ion o
Jetoerapn o omagery. DaD lal ot s COonsSLaeT b o G ek d 0 et
CONTHCT o s Joovhasses oo e s adoon i b 00 i,
AT L nand LounToo. ey wevre oo ol o0 coanldrr scolozical

SACtovs Chat cre oo ealed In o tle oy certaln featuroes wocur Lo réiation
~o one cnothes. Vor example, the five deciduous trees recognized v
vammon and Cacter (L07%) ere corretated witl sur oo waler Loar CLore
tstics. Cypress and Lapelo were tound over standing water, vellow
poplar and beach were associated with dry ground, and maple vocu- ed

on transitional sites. Similarvly, Pfalice (14790 oonnd the three tall
conitor classes could not be distingunished unless topography and
position relative Lo ocher plant communitics Jore considered.

decision rules for Ldentifving vlasses diffecentiated by such
diverse characteristics become quite compiex. & real advantage of

manual interpretation 1s the ability of human interpreters to
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oxist, however, belween multispectral scanner aata (Landsat) uand
color photographic data. oo photograplile imagery, (ie image quo ool
cgo oo b ouniioom throughout a single Joawe or cnong dilbferent oimes

the same pnoto wission.  This can complicate outomated analysis--

cspectally Cignature extension--of aerial Hholos.
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Figure 1.--Sample plot locations in the Manitou Experimental Fore
and immediate vicinity.
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the recorded species were collected and later verified for correct
identification by Charles C. Feddema, USDA Forest Service Herbarium,

Fort Collins, Colorado.

Development of the Vegetation Classification

The field sampling procedure provided detailed information about
the climax vegetation in the study area. These data were analyzed by
a variety of multivariate analysis techniques to develop a classifica-
tion of the plant communities in the study area. Cluster analysis
was used to form initial groups of the 102 sample plots. Discriminant
analysis and canonical ordination were used to revise and refine the
groups. Ultimately a sequence of iterations involving all three
techniques and subjective interpretation of the data was used to
develop the plant community classification. The iterative process 1is
described in detail in the "Results'" section. The plant community
classification formed the basis for a habitat type classification of

the study area.

Comparison of Independent Classifications
A second classification of the sample stands was developed using

physical environment variables. Only environmental variables that
could be measured on U.S. Geological Survey topographic maps, or
determined from the available soil map and descriptions, were used

for developing this classification. The variables are elevation,
aspect, slope, position on slope, minimum average solum depth, maximum
average solum depth, degree of soil structure development, subsoil

permeability, and soil moisture storage capacity.



Aspect was coded numerically as shown below (after Volland

1974):
Number code Aspect azimuth (degrees)
2 202.5
4 180 or 225

5 157.5 or 247.5
6 135 or 270

8 112.5 or 292.5
10 90 or 315
11 67.5 or 337.5
12 45 or 360
14 22.5

These codes give high values to cool, moist aspects, and low values
to warm, dry aspects.

Position on slope was coded as follows:

Number code Position
1 Ridge top
2 Valley side
3 Terrace slope
4 Valley bottom.

So1l characteristic codes were subjectively interpreted from
narrative soil descriptions. [t was not possible to identify the
soll category on some of the stands outside the core study area.
Therefore, only 93 stands were used in the classification based on

physical environment characters.

Remote Sensing Data Analysis
The identifiability of plant communities on remote sensing
imagery was tested using discriminant analvsis of digitized photographic
data. Imagery used was produced by National Aeronautics and Space
Administration during aerial photographic mission 205, June 14, 1972,
using color infrared positive (i.e., transparency) film. Frame

3-61-068 was selected for this analysis because it includes the
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entire core study area. Photoscale of the image is approximately
1:51,000.

The central 80 percent of frame 3-61-068 was digitized using an
image analysis system comprising a Spatial Data "EyeCom’ image scanner
and a Data General "Eclipse' mini computer. The svstem was adjusted
so each individual digitized element represented approximately 21 m
on the ground. Three color filters were used in sequence during the
digitizing process to separate the photographic information into
three spectral regions. The filters correspond to film emulsions and

original scene characteristics as shown below (Murtha 1977):

Filter Transmission Film Scene
wavelength laver reflectance

Red 600 nm Cyan [nfared

Green 546 um Magenta Red

Blue 435 nm Yellow Green

The central 50 percent of the frame contained 62 of the original
study plots. These plots were examined visually on the digitized
image as projected on a television monitor. Thirty-eight plots were
large and distinct enough to permit positive identification of their
boundaries on the projected image. These plots represented nine

plant communities. However, three communities (Pinus contorta,

Populus tremuloides, and Festuca arizonica/Muhlenbergia montana)

included only one or two plots. Therefore, only six plant communities
comprising 33 plots were used in the subsequent analysis.

Analysis software installed on the Data General mini computer
was used to measure spectral characteristics of the images of the 33
plots. Mean and standard deviation of light transmission through the

film were computed for each plot. This resulted in six spectral
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variables (one mean and one standard deviation for each filter) to
test for their ability to identify the various plant communities.

The six groups (plant communities) were subjected to discriminant
analysis to determine how well they could be distinguished on the
basis of the six spectral variables. A variety of analyses were

performed using various combinations of variables.



RESULTS
’lant Communitv Classification

The L02 stands sampled in the study area were analyzed by a
hierarchic clustering technique to help determine the major groups.
The purpose was to assist Ln defining plant communities that were
represented in the sample. A total of 124 shrub, grass, and forb
taxa were used to measure inter-stand similarities. In addition,
basal area of six tree species, uand cover of lichens. moss, litter,
bare substrate, and bedrock were used 1in the similarity coetficient
calculations. Thirty-six herbaceous species that occurred on onl.
one or two plots with canopy coverage of only 1 percent were eliminated
from the analysis.

In calculating Gower's similarity coefficient, two important
parameters must be specified. These are the ranging tactor and the
weight for each variable. Selection of the values ror these parameters
can signiticantly atffect the outcome of the cluster analysis.

No prior assumptions were made about relative importance of
species for determining groups of stands. In order to give equal
consideration ta different vegetation layers, weighting factors were
used to compensate for different numbers of species (variables) in
major growth-form groups. Without such weighting, the most numerous
tvpe of variable would exert the greatest influence on the cluster
analysis. Forbs were the most numerous in terms of species measured;

shrubs and graminoids were next most numerous, and trees were by far



the least numerous. Weights of Y for trees, 3 for graminoids and
shrubs, and 1 for forbs were used to ecqualize these differences.

