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The purpose of the research wa to computerize mathematical

procedures for the analysis of range vegetation and environmental

data. The specific objectives were as follows:

1. to develop and apply computer techniques to the classifi-

cation of vegetation in order to provide a phytosociologi-

cal framework within which to investigate the ecology of

range vegetation, and

2. to adapt computer software for multivariate statistical

techniques to the analysis of vegetation-environment

relationships.

In fulfilling these objectives a synthesis of classical phytosociological

principles and methods with techniques of numerical taxonomy was

achieved.

A Euclidean mathematical model for numerical taxonomy was

selected. Hierarchical, polythetic- agglomerative clas sification

procedures, measures of interspecies and interstand relationships,



and forms of data (species presence vs. species amount) were

compared. Computer programs were written in FORTRAN for classi-

fication. Data used were from sagebrush-grass ranges of eastern

Oregon as well as from the literature. Classification results were

evaluated according to the principles of the Braun-Blanquet system,

by the chaining coefficient, and by stepwise discriminant analysis.

The latter analysis was also used to determine the degree of correla-

tion of environmental variables with vegetation pattern (from classifi-

cation).

Ward's method, which minimizes the within groups sum of

squares (error S. S. ), was selected as the classification strategy for

both species and stands. Squared Euclidean distance for presence

only data was selected as the coefficient of interspecies relationships.

It produced the best definition of species groups and had the lowest

chaining coefficient. Squared Euclidean distance calculated from

standardized vegetation data (such as % foliage cover transformed to

zero mean and unit variance by species) gave as good or better

results for stand classification as the squared distance calculated

from presence only data (depending on the data set).

Species were classified first to determine groups of potential

differential species (internally cohesive, mutually exclusive species

groups). Only these species were retained as the basis of stand

classification. In the stepwise discriminant analysis of stand groups,

differential species were invariably the first few entered as



discriminating variables.

Patterns of similarities and differences appeared in the environ-

mental data which were highly similar to patterns in the results of

the vegetation classification. In stepwise discriminant analysis of

environmental data, site variables and soil physical and chemical

variables were equally prominent as the first discriminants entered.

The hierarchical nature of the classification procedure makes

possible the determination of species groups which identify vegetation

units (and thus environments) at different levels of synthesis. Thus

the same data base can be used for broad land use planning purposes

as well as for intensive management of individual range units. The

necessarily large sample sizes make computer aid essential for

efficient data analysis. These computer classification procedures

take only a few hours (11 hours maximum total elapsed time at a

remote console) in contrast with weeks (at best) for error-prone

classical phytosociological data manipulation. The substantial time-

saving frees the researcher to concentrate on classification results

interpretation and application to land use and management problems

rather than data manipulation.
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NUMERICAL CLASSIFICATION OF RANGE VEGETATION
AND STATISTICAL ANALYSIS OF ITS ECOLOGY

IN TR ODUC TION

Because of increasing human population, actual or potential

land uses often tend to be oversubscribed. Conflicting philosophies

of land use and management and competing land uses create many

problems in assigning uses appropriate to our diverse lands and in

managing them wisely. Rangeland is no exception. What use or

combination of uses are appropriate to rangeland: livestock, wildlife,

watershed, conversion to crop cultivation, urban, transportation,

industrial, mining, or many kinds of recreational activities? I

believe that in order to answer such questions we need basic knowl-

edge of the land, not oriented toward a single use, but encompassing

all the characteristics of the land itself.

Basic characteristics of land include: vegetation, soil, under-

lying geologic material, relief, and animals. Geographic location

and climate provide the setting within which these characteristics

occur. Range ecology, the study of organism-environment relation-

ships on rangeland, integrates these land characteristics and pro-

vides the foundation for developing information required in land use

and management decisions in an ecological as well as socio-

economic context.
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Vegetation is the focus of range ecological investigations

because it synthesizes and reflects the total environment which

impinges on it. However, range vegetation often has not been differ-

entiated into its most meaningful and useful units--basic plant

communities which do reflect different environments. Because of the

complexities of vegetation and its environment, adequate vegetation-

environment data are quite voluminous even for a relatively small

area. An electronic digital computer provides a means for handling

such volumes of data: organizing and reducing them to make them

more easily stored, retrieved and understood.

The general purpose of this research was to develop procedures

for utilizing a computer to more efficiently and completely analyze

range vegetation and environmental data than in traditional ways.

Because rangeland is so extensive and its environment not uniform,

range vegetation is very diverse. Thus adequate samples are neces-

sarily large. This makes classical phytosociological data manipula-

tion time-consuming and error-prone. Computer aid is essential for

efficient handling of the large number of observations required for

vegetation classification.

The first specific objective was to develop computer techniques

for classifying vegetation in order to provide a phytosociological

framework within which to investigate the ecology of range vegetation.

The second objective was to investigate multivariate statistical
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techniques for analyzing vegetation-environmental relationships.

Understanding of these relationships is important in determining the

environmental indicator value of range plant species and species

groups, in deciding questions of land use, in planning for range

improvements and developments, and in implementing animal manage-

ment. This research is but the first of several steps toward the

ultimate objective of providing the range manager with adequate,

basic information about the land resources for which he is responsible

and enabling him to make the use and management decisions in a

truly ecological framework.
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THEORETICAL CONSIDERATIONS

General research objectives in a service-related science such

as range ecology are conditional on practical need. Consequently,

research approaches, theories, information and procedures are

evaluated in the light of whether they meet that need. This is not to

say that practical needs themselves should not be evaluated to deter-

mine whether they are true needs or are symptomatic of underlying,

more basic problems.

Since this research was directed toward determining ways of

handling voluminous phytosociological data, it was more basically

research oriented. However, the ultimate objective of providing

the range manager with usable information derived from such data

influenced the direction of this research. That is, vegetation class-

ification was selected as the alternative rather than ordination.

Phytosociology

Phytosociology may be described as the branch of botany deal-

ing with vegetation in a holistic sense (Braun-Blanquet, as cited by

Westhoff, 1967; Major, 1958; Ellenberg, 1956) and including studies

of:

1. Composition and structure of vegetation.

2. Vegetation types (syntaxonomy).
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3. Environmental relations (synecology).

4. Distribution (synchorology).

5. Succession (syndynamics).

6. History (synchronology).

Two approaches to the determination of the composition, structure,

and nature of vegetation have developed. They are ordination and

classification.

The basic model of vegetation for the two approaches may be

considered the same (Goodall, 1963). Vegetation sampling locations

(stands, quadrats, plots, etc. ) may be visualized as points in p

dimensional hyperspace (p=number of species) with species as the

coordinate axes. The location of the various stand points then will

be determined by some measure of the amount of each species pre-

sent in each stand. Differences between ordination and classification

methods may be in terms of data collection as conducted by the

investigators, but certainly are inherently different in terms of

analytical methodology and display of the results.

Ordination methods involve mathematical techniques to deter-

mine new axes in hyperspace, either in the directions of greatest

variation in the data (components) or in the directions of greatest

covariation (factors) (Ivimey-Cook and Proctor, 1967; Seal, 1964;

and Law ley and Maxwell, 1963). The results are generally projected

into two - s pac e , usually two axes At a time, and plotted as scatter
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diagrams of the stands. Any directional clustering of the stands is

interpreted in terms of some characteristic of the vegetation itself,

e.z., species abundance, or direction of variation in the environment,

soil moisture gradients (Or loci, 1966; Austin and Or loci, 1966).

There are many approaches to vegetation classification, but

the floristic approach is believed to be most appropriate for the

practical objectives of ecology applied in range management (Poulton,

1955; Eckert, 1957; and Moore, Fitzsimons, Lambe and White, 1970).

The basic objective is the determination of vegetation units, stand

groups, which have high internal similarity in terms of species con-

tent and some measure of amount (Westhoff, 1967). In statistical

terms, minimization of within groups variance in relation to among

groups variance is the goal. Then the environmental relations of the

stands may be assessed in relation to their groups and environmental

indicator species determined.

There have been some recent comparisons of the two approahces

(ordination and classification). The consensus of opinion among those

investigators who have made a choice appears to be that for practical

purposes (mapping, land development, and management) classification

is to be preferred (Moore et al. , 1970; and Webb, Tracey, Williams,

and Lance, 1967).

Since the motivation of this research was practical applicability

of the results of vegetation investigations in land resource inventory,
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analysis, and mapping, classification of vegetation was selected.

The Value of Vegetation Classification

The value of vegetation classification for range research and

management lies in two general features. First there is the land

manager's need for stratification of the landscape with which he works,

If this stratification is done by determining vegetation units (classifi-

cation) then the second value feature can be realized: vegetation

units have ecological significance (or meaning) in terms of the environ-

mental indicator value of species contained in them and also in the

basis they provide for determining potentials and constraints for man-

agement.

The Need for Stratification of Rangeland

The general diversity of the vegetation and environment

encompassed by rangeland is described on an inter-regional basis

by Stoddart and Smith (1955) and for Oregon and Washington by

Franklin and Dyrness (1969). Even within the same general vegeta-

tion type, such as the steppe vegetation of eastern Oregon and

Washington, there is much variation. This is demonstrated by

Daubenmire (1970) for Washington, Poulton (1955) for the eastern

part of the Umatilla Plateau in Oregon, and Eckert (1957) for a small

part of the high desert region of Oregon.
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On any given management unit (ranch, ranger district, manage-

ment area of a grazing district, etc. ) then, there are likely to be

several vegetation-environment complexes (ecosystems). In order

to manage such diverse entities there is need for some kind of

stratification. Kinds of land need to be identified, similar units con-

sidered together for use and management, and dissimilar units

separated out. This is necessary for range research also, so that

results are not fragmentary or meaningless because of uncontrolled

or unaccounted for variation (Wilm, 1952).

The kind of stratification desired is provided by vegetation

classification. Vegetation units are the key to the range environment

(kinds of land) since vegetation is an expression of the total environ-

ment impinging on it. Vegetation differences, as measured by dif-

ferences in species content, are a reflection of environmental

differences. This is because of the adaptive, evolutionary response

of plants to the selective pressure of the environment (Grant, 1963).

Thus, similar kinds of vegetation occur in similar environments.

The utility of vegetation classification for the stratification of

rangeland is demonstrated by the fact that classification has success-

fully been incorporated into methods of range resource analysis

developed and used at Oregon State University (Culver and Poulton,

1968; Poulton, 1970; Poulton and Is ley, 1970; Martin, 1970; Poulton,

et al., 1970).
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Ecological Significance of Vegetation Units

The major benefit derived from stratification of rangeland by

vegetation classification is the ecological significance of the vegeta-

tion units so determined. This result has been demonstrated

repeatedly so only a few examples will be reviewed here.

Grunow (1967) made an ecological investigation of vegetation in

Transvaal, South Africa to provide information for farm planning.

He first classified the vegetation by the association analysis technique

of Williams and Lambert (1959, 1960), a divisive hierarchical method

using Chi-square as the measure of interspecies relationships.

Correspondence between differences in vegetation and differences in

soil properties were investigated by within and among vegetation

groups analysis of variance of individual soil properties. Significant

differences among vegetation groups at some level in the classifica-

tion hierarchy were found for the following soil properties: color,

depth, texture, bulk density, seasonal fluctuation in available mois-

ture, pH, total salinity, alkaline earth carbonates, and percentage

exchangeable sodium. In addition, differences in drainage and mode

of origin of soil parent material were associated with differences

among some of the vegetation groups.

Webb, et al. (1967), in a study of Australian tropical rain

forest classified the vegetation by information analysis, an
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agglomerative hierarchical method using the information statistic

as the measure of interstand relationships, (Williams and Lance,

1965) as well as by association analysis. They established that

(p. 189),

...the floristic classification reflects the environment
with great precision; it has exposed, and clarified, the
triple-interaction pattern of moisture regime, altitude
and edaphic factors.

Moore (1962) classified some mountain blanket bog vegetation

from the Wicklow Mountains, south of Dublin, Ireland, using a method

developed by Poore (1962) and by the principles of the Braun-Blanquet

system. Poore's method yielded no readily apparent relationships

between vegetation units and environmental characteristics. How-

ever, Braun-Blanquet's method resulted in a firm relationship

between vegetation units and two environmental characteristics:

bedrock type and depth of peat.

Poulton (1955) and Eckert (1957) in the steppe vegetation of

eastern Oregon found good correspondence between vegetation units

determined by methods derived from Daubenmire (1942, 1952) and

soil taxonomic units, especially soil series, determined independently

(Soil Survey Staff, 1951). Also in the same general type of vegetation

near Silver Lake, Oregon, Segura-Bustamante (1970) found that cer-

tain physiographic and soil characters could be accurately inferred

from a knowledge of the vegetation units. No rigorous classification
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of vegetation was done, but uniform stands were selected as repre-

sentative of plant communities in the area including, and not includ-

ing, bitterbrush (Purshia tridentata (Pursh) DC). This rough class-

ification was checked, and those environmental characteristics

which best separated the stand groups were determined by stepwise

discriminant analysis. On this basis only two stands out of 30 were

misclassified. The environmental characteristics which were the

best discriminats were: percent volume of stones in the B2 horizon,

magnesium in the Al2 horizon, carbon-nitrogen ratio in the B2

horizon, depth to B2 horizon, soil structure, elevation of stand

above sea level, percent ground cover of gravel, and position of

stand on landform.

The common thread running through all of the work reviewed

in this section is that when environmental data were related to the

vegetation units determined by classification, meaningful relation-

ships were established. In one case, Moore (1962), the method of

vegetation classification chosen (Braun-Blanquet's) appeared to

influence the results.

The Dual Role of Plant Species

Plant species play a dual role, or have two functions, in plant

sociology (Westhoff, 1967; Ellenberg, 1956). In a floristic system

of vegetation classification plant species are diagnostic of vegetation
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units. That is, groups of species indicate the units to which various

stands belong and change from unit to unit.

The other role or function of plant species is as environmental

indicators. If the indicator value of species appears to change from

unit to unit in which they occur their taxonomy may yet be unresolved.

On the other hand, some species have such apparently wide ecological

amplitudes that they simply have low environmental indicator value.

All of this can be determined by examining the environmental data in

conjunction with the classified vegetation.

Determination of Vegetation Units

There are several criteria which a method or system of vegeta-

tion classification must meet in order for the results to be immedi-

ately useful to the range manager. If an adequate stratification of an

area of interest is to be made, then all of the vegetation of that area

must be considered, not exclusively climax or high seral vegetation.

Costly, repetitive data gathering for various special purposes must

be rigorously minimized by including sufficient detail the first time.

For determination of basic vegetation units, complete plant species

data are the minimum. Once the vegetation units are determined

they must be accurately recognizable in the field with a minimum of

subsequent data collection. In this way the results of the classifica-

tion are most useful in the field and are much more likely to be used
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by field personnel. To this end, a map of the vegetation units as

they occur in the field provides an accurate, graphic record to which

may be added environmental information and various use-oriented

interpretations by means of overlays.

The most widely used and uniform floristic system of vegetatimn

classification is that according to the principles of Braun-Blanquet

(Westhoff, 1967). The basic premise on which it rests is that nature

is not stochastic. The apparent statistical properties of nature are

a result of the sampling process and are not inherent (Coakley,

Lewandowski and McAdams, 1963). That is, plants are not randomly

distributed, but plant species occur in repeated combinations in

response to the environment. This system fully satisfies the criteria

set forth above, while another system more widely used in the United

States especially in the Pacific Northwest, that of Daubenmire (1942,

1952, 1953, 1966, 1968, 1970), does not.

In the Braun-Blanquet system, no attempt to determine succes-

sional status of vegetation is made prior to classification. Vegetation

units are determined solely on the basis of data with no prior inter-

pretation (Moore, et al., 1970). No vegetation is excluded from

sampling because of seral status. On the other hand, in Daubermire's

system, data are collected only from climax or high seral vegetation.

A second, major difference between the two systems is in the

way the vegetation units are determined. In the Braun-Blanquet
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system, sampling units (stands) are put together into vegetation units

on the basis of groups of more or less exclusive (diagnostic) species.

This gives more sharp and clear definition of vegetation units than

does dependence on variation in amount of dominant, ubiquitous

species as in Daubenmire's approach or that of Poore (Moore, 1962).

Such approaches leave undetected floristically well defined subunits

which may have ecological significance and thus management impli-

cations.

In consequence of the foregoing considerations, Braun-

Blanquet' s system of vegetation classification was judged to best

meet the management criteria. A more detailed description of the

determination of vegetation units according to this system follows,

Identification of Diagnostic Species

The first step in the determination of vegetation units is to

identify mutually exclusive species. This is done by comparing the

patterns of distribution of the species: grouping those with joint

occurrences, and separating the mutually exclusive ones. A species

by stands table of the data is the basis of operations. It is rewritten

until the species groups are sorted out.

To facilitate matters, ubiquitous and rare species are tempora-

rily set aside. Ellenberg (1956) suggests working with only those

species with relative presence greater than 15% and less than 65%.
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The ubiquitous species don't help to separate stand groups on the

basis of presence alone while the rare species occur in too few stands

to be the basis of grouping. Also, any species which inherently do

not become part of a diagnostic species group are set aside.

Determination of Stand Groups

The groups of species thus determined are then used to form

and separate stand groups. The table is again rewritten until the

stand groups are clear or "blocked up" according to the natural

species groups. This illustrates the diagnostic value of the species

in their aspect of faithfulness as emphasized by Braun-Blanquet

(cited in Westhoff, 1967), i, e., the degree to which species appear

to be bound to one or several stand groups. For a species to be

diagnostic for a group it must have high presence (Stetigkeit) in it.

Relative presence greater than 50% is suggested by Ellenberg (1956).

Westhoff (1967, p. 496) goes on to say:

The fundamental hypothesis of Braun-Blanquet, formulated
as early as 1913, states that the floristic composition
represents all other characters of the vegetation, since
each taxon presents its own ecological amplitude, its
specific genetic and historical background and its character-
istic dynamic behavior. Therefore, the floristic relations
would be correlated with ecological, chorological and
dynamical relations.

This is not to say that other characters of the vegetation are

neglected in the classification. The amounts of species are used in
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the ordering of stands within vegetation units for example. This

becomes important in interpretation because variation in the amount,

from stand to stand, of a species may reflect subtle variation in

environmental characteristics.

Once the stand groups are satisfactory, the ubiquitous and rare

species may be returned to the head and foot of the table, respect-

ively. The environmental data may then be added to the table.

Further rearrangement of the data may be desired to facilitate inter-

pretation, while the integrity of the vegetation units is maintained.

For a more full treatment see Ellenberg (1956), Moore (1962), and

Moore, et al. (1970).

The result of the classification is a hierarchical system of

stand groups. Units at higher levels in the hierarchy are determined

by working with summaries of the basic units in a way analogous to

their determination (Ellenberg, 1956). Vegetation units from low to

high in the hierarchy each contain successively more lower units

and are characterized by species with larger ecological amplitudes.

These larger units reflect more comprehensive ecosystems, greater

structural variation in the vegetation, and larger areas of distribution

(We sthoff, 1967).

Vegetation Classification and Numerical Taxonomy

In general, numerical taxonomy involves two related
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procedures (Sokal and Sneath, 1963):

1. Determination of interindividual relationships on the
basis of a set of characteristics.

2. Use of these relationships to assign individuals to groups.

If we consider vegetation stands as individuals and plant taxa (species)

as their characteristics then the determination of vegetation units

is a taxonomic operation, and the methods of numerical taxonomy

will apply. The selection of methods will depend in part on phyto-

sociological considerations, in part on mathematical and statistical

considerations of numerical taxonomy, and in part on computer

programming considerations.

Numerical Taxonomy

The objective of numerical taxonomy may be stated in the

following way. Given a population of elements, each of which may be

described by reference to the same predefined group of character-

istics, determine the set of elements existing therein. The problem

then becomes: What is required of these sets for their determination

to qualify as a classification? Williams and Dale (1965, p. 38) sub-

mit the following axioms in answer:

1. Within every many-membered set there must be,
for every member of the set, at least one other
member with which it shares at least one relevant
characteristic.
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2. Membership of the set may not itself be a relevant
characteristic.

3. Every member of any one set must differ in at least
one relevant characteristic from every member of
every other set.

The first axiom is concerned with a concept of likeness and

provides that no element can be classified if nothing is known about

it. The second axiom may appear trivial, but it is not. First, it

prevents the creation of sets on the sole basis of a given number of

elements per set; secondly, all classifications must be open-ended;

additional members are admissible to existing sets. The third axiom

prevents identical elements from being distributed among different

sets and allows for the single member set.

These axioms will serve to define a classification but not to

define a useful one. This depends on the objectives of the user.

There are a number of decisions to be made in selecting a classifica-

tion, and these will be considered next.

Much of the work related to numerical taxonomy has been

reviewed by Sokal and Sneath (1963) and its applications in classifying

vegetation by Greig-Smith (1964) and Lambert and Dale (1964). Since

these authors dealt primarily with the use and interpretation of the

apparently endless variety of methods of numerical taxonomy,

Williams and Dale (1965) were prompted to investigate the basic con-

cepts and theory of these approaches. They have developed criteria
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by which one may distinguish between the major types of methods

and subsume under them their many variants.

The first decision to be made in selecting a classification

method is whether it is to be hierarchical or not. Hierarchical

methods optimize the route by which groups of elements are obtained,

while non-hierarchical methods (reticulate or clustering methods of

Williams, Lambert and Lance, 1966) optimize some property of a

group of elements. It appears that these objectives tend to be

mutually exclusive. At least Lance and Williams (1966a, p. 60)

state:

It is by no means certain that any method can be found
which simultaneously maximizes hierarchical efficiency
and cluster homogeneity; and certainly no such method
is known.

There is some confusion in terminology here, especially since Sokal

and Sneath (1963) describe methods of cluster analysis which are

hierarchical. I shall designate as clusters groups of elements

formed by either type of strategy, hierarchical or non-hierarchical,

and specify which one.

Of existing numerical taxonomic methods, the majority and

most developed are hierarchical. A major reason is their useful-

ness to the taxonomist: he can compare taxa at any desired level.

With at least some of the hierarchical methods a measure of inter-

cluster likeness is available for any level in the hierarchy
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(inter-set functions of Williams and Dale, 1965).

With the non-hierarchical methods all the information that is

available is the cluster membership and inter-cluster relationships.

Many of these methods require initialization in the form of cluster

nuclei or at least the number of clusters to be formed. This require-

ment is objectionable if these kinds of information are part of the

objectives of using a classification method. Lance and Williams

(1967b) suggest using a hierarchical method on a sample of the popula-

tion of interest to generate initial clusters for use in a non-

hierarchical method. This seems to be an interesting alternative to

the use of the discriminant function or maximum likelihood techniques

to allocate new elements to clusters of an existing classification. It

certainly merits further study as these authors suggest.

The foregoing considerations point toward selection of a hierar-

chical method of classification. This is reinforced by the phytosocin-

logical viewpoint that a hierarchical system of classification is appro-

priate. Which approach is chosen ultimately depends on the

objectives of the user. An ecological resource analysis made by

multistage remote sensing requires a hierarchical system as do the

information users from land use policy making and broad planning to

ecosystem manipulation and management (Poulton, Johnson and

Mouat, 1970; Poulton, et al., 1970).

Further considerations involve choices between monothetic or



21

polythetic and divisive or agglomerative strategies. In a monothetic

strategy clusters of elements are defined on the basis of a few speci-

fied characteristics, while in a polythetic strategy clusters are

defined on the basis of overall similarity among elements. Mono-

thetic classifications assume that there is at least one cluster in a

population all of whose elements share at least one characteristic.

If this is not true then a monothetic classification is impossible.

However, if a classification exists according to the basic axioms,

a polythetic classification is always possible. This is because no

properties are implied beyond those defined in the axioms.

A divisive strategy is one in which the population is success-

ively subdivided into smaller and smaller units. In an agglomerative

strategy, the elements of the population are fused into clusters and

these into successively larger and more variable clusters. The

choice between these two strategies depends upon whether a mono-

thetic or polythetic strategy is chosen, since of the four possible

combinations only two exist in practice. Monothetic-agglomerative

methods are possible only in the trivial sense, while no usable

polythetic-divisive methods have been developed until recently

(Williams, Lambert and Lance, 1966). That leaves monothetic-divisive

or polythetic- agglomerative strategies for further consideration.

It is appropriate at this point to review the Braun-Blanquet

system of vegetation classification in the light of the preceding
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discussion. It is a hierarchical system in which the element (stand)

clusters are defined by groups of characteristics (diagnostic species:

Kennarten and Trennarten). Since the stand groups are defined by

specified characteristics, it would appear that a monothetic-divisive

method of determining element clusters (of stands), in which the

diagnostic characteristics (species) are defined as part of the pro-

cedure (Williams and Dale, 1965), is applicable. Against this must be

set the fact that the Braun-Blanquet system is inductive (Westhoff,

1967), while a divisive classification strategy would seem to be more

appropriate to a deductive system.

In addition to the fundamental objection just discussed, there

are difficulties with the monothetic nature of such a strategy. If the

stand groups are determined directly then the strategy requires that

for each such group in the data there is at least one species in every

stand in the group and in no other groups. This seems unrealistic

upon examination of vegetation classifications presented by Ellenberg

(1956) and Moore (1962). There are not always diagnostic species

which occur in every stand in a well defined group. Also there may

be a few scattered occurrences of diagnostic species in other groups.

If the stand groups are determined indirectly by determining

groups of diagnostic species first by a monothetic-divisive strategy,

then the requirement is that for each species group there is at least

one stand that contains all of them. This requirement may more
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likely be satisfied in practice than the previous one, but it doesn't

hold absolutely. Again reference to Ellenberg (1956) and Moore

(1962) indicates that all of the species of a diagnostic group may not

occur in any one stand, but that a majority of them occur in every

stand in the group of stands defined by the species group.

Qureshi (1970) was able to use a monothetic-divisive strategy

in the classification of some mountain grassland vegetation from

central Idaho (Mueggler and Harris, 1969) by evading the basic

requirement in the following way. After determining the species

groups he assigned stands to groups on the basis of the relative

deviation of the species groups in each stand from those determined

by the analysis. The deviations were calculated as follows (p. 29):

% Deviation -
(Tg Ts) x 100

T
g

(1)

"where T is the total number of species in the species group and Ts

is the total number of species of that group that was present" in a

particular stand. The minimum value of the deviation was diagnostic.

Since deviation did not have to be zero, some leeway was allowed,

as in the Braun-Blanquet system. Although Qureshi was successful

in that his classification was practically identical with that achieved

by Mueggler and Harris by more traditional methods, the tremendous

amount of computation and data shuffling that he had to do in this
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second step would seem to preclude its widespread acceptance, at

least in its present form.

Finally, there is one more drawback to monothetic-divisive

strategies. They do not allow consideration of quantitative data but

are based entirely on species presence. Quantitative data (some

assessment of the amount of a species present) become important in

arranging stands as discussed previously.

In the light of the preceding discussion, therefore, I conclude

that a hierarchical polythetic-agglomerative strategy of numerical

taxonomy is the most applicable to the classification of vegetation by

the Braun- Blanquet system. This is because of the inductive nature

of the system and the emphasis on overall similarity among stands

in a vegetation unit.

Clustering Methods

Prior to consideration of specific methods, the form of the

mathematical model needs to be designated. Detailed consideration

of it will be deferred to the section dealing with measures of inter-

individual relationships. A model in Euclidean space was chosen

for the following reasons. First, many simple, powerful methods

are available. Secondly, a Euclidean model is advantageous hier-

archically. That is, as the agglomerative procedure moves through

the hierarchy, the measure of interelement relationships will be
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either nondecreasing or nonincreasing, depending upon whether it is

a measure of disimilarity or similarity. Thus there are no problems

with reversals in the measure. Thirdly, we have an intuitive percep-

tion of Euclidean systems from our everyday experience. This

means we can grasp their properties and have some idea of how they

will behave (Williams and Dale, 1965).

Probabilistic approaches are rejected because they are intrac-

table and tend to be computationally heavy. Furthermore, Goodall

(1966, p. 54) says,

But a classification is not itself a member of that class
of objects to which probability concepts apply ...to
ascribe a probability to the whole results of a classifi-
cation procedure seems likely to be meaningless.

A probabilistic approach would seem to imply hypothesis testing,

but the only tenable hypothesis is that a classification exists.

Because of the difficulties of making such a statistical test it would

seem more appropriate to apply the basic axioms of Williams and

Dale previously discussed. Anyway, as Williams and Dale (1965)

point out, classifications are employed to generate hypotheses, not

to test them. This may come later.

The basic procedure, common to most agglomerative methods,

consists of two major parts. The first is the pairwise computation

of a matrix without the principal diagonal since the full matrix is

symmetrical. The second part of the procedure concerns the
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formation of clusters. The largest of similarity measures, or the

smallest of distance measures, in the matrix defines the first cluster

pair. If an ambiguity exists, that is if two or more values in the

matrix are either larger or smaller than any others but are equal,

the first of these values encountered is taken as indicating the cluster

to be formed (Lance and Williams, 1966a; Or loci, 1967). With the

fusion of that pair into a cluster, its relationship with all the remain-

ing elements in the matrix must be determined. Then the next largest

(or smallest) value in the matrix is found and the process repeated.

It is an iterative procedure, and the various ways it can be done

constitute the different agglomerative methods.

Capitalizing on the general similarity of such methods, Lance

and Williams (1966b, 1967a) developed a general function for recom-

puting relationships after fusion of clusters:

d
2

z-- a d2 + amd2 2
+

1
prl m +hk hl hm d

2 d2
hl hm

where the kth cluster was just formed by fusion of the lth and mth

clusters; and it is desired to determine the relationship of the hth

cluster to the kth one, d2
hk. Lance and Williams made provision for

five methods by varying the way the parameters are computed:

nearest neighbor, furthest neighbor, median, group average, and

centroid. Wishart (1969) added a sixth, Ward's method.

Since the major objective of a classification is to maximize
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among cluster differences or minimize within cluster differences or

both, a desirable method would take these differences into account.

Of the six methods just mentioned only two, group average and

Ward's method, do that.

In the nearest neighbor strategy only the relationship between

the most similar element pair, one element in each cluster of the two

under consideration for fusion, is examined. In the furthest neighbor

strategy the relationship of the most dissimilar element pair is

examined. The replacement of a cluster by its mean vector (centroid)

is the salient feature of the centroid strategy. Then relationships are

determined among cluster centroids rather than individual elements.

If two clusters which have just fused are designated Cl and C , the

new cluster so formed, Ck, is apparently located halfway between

them, and the relationship between another cluster, Ch and Ck, is

defined by the length of the straight line segment h-k between them,

then h-k is the median of the triangle defined by the points h, 1, m

and this is the Euclidean model for the median strategy (Lance and

Williams, 1967a).

The operations of the strategies described above are so derived

that, although not carried out explicitly as defined in the models,

they are nevertheless algebraically equivalent. This will be demon-

strated by the derivation of the group average and Ward's strategies

which were chosen for further investigation.
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Group Average

If s.. represents a single interelement measure between clusters
iJ

Ch and Ck (such as similarity or squared distance), and nh and nk

are the number of elements in Ch and Ck' we have by definition:

nh n1

d2 ..
hk nhnk j=1

s13

n1
1

nh nk nm
1

nh nm

E E s. + Es..nk nhn1 nk nhnm

n
1

nm- d2 + d
2

nk hl nk hm

where Ck = C
1

U Cm and nk n1 + nm. Thus this strategy is
n1 nm

obtained from equation 2 when al = , a =

k
m nk , and R = y = 0.

It has no marked tendencies to space contraction or dilation in that

the clusters do not consistently move apart or towards one another

or move very far as the strategy proceeds (Lance and Williams,

1967a).

Ward's Method

A general classification procedure by which n elements are

progressively grouped into clusters by minimizing an objective



29

function at each of n-2 iterations has been suggested by Ward (1963).

Wishart (1969, p. 165) gives the rationale for this approach as

follows, "...when individuals have been grouped into a cluster then

the sum of the deviations of the points about the group's mean gives

an indication of the cluster's homogeneity." The total sum of the

squared deviations of every point from the mean of the cluster to

which it belongs is a measure of the loss of information which results

from grouping points into clusters (Ward, 1963). At each iteration

the two clusters, whose fusion results in the minimum increase in

the within clusters sum of squares, are combined.