These weights were

™
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caretful lv.

measure r aen the
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differences among

A dendrogram
strategy is shown
dendrogram 1s the

danv highly individual stands are highlighted.

selected after testing a variety of combinations

seiected weights approximately equalize the sampy .

and herbs; tree data were slightly under-weighted to
group from completely controlling the rosults ¢ @

for calculating ranging tactors must also be salectad
character has a maximum impact upon the similuari w

characters are normalized (ranged) to their rcencctive

Strictiv, this is the definition of

This approach stronglyv emphasizes even
stands.

ot the sample stands resulting ftrom such a ranging

in Figure 3. The significant feature of this
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general lack of well defined clusters ot stanas.

This result is typrcal

of an analysis where each variable is scaled over its maximum range.

Such an analysis
because no major

The problem

has limited use for delineating plant communities
groups are evident.

represented by the dendrogram in Figure 3 Ls that

slight differences In coverage of a given species are accentuated

during the cluster analysis.

This condition can be alleviated if

canopy coverage (basal area for trees) is normalized over the maximum

range for all plant species of similar growth form.

Theretore, Gower

similarities were calculated with ranging fractors based on the maximum

group ranges for

trees, shrubs, graminoids, and forbs. Cluster
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analysis results using this ranging strategy are shown in Figure 4.
This dendrogram tends to emphasize similarities rather than individual
stand differences. Major clusters are evident, and a plant community
group structure 1s quite pronounced.

lost users of numerical taxonomy techniques indicate that clusters
should all be defined at the same level of similarity in a dendrogram.
This approach may result in several to manv single-stand groups
merely resulting from different sampling intensities of major groups.
Furthermore, some groups may be naturally more heterogeneous than
other groups. For example, groups B and E (Figure 4) each represent
a plant community defined by a common dominant vegetation layer.
Communities defined at this level are called series by Pfister et al.

(1977). Group B represents the Populus tremuloides series, and group

E represents the Pinus contorta series as sampled in this study.

Similarity values in the dendrogram, however, show that group B is
considerably more diverse than group E.

Where the dendrogram from a cluster analysis is to be the end
product of a classification study, it is probably most appropriate to
follow the rule of designating all classes at the same similarity
level. However, where the cluster analysis is used to identify
tentative clusters that will be subject to further analysis, it seems
appropriate to recognize clusters at different levels of the dendrogram
hierarchy. This approach was used in enhancing Figure 4 to highlight
a fairly evident major group structure. In general, these groups
correspond with major plant communities that are readily identified
in the ftield. Thirteen groups are recognized (group I contains only

one stand).
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The 13 groups from Figure 4 were used as a preliminary grouping
to form an association table (Table 2) of the 102 stands. Examination
of the association table shows the variables that are important for
defining the internal homogeneity of a group and for distinguishing
among groups. Table 2 shows the 102 stands and those variables that
had high constancy for at least one of the 13 groups. This reduction
in the number of variables was necessary because of limitations in
the computer program used for subsequent discriminant analysis of the
data. In addition, the reduced size facilitates visual interpretation
of the association table.

Altheugh the association table reasonably portrays the major
differences among the groups, discriminant analysis (Marriott 1974)
was used to quantitatively test the separability of the groups. A
step-wise discriminant analysis (Dixon 1974) of the 13 groups was
executed using 73 variables. The tree data were not used in this
particular analysis in order to examine some of the more subtle
differences among the groups. After 25 steps, 23 variables were
included in the discriminant functions. Table 3 is a summary of the
steps of this analysis. Variables are entered (or removed) singly in
order of their ability to discriminate among the groups. The dis-
criminating power of each variable is reflected by the value of the
F-statistic. The discriminant functions using these 23 variables
identified the group membership of the 102 stands with 89 percent
accuracy as shown in Table 4.

Additional insight into the separability of the groups is provided
by the F-statistic table showing the separability between each pair

of groups (Table 5). One feature of Table 5 is the very strong
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Table 3.--Summary of stepwise discriminant analysis of 102 stands in

48

13 groups

Step
number Variable entered Variable removed
1 Potentilla fruticosa

2 Cercocarpus montanus

3 Festuca thurberi

4 Bromus anomalus

5 Potentilla gracilis

6 Fragaria ovalis

7 Bedrock

8 Moss

9 Festuca arizonica

10 Arenaria fendleri

11 Saxifraga bronchialis

12 Bare Soil

13 Smilacina stellata

14 Jamesia americana

15 Juniperus communis

16 Arctostaphylas uva-ursi

17 Blepharoneuron tricholepis
18 Taraxacum officinale

19 Solidago decumbens
20 Epilobium angustifolium

21 o Smilacina stellata
22 Pseudocymopteris montanus
23 Cryptantha thyrsiflora
24 Stipa scribneri
25 Bouteloua gracilis

F-value
7.9
37.2
32.9
22.1
54.9
28.8
17.1
15.1
12.6
13.3

9.7
7.7
6.7
5.6
5.0
5.7
4.3
5.2
4.0
4.0
0.9
4.5
3.5
4.2
4.5
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Table 4.--Stand identification accuracy. Values in table represent
number of stands

Group membership of stands as
determined by discriminant functions

A B C D E F G H I J K L M

True

group F 3

member-

ship G 3 1 15 1

M 1 13
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Table 5.--Group pair-wise F-values (23 and 67 degrees of freedom) for

the 13 groups of 102 stands.
not significant the 0.90 probability level

58.2

>100

~J
(o2

31.9
49.9

11.8

14.2

35.2

25.1

»>100

48.2

42.5

(]

>100

Mo

19.

(9]

(O]

O

~.J
.r,

>100

>100

>100

>100

>100

>100

>100

~100

>100

E
3.9
1.1% 3
38.3 22
6.8 7
13.5 9
3.0 4
2.9 5
2.9 4.

16.

26.

49.

44 .

o

9

.8

4.6

5

7.

.5

7

Values marked by asterisks () are

8.5

14.6 1.8%

12.0 4.0 6.1
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difference between group D ud ail other groups, as shown by F-values

much larger than all others. This separation is seen graphically in
Figure 5 which is a canonical ordination of the group means. Group D

is comprised otf three stands dominated by Potentilla fruticosa and

Festuca thurberi (Table 2). The uniqueness of this group overshadowed

all other inter-group differences in this discriminant analysis. The
first canonical axis of Figure 5 essentially distinguishes only
between group D and the aggregate of all other groups. This axis
accounts for 99.5 percent of the variation in the data. Comparison
of the species list in Table 2 with Table 2 shows that four of the
first five variables iacluded in the discriminant functions serve
mainly to distinguish group U trom the other 12 groups.