If xi.1 is the value of the ith variable for the jth point of cluster

C1, containing nl points, and 7cid is the mean of the ith variable for

C1, then the error (within cluster) sum of squares for C1 is defined

as

El

n1

= E
j=1

p

i=1
(.-1.3.

)2
1

n1

2
= Z E x..

131 n1H1j1 i=1
(3)

where U2 = U U U = .5t xp,) is the mean vector1 1-1' 1 11' 21' ''' 1

(centroid) for cluster C1.

The value of the objective function E is the sum of the error

sum of squares for each of the K clusters;
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K
E = E E.

i=1

and at the proposed fusion of clusters C
1

and C , the increase in E

is given by

I lm = Ek - El Em

where Ek is the error sum of squares for the union set Ck = C 1U Cm.

Thus from equation 3,

nk n1

P 2 P 2Iim = E f xi 7 n U2 - E E x.. + n
1

2

j=1 i=1
Ujkkk

j=1 i=1 131
1

nm
2

x. n U2
j=1 i=1 lim mm

where nk = n1 + n .

The sums of the squares x, cancel, and hence

2
lm = n1111 + n mU2m

2- nkkU.

However

n + n U 2mm)n 2
U2kk = (n1 + nm)2 ( 1-1

(n + n)2
1 m

7
= (n112,1 + nmUmr

n2
U2 + n2 U2 + 2nn UU1-1 mm 1 mim

(4)
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2
= n21111 + n2m mU2 + nix-1m [ 2 U U1 m

+ U2 m+ U2
2

- U - U2 ]
1 1

2= n U2 + n U1-1 mm

2 2+ nlnm [ U2 + Um - (U1
2 + Um 2 U Lim)]

2 2
=

2 2 + nm U
2 + ninm L 2

+ Um (111 - Um) 21,

which after some manipulation and division of both sides by nk

reduces to

k

n1 n
2

nl mn
2

U2 = U2
m

+ U m (U-1
U

m
)2. (5)1nk nk n2

k

Upon substitution for U2
k

, equation 4 becomes

nlnm
2

Ilm nk ( 1-j-1

but since (U
1

- Um l
)2 = d2

, the squared distance between the meansm
of clusters C

1
and Cm;

nlnm
I d2

lmn1 + nm lm

and fusion occurs when Ilm is a minimum.

( 6 )

At the fusion Ck = C
1

U Cm, the proposed fusion of any other
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cluster Ch with the new union cluster Ck will result in an increase

in E of

nhnk
d2I hk

nh n
hk

k

The squared distance between the means of Ch and C
k

is

d
2
hk = (Uh - U

k
)2

which reduces in the same manner as equation 5 to

n
d

2
=

1

hk nk

(7)

n n
+ --r n d2 - 1m d 2 (8)

nk hm n2
lm

which is the transformation of the centroid strategy, previously

discussed.

Upon substitution for each d.. in terms of n., n., and I.. from
j 13

equation 7, equation 8 becomes, after manipulation

1
Ihk nh + nk [ (nh n1)Ihl (nh nm)Ihm

nk I 1m1., (9)

If the triangular matrix of all interelement squared Euclidean

distances D = id2..; i =2, n; j=1, is calculated, then the increase

in the objective function which results from the fusion of any two

single element clusters C1' Cm is, from 7,
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2
I lm = (1/2)dm.

(10)

The first cluster therefore concerns those two points C
1

and

Cm for which dim is a minimum. If at the union C
k

Cl U Cm,

k = 1, the elements d2h1; h=1, n; hi 1, m of the matrix D are replaced

by

dh
2k

= 21hk

then these new values are consistent with the original squared

distances in D. That is, equation 10 holds for all d2.; i, jhriiij

Since the cluster Cl is replaced with the union C
1

U Cm,

cluster C becomes inactive, and thus the elements of the mth
m

column and row of D are redundant.

Equation 11 becomes after substitution for Ihk
from equation 9

dh
n

h

2
+ n

k
[(nh 1- n1 )Ihl + (nh + nm)Ihm nh Tim]

which upon substitution for each I.. in terms of d.. from equationtj

10 becomes

d 2 1 [(n n )d 2 + (n + n )d2 - n d2 (12)
hk nh + nk h 1 hl h m hm h lm

In addition, if at every iteration the elements of the kth column and

row (k=1) of D are modified by 12, then equation 11 will hold for all

2.squared distances d. for active clusters C., C.. As Wishart (1969,

p. 168) says, "The term 'distance' d2 no longer applies in the
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Euclidean sense, but may be thought of as objective distance or

1/2I..." As a consequence this strategy is not space conserving, but

since the clusters appear to move apart from one another as the

classification proceeds, Ward's method is space dilating in Lance

and Williams' terminology (Lance and Williams, 1967a). This isadvan-

tageous because the clusters are more sharply defined than in a

space conserving strategy. The increased separation of clusters

reflects the greater increase in the among clusters sum of squares

relative to the within clusters sum of squares.

This strategy is obtained from equation 2 when

nh + n1 nh + nm nh

al
= - , andnh + nk ' am nh + nk ' nh + nk

y = 0 (Wishart, 1969).

Orloci (1967) developed a strategy to achieve the same result

as Ward's method, the minimization of the within clusters sum of

squares. In fact, Orloci's clustering criterion is the same as

Ward's, the increase in the within cluster sum of squares contributed

by the grouping of two clusters into a single new one:

QAB (Q
A

+ QB)

where Q
A

and QB are the within cluster sums of squares of clusters

A and B, and QAB is the within cluster sum of squares of the new

cluster. The above expression is identical to
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I lm Ek (El + Em)

in Wishart's notation (Wishart, 1969), as explained previously. Ek,

E and E represent the same quantities as QAB'
QA' and QB

respectively.

The major difference between Orlocils agglomerative strategy

and Ward's method is in terms of the computation procedure and its

implications for use and the interpretation of the classification

results. A measure of intercluster relationship is not available in

Orloci's approach since the matrix of interelement squared Euclidean

distances is never modified upon cluster formation. Rather, the

within cluster sums of squares are recalculated from the original

distances each time a cluster is formed. Thus this approach does

not fit in the group of strategies derived from equation 2.

In summary, two classification strategies have been described

which are simple variants of a single linear system defined by four

parameters, as follows:

d a2
= d2 + amd2 +13:12 +

hk 1 hl hm lm

Group Average:

2 2dhl - dhm

n1 nm

al
k

;am nk °

nh
+

n1 nh
+

nm nh
Ward's Method a ; y 0, a

' P nh + nk
nh + nk m + nh k

Thus both strategies may be implemented in one computer
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program with provision for selection of the subroutine for calculation

of the parameters, al' am' (3, and y, appropriate to the desired

strategy. Wishart (1969) presents an algorithm from which the

classification program used in this research was written.

Measures of Interelement Relationships

Reasons have already been given for selection of a Euclidean

model. A more detailed discussion of such a model will be presented

here. Basically the model consists of n elements specified by p

characteristics. The system is symmetrical in that the data matrix

can be transposed so that elements and characteristics exchange

status. Thus there are two possible models: a set of n points in a

p space, or a set of p points in an n space. In the vegetational con-

text, then, there is either a set of n stands in p dimensional species

space, or a set of p species in n dimensional stand space.

Both models are used in the approach to vegetation classifica-

tion selected in this investigation. First, species are considered as

points in an n dimensional space with stands as coordinate axes.

Clusters of species are determined on the basis of their joint pat-

terns of occurrence across stands. Thus the only possible values on

the coordinate axes are either one or zero. At the end of the classifi-

cation process a species is retained in a cluster only if it occurs

jointly with at least one other species in that cluster in a
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predetermined number of stands. Thus some species clusters may

be eliminated entirely if they do not occur in a minimum number of

stands.

Only those species which are members of valid clusters (as

defined above) are retained as characteristics upon which to base the

determination of stand clusters. Thus the original number of species,

p, may be reduced to p such that p < p. After the data are rear-

ranged according to the species clusters, then the stands are con-

sidered as points in p dimensional space with species as coordinate

axes. Stand clusters may be determined on the basis of the floristic

affinities among stands where each coordinate (species) may take

only the value of zero or one. Alternatively, stand affinities may be

assessed on the basis of some measure of the amount of each species

present. Either way, the objective upon rearrangement of the data

is to achieve a blocking up of stand clusters with species clusters,

a checker-board effect, in order to clearly present the vegetation

units and the species-stand relationships both within and among the

units thus established.

Williams and Dale (1965, p. 49) suggest that if a measure of

interelement relationships does not define a model in Euclidean

space, "...it must, as a minimum requirement, be a metric." They

define a metric as follows:
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Definition. A numerical function d(x, y) of pairs of points of

a set E is said to be a metric for E if it satisfies these

conditions:

1. d(x, y) = d(y, x) > 0 (symmetry)
2. d(x, y) < d(x,z ) d (y, z) (triangle inequality where z

is a third point)
3. if d(x, y) = 0 then x = y (distinguishability of non-

identicals)
4. d(x, x) = 0 (indistinguishability of

identicals)

It is immediately apparent that measures of interelement

similarity do not meet conditions 3 and 4 and thus are unacceptable

under this requirement, unless it can be shown that they are based

on a metric (e.g. Euclidean distance). Another consideration is the

relationship of measures to classification strategies since the latter

are not invariant under change of measure. But first it is appro-

priate to consider the nature of the data presented for classification

and what kinds of heterogeneity may be contained in them.

Four classes of data may be distinguished. In class one

coordinates are measurable on all axes, no subpopulations are every-

where zero on subsets of axes, and distributions are substantially

unimodal on all axes. Such data are essentially homogeneous and

thus are of little interest for classification except as a whole set

may define a single clas-sification unit. The distribution of the data

may approach the multivariate normal distribution.

Class two data are similar to class one with one major
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difference: the distributions are polymodal on at least some axes,

the points forming clusters in the p space. Such data are the raw

material of general taxonomy.

The data of class three are qualitative, the coordinates taking

only the values zero or one. Subpopulations exist which are every-

where zero on subsets of axes. These are the presence-absence

data of phytosociology and may be generated from the next data class

by dichotomizing the variates.

The coordinates are measurable on all axes of class four data.

Subpopulations exist which are everywhere zero on subsets of axes.

Distributions on the nonzero axes may be polymodal. These too are

data of phytosociology, when some measure of the amount of a

species present is used. So phytosociological data are of either class

three or four, many times with class three generated from class

four since a measure of the amount of each species present is

usually taken.

Distance Measures

The distance between two points (x r y1) and x , ym ) in the

x, y plane may be defined as follows:

d2 = (x
1
-xm )2 + (yrym) 2,

lm

from the theorem of Pythogoras (see Figure 1). If x
1

is substituted
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Figure 1. Distance (d) between two points (1, m) in a plane.

d2 = (xm-xi )
2
+(ym-yi )2

40



41

for x and x2 for y, the above expression may be rewritten:

2
d

2
lm = -xim )2 .

i=1

This may be extended to p dimensional space as follows:

p
d2lm = (x. -x. )2

i= 1

A Euclidean space of order p is the set of all p-tuples

X =
1

, . . . , xi, . . . , x I

(13)

where all x. are real numbers and where the distance between two

points is given by 13.

A Euclidean space is necessarily metric thus this measure

satisfies the minimum requirement previously set forth (Williams

and Dale, 1965). However, there is a difficulty with this measure,

at once phytosociological and statistical. Euclidean distance is

weighted in favor of characteristics with large variance. In vegetation

data (class four) such characteristics are abundant, ubiquitous

species. A classification in which the emphasis is placed on such

species may result in some stands being misplaced according to the

phytosociological criteria previously presented. That is, because

of differences in amounts of abundant species, stands may be sepa-

rated when they should be grouped together according to the diag-

nostic species they contain. Conversely, stands may be grouped
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together when they contain mutually exclusive species and thus should

be separated. In other words, two stands with no species in common

(i, j in Figure 2) may appear by this measure more similar, if the

amounts of the species are generally low, than two other stands

(h, k in Figure 2) with greatly different amounts of the species

present (Or loci, 1967).

There are two alternative solutions to this problem. One is to

generate class three data from the class four data and determine

vegetation units on the basis of species presence only. There is a

reduced form of Euclidean distance applicable here. This solution

may not be desirable because of the loss of detail in the transforma-

tion of the data from class four to class three, however it will be

considered more thoroughly later.

The other solution is some form of standardization of the

variates. Since the root of the problem is the high variance of the

more abundant species, the most straightforward approach appears

to be transformation of the data to zero mean and unit variance:

x
1.

(x.. x.)/s.
3 13 1. 1

where x.. is the amount of the ith species in the jth stand, xi is the

ismean of the ith species, and s. i the sample estimate of the

standard deviation (0- .) of the ith species (Austin and Greig-Smith,

1968).
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Species 2
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k

Species 1

Figure 2. Comparison of the distance (d) between stands i and j with that between
stands h and k on the basis of the amounts of species 1 and 2.
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Euclidean distance is compatible with both of the classification

strategies selected: (1) group average, if the idea of an average

distance is acceptable; and (2) Ward's method, since this strategy

was designed for Euclidean distance.

In addition, transformation of the data to standard form is

doubly justified with respect to Ward's method. This strategy is

weighted toward variables with high variance (through the error

sum of squares) just as the distance measure itself is (Wishart,

1969). If standardization of the data resolves the difficulty, this

strategy measure pair is a desirable approach to the classification

of vegetation because of its other properties.

Asa prelude to the discussion of distance and similarity

measures for class three data, introduction of the notation for a two

by two contingency table is appropriate (Figure 3). The distance

measure referred to earlier then becomes

d2 = b + c,

Euclidean distance for class three data. This may be scaled as

follows:

d2= b + c
a + b + c

which eliminates d, the double zero matches that mask exclusive

species. However, Euclidean properties are lost because the number

of axes in the model varies with each pair of species or stands for



which the distance is calculated (Williams and Dale, 1965).

Present

Absent

Figure

Present Absent

a b a+b

c d c+d

a+c b+d a+b+c+d

3. Two by two contingency table. The lower
case letters represent counts in the four
possible combinations of presence and
absence of species i and j or of species in
stands i and j.

Measures of Similarity

The simplest is

S= a,

the number of nonzero matches. If this is scaled as before

S a + b + c
a 1 - b + c

a+b
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the result is Jaccard's coefficient (Sokal and Sneath, 1963). Both

of these fail the criteria of metricity as mentioned previously

(Williams and Dale, 1965). There is another measure of similarity

which is based on Euclidean distance

a + d d 2

S = = 1a+b+c+d a+b+c+d
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However, this measure is phytosociologically undesirable since it

includes the double zero matches, d, which tend to mask the exclu-

sive species.

Therefore, on theoretical grounds alone, either of the forms of

Euclidean distance is acceptable. It remains then to determine

whether group average or Ward's method is the most desirable

classification strategy.
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MATERIALS AND METHODS

Since the objective of this research was two-fold, computer

programs for vegetation classification were written and evaluated by

running them with different sets of data. Stepwise discriminant

analysis was used to evaluate the classifications in terms of environ-

mental variables for two sets of data (3 and 4 below) as well as in

terms of vegetation data for all sets. Thus insight into the ecology

of the vegetation units was achieved for two sets of data.

The classification strategies and coefficients of interindividual

relations were selected for programming on the basis of the theoreti-

cal considerations previously discussed. Three sets of data were

chosen from the literature primarily because they had been classified

into vegetation units clearly recognizable in the tables. In addition,

two sets of field data from range ecological research at Oregon State

University were included in the evaluation. These sets, too, had

been classified, but the vegetation units were not as well defined as

in the former three sets of data. Thus a rough minimum standard of

classification was available, against which to check the results of

the computer approaches.

Sources of Data

The following is a listing of the data used:
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1. Longleaf pine vegetation from Florida, relative abun-
dance for 22 woody species in 16 stands (Uphof, 1938);

2. Danube meadow vegetation from Ulm, Germany, relative
amounts (070 weight) for 94 species in 25 stands
(Ellenberg, 1956);

3. Bog vegetation from Ireland, cover-abundance for 53
species in 28 stands, and soil and physiographic data
(Moore, 1962);

4. Sagebrush - grass vegetation from the Squaw Butte
Experiment Station, Burns, Oregon, percent basal cover
for 93 species in 31 stands, and soil and physiographic
data (Eckert, 1957);

5. Juniper - sagebrush grass vegetation from near
Ward Lake, Oregon, percent foliage cover for 87
species in 51 stands (Schallig, 1968).

In transcribing the above data, whenever a species was noted as

simply being present, it was given the value of one. The soils and

physiographic data were coded according to Poulton, Fos berg and

Pyott (1966). A listing of these environmental data appears in Table 1.

Computer and Associated Hardware and Software

The computing facilities used in this research were, with the

exception of the remote terminal, installed in the Oregon State

University Computer Center. The central processing unit was a

Control Data Corporation 3300 with 98, 000 words of memory, periph-

eral storage on disk packs, and a line printer. The programming

language used was OS-3 FORTRAN, version 2. 1, with many of the

features of FORTRAN IV.
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Table 1. Site and soils data.

Characteristic Location
Irish Bog Squaw Butte

Site
Elevation x x
Slope % x x
Position on slope x
Exposure x x
Landform x
Position on landform x
Macrorelief x
Parent material x
Underlying material x
Stones x

% coverGravel x
of soil surfaceBareground x

Depth x x

Soil Morphology by horizon Al & B2
Depth x
Boundary x
Color x

Texture x
Structure x
Consistence x
Clay films x( B2 only)
Pores x ( Al only)
Effervescence (HC1) x (B2 only)

Soil Chemical Data by horizon AO Al & B2
pH x x

% organic matter x
Electrical conductivity x

Soil Physical Data by horizon Al & B2
Moisture equivalent % x
Moisture % at 15 atmospheres x
Fine texture: % sand, silt, clay x
% coarse fragments x
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Programming and program execution were carried out by

remote access through a teletype installed in the Range Management

offi-ces in Withycombe Hall, Oregon State University. This remote

terminal was part of the teletype network of the OS-3 time sharing

operating system.

Evaluation of Classification Approaches

Criteria were established for the evaluation of selected classi-

fication strategies and coefficients of interindividual relationships.

The evaluation procedure was designed in two stages with only

selected output from the first as input for the second.

Selected Approaches

On the basis of theoretical considerations, two classification

strategies, Ward's method and group average, were selected for

further evaluation. Five of the coefficients previously discussed

were selected for testing with the two strategies:

S = a (point similarity),

a
S a+b+c (phytosociological similarity),

d2 a++c (phytosociological d2),
b+c

d
2 = b+c (Euclidean point d2),
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k
d2 = E (x.

11
- x.m)2 (Euclidean d2).

Although the first three coefficients listed fail the criterion of

metricity, they were included because they have phytosociological

meaning.

Criteria for Evaluation

Each strategy-coefficient pair was evaluated according to the

following criteria: theoretical properties, tendency to chain and

interpretability of the resulting stand groups. These criteria were

considered jointly since none of them are independent.

Theoretical properties included metricity, applicability to

class three or class four data, necessity for standardization of the

variates, and consideration of within- and among-group variance.

These properties were of less importance at this point than they were

in the preliminary screening of coefficients and strategies.

Chaining is the tendency, once an element pair (of stands, say)

is formed by the classification, for it to form no more groups but to

add stands one at a time to the original group. Chaining may be

measured by the chaining coefficient (Williams, Lambert and Lance,

1966):
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C (n-1)(n-2)

n1 - nm

where n is the total number of individuals (stands or species) and n1

and n are the number of individuals respectively in the two groups

which fuse at the ith point.

Vegetational and ecological interpretability of classification

results were assessed in two ways. First, the rearranged vegetation

data (and accompanying environmental data in two cases) were

visually inspected for evidence of pattern. Second, the resulting

stand groups were checked both in terms of the vegetation data and

environmental data by stepwise discriminant analysis.

The visual check of the vegetation groups was made to deter-

mine whether they were properly defined. That is, stand groups

should be clearly defined by groups of species which tend to be

mutually exclusive. The environmental data were checked to deter-

mine if there was any pattern in both presence and levels of variables

which corresponded to the vegetation units.

At the same time it is desirable that the within groups vari-

ances of species be less than the among groups variances. Also, of

little importance for vegetation classification itself, but of much

value for resource management is the ecological significance of the

stand groups. That is, the environments of stands which are grouped
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together should be highly similar and the variance criterion for

species holds for environmental variables also.

Stepwise Discriminant Analysis

One way of evaluating classifications in light of the preceding

discussion is by use of stepwise discriminant analysis (Sampson,

1968). This provides a measure of the efficacy of the discrimination

on the input observations, and aids in determining the importance of

the different variables in distinguishing the groups given by the

classification. This is done in a stepwise fashion by the formation

of linear sums of first one variable, then two, three, etc. At each

step the variable added is the one which results in the greatest

improvement in the classification according to the first of the follow-

ing equivalent criteria (Sampson, 1968, p. 214a):

1. The variable with the largest F value...

2. The variable which when partialed on the previously
entered variables has the highest multiple correlation
with the groups.

3. The variable which gives the greatest decrease in the
ratio of within to total generalized variances.

If its F value becomes too low a variable is deleted. The stepwise

process stops when either a specified number of variables has been

entered or the F values of the remaining, unentered variables

become too low, whichever occurs first. After the stepwise part of
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the program is completed a canonical analysis is performed on only

those original variables which were added in the linear sums:

canonical correlations and coefficients for canonical variables. The

first two canonical variables are plotted to give an optimal two-

dimensional picture of the dispersion of each group of observations

about its respective mean.

The following notation is used in order to describe the computa-

tional procedures and output:

let p = number of variables

g = number of groups

n = number of observations (stands) in group m

n = total number of observations

xmki = value of variable i for observation k of group m

The computational procedures and associated output follow:

1. Grand means, group means and standard deviations:

n
1

g m
Grand means x. = Z z xmk .

1 n im=1 k=1

1 nmGroup means x = xmi n mkim k=1

Group standard deviations

i=1, 2, ..., p

i=1, 2, ..., p
m=1, 2, .. g

nm

s c[ (x - .)2]/ (nrn-1)1 1/2 i=1, 2, ..., p. =
rn1 k mki

m=1, 2, g



2. Within groups covariance matrix: First the within and

total cross product matrices are formed,

n
g m

W ;wi.= E E (xmki - xmi)(xmkj- xm);m=1 k=1 3

g
nm

T ; t.. = E E (xmki - ;c.)(xmk X.);
m=1 k=1 3

j

then the within groups covariance is
1

V = ; w..;
13 13 n-g 13

3. Within groups correlation matrix:

w..
R= ; r.

1j 1j (w..w..)1/2u 33
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2, ... , p;
j=1, 2, ... , p;

i=1, 2, p;
j=1, 2, ..., p.

i=1, 2, ..., p;
j=1, 2, ..., p.

4. At each step of the procedure the variables are divided

into two disjoint sets; those included in the discriminant

functions (linear sums) and those not included. Assume

that the first h are included.

Let W =

W11W12

W
21

W22
and T =

Where W11 and T11 are h x h.

Let A =

T11 T12

T21 T22

W11 -1 W11-1 W12

=
W

21
W11 -1 W22 W

21
W11 -1 W12 iJ



and let B =

T11 -1 T11 -1 T12

T21 T11 -1 T22 - T21 T11 -1 T12

The coefficients and constant terms of the discriminant

functions are computed:

h
Cki = (n-t)

j=1 J

h
Ck0 = -1/2 E Ckixki ;

i=1
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i=1, 2, ... , h;
k=1, 2, . , g;

k=1, 2, ... , g.

The following statistics are computed and printed out:

a. Variables included and F to remove:

a.. - b..
F. 3.) JJ

b..
J3

n - h - g + 1
g - 1

for the jth variable with g-1 and n -h -g +l degrees

of freedom.

b. Variables not included and F to enter:

b.. - a
ji

a..
JJ

n - h - g
g - 1

with g-1 and n-h-g degrees of freedom. Under the

usual normality assumptions (multivariate normal

distribution with mean vector, R, and covariance

matrix E) these are the likelihood ratio tests of the

equality over all g groups of the conditional
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probability distribution of the jth variable given the

remaining entered variables. Although vegetation

data are not considered to follow the multivariate

normal distribution but are polymodal, Segura-

Bustamante's results indicate that this analysis is

robust enough to be little affected by this departure

from normality (Segura- Eustamante, 1970).

c. U statistic and approximate F statistic to test

equality of group means:

U = Det (W11)-
1 / Det (T11)

with h, g-1, and n-g degrees of freedom.

F
ms + 1 - (hq/2)

hq

22 . '1/2
where s 4 if h2 + q

2
1 5;=

2 + q
2-

5

= 1, if h2
+ q

2
= 5;

h + q + 3m = n -
2

q = g - 1

with hq and ms + 1 - (hq/2) degrees of freedom. If

either h or q is 1 or 2 the approximation is exact.

1 Determinant of the matrix W11, etc.
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d. Matrix of F statistics to test the equality of group

means between each pair of groups:

(n-g-h+l)nmne
Fme = Z (C - C .)(x x .);

h(n-g)(nm +n e) mi el

where m= 1, 2, ..., g;

e = 1, 2, ... , g;

with h and n-g-h+1 degrees of freedom.

To move from one step to the next, one variable is

entered into or deleted from the discriminating set

according to one of the following rules:

e. If there are one or more variables which are entered

and have an F value less than F to remove, the one

with the smallest F will be deleted.

f. If no variable satisfies e, and there are one or more

variables not entered which have an F value greater

than F to enter, the one with the largest F will be

entered.

If no variable satisfies e. or f. , the process is

terminated.

5. When the number of variables entered is equal to one of

the numbers specified by the user and after the last step

the following are computed:

a. Value of the mth discriminant function evaluated at
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observation k of group e:

h
Semk = Cm0 + E C X

1 mi mik3=

The coefficients and constant terms are printed out.

b. Each of the n observations is classified into one of

the g groups according to which of the g discriminant

functions yields the highest value. A classification

matrix is printed which shows the number of obser-

vations from the eth group which were classified

into the mth group; e=1, 2, ... , g; m=1, 2, g; e

may or may not be equal to m (Table 2). If all of

the off diagonal elements are zero, then according

to the results of this analysis none of the observa-

tions were misclassified originally.

Table 2. Example of classification matrix.

Number of Observations
Classified into Group

Number of Observations
in Original Groups

Group A B

A 11 1 12

B 2 11 13

6. After the last step the following are computed and

printed for each observation:
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a. Posterior probability of observation k in group e

having come from group m:

E (semk)
Pemk

g
E (seik)

i=1

b. Square of Mahalanobis distance of observation k in

group e from group m:

2
h h

D E E (X .) a, (X ekj. m.)emk i= I j= I
eki

This may be used as a chi-square variable with h

degrees of freedom for classification purposes.

7. A summary table is printed. For each step of the pro-

cedure the following is tabulated:

a. Variable entered or removed.

b. F value to enter or remove.

c. Number of variables included.

d. U statistic.

8. Eigenvalues, cumulative proportion of total dispersion,

canonical correlations, coefficients for canonical

variables, and canonical variables evaluated at group

means are printed. The number of cannonical variables

is equal to the number of original variables, h, included

in the last step.



Let B= T- W (all h x h matrices). The eigenvalue

problem

Bu.
1

= X.Wu.,
1

i=1, 2, ... , h,
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issolvedtofindcoefficients,u.,of canonical variables

and the amount of dispersion x. explained by each

canonical variable.

The canonical correlations relative to the groups are

then computed:

Pi [ X i (1 + xi)]
1 / 2

; i=1, 2, h.

9. For each observation the first two canonical variables

y and z are computed and plotted on a scattergram:

Ymk
1

ujl (xmkj xj)

h
z =

u.2
- x.).

mk j2 mkj
j=1

This gives a graphic portrayal of the affinity of each

observation for the groups determined by the original

clas sification.

Procedure

Three major activities were involved: programming and

proofing of programs, running the programs, and evaluating the

results. Program operation and results evaluation alternated with
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each other because the classification process was approached in a

stepwise fashion as explained below.

Programming

Three main programs were written: one to calculate matrices

of coefficients (COEFCALC), one to carry out the classification

operations on the matrices (HIERCLAS), and one to rearrange the

data table following classification (DATAREGR). Other programs

include several for data input and manipulation prior to classification

(STNOS, SPPNOS, RAWTABLE, STDORDER), one to standardize

class-four (species amount) data to zero mean and unit variance by

species (DATANORM), and one to transpose and reformat results of

vegetation classification so they can be used as input to the general

programs in the computer center catalog (DATRNSPS). All program-

ming was done in OS-3 FORTRAN, version 2.1. Then the programs

were compiled (translated into machine langauge) and stored on disk

files.

Preliminary runs were made of the longleaf pine vegetation

data using a desk calculator to provide a basis for program checkout.

Also the necessity of standardization of class four data was tested

for stand grouping by using Euclidean squared distance with Ward's

method on this data set.
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Program Operation and Results Evaluation

Program execution was completely user controlled from a

teletype since the data were on disk files as well. The general pro-

cedure was to group species first, then stands.

All five coefficients were run with the two strategies on the

longleaf pine vegetation data to select a strategy-coefficient pair for

grouping species. The class-four data were not standardized by

columns (stands) because no meaning could be attached to a column

mean and variance. Row (species) standardization was inappropriate

because it would have altered the relationships among species.

The chaining coefficient was calculated for each strategy-

coefficient pair for grouping species by the classification program.

Strategy-coefficient combinations were compared by a two-way

analysis of variance of the chaining coefficients.

Dendrograms (Figure 4) of the results were constructed

according to the procedures of Sokal and Sneath (1963) and these were

used to aid in interpretation of the rearranged data tables. A graphic

portrayal of chaining tendencies was given by the dendrograms also.

The data tables were checked to determine whether the resulting

species groups contained only species of highly similar distribution

and not mutually exclusive species. These results were also com-

pared with the form of the data as published.
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Figure 4. Dendrogram of species grouping with closely related species joined by horizontal lines near the top of the figure and distantly related

groups toward the bottom. Species are represented by symbols along the x-axis and the proportion of the maximum distace
(Euclidean point d2) attained in the classification (Ward's method) is represented by the y-axis. Coefficient range: 0<d < 56.42.
Chaining coefficient = .1520.
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After selection of a strategy-coefficient pair for grouping spe-

cies in the longleaf pine data set (Uphof, 1938), it was used to group

species in the other four data sets. The appropriateness of the

strategy-coefficient selection was rechecked by evaluation of these

results. The data tables rearranged according to species groups

for each of the five data sets were then used as input for grouping

stands (Figure 5).

Since there is some controversy in the literature regarding the

relative value of class three and class four data (Moore, et al.,

1970) these were compared for stand grouping. Euclidean distance

is available for both data classes so it was chosen as the coefficient.

This led logically to the selection of Ward's method as the classifi-

cation strategy. Stands were grouped for each of the five data sets,

chaining coefficients calculated, and dendrograms prepared. The

two classes of data for the five data sets were compared by a two-way

analysis of variance of the chaining coefficients from grouping stands.

Further evaluation of the results of these classifications was

carried out by means of stepwise discriminant analysis. Separate

runs were made to check the stand groups at each level of the class-

ification hierarchies generated by the two coefficients for each data

set, and any misclassifications were noted. The number and identity

of variables necessary to reproduce the given classification, the

significance level of the F value to test equality of group means at
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that step, and the number of canonical variables necessary to account

for all of the dispersion were recorded. All of this information was

considered in the comparison of the results of stand classification of

class three and class four vegetation data.

A check on the ecological significance of the vegetation units

determined by the classifications was possible for two of the data

sets, Irish bog and Squaw Bute, as environmental data were avail-

able for them. The stepwise discriminant analysis was used on the

environmental data arranged in the same stand order as the results

of the vegetation classifications. The same items of information

were used for evaluation here as for the vegetation data.

The Squaw Butte environmental data were divided into three

parts since the total number of variables was greater than the pro-

gram could handle: 1) site data, 2) soil morphological data, and 3)

soil laboratory data (chemical and physical). Separate runs were

made for each part and the results combined in a final run. Also

to reduce the data to manageable proportions, morphological and

laboratory data from only the Al and B2 soil horizons were used.

The properties of these horizons are considered to be important in

determining which plant species grow in a given area (Segura-

Bustamante, 1970; Eckert, 1957).