Table 5 also Jdemonstrates that several pairs of clusters are
quite similar to cach other. In fact, six pairs are not distinguish-
able at the 0.90 probability level. The undistinguishable groups
are: € with E; E with G; C with G; € with K; € with L; and L with X.

Groups C and E are characterized by several common understory
species (Table 2). They are, however, readily separated on the basis
of different tree dominants. The situation is similar for pairs E/G
and C/G. Had tree dominance data been included in this discriminant
analysis, these groups would have been better discriminated. This
was done in a later step in the analysis.

Groups €, K, and L all have several important species in common.
Groups C and L are characterized by different climax dominant tree
species; Group K is intermediate between the other two. This relation-
ship 1s readily observed in Figure 6 which is a canonical ordination

of the seven least distinct groups as determined by a series of prior
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Figure 5.--Canonical ordination of the 13 groups of 102 stands.
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Figure 6.--Canonical ordination of the seven least distinct groups.
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discriminant analyses. Tree dominance data were inciuded in this
analysis. Table 6 is a summary of the most important variables for
discriminating these seven groups. Discriminant functions calculated
with the 15 listed variables correctly identified all individual
stands in these groups (Table 7). The matrix of F-values (Table 8)
shows significant F-values for all pairs of groups.

It is possible to attach tentative, general names to the groups

at this time: group B, Populus tremuloides; D, Potentilla fruticosa;

H, Festuca arizonica/Muhlenbergia montana; A, Cercocarpus montanus:

F, Pinus ponderosa/shrub; G, Pinus ponderosa/grass; M, Pinus

ponderosa/Pseudotsuga menziesii; I, Pseudotsuga menziesii/forb; L,

Pseudotsuga menziesii/forb; J, Pseudotsuga menziesii/shrub; K,

Pseudotsuga menziesii/Picea engeimannii; C, Picea engelmannii; E,

Pinus contorta.

-

The three large groups (G, L, M) comprise over 50 percent of the

total sample for this study. They are dominanted by either Pinus

ponderosa, Pseudotsuga menziesii, or a combination of these two

species. With respect to aerial extent, such stands are by far the
most important types in the study area. Therefore, it was decided to
further analyze plots that were dominated by either of these two tree
species. The 62 stands in groups F, G, I, J, L, and M are included
in this category.

These 62 stands were again subjected to a cluster analysis. The
reduced variable set (Table 2) was used for this analysis. The
variables were normalized over the growth-form group ranges expressed
for the 62 stands. Because the data reduction changed the proportions,

trees were weighted three times and shrubs twice. Results are shown
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Table ©.--Summarv of stepwise discriminant analysis of the seven least
distinct groups (C, E, G, J, K, L, and 1)

Step
number Variable entered '-value
1 Zicea engelmannii 421.1
2 Pinus contorta 109.7
3 Useudotsuga menziesii 77.4
4 Bedrock 33.6
) Bare soil 18.9
o Pinus pondero: 7.0
7 Jomesia americana 7.2
8 Bouteloua curtipendula 5.0
4 Vaccinuim myrtillus 5.2
10 Moss 4.6
11 Pyrola chlorantha 3.2
12 Geranium richardsonii 3.3
13 Solidago decumbens 3.7
14 Stipa scribneri 2.4

ro
(o8]

15 Erigonum alatum




fable 7.--5u nd identitfication accaracy. Vaiues in c.ole renr sent
mumber ot stands

roup membership of stands as
ctermined by discriminant anasvsis

i B G ; Ry N ‘

True
21OUn G 20
member-
ship J 3

K 3

L 15

I 14
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fa tue dendroorcam ot FFoare 7.0 Might major ccoups o cre Vo0 Gie oo
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(I O TS G S B IR 4 “Lissi 1. ucion based solel: cn o orvallon ol
e a2 Flobl U ure 7). However, H1ontoads o nol ooree oo
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U O S SR R L1 S TR a4 Gne-menber - ol Vil Lo U000 oZram, L Jas
dedeted Locaus.s L. ostudy ool Tecluded dart of o Jorest stana and
sart of o adjiacent crass deminated soand. JP 00 romaining stan

re Ublsstered, ceosulting nooie oord ocram in Fooure A, (i
dendrogro 1ols Verv SimoLar Lo that ol Mlance 7. L2 1 0t w“roups
vogatr, o caducoa set ol vaciabl oo is cctermined o oabte Y o
‘pcludes mainlv arse tnat are rvel civelv - nstant 0 at least s of
the groups. & discriminant analvsis using this reduced d.c
poved S ae groups Lo o hiehly soparable (Lwnle 10}, The oovre sponding

“monical ordinatien “ppears n iqure Y. Jhree groups, A, o, nd D

stand .0/t rom the others. The stands reprosonting thesec . -oups

[

are all characterized by Pinus ponderosa over coryv with Cercocarpus

montanus and Rhus trilobata (one exception) {ormin; a shrub river in

the understory. Turthermore, these plots ail cccurred n s:dimentary
substrates. Therefore, :roups A, B, and U were combined into a new
croup, A
The two plots in g¢roup G are similar to those of egroup H except
b= : i

>

for a higher canopy coverage ol Cercocarpus montanus. Becuause the

physical settings for the two group are wuch «iike, these were j ined

to form a new group, G~
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Table 10.--Group pair-wise F-values (17 and 26 degrees of freedom)
tor the eight Pinus ponderosa- or Pseudotsuga menziesii-dominated
groups. All values are significant at the 0.99 probability level

A B C D E F G
B >1000
C ~1000 366.

D >1000 >1000 >1000

E >1000 320. 12.5 >1000
F >1000 375. 6.4 >1000 9.6
G >1000 193. 36.7 >1000 34.6 39.9

H >1000 390. 8.8 >1000 13.9 11.1 31.1
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Groups C, E, and F were retained as shown in Figure 8. This new
structure of five groups is shown in the association table of Table 11.
The five groups are well differentiated by the pattern of variables
in the table. This separability was confirmed by discriminant analysis.
Discriminant function scores correctly placed all of the stands
within their respective groups. F-values to evaluate pair-wise
separabilities were all significant (Table 12).

The species associated with these five well defined groups were
compared with the species coverage values for the 12 deleted stands
to determine the best group membership for each deleted stand. The
results are shown in Table 13.

Three of the 12 stands (23, 67, and 100) do not obviously belong
with any one group. Indeed, it was this situation that first caused
their initial classification to be questioned. This situation is not
unusual (Grigg 1965), and it should not be construed to unduly detract
from the classification process. More remarkable than the existence
of marginal stands is the well defined, homogeneous character of the

groups themselves.

Major Plant Communities
The combination of cluster analysis, discriminant analysis,

canonical ordination, and subjective interpretation enabled delineation
of one grassland, two shrubland, and five forest plant associations.