Subsequently, the discriminating environmental variables were

combined with discriminating species in each data set, and the
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stepwise discriminant analysis run again. In addition to all of the

information utilized for direct evaluation of the vegetation classifica-

tions by stepwise discriminant analysis of vegetation data and indi-

rectly by analysis of environmental data, the within groups correla-

tions of species with environmental variables were considered for

the combined vegetation-environmental data. In this way the environ-

mental indicator value of the vegetation units given by the classifica-

tions could be evaluated in terms of species-environmental variable

relationships (within groups correlations) as well as vegetation unit-

environmental variable relationships (canonical correlations).
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RESULTS

Consideration of results will be divided into three parts. First,

all combinations of classification strategies and interspecies coeffi-

cients (strategy-coefficient pairs) for determination of species groups

will be compared. Second, two forms of Euclidean distance for

classification of vegetation stands will be discussed. Finally, the

computer programs developed for classification of vegetation as part

of this research will be reviewed and operating costs analyzed.

Since the main thrust of this research was the development of

methods, interpretation of results was carried only to the point neces-

sary for comparative evaluation of classification approaches and to

illustrate to the potential user some of the possibilities in classifica-

tion interpretation. He is in the best position to make interpretations

relative to the vegetation with which he may be working, drawing on

experience and other information outside a particular set of data.

Determination of Species Groups

The outcome of the test on the Florida longleaf pine vegetation

of ten strategy-coefficient pairs for grouping species (two strategies,

five coefficients) will be presented first. Then the results from the

use of the strategy-coefficient pair selected in the first test with

the other four data sets will be presented.
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The two strategies were group average and Ward's method.

The five interspecies coefficients were as follows:

1. Point similarity (PT SIM = a).

2. Phytosociological similarity (PHY SIM = a/(a+b+c)).

3. Squared phytosociological distance (PHY D2 = (b+c)/

(a+b+c)).

4. Squared Euclidean point distance (EPT D2 = b+c)

n
5. Squared Euclidean distance (EUC D2 = E (xi. xih)2,

-1=-1

j=1, 2, ..., p; h=1, 2, ..., p; jA; for p species in n stands).

Since the objective of grouping species is to determine those

which have greatest potential for identifying stand groups, some

species are eliminated from consideration at two points in the class-

ification process. First, prior to calculation of an interspecies

coefficient, following the recommendation of Ellenberg (1956), all

those species with less than fifteen percent presence are dropped

(<2 for longleaf pine data).

At the second point two criteria were used as a basis for drop-

ping species from consideration in classification. These same

criteria are used in grouping stands and may be determined analo-

gously as follows. During regrouping of the data according to the

species groups, all clusters are checked to see that every species

occurs in at least two stands with one other species in its cluster



71

(the "a" value from the two way contingency table, Figure 3). Also

a level of the interspecies coefficient is set, not to be exceeded by

distances (between clusters in hyperspace), nor below which the

value of similarity may fall. This level may be set by making a

frequency distribution of the values of the interspecies coefficients

for cluster fusions and determining the modal class. If the distribu-

tion is multimodal take the first mode. This procedure is only a

guide and experience indicates it works less well with smaller sets

of data (e. , longleaf pine) than with larger (e. g. Ward Lake).

However, if this level is not stringently set, the classification

becomes cluttered with numerous superfluous species (reason for

taking first mode rather than highest) and the stand groups will not

be properly defined (according to phytosociological principles) in the

final output. A dashed line indicates this level in the dendrograms

(Figures 6-15).

In order to facilitate construction of the dendrograms, the

coefficient values were transformed to the proportions of the maxi-

mum coefficient value attained in the classification. For Ward's

method this may be quite high because of its space dilating properties.

Species not meeting one or both the above criteria are not

completely eliminated, but are retained by the computer at the foot

of the table. However, they and the low presence species are not

considered for stand classification. Eliminated species were
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dropped from the tables presented here (Tables 6 - 13) so that the

species groups would be more clearly evident.

Selection of a Strategy - Coefficient Pair

In his data Uphof (1938) separated two mutually exclusive groups

of species, one restricted to lowland areas and the other to uplands

(Table 3). For a strategy coefficient pair to be successful it must

reproduce this separation. Seven of the pairs did this (Tables 4-10)

and Figures 6-12). The group average-point similarity combination

had one lowland species, Quercus myrtifolia mixed in with the upland

species (Table 11 and Figure 13). Since point similarity is simply

the number of joint occurrences of each species pair, the ubiquitous

species dominated (most joint occurrences) with very few distinct

clusters formed. Most of the remaining species had higher average

similarities with the ubiquitous species than with each other. Thus

a chain was formed with the position of most species on the chain a

decreasing function of presence. Both strategies with squared

Euclidean distance alternated subgroups of lowland species with

subgroups of upland species (Tables 12, 13 and Figures 14 and 15).

Theoretically, Ward's method should yield a sharper definition

of groups (in terms of coefficient values) than group average. This

is vividly demonstrated in the dendrograms where the distance on

the vertical axis between the union of similar species (or species



Table 3. Uphof's species groups in the Florida Longleaf Pine data.

Group Symbol Presence Scientific Name and Authorship

b
Ubiquitous PIPAa 16 Pinus palustris Mill.

SERE 16 Serenoa repens (Bartr. )Small

VANI 14 Vaccinium nitidum Andr.

CHOB 13 Chrysobalanus oblongifolius Michx.

ASRE 12 Asimina recticulata Chapm.

LYLU 11 Lyonia lucida (Lam. )K. Koch

BERA 10 Befaria racemosa Vent.

Lowland ILGL 7 Ilex glabra (L )A. Gray

GADU 4 Gaylussacia dumosa (Andr. )Torr. & Gray

QUMY 3 Quercus myrtifolia Wind.

MYCE 2 Myrica cerifera L.

MYPU 2 M. pumi la Michx.

PICA 1 Pinus caribaea Morel.

Upland OPVU 6 0 ippitia vulgaris Mill.

CEMI 5 Ceanothus microphyllus Michx.

GAFR 4 Garberia fruticosa Nutt. )A. Gray

OSAM 3 Osmanthus americanus(L.)Benth. &Hook.

PYRI 3 Pycnothamnus rigidus (Bartr. )Small

QUCI 3 Quercus cinerea Michx.

QULA 3 Q. laevis Walt.

QUVIM 2 Q. virginiana var. maritima(Michx. )Sarg.

ASMY 1 Asimina pygmaea(Bartr. )A. Gray
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a Species symbols were developed according to the directions by Garrison, Skovlin and Poulton
(1967).

bSpecies nomenclature is as presented by Uphof, loc. cit.



Table 4. Results of hierarchical classification of species by Ward's method using the point similarity coefficient in the Longleaf Pine data.

Relative species abundance
a

Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 18 14 Pb

Species

PIPA 4 5 5 5 5 5 5 4 3 4 5 5 5 4 5 5 16

SERE 5 4 5 5 1 3 5 3 1 5 2 3 2 3 5 5 16

VANI 1 1 1 2 3 1 1 3 4 1 2 3 2 2 14

CHOB 1 2 2 2 2 2 1 1 1 3 3 1 1 13

ASRE 1 2 1 1 1 2 1 4 1 1 4 1 12

LYLU 1 1 1 4 3 2 2 1 2 2 3 11

BERA 1 1 1 2 1 1 1 2 1 3 10

OPVU 1 1 1 1 2 1 6

CEMI 1 2 1 1 1 5

GAFR 1 1 1 1 4

OSAM 2 1 1 3

PYRI 1 1 3 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

ILGL 1 3 1 2 2 1 1 7

GADU 1 2 1 1 4

MYCE 2 1
2

MYPU 1 1
2

al = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
bP

= presence.



Table 5. Results of hierarchical classification of species by the group average method using the phytosociological similarity

Longleaf Pine data.

coefficient in the

Relative species abundancea

Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 18 14 Pb

Species

PIPA 4 5 5 5 5 5 5 4 3 4 5 5 5 4 5 5 16

SERE 5 4 5 5 1 3 5 3 1 5 2 3 2 3 5 5 16

VANI 1 1 1 2 3 1 1 3 4 1 2 3 2 2 14

CHOB 1 2 2 2 2 2 1 1 1 3 3 1 1 13

ASRE 1 2 1 1 1 2 1 4 1 1 4 1 12

LYLU 1 1 1 4 3 2 2 1 2 2 3 11

BERA 1 1 1 2 1 1 1 2 1 3 10

ILGL 1 3 1 2 2 1 1 7

GADU 1 2 1 1 4

OPVU 1 1 1 1 2 1 6

CEMI 1 2 1 1 1 5

OSAM 2 1 1 3

PYRI 1 1 3 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

1 = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
bP = presence.



Table 6. Results of hierarchical classification of species by Ward's method using the phytosociological similarity coefficient in the Longleaf Pine
data.

Relative species abundancea
Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 18 14 Pb

Species

PIPA 4 5 5 5 5 5 5 4 3 4 5 5 5 4 5 5 16

SERE 5 4 5 5 1 3 5 3 1 5 2 3 2 3 5 5 16

VANI 1 1 1 2 3 1 1 3 4 1 2 3 2 2 14

CHOB 1 2 2 2 2 2 1 1 1 3 3 1 1 13

ASRE 1 2 1 1 1 2 1 4 1 1 4 1 12

LYLU 1 1 1 4 3 2 2 1 2 2 3 11

BERA 1 1 1 2 1 1 1 2 1 3 10

ILGL 1 3 1 2 2 1 1 7

GADU 1 2 1 1 4

OPVU 1 1 1 1 2 1 6

CEMI 1 2 1 1 1 5

OSAM 2 1 1 3

PYRI 1 1 3 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

a

b
1 - sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.

P = presence.



Table 7. Results of hierarchical classification of species by the group average method using phytosociological d2 in the Longleaf Pine data.

aRelative species abundance
Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 18 14 Pb

Species

PIPA 4 5 5 5 5 5 5 4 3 4 5 5 5 4 5 5 16

SERE 5 4 5 5 1 3 5 3 1 5 2 3 2 3 5 5 16

VANI 1 1 1 2 3 1 1 3 4 1 2 3 2 2 14

CHOB 1 2 2 2 2 2 1 1 1 3 3 1 1 13

ASRE 1 2 1 1 1 2 1 4 1 1 4 1 12
LYLU 1 1 1 4 3 2 2 1 2 2 3 11

BERA 1 1 1 2 1 1 1 2 1 3 10

ILGL 1 3 1 2 2 1 1 7

GADU 1 2 1 1 4
OPVU 1 1 1 1 2 1 6

CEMI 1 2 1 1 1 5

GAFR 1 1 1 1 4
OSAM 2 1 1 3

PYRI 1 1 3 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

al = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
bP

= presence.



Table 8. Results of hierarchical classification of species by Ward's method using phytosociological d
2 in the Longleaf Pine data.

Relative species abundancea
Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 18 14 Pb

Species

PIPA 4 5 5 5 5 5 5 4 3 4 5 5 5 4 5 5 16

SERE 5 4 5 5 1 3 5 3 1 5 2 3 2 3 5 5 16

VANI 1 1 1 2 3 1 1 3 4 1 2 3 2 2 14

CHOB 1 2 2 2 2 2 1 1 1 3 3 1 1 13

ASRE 1 2 1 1 1 2 1 4 1 1 4 1 12

LYLU 1 1 1 4 3 2 2 1 2 2 3 11

BERA 1 1 1 2 1 1 1 2 1 3 10

ILGL 1 3 1 2 2 1 1 7

GADU 1 2 1 1 4

OPVU 1 1 1 1 2 1 6

CEMI 1 2 1 1 1 5

OSAM 2 1 1 3

PYRI 1 1 3 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

al = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and S = covering.
bP

= presence.



Table 9. Results of hierarchical classification of species by the group average method using Euclidean Point d2 in the Longleaf Pine data.

Relative species abundancea
Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 13 14 Pb

Species

PIPA 4 5 5 5 5 5 5 4 3 4 5 5 5 4 5 5 16

SERE 5 4 5 5 1 3 5 3 1 5 2 3 2 3 5 5 16

VANI 1 1 1 2 3 1 1 3 4 1 2 3 2 2 14

CHOB 1 2 2 2 2 2 1 1 1 3 3 1 1 13

ASRE 1 2 1 1 1 2 1 4 1 1 4 1 12

OSAM 2 1 1 3

PYRI 1 1 3 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

OPVU 1 1 1 1 2 1 6

C EMI 1 2 1 1 1 5

GAFR 1 1 1 1 4

GADU 1 2 1 1 4

MYCE 2 1 2

MYPU 1 1 2

ILGL 1 3 1 2 2 1 1 7

QUMY 2 1 2 3

a
1 = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.

bP = presence.



Table 10. Results of hierarchical classification of species by Ward's method using Euclidean Point d
2

in the Longleaf Pine data.

Relative species abundancea
Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 18 14 Pb

Species

PIPA 4 5 5 5 5 5 5 4 3 4 5 5 5 4 5 5 16

SERE 5 4 5 5 1 3 5 3 1 5 2 3 2 3 5 5 16

VAN' 1 1 1 2 3 1 1 3 4 1 2 3 2 2 14

CHOB 1 2 2 2 2 2 1 1 1 3 3 1 1 13

ASRE 1 2 1 1 1 2 1 4 1 1 4 1 12

OSA M 2 1 1 3

PYRI 1 1 3 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

OPVU 1 1 1 1 2 1 6

CEMI 1 2 1 1 1 5

GAFR 1 1 1 1 4

GADU 1 2 1 1 4
MYCE 2 1 2

MYPU 1 1 2

ILGL 1 3 1 2 2 1 1 1 7

QUMY 2 1 2 3

al = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
bP

= presence.
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Figure 6. Dendrogram of species grouping by Ward's method using the point similarity coefficient in the Longleaf Pine data. Species are on the
x-axis and the proportions of the maximum similarity attained in the classification are on the y-axis. Coefficient range:
-18. 40<S<16.0. Chaining coefficient: . 2105.
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Figure 7. Dendrogram of species grouping by the group average method using the phytosociological similarity coefficient in the Longleaf Pine
data. Species are on the x-axis and the proportions of the maximum similarity attained in the classification are on the y-axis.
Coefficient range: .095 < S< 1.00. Chaining coefficient: . 2982.
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Figure 8. Dendrogram of species grouping by Ward's method using the phytosociological similarity coefficient in the Longleaf Pine data. Species
are on the x-axis, and the proportions of the maximum similarity attained in the classification are on the y-axis. Coefficient range:
-1.88< S< 1.00. Chaining coefficient: .1696.
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Figure 9. Dendrogram of species grouping by the group average method using phytosociological d
2

in the Longleaf Pine data. Species
are on the x-axis, and the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient

co
range: 0 < d2< 0.904. Chaining coefficient: . 2982.
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2Figure 10. Dendrogram of species grouping by Ward's method using phytosociological d in a Longleaf Pine data. Species are on the x-axis, and

the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range; 0 < d2< 2.88.
Chaining coefficient: .1696.
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Figure 11. Dendrogram of species grouping by the group average method using Euclidean point d
2

in the Longleaf Pine data. Species are on the
x-axis, and the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range:
0< d2 <10. 87. Chaining coefficient: .1579.
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Table 11. Results of hierarchical classification of species by the group average method using the point similarity coefficient in the Longleaf Pine data.

Relative species abundancea
Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 18 14 Pb
Species

PI PA 4 5 5 5 5 5 5 4 3 4 5 5 5 4 5 5 16
SERE 5 4 5 5 1 3 5 3 1 5 2 3 2 3 5 5 16
VANI 1 1 1 2 3 1 1 3 4 1 2 3 2 2 14

CHOB 1 2 2 2 2 2 1 1 1 3 3 1 1 13

ASRE 1 2 1 1 1 2 1 4 1 1 4 1 12
LYLU 1 1 1 4 3 2 2 1 2 2 3 11

BERA 1 1 1 2 1 1 1 2 1 3 10
ILGL 1 3 1 2 2 1 1 7

GADU 1 2 1 1 4
OPVU 1 1 1 1 2 1 6

CEMI 1 2 1 1 1 5

GAFR 1 1 1 1 4
QUMY 2 1 2 3

OSA M 2 1 1 3

PYRI 1 1 3 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

al = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
bP

= presence.
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Figure 13. Dendrogram of species grouping by the group average method using point similarity in the Longleaf Pine data. Species are on the
x-axis, and the proportions of the maximum similarity attained in the classification are on the y-axis. Coefficient range:
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1 . 0 <5 < 1 6. 0. Chaining coefficient: . 6784.



Table 12. Results of hierarchical classification of species by the group average method using Euclidean d
2

in the Longleaf Pine data.

Stands

Species
15 24 11 12 23 13 21

Relative Species Abundancea
22 25 27 16 17 26 28 18 14 Pb

QUCI

QUVIM

GA DU

MYPU

MYCE

GAFR

OSA M

QULA

OPVU

CEMI

ILGL

QUMY

1

1

2

1

1

2

1

1

2

1

3

2

1

1

1

1

2

1

2

2

1

1

1

1

1

1

1

1

1

1

1

1

2

1

2

2

1

1

1

1

1

1

1

1

3

2

4

2

2

4

3

3

6

5

7

3

a1 = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and S = covering.
b

P = presence.



Table 13. Results of hierarchical classification of species by Ward's method using Euclidean d
2 in the Longleaf Pine data.

Relative species abundancea
Stands 15 24 11 12 23 13 21 22 25 27 16 17 26 28 18 14 Pb

Species

QUCI 1 1 1 3

QUVIM 1 1 2

GADU 1 2 1 1 4

MYPU 1 1 2

MYCE 2 1 2

GAFR 1 1 1 1 4

OSAM 2 1 1 3

QULA 2 1 1 3

OPVU 1 1 1 1 2 1 6

C EMI 1 2 1 1 1 5

ILGL 1 3 1 2 2 1 1 7

QUMY 2 1 2 3

a1 = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
bP = presence.
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Figure 14. Dendrogram of species grouping by the group average method using Euclidean d
2

in the Longleaf Pine data. Species are on the
x-axis, and the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range:
1.0 < d2< 236.67. Chaining coefficient: . 4444._ _
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Figure 15. Dendrogram of species grouping by Ward's method using Euclidean d
2

in the Longleaf Pine data. Species are on the x-axis, and the
proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range: 1. d2< 760.77. Chaining
coefficient: .2573.
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clusters) and the union of dissimilar clusters is much greater for

Ward's method than for group average (Figures 11 and 12).

For every interspecies coefficient Ward's method yielded the

lower chaining coefficient (a measure of the tendency for the classifi-

cation, once an initial pair of species is formed, to form no more

pairs but only add species one at a time to the original pair, Table

14). Ward's methodwith squared Euclidean point distance resulted

in the lowest one, .1520, while group average with point similarity

had the highest, .6784. The latter is especially striking in the

dendrogram (Figure 13).

As a result of the two way analysis of variance (strategy x

coefficient) of the chaining coefficients, Ward's method was signifi-

cantly different from group average at the ten percent level of prob-

ability. The mean square for interspecies coefficients was slightly

more than one and three quarters times the residual mean square,

indicating differences among the coefficients although non-significant.

On the basis of these results and the theoretical considerations

previously discussed, Ward's method was selected as the classifica-

tion strategy and squared Euclidean point distance as the interspecies

coefficient to use for grouping species. Not only did this combination

have the lowest chaining coefficient and properly did define species

groups in the longleaf pine data, but its minimization of within groups

variance, dilation of space, and metric properties (for class three



Table 14. Comparison of classification strategies and inter species coefficients by the chaining
coefficient.

Coefficient

Strategy
Group
average Ward's Mean

PT SIM .6784 . 2105 .4444

PHY SIM .2982 .1696 .2339

PHY D2 .2982 .1696 .2339

EPT D2 .1579 .1520 .1549

EUC D2 .4444 .2573 .3508

Mean .3574 .1918 .2836

Analysis of Variance

Source S. S. d. f. M. S.

Strategy .0843 1 .0843 5. 6959a

Coefficient .1038 4 .0259 1. 750

Residual . 0592 4 .0148

Total .2473 9

aSignificant at the 10% level.



96

data) are desirable as well.

In the recheck of Ward's method - EPT D2 with the other four

sets of data, the species groups were generally satisfactory as

follows. For the Irish bog and Danube meadows data, the published

species groups were essentially reproduced (Tables 15 and 16, com-

plete species nomenclature is in the Appendices). Species which were

restricted to the same stand groups in each of the original studies

were grouped together for Squaw Butte and Ward Lake data (Tables

17 and 18). However, in these data species groups were not explicitly

defined by the original authors nor were stand groups as well defined

as in the Irish bog and Danube Meadows data. The chaining coeffi-

cients were much smaller than for the longleaf pine data, reflecting

the greater number of species in each data set:

1. Irish bog: .0912 (28 species classified).

2. Danube Meadows: .0518 (63 species classified).

3. Squaw Butte: .0736 (60 species classified).

4. Ward Lake: .0709 (49 species classified).

The output from species classification with Ward's method EPT

D2D for each of the five data sets was then used for evaluation of

stand classifications. The output was in the form of data tables

rearranged according to species groups with eliminated species (low

presence and poorly related) at the foot of each table.
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Table 15. Irish Bog species groups.

Symbola Group Numberb

DEFL 1

PLUN 1

JUSQ 1

NA OS 2

CLUN 2

a Species symbols were developed accord-
ing to directions of Garrison, et al.,
.122. cit. See Appendix A.

b Moore's groups: 1=JUSQ, 2=NAOS.



Table 16. Danube Meadows species groups.

Symbola Group
number

Symbol Group
number

DECA 2a CA FL

LYFL 2b VICR

LYNU 2b GABO

CAAC 2a LOCO

POBI 2a CAGL lb

PIMA 2a LICA lb

ANSI 2a DISU lb

FIUL 2a LEHI -

ANSI 2 -- VIHI lb

TRPR SAPR la

CIOL 2a BRER la

HO LA 2b VISE --

RUAC -- BRME lb

GERI 2b FEO V la

MEDI 2b KOPY la

AJRE SCCO la

LAPR THSE la

ALPR 2b

GLHE 2b

98

aSpecies symbols were developed according to the directions of
Garrison et al., oR. cit. See Appendix B.

bEllenbergrs groups: la = BRER, lb = BRME, 2a = CIOL, 2b =
GERI, -- = not in a group (abrige Arten).



Table 17. Squaw Butte species groups.

Symbol
a Group Number b Symbol Group Number

FRPU 3, 4, 5 ARFR 2 4, 5

MITR 3, 4, 5 PHCH 4

LYDR 3, 5 MIGR 2, 5

JUOC 3,4 ERSPS 2

ERHE 3
PPHLI 2

LIRU 3 ASPU 2

ANCO 2 3
ASSC 1, 2

LIBU 3 ASLE 1, 2

LEPU 2 2

b

Species symbols are from Garrison, et al., 22. cit. See
Appendix C.

Eckert' s groups: 1=AR TR /A GSP, 2=-AR TR /A GSP-S TTH,
3=AR TR/FEID, 4=ARAR/FEID, 5=ARAR/AGSP.

Evaluation of Stand Classifications
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Prior to making computer rims with all five data sets for

comparison of the results of stand classification of class three

(presence only) and class four data (species amount), preliminary

runs were made of the Florida longleaf pine data, unstandardized

class four using squared Euclidean distance. The results indicated

that standardization of class four data is necessary in order to use

this coefficient. Stands containing mutually exclusive species were

grouped together (e..g., stands 24, 17, 26 and 13, 16, 28) and stands
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Table 18. Ward Lake species groups.

Symbola Group
number

Symbol Group
number

MICR 1-6 LERE 1, 3, 5

CO PA 1-6 PE LA 1, 5

POSE 1-6 EPPA 1, 3

AGSP 1-6 LO MA 1

ASPU 1-6 LOMAT 1

BLSC 1 -6 CRWA 2

CRAC 3 GARA 2

OROBA 3 AGGL 4

ARAR 3, 5, 6 LUPIN 4

KOCR 1 STOC 2

PHHO 1 AGSM 2

ASFI 1 ASCU 2 1, 2

ERFI 1 PHLI 1, 2

GILE 1, 2

aSpecies symbols are from Garrison et al., E. cit. See Appendix
D.

bSchallig's groups: 1 = JUOC/ARTRV-PUTR, 2 = JUOC/ARTRV-ARTR,
3 = AR TR V- PUTR, 4 = AR TRV, 5 = JUO C /ARAR- PUTR, 6 =
ARAR- PUTR.
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with close affinity on the basis of species content were scattered

across the table (e.g. , 21, 27, 24 and 23), Tables 19 and 20. There-

fore, all class four data were standardized to zero mean and unit

x.) /s.;(x. = (x.. - .)/s.; where i=1, 2, ..., p species ; j=1, 2, ... ,

n stands ; and s. is the estimate of the standard deviation of the ith
1

species) prior to calculation of squared Euclidean distance for

stand classification (EUCD2 = ih(x.. - x )
2 .

; h = 1, 2, ... , n;
i=1

j # h; for n stands containing p species).

Evaluation of the results of stand classification for each data

set was subdivided as follows: differentiation of stand groups, chain-

ing, environmental relations of stand groups of two sets of data, and

stepwise discriminant analysis.

Table 19. Stand groups determined from unstandardized species
amounts in the Longleaf Pine data.

Group
Number

Stand
Number

Uphof's
Group

Number
Group

Number
Stand

Number

Uphof's
Group

Number

Al 21 2 4 13 1

27 2 16 1

2 15 1
28 2

12 1 5 22 2

11 1 25 2

B3 24 2
23 2

17 1 C6 18 1

26 2 14 1

1=lowland, 2=upland



Table 20. Results of hierarchical classification of standsa by Ward's method using Euclidean d2 in the Longleaf Pine data.

Relative species abundanceb
Stands 21 27 15 12 11 24 17 26 13 16 28 22 25 23 18 14 Pc
Species

PIPA 5 4 4 5 5 5 5 5 5 5 4 4 3 5 5 5 16

SERE 5 5 5 5 5 4 3 2 3 2 3 3 1 1 5 5 16

VANI 1 4 1 1 1 2 3 1 3 1 3 2 2 2 14

LYLU 1 1 1 1 3 2 2 2 4 2 3 11

CHOB 1 1 2 2 2 3 3 2 1 1 2 1 1 13

ASRE 1 1 1 2 1 1 2 4 4 1 1 1 12

BERA 1 2 1 2 1 1 1 1 3 1 10

OSAM 2 1 1 3

PYRI 3 1 1 3

QULA 1 1 2 3

QUCI 1 1 1 3

QUVIM 1 1 2

OPVU 1 2 1 1 1 1 6

CEMI 1 1 1 1 2 5

GAFR 1 1 1 1 4

GADU 1 1 2 1 4

MYCE 2 1 2

MYPU 1 1 2

ILGL 1 1 3 1 2 2 1 7

QUMY 2 1 2 3

ASPY 1 1

PI CA 1 1

a Species were previously classified by Ward's Method using Euclidean Point d
2. Only ASPY and PICA were deleted. The data were not standardized

prior to stand classification.
b 1 = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
cP = presence.
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Differentiation of Stand Groups

These results are presented in three forms; dendrograms,

stand lists arranged in hierarchical order, and tables of data rear-

ranged according to the stand classifications. The hierarchical

interpretations were based both on the dendrograms and the appear-

ance of the output tables. In order to present the results more con-

cisely, the output tables for all data sets except for longleaf pine

were summarized according to the basic stand groups (at the most

detailed hierarchical level). In these summary tables only represent-

ative ubiquitous species from among those considered in the stand

classifications are presented since they made little or no contribution

toward defining stand groups. All the other species considered in

classification are included together with deleted species which in

the output tables showed affinity for particular stand groups by being

present in at least one half the number of stands in a group or groups

and absent from other groups (Ellenberg, 1956). The same species

are presented for both classifications of each data set. The vegeta-

tion classifications will be evaluated first, and then the environmental

data for two data sets will be discussed.

Longleaf Pine

Both classifications reproduced Uphof's separation of the stands
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into lowland and upland groups on the basis of the two mutually exclu-

sive species groups except for stand 14 in the class three data

(Tables 21 and 23). This stand was placed at the end of the upland

stands and separated from the other lowland stands. It really does

not contain enough species to indicate its proper group affinity

(Table 22) although Uphof (1938) placed it with the lowland stands.

Table 21. Stand groups determined from species presence
in the Longleaf Pine date.

Group
Number

Stand
Number

Uphof' s
Group
Number

Group
Number

Stand
Number

Uphof' s
Group
Number

A lA 13 1 B3 24 2

16 1 27 2

B 17 1
228 2

18 1 4 23 2

2 15 1
21 2

12 1
262 2

11 1 5 22 2

25 2

14 1

1=1 owland, 2= upland.



Table 22. Results of hierarchical classification of standsa by Ward's Method using Euclidean Point d2 in the Longleaf Pine data,

Relative species abundanceb

Stands 13 16 17 18 15 12 11 24 27 28 23 21 26 22 25 14 Pc
Species

PIPA 5 5 5 5 4 5 5 5 4 4 5 5 5 4 3 5 16
SERE 3 2 3 5 5 5 5 4 5 3 1 5 2 3 1 5 16
VANI 3 1 2 2 1 1 1 4 3 2 1 1 3 2 14
CHOB 2 1 3 1 1 2 2 2 1 1 3 2 1 13

ASRE 2 4 1 1 1 1 1 2 4 1 1 1 12
OSAM 2 1 1 3

PYRI 1 3 1 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

OPVU 1 2 1 1 1 1 6
CEMI 1 1 1 2 1 5
GAFR 1 1 1 4
GADU 1 1 1 2 4
MYCE 2 1 2

MYPU 1 1 2

ILGL 2 2 1 1 1 1 3 7
QUMY 1 2 2 3

LYLU 3 2 2 1 1 1 1 4 2 2 3 11
BERA 1 1 1 2 1 1 2 3 1 1 10
ASPY 1 1

PI CA 1 1

aSpecies
were previously classified by Ward's Method using Euclidean Point d

2.
LYLU, BERA, ASPY, and PICA were deleted.

1 = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
b

cP
= presence.
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Table 23. Stand groups determined from standardized species
amounts in the Longleaf Pine data.

Group
Number

Stand
Number

Uphof's
Group
Numbera

Group
Number

Stand
Number

Uphof's
Group
Number

AlA 18 1 B4E 23 2

14 1 28 2

B 12 1 F 21 2

17 1 27 2

2 13 1 5 24 2

16 1 26 2

3 15 1 6 22 2

11 1 25 2

1=1 owland, 2=upland.

The major difference between the two classifications of this

data set is in the determination of stand subgroups (Figures 16 and

17). They are completely satisfactory on the basis of species con-

tent in the class three output but not in class four (Tables 22 and 24).

Stand 18, 13, 16, 17 should be together, then 12, 11, 15; then 28,

27, 24; then 23, 21, 26; and then 22 and 25.

Irish Bog

Both classifications identified the stand groups defined by



Table 24. Results of hierarchical classification of standsa by Ward's Method using Euclidean d2 in the Longleaf Pine data.

Relative species abundanceb
Stands 18 14 12 17 13 16 15 11 23 28 21 27 24 26 22 25 Pc

Species

PIPA 5 5 5 5 5 5 4 5 5 4 5 4 5 5 4 3 16
SERE 5 5 S 3 3 2 5 5 1 3 5 5 4 2 3 1 16
VANI 2 2 1 2 3 1 1 2 3 1 4 1 1 3 14
CHOB 1 2 3 2 1 1 2 1 1 2 3 2 1 13

ASRE 1 1 1 2 4 1 1 1 4 2 1 1 12
OSAM 1 2 1 3
PYRI 1 3 1 3

QULA 2 1 1 3

QUCI 1 1 1 3

QUVIM 1 1 2

OPVU 1 1 1 2 1 1 6
CEMI 2 1 1 1 1 5
GAFR 1 1 1 1 4
GADU 1 1 1 2 4
MYCE 1 2 2

MYPU 1 1 2

ILGL 1 1 1 2 2 1 3 7
QUMY 1 2 2 3

LYLU 2 3 1 3 2 1 1 4 1 2 2 11

BERA 2 1 1 1 1 3 1 2 1 1 10

ASPY 1 1

PI CA 1 1

a
Species were previously classified by Ward's Method using Euclidean Point d

2.
LYLU, BERA, A SPY, and PICA were deleted. The data were

standardized prior to stand classification.
b

1 = sporadic, 2 = sparse, 3 = scattered, 4 = abundant, and 5 = covering.
cP

= presence.
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Figure 16. Dendrogram of stand grouping by Ward's method using Euclidean point d
2

in the Longleaf Pine (species presence) data. Stand numbers are on the
x-axis, and the proportions of the maximum distance attained in the
classification are on the y-axis. Coeffient range: 0<d2< 26.9. Chaining
coefficient: .1333.
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Figure 17. Dendrogram of stand grouping by Ward's method using Euclidean d2 in the

Longleaf Pine (standardized) data. Stand numbers are on the x-axis, and
the proportions of the maximum distance attained in the classification
are on the y-axis. Coefficient range: 3< d2< 129. Chaining coefficient:
.1143.
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Moore as sub-associations with the exception of three stands: 77

(of 11 stands) in class three, 65 (of 7) and 84 (of 10) in class four

(Tables 25 and 27). The only appreciable difference was the identi-

fication of subgroups in the class four data (Figure 19). There was

no mixing of stands containing mutually exclusive species (Tables

26 and 28). These results indicate the small number of species that

may be necessary to determine stand groups. Here only eight species

were used. The other were returned from the foot of the table

because of their stand group affinities.