In addition, three forest communities were identified at a broader
level (the series level of Pfister et al. 1977). Sampling in these
three (series level) communities was not sufficient for the analysis

to delineate associations, but some suggestions are made concerning

more detailed divisions.
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Table 12.--Group pair-wise F-values (22 and 24 degrees of freedom)
for the final five groups of Pinus ponderosa- or Pseudotsuga
menziesii-dominated stands

C >100

E >100 46.

]

>100 11. 37.

op]

>100 13. 49. 21.



Table 13.--1dentification of the 12 deleted stands

stand number

re

(%)
I~

[Wal

100

21

&5

94

Assigned to group

=

Based on dominance values

Pinus ponderosa
Festuca arizonica
Pinus ponderosa

Rhus trilobata
Hymonoxys acaulis
Pinus ponderosa
Cercocarpus montanus
Rhus trilobata

Pinus ponderosa
Cercocarpus montanus
Rhus trilobata

Pinus nonderosa
Pseudotsuga menziesii
Cercocarpus montanus
HMuhlenbergia montana
Bare soil

Pseudotsuga menziesii
Clematis pseudoalpina
Saxifraga bronchialis
Senecio werneriaefolius
Pseudotsuga menziesii
Jamesia americana
Pseudotsuga menziesii
Pinus ponderosa
Muhlenbergia montana
Bare soil

Pseudotsuga menziesii
Jamesia americana
Pseudotsuga menziesii
Jamesia americana
Pseudotsuga menziesii
Pinus ponderosa
Juniperus communis
Festuca arizonica
Penstemon virens
Potentilla pensylvanica

Pseudotsuga menziesii
Pinus ponderosa
Juniperus communis
Potentilla pensylvanica

Bare soil
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estuca gflzonica/ggglgHESESEE montana association

cur stands cepresenting this grass-dominated community were
sampled. Lo general, grasslands in the study area tend to be highiy
disturbed areas due to past agricultural practices, recent range
wprovement uattempts, and grazing by cattle. Two stands sampled are

« renings within the area of the Pinus ponderosa/Festuca arizonica

community; the other two stands are in undisturbed exclosures within
retatively large nonforested areas. All four stands tend to have
generally similar vegetation, however.

F )

Festuca arizonica, ‘luhlenbereia montana, cCarex sp., and \ut-nonaria

parvitolia were present on all plots. Coverage of Carex sp., Festiuca

arizonica, ana Muhlenbergia montuna was greater on these areas than

in the Pinus ponderosa/lestuca arizonica community. Artemesia fr.<=ida

was the onlyv shrub found, occurring on three of the plots.

Andropogon scoparius and Bienharonecuron tricholepis were round

in both forest opening stands. ‘luhlenbergia montana coverage was

also higher in these stands compared to the undisturbed, grazing

exclosures.

One grassland stand was sampled that it is similar to the pre-
ceding community except for its very high canopy coverage of Danthonia
parcryi. The presence of this species gives a very different appearance
to this community. The sample stand is located on a gently sloping
southerly exposure. Although this appears to he a distinct community,
it was not named as an association because it was only found in one

location.
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Pinus ponderosa/l'estuca arizonica association

7

‘he major c¢limax forest community that develops on alluvial
flats and lower slopes is dominated by a canopy of Pinus ponderosa.

I'estuca arizonica, !luhlenbergia montana, and Carex spp. are the mest

constant graminoids associated with this community. Koeleria cristata

was present on 50 percent of the stands sampled. The only forb

occurring with high constancy is Geranium parrvyi, although Mertensia

lanceolata, Penstemon virens, Potentilia pensvlvanica, Anemone d>atens,

and Senecio tfendleri may be present. Shrubs plav a minor role in

this community. Arctostaphvlos uva-ursi, Juniperus communis, and

Rosa sp. are the three shrubs most likely to be found.
In general, this association is characterized by very low total
plant canopy coverage in the understory. Evervywhere, the litter

cover {pine needles) is nearly complete.

Reproduction of Pinus ponderosa in stands with a closed overstory

is e=ssentially non-existent. The characteristic episodic regeneration
in open spaces within stands 1s found here. These open spaces are
grass-dominated stands within a matrix of pine forest. Herbaceous
production is dramatically increased in these open areas, and estab-

lishment of pine regeneration is slow. Pinus ponderosa individuals

approximately 4 decimeters in height found in these areas may be 15

or more years old.

Pinus ponderosa/Cercocarpus montanus--Rhus trilobata association

A second well defined community dominated by Pinus ponderosa is

found on the gently sloping sedimentary formations and valley sides

at elevations higher than the Pinus ponderosa/Festuca arizonica

association. This community is characterized by a shrub union



conslioing of o-rcoca ous wmontanus and Rhus tril oata n ovarving

nronart’ .. hese Lwo species appear to occupy equivalent positions

4 the cowaunity; cither species may be present without the other.

¢t oswonds sampied that represent this community, combined

@0V Ccoverage of Lile " siirubs ranged from 2 vmercent to 30 percant.

lmportant graminoids included in this community are N\ ropvron

ibicuns, -ndropegon scenarius, Carex sp., and “luhli nbereia wmontana.

Boutcioua curtipendula was found on tihree oslots. v stuca acizonic -,

an 1mportant component of the preceding communities, was found on

snlv twoe oi the Pinus ponderosa/C reocarpus wontanus--rRhus trilobata

plots. The forb Hvmenoxvs acaulis was present in all eight stands:

farcensta 'arc oldta eacin Ln tour.

in some parts of the study area, the Finus ponderosa density

been consideribly reduced in

f_se stands. This change may e brougnt

abont by logging, ire,  ascct lewestation, or other, patural canses.

Crocrently, toe change is being affected in many stands by action of

A%

L mountain pine heetle (Dendroctonus pondercsae). Where the tree

canopv is thinned, the shrub density increases, as, [or example, in

stand number 3. Ultimately, the torest canopy may be eliminated

entirelv; the result is a long-lived, relatively dense, shrub-dominated

stand.

sercocarpus montanus/Muhlenbergia montana

association

Stands representing this community lack & tree overstory. The

comnunity occurs on generally south facing valley sides. The sites

that were sampled, however, are not apparently different from adjacent

sites that do support Pinus ponderosa. The continued absence of
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1 the Cercocarpus montanus/Muhlenbergia mont-na sites appedrs

to be the result of competition and periodic removal ot the tree

‘h2 dominant feature of these stands is a tall shrub union ot

( :rcocuarpus montanus and, Lun some cases, Rhus trilibata. The small

<firubs, Artemesi. trigida  d Tucca clauca are signi.icant components

in some ot these stands. Kibes cereum (s also occasionally pnresent.