Danube Meadows

There are some differences in the results from the two classi-

fications of these data. Class three identified the two major groups,

A and B, defined by Ellenberg with the exception that two stands (of

17) belonging in A were placed in B (Table 29). Class four had four

stands so misplaced (Table 31).

The two subgroups of A determined by Ellenberg were not

clearly reproduced here. However, both dendrograms indicated sub-

groups of both major groups with those of class four more clearly

defined in the output (Figures 20 and 21 and Tables 30 and 32).
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Table 25. Stand groups determined from species presence in the Irish Bog data.

Group
number

Stand
number

Moore's
group
numbera

Group
number

Stand
number

Moore's
group
number

A 1 79 3 B3 60 1

80 3 31 1

81 3 62 1

82 3 61 1

85 3 63 1

78 3 65 1

84 3 66 1

74 3

73 3

83 3

77 2

B2 76 2

75 2

71 2

68 2

64 2

69 2

70 2

67 2

59 2

72 2

al = JUSQ sub-association, 2 = Typical sub-association, 3 = NAOS sub-association.
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Figure 18. Dendrogram of stand grouping by Ward's method using Euclidean point d
2

in the Irish Bog (species presence) data. Stand numbers
on the x-axis, and the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range:
0< d2< 28.8. Chaining coefficient: .2536.
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Table 26. Summary of stand groups determined from species
presence in the Irish Bog data.

Mean Cover-classa/Presence
A

Species 1(11)c 2( 10) 3(7)

CAVU 3.2/11 4.1/10 4.4/7

ERAN 1.9/11 2.6/10 2.3/7

ERVA 1.4/ 9 2.4/10 3.0/7

DEFL .9/5
PLUN .7/5
JUSQ 1.0/6

*CATR .2/ 2 .7/5
*DISC .2/ 2 .6/4

*VAMY .5/ 4 .8/ 8 1.4/7

*TRCA 3.4/11 1.5/ 8 .3/2
*ERTE 1.5/10 1.4/ 7 .4/2

*SPPL 1.5/ 8 1.8/ 7 .7/3

*SPCU 1.1/ 8 .3/ 3 .3/1

*SPPA .9/ 6 .3/ 3
NAOS 1.6/11

CLUN .9/10

*CLSY .8/ 7 .2/ 2
*RHLA 1.4/ 6

a Cover scale (in %): 1 = < 5, 2 = 5-25, 3 = 25-50, 4 = 50-75,
5 = 75-100 (Ellenberg, op. cit., p. 33).

bSpecies marked * were not considered in the stand classification
but were returned to the body of the table because of their affinities
for certain stand groups.

cNumber of stands in group.
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Table 27. Stand groups determined from standardized species amounts in the Irish Bog data.

Group
number

Stand
number

Moore's
group
numbera

Group
number

Stand
number

Moore's
group
number

A lA 81 3 D 65 1

82 3 59 2

80 3 75 2

79 3 70 2

77 2

B 78 3 72 2

74 3

73 3 B3 60 1

85 3 61 1

83 3 62 1

63 1

B2C 76 2 31 1

69 2 66 1

71 2

67 2

68 2

64 2

84 3

al = JUSQ sub-association, 2 = Typical sub-association, 3 = NAOS sub-association.
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Figure 19. Dendrogram of stand grouping by Ward's method using Euclidean d2 in the Irish Bog (standardized) data. Stand numbers are on the
x-axis, and the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range:
1. 0< d2<128. 33. Chaining coefficient: .1083.



Table 28. Summary of stand groups determined from standardized species amounts in the Irish Bog data.

Species
b

A(4 )
c

A

1

B(5)

Mean Cover-classa/ Presence

2

C(7) D(6)
3

E(6)

CA VU 3.0/4 3.2/5 4.6/7 3. 3/ 6 4. 5/ 6

ERAN 1.8/4 1. 6/5 3.1/7 2. 2/ 6 2. 2/ 6

ERVA .5/ 2 2. 0/5 2.017 2.7j 6 3. 0[6

DEFL 1. 0/5

PLU N .8/5
JUSQ 1. 7/ 1 1.0/5

*CATR . 1/ 1 .3/ 2 .7/4
*DISC . 3/ 2 .7/4
* yA MY . 642 .91 6 .8j 5 1_, 516

*TRCA 4.0/4 3.0/5 1. 6/ 6 1.8/ 5 . 2/1

*ERTE 2.3/4 1.4/5 1.3/5 1.0/3 . 5/ 2

*SPPL 2.0/4 . 6/ 2 2.0/ 6 2.0/4 .3/ 2

*SPCU 1.8/4 .8/3 . 3/ 2 .7/3
*SPPA 1,814 etIL 1 ._6j4

NAOS 2.5/4 1. 2/5 . 1/1 . 2/ 1

CLUN 1.0/4 1.0/5 . 1/ 1

*CLSY .8/ 2 .8/4 . 6/3

*RHLA 1.3/3 1.4/2 . 4/1

a
Cover scale (in °A ): 1 = < 5, 2 = 5-25, 3 = 25-50, 4 = 50-75, 5 = 75-100 (Ellenberg, loc. cit. ).

bSpecies marked * were not considered in the stand classification but were returned to the body of the table because of their affinities

for certain stand groups.

cNumber of stands in group.
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Table 29. Stand groups determined from species presence in the Danube Meadows data.

Group
number

Stand
number

Ellenberg's
group
numbera

Group
number

Stand
number

Ellenberg's
group

number

AlA 13 2B B3D 3 1

6 2B
24 1

5 2A
15 1

23 2B

B 17 2B E 9 1

12 2A 10 1

20 2A 1 1

22 2A 4 1

7 2B 4 18 2A

25 2B 2 1

2 21 2B 16 2A

11 2B

19 2B

8 2B

14 2B

a
1 = BRER, 2A = GERI, 2B = CI OL.
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Figure 20. Dendrogram of stand grouping by Ward's method using Euclidean point d
2 in the Danube Meadows (species presence) data.

Stand numbers are on the x-axis, and the proportions of the maximum distance attained in the classification are on the

y-axis. Coefficient range: 7.0< d2 <98. 37. Chaining coefficient: .1087.
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Table 30. Summary of stand groups determined from species presence in the Danube Meadows data.

Species

Mean % Weight/Presence
A B

1 2 3 4

A(4 )a B(6) C(5) D(3) E(4) F(3)

AREL 11.0/4 18.8/ 6 14.4/5 15.7/3 4.0/4 12.7/3

DAGL 11.8/4 13. 7/ 6 10.2/5 9.7/3 4.5/4 12.7/3

POPR 6.0/4 9. 7/ 6 3.4/5 15.0/3 6.8/4 31.3/3

HEPU 8.0/3 6.3/5 .2/1 .3/1 1.5/3 6.0/3

ACMI 1.8/3 2.3/6 3.4/2 2.7/3 4.3/4 6.0/3

TAOF 2.5/4 1.3/ 6 .4/ 2 1.0/3 .8/3 . 3/1

DECA 3. 5/ 2 7.6/5

LYFL . 3/ 2 . 8/4 .3/1

LYNU . 3/1 . 7/4 . 6/3

CAAC 2.0/ 2 1.4/3

POBI 1.0/3 . 2/1

PIMA .3/1 .3/2 .2/1

ANSI .8/3 .5/ 2 . 2/1

FIUL 1. 0/ 2 . 6/ 2

ANSI 2 1. 0/3 . 2/1 . 3/1

TRPR 1.0/3 . 3/ 2 .3/1 .3/1

CIOL 3.8/4 4. 5/ 5 8.8/5

HOLA 1.0/4 3.0/3 1.8/5

RUAC 1.3/4 1.0/ 6 1.8/5 . 3/1 .5/ 2 . 3/1

a
Number of stands in group.
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Table 30. (Continued).

Species A(4)

A

1

B(6)

Mean 0/. Weight/Presence

2

C(5) D(3)

B

3

E(4)

4
F(3)

GERI . 8/ 2 1.0/6 2.0/4 . 7/ 2

MEDI .8/ 2 1.3/ 5 . 6/3 .3/ 1

AJRE . 8/ 3 1.0/ 6 1.2/4 .3/ 1 .7/ 2

LAPR . 5/ 2 .7/4 . 6/3 .3/ 1

ALPR 3.5/3 1.8/2 6.2/3 . 7/ 1

GLHE .3/1 . 5/ 3 .4/2

CAFL . 3/ 1 .4/ 1 .3/ 1 1.3/ 2 1.0/ 1

VICR . 2/ 1 .7/ 2 . 3/1 .3/ 1

GABO .4/2 .5/ 2

LOCO . 4/2 .7/ 2

CA GL . 2/1 .7/ 2 . 8/3 .3/ 1

LICA . 3/ 1 . 8/3 .3/ 1

DISU . 2/ 1 .3/ 1 .3/ 1 .3/ 1

LEHI .7/1 .3/1 . 7/ 2

VIHI 1.0/3 1. 3/ 2 . 3/ 1

SAPR 3.0/3 1. 8/ 2

BRER 27. 3/ 3 49.5/4

VISE . 3/ 1 . 2/ 1 .7/ 2 .5/2 .3/ 1

BRME 1. 0/3 1.0/ 2

FEOV 1. 3/ 3 .3/ 1

KOPY 2.8/4

SCCO .3/ 1 .8/ 3 .7/ 1

THSE . 3/ 1 1. 0/3 .3/ 1
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Table 31. Stand groups determined from standardized species
amounts in the Danube Meadows data.

Ellenberg's
Group Stand Group

Number Number Number
Group
Number

Stand
Number

Ellenberg's
Group

Number

Al

2

21

19

22

17

11

25

8

13

23

5

7

14

6

2B

2B

2A

2B

2B

2B

2B

2B

2B

2A

2B

2B

2B

B3C

4

3

24

18

16

12

20

2

15

4

9

1

10

1

1

2A

2A

2A

2A

1

1

1

1

1

1

1= BRER,

Squaw Butte

2A=GER I, 2B=CIOL.

Although the results of neither of the classifications is wholly

satisfactory the appearance of the output from class four was much

cleaner than from class three (Tables 34 and 36 and Figures 22 and

23).

Eckert's stand groups are reproduced more clearly in the class

four results also. With two exceptions (stands 29 and 31 in group
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Figure 21. Dendrogram of stand grouping by Ward's method using Euclidean d
2

in the Danube Meadows (standardized) data. Stand numbers are
on the x-axis, and the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range:
39.0< d2 <355.99. Chaining coefficient: . 1159.
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Table 32. Summary of stand groups determined from standardized species amount$ in the Danube

Meadows data.

Species

1
a

A( 7)

Mean % Weight/Presence
A

2 3

B( 6) C(3)

B

D(4)

4
E (5)

A REL 19.3/7 10. 0/ 6 18.0/3 12.5/4 6.2/5

DA GL 11. 7/ 7 10. 2/ 6 13.6/3 14.3/4 4. 8/ 5

POP R 5.1/7 5. 3/ 6 13.3/3 28.8/4 8. 4/ S

HEPU 1. 0/ 3 5.8/4 1. 7/ 2 10.8/4 1. 2/ 3

A CMI 1.0/4 4.0/5 6. 0/ 3 3. 3/ 4 3.8/5

TAOF . 6/4 2.3/ 6 1.0/ 3 .5/ 2 .8/4

DECA 6.7/5 2.0/ 2

LYFL . 9/ 6 .3/1

LYNU . 7/ 5 .2/ 1 .5/ 2

CAAC 1.3/4 1.7/ 1

POBI .7/ 2 . 2/ 1 . 3/1

PI MA . 3/ 2 . 3/ 2

ANSI . 1/1 1.0/5

FIUL . 3/1 . 8/3

ANSI 2 . 1/ 1 .7/ 3 .2/ 1

TRPR . 8/4 .5/ 2 . 2/ 1

CIOL 4. 6/7 8.8/ 6 . 3/1

HOLA 3.4/ 6 1. 2/ 6

RUAC 1.4/7 1. 3/ 6 .8/3 .6/3

aNumber of stands in group.



Table 32. (Continued)

Species

A

1

A(7)

Mean % Weight/Presence

2 3

B(6) C(3) D(4)

4
E(5)

GERI 1. 9/7 . 7/3 . 3/1 .8/3

MEDI 1. 1/5 .8/4 .5/ 2

A JRE 1. 1/ 6 .8/5 . 3/1 .8/3 . 2/1

IAPR . 6/4 . 5/3 .5/ 2 . 2/1

ALPR 6.0/5 2.3/3 .6/1

GLHE .4/3 .3/2 .3/1

CAFL .3/1 .3/1 .8/5 1.2/3

VICR . 2/1 . 3/1 . 3/1 .4/ 2

GABO . 1/1 . 2/1 .4/ 2

LOCO . 1/1 . 2/1 .7/ 2

CA GL . 7/2 .5/2 . 6/3

LICA .3/1 .3/1 .6/3

DISU . 3/1 .5/ 2 . 2/1

LEHI . 7/1 . 3/1 . 5/2

VIHI 1. 0/3 1. 2/3

SAPR 2.7/ 2 1. 6/3

BRER 15.0/2 47. 0/5

VISE . 3/ 2 .7/ 2 . 6/3

BRME .8/ 2 .8/3

FEOV . 3/1 1. 0/3

KOPY 2. 0/5

SCCO . 5/1 .8/4

THSE .3/1 .3/1 .8/3
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Table 33. Stand groups determined from species presence in the Squaw Butte data.

Group
number

Stand
number

Eckert's
group
numbera

Group
number

Stand
number

Eckert's
group
number

I 22 4 4E 9 2

27 5 1 1

30 5 13 2

21 4 2 1

2B 3 1 F 7 2

28 5 10 2

25 4 6 1

C 8 2 5G 15 3

14 3 19 3

23 4 16 3

24 4

3 5 1 H 20 3

4 1 17 3

31 6 11 2

29 5 26 4

12 2

18 3

a1 = ART R/A GSP, 2 = A RTR/AGSP-STTH, 3 = A RT R/ FEID, 4 = ARA R/ FEID, 5 = A RA R/AGSP,
6 = A RTR/AGSP-FEID.
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Figure 22.

2
Dendrogram of stand grouping by Ward's method using Euclidean point d in the Squaw Butte (species presence) data. Stand numbers

are on the x-axis, and the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range:

1.0 <d2< 43.52. Chaining coefficient: .1310.



Table 34. Summary of stand groups determined from species presence in the Squaw Butte data.

Mean % Basal Cover/Presence
1

b
2 3 4 5

Species
a

A(4) B(3) C(4) D(6) E(4) F(3) G(3) H(4)

AGSP 1. 5/ 4 2.0/3 1.5/4 1. 7/ 6 2.3/4 1. 0/ 3 1.0/3 1. 0/ 4

POSE 2.3/4 2.3/3 1.8/4 1. 3/ 6 2.5/4 1. 7/ 3 1.3/3 1.0/4

FEID 2.8/4 2. 0/ 3 4. 0/ 4 1. 8/ 6 1.3/4 .7/3 5.3/2 2.8/3

*ARTR .8/3 .3/1 .8/3 .8/5 1.3/4 1.0/3 1.0/3 .8/3

*CHVIH .5/2 .6/2 .5/ 2 .5/3 .3/1 1.0/3 .5/ 2

*CORA .8/3 .7/2 .3/1 .7/4 .7/2 .5/2

*ARAR 1.0/4 .7/ 2 .5/ 2 .5/2 .5/1

*CAMA .8/3 .7/ 2 .5/2 .7/4 .3/1 1.0/3 .7/3

*PEHU .8/3 .3/1 .3/1 .5/3 .3/1 1.0/3 .3/1

FRP U 1.0/4 1. 0/3 1. 0/4 1.0/ 6 .3/1 1.0/ 3 .8/3

MITR 1. 0/4 1.0/ 3 .8/3 1.0/ 6 1.0/3 1.0/3

*ASST .8/3 .7/ 2 .8/3 .7/4 .3/1 1.0/3 1.0/4

aSpecies marked * were not considered in the stand classification but were returned to the body of the table because of their affinities for
certain stand groups.

b
Number of stands in group.