Juhle-“¢ --ic -ontana, Boutelou: gr:cilis, “ir v 1 scribneri, and

Carex sp. are the most constant graminoids representative of this

community. Scutellaria brattonii i the enly characteristic forp.

fack of a forest canopy results 1n a low total canopy coverage.
[herefore. =stands of this association are characterized by generally
less litter cover Lhan the previously described communities. Exposed

soil is correspondingly nigher, ranging from 7 percent to 58 percent

o1 the tot -1 surfice ares

inus ponderosa---seudotsuia menzicsit/"luhlenberyia montana association

l.arge areas of the study area support an open torest community

in which neither Pinus ponderosa nor Pseudotsuga menziesii clearly

expresses dominance. Either species appears able to reproduce 1in tnae
spen community, although both do so rather poorly. This community

might be considered ecotonal between the Pseudotsuga menziesii com-

munities of more mesic sites and higher elevations and the Pinus

ponderosa communities of lower elevation areas. However, the Pinus

ponderosa--Preudotsuga menziesii/tluhlenbergia montana community is so

well expresscd over a large area that it seems to warrunt recognition

4s 4 distinct nrant association. This community 15 tound on moderate
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Lo very siween scutherly slopes at elevations hiigher than ihe previous
CWLE Il @0 s commuuities.,

Sowveral  acups o cabher cagracteristic ol thic community;

Cnese Liciude Artemesd ‘cisida. Cercoacarnus mon®anus  und LJbes
teea slauca was found oa nali ot the plots.  Lacex spp. ol
cubhlenb roin wontana cre the most .onstaut oraminoids. S melca
€1 wnica cccursed vy o7 ercent of Uhe srabus sawpled. Ui owonae
cepresentative forbs are AT imm oo, Lorantin coarrTi, o onstomos
virens, ieterci’la nmon.vivanica, ‘cum stenopetalum, Soned R

and Smilacira stellata. 3 compir Le round cover oi lictor —as o0C

found 'n anv o the stands. o posad ‘soil” (4 surt.cc ver
gruss ) canged from Y percent to % cercent of the oo ST v

area.

feudolsuga wenzieosii/Clenac™ s s ol tpina association

4ostands repressoting {his communitv, v wdobt.ouga mn7iesil Do

Leariv e climax dominant. .o =cral specisg, Uinds nonderosa and

Popuius tremulotdes, are often present in these stands. [n addition,

Pinus contorta. Pinus tlexilis, and Picra -negelmannii occasionally

occur within this communitv. Ground cover--a combpinaticn of litter,
lichens, and mosses--1is nearlv complete in the stands representing

this community. This community occurs on north facing slopes at low
elevations and on all exposures except south slopes at higher elevations.

The characteristic understory vegetation of the Psoandotsuga

menziesii/Clematis pseudoalpina community comprises a croup of torbs
ihat mav be present in varving combinations. important ooecles Lo

titis Clematis union are Clematis nseudoalpina, Fruvaria americana,

Fragaria ovalis, Saxitcaga bronchialis, “rnecio werneriaeiolius,




lhal“ctrum fendlcri and Valeriana edulis. Carvex spp. and Calumagr stis

OuUrpurasc 1s are t. 2 onlyv graminoids that are r ouliriy assocrated

with this association.

Zosa sp. and Juniverus communis are the two shrubs that cccurred

with high constancv. fther shrubs that were ftound in some sampie

stands are Arctostoohvlios nva-ursi, Phvsocarpus morcevnus, Ribes

cereum, and S nnhoricacnos albus.,

Pseudotsuga men~iecii/Jamesia ame -icana associatlion

This 1s the onlv other piant community in the studv area 1n

which Psendotsuwa menziesii is the ciimax overstory. {t is simil.r

in general appearance tao Lhe Proudotsuea menziesii/Clematis pseudH. Ilpina

associatlion; the understory consists ot species of the Clematis union
discussed above. The differentiating feature s the characteristic
presence otf the shrub Jamesia omeric.na. This species may occur
sparingl!y, or it mav have a canopy coverage ot np to 25 percent. f{a

some areas, the two Pseudotsuga menziesil associations are difficult

to discriminate. !owever, the Pseudotsupa menziesii/Jamesia americana

association generally occurs on steeper slopes with aumerous rock

outcrops.

Picea engelmannii communities

Picea engelmannii and Picea pungens are found in the study area

mainly in narrow stands along streams and some lower valley slopes.
Only two stands were sampled in which the present forest canopy 1is

dominated solelv by Picea eugelmannii. These two stands differ

considerably from each other in their nnderstory vegetation.



h
Jne stand nas o« very depauperate undert tory, with Liae I ep. 0
ot fichens and mosses. This appears to be somewnhat - .ailer @ 0.

Wbles Tasrocarma/Carcex zeyeri community in southern " voming (1

ind Alexander 1975) and corresponds with the . sccon eng -lwmannii/ o,
comnie i Arizona and  cw oelexico (Molr sod Ludwig 0790

fhe wti.r stand has a yather vich unders_orv dominated by t
small shrub, .icciniom wortifous. . vacicty o othor shrubs arce
oresent including v"ip rus COMMUNY S, . 08d ., i Ti”EE?£§ irecrac
“orbs ‘-clude O decttheont ulchellum.  oilobiim sngusti_osliom, & - o

spp.. fvinin porceal

, Gerendum vicnc dsonii, 1 crorvs chlorantha,

Lo

Yaleriana odulis. This stand i3 vecy voilac in general appear oo

v the "hi-g

“sloc . rma, accinilum scovacium {(Wirsing and Alexan

Py Hoice and luar g T HDENNLYe o 4

(Y

Voand e nelmannii/V oot v oscooparinm (ol

and MNMexander |76 communities throughout tine Jecwr Jloantatos. It
oo el oo cediatum mvrtcidlas oand Vaecoir iy scoparita are

L

rseofoglcally coulvalent species, so this stand actually represents

the Picea cngelmannii/Vacclnium scoparium associatlon.

& ature characterized by the =tands dis

ussed g ove 1s tiie

complete absence ot Abies lasiocarpa trom the study area flora. This

may be attributed either to lack ol a4 seed source or to the fact that

conditions amenable to the growth of Abies lisiocarpa siuuply do ot

yecur in the area studied. Indeed, it iz onl ~ in the very cuol,
moist vallev bottoms or some north sioping hillsides that L wvoral

conditions are found for the growth of Pivea engelmannii. la o ~-w

;%

isolated sites within the study area, conditions seem to just bar .y



aecome lavorable for t.e development of tvpical ".ubaivine” plant
communities.
Two other sample plots warrant discussion in this section.

these two stands were located on ecotones between the respective

uplind < rilots e menzioc 11 communitiecs and vali:y bottom Picea
communities. v rstorics in these stands tere miztures ot Pseudeotsuga
menzicsil, | irea oncedmanric, and Pice~ pungens. Tiese stands we -e

most similar te the other ¢ a ent~Lanu L stands.

Pinqi vontorta communities

“ine stands were examined Ln detail that nad Pinus contort .

overstories and that sxhibited neo trend to develop Luto stands
deminated bv  nv other s iecies. The only other tree consgistently

Found  is Uooulus tremuloides.

Zinus conto: ta was Lhe cnly snccess-

‘ully reproducing free s ecies in the ar:as where these sample stands
were located.

Throughout much of its range, Pinus rontorta 1s a seral species.
However, in the Front Range of the Rocky MMountains in Colorado (Moir
1969) and north into Wyoming and Montana (Hotffman and Alexander 1976,
1980; Pfister et al. 1977), this trec is recognized as a climax
dominant in a zone between the montane and subalpine forest zones.

[t has already been indicated that subalpine conditions are just
barely achieved in local areas in the study area. Therefore, it 1is
reasonable to expect much of the upper Rampart Range to be representa-
tive of this intermediate torest zone. The stands representing this
communitv were all located in the upper elevations ol the study area

along the Rampart Range crest.
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Finus cuntorta deminated stands can be separated into o

eroups. "he rirst group is characterized by a ver— irse unders _ory
ot Lichi ns. mosses, and a few nerbaceous species. I'he most consc- : ous

component s often Arctestaphvles uva-ursi, which achieved canopy

coveraee of up Lo four percent in the sampled stands. Juniperus

communis and kosa

U
(&)
T
i
w

also present in some stands., 115 = - )
corresponds with the Piaus QQQEQEEE/%EE}OAFEPpV[P: uva-ursi assoc.ition
tescribed by Hofiman and Alexander (19767.

The second Pinus contorta group is distinguished by a laver of

hccinium mvrtil‘gg that gzives the community 1ts characteristcic

appearance. OUther shrubs ound "+ some o these stands ave

~rotostanhvlos uva-ursil, anine vos copmunis. and Ro<o o sp. Thlw

community is probably ccologicallwv o~ juivalent o Lie 1 us

contorta/Vacclarum sconartim dassoclation of Wirsing and Alexander

{1973), Hoffman and Mlexaiuer (14976), and Mister ec ai. (19777,

oulus Lremuloides communities

[
o=
jou]

the study area, Populus tremuloides stands generally are

tound in rather specialized mesic habitats that are quite small in

area. Althougn they are small, these stands occur quite frequentivy,

scattered along the Rampart Range and in the areas to the west of the
1

core study area. FEight stands were examined that were dominated tv

Ponpulus tremuloides and did not show strong evidence of succession to

some other vegetation.

The initial cluster analysis showed the Populus tremuloides

group to be the most heterogencous of all the forest communities
studied. The small sample size thus does not permit the recognition

of well defined plant communities at the association level.



T

ollecti.=lv, (Lo Pc~ulus tremuloides stands are characterized

by dense understories of a rich mixture of species. e Most U morn

shirubs are Arctoistavhvlos uva-ursi, Juniperus communis, Potentiiia

mticosa. and Rosa spp. JAmong Lhe graminoids, ..oropy.con lbhicans,

Bromus ciliatus, and C:rex spp. are the most consistently represenced.

1

Considerable Yversity exists in the forbs that were found.

tne Fopulus tremuloides stand showed a unique appearance due to

layer of Calamaerc tis cun densis that dominated the understoryv.

This species, found in only tfour cther sumple stands, was . imatoo

Lo have a 40 percent cuanopv coverige. Yo other examples of this

distinct community were found (n Lie study area, so it was not named
as an associotion.
i

wiocher stand mav o distinguishsd trom the others on the bas'.

of a significant component of Lonicera involucrata. This stand and

the Popui s/C+1 - rostis stand share geveral common ~:getation
features not found in the other Ponnjus stands. ‘hese include the

presence of Lonicera involucrata, Salix sp., Dodecatheon pulchellum,

and Ligusticum porteri, and a relatively high Geranium richardsonii

cover. The proportions of Lonicera and Calamagrostis, lhowever,

0

differentiate the stands. These two stands do not appear to correspond

to any Populus tremuioides communities described by other authors.

Potentiila fruticosa/Festuca thurberi association

Three isolated examples of a very distinct shrub community were
sampled. No other representative stands of this community were found
in the study area. The stands were located in level, but narrow.

valley bottoms without surface drainage channels.
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this community is distinguished by its high canopv coverage

fotent i cubticosa and Festuca thurberi. This tac. wrass, . un

cowheo» o.oL0 fa the ludy area, s the major herbiceous Co.noie .

CLe oceamunity. A hign Lotal eraminoid cover «4i30 Lncludes oS0

Aavicais, wrus snomalvs, Carex p., Do oathonia parv i, and Koes ctia

1

Cristata. oeveral forbs cere found with 100 percenl constancy
Chirse, mtenti!Ta i ds Uy most o0 aif canl i lsociminating - .o
,

votentilla renticosa, escucy thusoor' associat: u trom all other

communities.

LComparison of i 0 ossi icoations
“te major  rtant communitics Jctooon o L assaciation v
tdentisv the habitat cypes (Daubenmire  “651 ot tho vlady odoen
cesulil 2 habitat ope classification cepresents one ind L oece 21c
classitic _ivn oo 1 .ond unics that fs 0 ased maini - on woeelacion

=
o
i
@)
-
)
-
~
o

To examine the second hypothesis concerning somilac-
oy of adependent iassaai ootilons, che habitat  pe of ssifooat o
vas compared with a class fication derived strictly from physical
environment variables {acluding elevation, aspect, slope, position on
slope (cf. p. 37), and soil characteristics (Table 14}. The plaucc
communities that could not be defined at the association level s :re
used to represent the series level of habitat twpe classificatior,
and were included in the comparison.

The results of the physical environment c¢lagsification are zhown
in the dendrogram in Figure 10. At the 0.85 similarity level, 11

classes are defined. Descriptiouns of the classes appear in i1gure 11

which also summarizes the aggregation of the land units into more
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general physical environment classes at lower similarity levels. At
the V.00 similarity level only three broad classes are recognized:

A7 . . . All the middle and old alluvium stands. These are the
low elevation, generally low slope areas nearest Trout
vreek.

b . . . All the Yadiscn limestone stands, the Fountain arkose
stand, and all the Pikes Peak granite stands that are

14

not in valley bottoms. Tuis includes most of the
broken topography country in the experimental forest
and vicinity.
C . . . All the Pikes Peak granite stands in valilev bottoms.
The physical environment classification has some similarities
with the habitat type classification. However, the two classifications
differ in many details. They are compared in Figure 12.
Some ot the habitat type/phvsical environment class pairs show a
rather high degree of tidelity. For example, the four grass habitat

tyvpe stands and seven of the nine Pinus ponderosa-festuca arizonica

habitat type stands are associated with phvsical environment class
B--the o0ld alluvium land units.

In general, however, each habitat type is associated with several
physical environment classes, and conversely. Among the physical
environment classes, H, J, and K are the most diverse. Each is
associated with at least six habitat types. This diversity in the
sites in the broken topography parts of the study area is further
emphasized by the right half of Figure 12, where physical environment
class D™ is shown to be associated with nine of the eleven habitat

type (or series) classes. Of the habitat types, the Pseudotsuga
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menziesii/Clematis pseudoalpina habital type shows the greatest

diversity iu terms of asscciated physical environment Land units.

The similarities in the two classifications suggest that the
ciassitications share some common basis. This observation should not
e surprising. ihe habitat tvpe classification relies on vegetaticn

vecause of the ability of vegetation to reflect the influences of
numercus, ana often subtle and compensating environmental factors.
Thus the vegetation incorporates in the classification such factors
as precipitation. drainage, evapotranspiration, temperature, soil
moisture, and soil stability. 'The tactors are interpreted indirectly
as expressed in plant community structure, and there is no way to
know e.ncti. what combination of characteristics will be present in
any stand on a given habitat type.

The physical environment classification, on the cother hand, is
based on direct measurement ot specified land teatures. The specific
features used (soils, elevation, aspect, slope, and position on
slope) influence tue same set of factors that is interpreted indirectly
by the vegetation. It is because the same general set of environmental
variables 1s considered in both classificaticns that the two classifi-
cations exhibit some general similarities.

The many specific differences between the classifications result
because each classification accounts for the environmental factors in
its own unigue way. This observation should also not be surprising.
Different classification criteria and procedures will always produce
a unique classification. As a result or these inherent differences,
different classitications will not demonstrate the same capability to

summarize specific kinds of management information. This is stated



L
i

N7 {

succinctly in the axiom "No land classification will e ool Lives o0
AL epi VY

The habitat type colassification would probably he vbest suited Lo
summarize iniermation clated to vegetation management onlicatic .
Ao veioal oenvi onment claser flcation wight oe ceotiles 1o9 cngia oring,

@rosion control, or hydrelogic wplications. Taese intlerent Giff -

cnees inoutslicy e

tc vlassitications onds :ome SUppor:
component approach to tand classification. .ach component repr:., LS

4 unique classification that (s suitahle for some uses. Across
¢omponents, classes oon be combined {(and thus rerined) in various

ways to meet the needs of specitic management problems. This corr nent

approac’. ould allow ‘or standardization of classification proce:.. ¢

[

vhile allowing considercole £0 ibility to reogpond to thie needs

unique management situalions.

nemote Senstng ldenti.ication of Plant Communities
A series b discriminant analyvses was performed on digitizedo.
¢olor infrared photographic data tor 33 of the original sample st .ds
representing $1x of the major plant communities (Table 13). The
analvses were pertormed to determine 1t the plant communities (anz
thus land areas of different habitat tvpes) could be identified ~~om
remote sensing intormation. The percent accuracy of identifving
correct group membership tor the individual plots was computed [ r
ecach analysis. This percent accuracy represents a measure of the
ability of selected variables to discriminate cmong (or identify the

various groups using the digitized photographic data. Results c. the

analvses are summarized in Table 16.
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Table 16.--Summary of discriminant analysis results of identifiability
of plant communities using spectral remote sensing data and topo-
graphic data

- - - - - - VYariables - - - - - -

Three Three Three Identification
spectral spectral topographic accuracy (%)
means standard variables
deviations
X 55
X 61
X X 79
X 64
X X 79

>~
[y
Bt

97
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The results indicate that for the six major groups represented
on the image, up to 79 percent of the plots could be correctly identi-
fied on the basis of spectral informaticn. I[n other words, the plant
communities were distinguishable by remote sensing spectral intormation
about four-fifths ot the time.

Considering additional variables that are correlated with plant
communities should help improve the identitication uaccuracy. Terrain
slope, elevation, and aspect are site variables that have a definite
influence on plant community development and distribution. Furthermore,
these variables can be readily measured on stereophotographic imagery
or determined from digital elevation data (USDA Torest Service 1976).
Slope, elevation, and aspect might, therefore, add usetul information
for plant community recognition without greatly increasing data
collection costs.

Discriminant analysis was agailn used to test the value of the
three terrain variables tfor distinguishing among the plant communitites.
Analyses were made using the slope, elevation, and aspect variables
as a set and in combination with the remote sensing spectral variables.
Results are summarized in Table 16.

The three terrain variables have discriminating power roughly
comparable to the spectral variables. However, the two variables
sets in combination show improved ability to distinguish among the
plant communities--up to a Y7 percent accuracy.

It is instructive to examine some possible reasons ror the
different identification accuracies. Consider first the identification
results using the three mean spectral intensity wvariables. The

classification accuracy was 55 percent. Fifteen plots were classified
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e

incorrectly (fable 17). Although no pattern was evident in the
contusion among ¢ cups, it was evident that the plant communities
were not recognizably unique in terms of mean spectral characterist cs.

lu remote sensing jargon, the groups did not have unigue signatur =.

its cecult s ot surprisinz, considering thic o iCiurs tnat
influence the recorded photographic images of the plots. In this
case, the important tactors are vegetation type, canopy coverage
(overstorv and understorv), svbstrate type. and orientation to the
sun and camera (as determined bv slope and aspect). The plant
communities showed considerable internal variution with respect to
these tactors, so highly accurate identification of the plots was neot
possible using only the mean photographic intensities.

A similar situation was observed for the photographic intensity
standard deviation variables, ualthough the identitication accuracy
was slightly better (61 percent). VYariations i tree canopy and
aiirub densities within plant community groups again precluded aconrate
identification of the plots.

lhirteen plots were incorrectly identified using the standard
daviation variables; six plots were different than those missed when
using the mean intensities as discriminating variables (Table 17).
This indicates that some of the contusion in identifying plots was
caused by different plot features tor the two sets of variables.
fach set was correlated with different scene characteristics. There-
fore, combining the two sets ot variables improved identification
accuracy (Table 16).

The third variable set (elevation, slope, aspect) showed the

best identification accuracy of any single set (Tuble 16). The
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Table 17.--incorrectly identified plots using various -ombinations
Nt variab.os.  The numbers are plot identificaticn numbers
excent i1 the last line where the numbers represent total
nuubers ot plots

- =~ - =~ - - - - Variabhles - - - - - - - - =

Plant cowunity Juree aree Three all
spectral spectral Lopographic variables
peans standard varioples

deviations

ponderosa/
arizonica

b
w—
—
[

Kestiae]

. - onderosa/ 2
C. montanus-- 17
K. trilobata

Y. . ontanus/ L 24
. wontazi‘ 23 )
38 35
37
()0 (XO
. ponderosa-- 30 30
p. &E§Z£E§1i/ 66
L. [i@t’;u na 67 o7
39 39
Y4 94
98 38 9y
100
102 102
P. menziesii/ 4
g. pseudoalpina 25
26
41 41 51
78 78 78 78
menziesii/ 15

e

. americana

Number of plots 15 13 12 1



overall accuracy (64 percent) was still ratnec fow. (o=ever.  Some oy
the rlant cosmunities were relativelv homogeneous o :sbect Lo
topograpnic naracteristics o their plots (Table 12). Uthers,
2owever, =nowed much boteroceneity.

oo osult 12 ooe Lo ee dncorvootl, denciatods daly thee
missed plots were the same as those missed by both oi the other
variable sets (Tabl: 17, idicacing the topoeraphic ~“riables wire
correiated with dirferent teatures ot ae vt communities than were
the photogri »hic variab les.

Because the three variable sels each accounted tor some different
aspects ot the nlant communitics ithat Lz, cach contribuced new
intormaticn wnr identitication of ~lout.). LL was posstole to acai e

4 Y7 percent accuracy with the combined wvartables.



CONCLUSIONS
.vpothesis tne
tultivariate analvsis techniques proved to be verv usetul in
deveioping the plant association (habitat tvpe) © 'assirication.
However, even with the help of multivariate analvsis, the ¢lassit cu-
fion process was not automatic. The analyst must have a concept « L
the classitication goat, caretfully interpret ecach step ot multivier.te
analysis, and make subjective judgments to iwelp torm the structure of
the finai desired ¢ assification.
Cluster anaiysis Lolped FPorm hvpotheses about zroup structuce

inherent in the sample data. Canonical ordinaticn, by displaving

¢ Lavwonsiips among sroups and i1ndividual sample stands, helped
refine and roallisn the organizaticn of the groups. Subjective
.wterpretation ¢! twoulat’ouns of the grouped data was (1.0 usetul in
refining the groups. Discriminant analysis provided o way to help
contirm or vrefunte the hvpothesized group structure. Together, the
techniques form an iterative process that leads to a well defined
classification framework.

There are two significant advantages to a mullivariate analytic
approach to classification as compared to a strictly subjective
approach. First, multivariate analvsis mayv provide insights into the
structure of the sample datis that ctherwise might not be observed.
Second, objective analytical techniques help minimize the impacts of

nersonal Dbiases that are not justified by the data.
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Hvpothesis Two

fae babitat tvpe clussification (based main - on voebac'

,
)
f
=
ot
w
o]
-
«
pi

tscles) and the o« wsical environment c¢lassi ‘cation shuwe

come soneral ro.omilarities.  liowever, the malr * ature of the ¢, _.irison
U S ST SO S U EDRR RN W o) ¢ B re ot high v core laced, oo

crrothesis o, simil rity between indevendent ecologic land cl ssi  7-
wLrons s U supported b tnis study. Rather, i1t aupears th
Lodependent classificy 1ons mav zive quite J(dL11 :rent structures tor
summarizing land resource information.

This implies that a single land ¢iassitfication probablv will ot

satisc ~ the classitfication needs ¢¢ o & «irlety ol “inagement deci-

s1ons on wmulo ole use wildlands. e oeiore, 1L 1S 1mn ortunt that Jhie
intended 2oal - . a ¢.issitfication ulde 1ts Levelopment. G185 Lasubdd

nsure the broadest applicabilitv of the classification. Ultimat .v
;

the utilit s »f anv -rassitication 1Ll 5 determined by how well Lo

.cets o1e prac ical management needs.

Hypothesis Toree
Remote sensing imagery was shown to be useful to help efficiently

identify habitat type classes. iHowever, identification accuracy

using remote sensing data alone was too low to be practically usezul.
Ancillary data--elevation, slope, and aspect--were requivred to vaise
ilentification accuracy to a uscful level. learly 100 percent accuracy
was achieved using the combined remote sensine spectral data and
topographic data. [Ihis itndicates computer-assisted analys’s of

~emote sensing data can play an important rol» 1n increasit ; the

~tfiriency of impiementing a habitat type classiftication.



Concluding Caveats

esults  _ported {n this study were derived from PMDICICH !

aunalysis of o small study area. In a strict sense. the results are

applicable oniy to the local study area. Z1

However, the Cclassification

methods described chould Le e vul for developing detailed land

cliussitications in a wide var’ :tv of locations. The specitic classi-

ficaticns are local, but the nethodology is norc.

fhe specific results from comparing the classifications and

evaluating remote sensing data might have less general applicabil’ity.

Y

ihese results depend on the structure of the commared classificatinns

and the specific plant associations nsed in t.e study.  uerefore.
results from the last two parts ot this study might best be used

LO

formulate hypotheses that can be empirically tested in other areas.
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“rowonum alatnm lorr.

st a arizomnica Vasey

Yestuca thULDP[] Vasey

rupuria americana (Porter) Britt.
Fragaria ovalis (Lehm.) Rydb.
Frasera speciosa Griseb.

Ga'ium boreaie L.

Ge“auiuﬁ_BE££X£ (Engelm.) Heller
seranium ricanardsouti [isch. & Trautv.

N\mcno (ys acaulis (Pursh) Parker
Jamesia awericana T. & G.

lunvf)mus c mmunis L.
noeler1a cristata (L.} Pers.

Lirusticum Jorteri €. & R.

e quiggfmum multiflorum Torr.
Lonicera involucrata (Richards) Banks
Mlertonsta qu(eoldta {Pursh) A. DC.
Munlenbergia montapa (Nutt.) Hitche.

Uryzopsis hvmenoides (R. & S.) Ricker
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pune " cogelm.

nus contorta vdr. I-tifoiia Engelm.
Jinus  Lexilis . mes
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Vaccinium scoparium Leiberg
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