Table 34 (Continued).

Mean % Basal Cover/ Presence
1 2 3 4 5

Species A(4) B(3) C(4) D(6) E(4) F(3 ) G(3 ) H(4)

LYDR 1. 0/ 4 .3/2 1. 0/ 3 1. 0/ 4

JUOC . 8/ 3 . 5/ 2 . 7/ 2 1. 0/ 4

ERHE . 5/ 2 .3/2 1.0/3 1. 0/ 5

LIRU . 3/ 1 1. 0/ 3 1, 0/ 4

ANCO 2 . 3/ 1 . 2/ 1 1. 0/ 3 .5/2

LIBU . 3/ 1 . 2/ 1 1.0/ 3

*TECA . 3/ 1 . 3/ 1 .7/2 .3/1

ARFR 2 . 8/ 3 1. 0/ 3 .3/2 .3/1

PHCH . 8/3 .7/ 2 .3/ 1

MIGR .8/5 . 3/ 1 1. 0/ 3

ERSPS . 3/ 2 . 3/ 1 1. 0/ 3 . 3/ 1

PHLI . 5/ 3 .3/ 1 1.0/ 3 . 3/ 1

*DEPI . 3/ 1 . 3/ 1 . 3/ 1 . 3/ 2 . 3/ 1 .7/2

*POCU . 3/ 1 .7/4 . 3/ 1 . 3/ 1 . 3/ 1



Table 34. (Continued)

Species
1

A(4)
2

B(3 )

Mean 0/0 Basal Cover/ Presence
3

C(4) D(6) E(4)

4
F(3)

5

G(3) H(4)

*CHDO . 5/3 . 3/1

ASPU . 3/ 1 .3/ 1 . 3/1 .7/ 2 .5/ 2

A SSC . 3/ 1 .5/2 .7/ 2 .3/ 1

*MEAL 2 . 3/ 1 . 5/ 2 . 3/ 2 . 3/ 1 . 7/ 2

A SLE . 3/ 1 . 3/ 1 . 3/ 2 .8/3 .7/2 . 7/ 2 . 5/ 2

LEPU 2 . 2/ 1 .5/ 2 .7/ 2 1. 0/3 .5/ 2

*STTH . 5/ 2 1.0/ 3 .5/ 1 1.0/ 6 1.0/ 3 1.7/3 .7/2 .5/ 2

*SIHY . 3/ 1 1.0/ 3 .8/3 .8/5 1. 0/ 4 1.0/3 .5/ 2

*DEAN . 3/ 1 . 3/ 1 .8/3 .5/3 .5/2 1.0/3
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Table 35. Stand groups determined from standardized species amounts in the Squaw Butte data.

Group Stand Eckert's Group Stand Eckert's

number number group number number group
numbera number

AI 22 4 B4 9 2

30 5 2 1

3 1 8 2

28 5 1 1

25 4
5 31 6

27 5
4 1

29 5

2 23 4

21 4
6 7 2

14 3
10 2

18 3
13 2

6 1

3C 19 3
12 2

D

20 3
5 1

16 3

15 3

17 3

26 4

24 4

11 2

a1 = A RTR/AGSP, 2 = A RT R/A GSP- STTH, 3 = A RTR/FEID, 4 == ARAR/FEID, 5 = A RA R/
AGSP, 6 =ARTR/AGSP-FEID.
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Figure 23. Dendrogram of stand grouping by Ward's method using Euclidean d
2

in the Squaw Butte (standardized)data. Stand numbers are on the
x-axis, and the proportions of the maximum distance attained in the classification are on the y-axis. Coefficient range: 9. 00< d
<344.09. Chaining coefficient: .0782.



Table 36. Summary of stand groups determined from standardized species amounts in the Squaw Butte data.

Species
a

1

A(6)b
2

B(4)

Mean °A Basal Cover/Presence

A
3 4

C(5) D(3) E4)
5

F(3)
6

G(6)

AGSP 1.8/6 1.0/4 1.0/5 1.0/3 2.8/4 2.0/3 1.2/6

POSE 2.3/ 6 1.8/4 1. 2/5 1.0/ 3 2.8/4 1.3/ 3 1.5/6

FED 2. 0/ 6 5. 5/ 4 4.8/5 2.0/3 1.0/4 1.3/3 1.0/4

*ARTR .5/3 .8/3 1.0/5 .7/ 2 1.0/4 .7/ 2 1. 2/6

*CHVIH .5/3 .8/3 .8/4 .7/2 .3/1 .3/2

*CORA .7/4 .5/ 2 .6/3 .7/ 2 .3/1 .3/ 2

*ARAR .8/5 .8/3 1.0/2 .7/1

*CAMA .8/5 .5/2 .8/4 1.0/3 .3/1 .5/3

*PEHU . 6/4 .3/1 .8/4 .3/1 .3/1 .3/1 .2/1

FRPR 1.0/6 1.0/4 1. 0/5 .7/ 2 .3/1 1.0/3 .5/3

MITR 1.0/6 1.0/4 1. 0/5 .7/ 2 .3/1 1.0/3 .3/ 2

*ASST .7/4 .8/3 1.0/5 1.0/3 .5/ 2 .7/ 2 . 2/1

LYDR .5/3 .5/2 1.0/5 .7/2 . 2/ 1

JUOC .3/2 .5/ 2 .8/4 1.0/ 3

ERHE .5/1 1. 0/4 1.0/ 3 .3/1

LIRU 1.0/4 1.0/ 3

a

b

greZtaiiiinagcgd* glvoeurFes not considered in the stand classification but were returned to the body of the table because of their affinities

Number of stands in group.



Table 36. (Continued)

Species
1

A(6)

A

2

B(4) C(5)

Mean % Basal Cover/Presence

3 4
D(3) E(4)

5

F(3)
6

G(6)

ANCO 2 .5/2 1.0/4

LIBU .5/ 2 . 6/3

*TECA . 6/3 .3/1 .3/1 . 2/1

ARFR 2 1. 0/6 .3/1 .3/ 2

PHCH . 8/5 .3/1

MIGR .3/1 .7/ 2 1.0/ 6

ERSPS .3/1 1.0/ 6

PHLI .3/1 . 3/1 .7/ 2 .7/4

*DEPI .3/ 2 .3/1 .3/1 . 7/4

*POCU . 2/1 .3/1 . 2/1 .7/ 2 .5/ 3

*CHDO .3/1 .5/ 3

ASPU .2/1 .7/2 . 5/ 2 . 3/ 2

ASSC .3/1 . 8/ 3 . 3/ 2

*MEAL 2 . 2/ 1 .3/1 . 5/ 2 . 7/ 4

ASLE .3/2 .4/2 .7/2 .5/2 .3/1 .7/4

LEPU 2 . 6/ 3 .7/ 2 .3/ 1 .7/4

*STTH . 8/5 .3/1 .4/ 2 .7/ 2 1.3/ 3 1.0/ 3 1. 3/6

*SIHY .7/4 .5/2 .7/2 1. 0/ 4 1. 0/ 3 1. 0/ 6

*DEAN . 3/ 2 .5/2 . 8/ 3 .7/2 .7/4
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B5F) all of the major B group is a mixture of his ARTR/AGSP and

ARTR/AGSP-STTH groups. Eckert (1957) considered stand 31 as an

AGSP-FEID intergrade within the AR TR group so if the major B

group is considered an AR TR group then stand 31 belongs in it. How-

ever, results of the stepwise discriminant analysis (Table 54) sug-

gest that the major A- B split is at least partly on the basis of amount

of FEID (FEID was the second "best" discriminant, JUOC first)

which is reasonable since species amount is considered in class 4.

The pattern of means for FEID illustrates these results in Table 36.

Based on these considerations then stand 31 is ambiguous (2% FEID

vs. 2% AGSP) and stand 29 (ARAR/AGSP of Eckert) is where it

belongs; in Group B, low FEID. On the other hand, if FRPU and

MITR are good diagnostic species for group A then stands 29, 31

and possibly 4 belong in A. The AR TR/FELD group appears as a

unit embedded in the ARAR groups (Tables35 and 36). This is logical

on the basis of both amount of FEID and diagnostic species. Groups

similar to those in class four appear in a general way in class three

results, but there are more discrepancies between this classification

and Eckert's.

Of the species used by Eckert to name his stand groups only

two, AGSP and FEID, were considered here in determining stand

groups. However, they did not make a contribution to the class

three results because of their ubiquity. The ARTR -ARAR split was
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not faithfully reproduced in either classification for at least two

reasons. First, there just weren't any other species which consist-

ently followed the distribution patterns of these two. This may reflect

taxonomic problems in ARTR or even FEID. Secondly (this applies

only to class four), even if the former were true, FEID (a grass)

might still have dominated the classification because its basal area

was generally much greater than either ARTR or ARAB (both shrubs).

If foliage cover had been used the class four results might have been

different if ARTR and ARAB had been considered in the stand classi-

fication. Species not used in these stand classifications (CHVIH,

ARAR, TECA, etc. ) tend to confirm the results by their stand

affinities.

Ward Lake

Of the two classifications of these data the class three results

appear to contain better defined stand groups. The only anomaly is

in group 2 where stands containing ARAB are separated into two sub-

groups by a third subgroup of stands not containing this species

(Table 38). The stand groups are more mixed on the basis of species

content in the class four results, especially in major group a (Table

40). Group 4 appears completely out of place. However, more of

the deleted species (10 of 12 vs. 3 of 12) favored the class four

results by their stand group affinities.
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Table 37. Stand groups determined from species presence in the Ward Lake data.

Group
number

Stand
number

Schallig's
group
numbera

Group
number

Stand
number

Schallig's
group
number

lA 5 1 F 45 1

29 1 24 2

4 1 41 1

23 1 48 1

36 1 22 3

33 1

30 1 G 51 1

40 1

B 6 1 18 3

34 1 21 3

3 1

7 2 3H 31 2

16 2 32 1

35 1 15 1

1 1

C 46 1

43 4 I 49 1

2 1 8 2

47 1 14 1

50 1

D 37 2

27 4 1 12 2

28 1 9 2

44 4 13 2

17 2 10 2

11 4

2E 20 5

25 3

26 1

42 5

19 6

38 1

39 5

a1
= JUOC/ARTRV-PUTR, 2 = JUOC/A RT RV-A RTR, 3 = ART RV-P UTR, 4 = ARTRV, 5 = JUOC/

ARAR-PUTR, 6 = A RA R-PUTR.
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Dendrogram of stand grouping by Ward Is method using Euclidean point (12 in thc Ward Lake (species
the classification are on the y-axis. Coefficient range: 0 < d2 < 59.74. Chaining coefficient: .0963.

presence) data. Stand numbers are on the x-axis, and the proportions of the maximum distance attained in
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Table 38. Summary of stand groups determined from species presence in the Ward Lake data.

Mean % Foliage Cover/Presence
1 2 3

Species
a

A(7)b B(6) C(4) D(5) E(7) F(5) G(4) H(4) I(4) J(5)

STTH 6.0/7 11.7/6 13.8/4 45.0/5 31.4/7 28.0/5 23.8/4 11.3/4 15.0/4 13.0/5

JUOC 67.9/7 55. 0/ 6 47.8/4 34.4/5 23. 1/7 23. 0/4 15. 0/ 2 52. 5/4 52. 5/4 21. 2/5

A RTRV 46.4/7 49. 2/ 6 53.8/4 59. 0 /5 29.4/6 68.0/5 51.3/4 43.8/4 38.8/3 14.2/4

MIGR 1. 0/ 7 1.0/ 6 1,0/4 1,0/5 1.0/7 1. 0/ 5 1.0/4 .8/3 .8/3 . 6/3

COPA 1.0/ 7 1.0/ 6 1. 0/4 . 8/4 1.0/ 7 1. 0/5 1. 0/4 .8/3 .8/3

POSE 20. 9/ 7 15.8/5 22.5/4 18.0/4 27.9/7 32.0/5 26.3/3 13.8/3 14.0/4

A GSP 4.9/7 6.2/5 12.8/4 8.0/3 24.3/7 32.0/5 38.8/4 1.8/3 5.3/3 1. 0/ 1

A SPU 1.0/7 1.0/ 6 1.0/4 .8 /4 1. 0/ 7 . 6/3 1.0/4 .8/3 .5/ 2 .4/2

BLSC 1. 0/ 7 .7/4 1.0/4 .8/4 1.0/7 1.0/5 .8/3 1.0/4

*PUTR 4. 7/ 7 2.2/4 12.8/3 4.0/1 3.4/7 3.4/4 16.3/4 5.5/3 11.3/3

a Species marked * w ere not considered in the stand classification but were returned to the body of the table because of their affinities
for certain stand groups.

Number of stands in group.



Table 38 (Continued).

Mean % Foliage Cover/Presence
1 2 3

Species A(7) B(6) C(4) D(5) F(5) G(4) 1-1(4) 1(4) J(5)

CRAC . 2/ 1 .3/ 2 . 2/1 .5/ 2

OROBA 1.0/4 . 3/1 . 2/1

ARAR . 2/1 34.3/5 16.3/3

KOCR . 6/3 .9/3 2.8/ 2

PHHO .3/1 .3/ 2 . 2/1 .5/ 2

A SFI . 1/1 . 2/1 . 6/3 .5/ 2

ERFI . 3/1 .4/2 .4/2 . 2/1

*CAMA . 1/ 1 . 2/1 .8/3 .4/2 1.0/7 .8/4 .8/3 . 3/1

LERE . 2/1 1. 0/7 1. 0/5 .5/ 2

PELA .3/1 .4/3 .8/4 . 5/ 2

EPPA .2/1 .4/3 .4/2 .8/3 .3/1

LOMA .1 /1 .4/3 .6/3 ,3/1 1.0/4

LOMAT . 6/3 . 6/3 .5/ 2 . 5/ 2 . 3/1

*ORWE 6. 5/ 2 1- 0/1 . 3/ 1



Table 38 (Continued)

Mean % Foliage Cover/Presence

Species A(7)
1

B(6) C(4) D(5) E (7 )

2

F(5) G(4) H(4)
3

1(4) J(5)

CRWA . 5/ 2 .8/4 .2/ 1 .5/ 2 .3/ 1 . 2/ 1

GA RA 1.0/4 .8/4 .4/ 2

A CGL . 8/4 . 1/ 1 .3/ 1

LUPIN . 3/ 2 .8/4

*ERBA . 3/ 1 .4/ 2

STOC 1. 2/ 2 3.0/ 1 6.3/ 1 2.5/ 1 6. 2/ 5

AGSM . 6/3 .3/ 1 1.4/3

*A RTR 18.8/ 1 30.0/ 3

*ERSP 4 .6/4 . 8/5 .8/3 .4/2 . 1/1 . 2/ 1 .3/ 1 .8/ 3 .5/ 2 .4/ 2

*CHDO . 6/4 . S/ 3 .3/1 . 5/ 2 . 5/ 2 .4/ 2

*DEP I .6/4 . 3/ 2 . 5/ 2 .4/2 . 1/ 1 .8/3 .8/4

*CHNA 4.7/5 2.2/4 5.0/1 1.4/3 .6/4 2. 8/ 2 2.0/4 5.3/3 19.2/5

*LEPU 2 3.1/5 1.3/4 .5/1 1.2/2 .1/1 .4/2 . 3/ 1 1.3/1 1.4/3

*CARO 3. 3/ 2 .8/3 .7/1 2.0/1 3.8/1 1.5/2 6.3/3 1.2/2



Table 38 (Continued)

Mean Foliage Cover/Presence

Species A(7) B(6) C(4) D(5) E(7) F(5) G(4) H(4) I(4) J(5)

*FED 4.0/5 5. 2/ 4 4.0/2 2.4/4 2.1/2 6.2/3 .3/1 1.8/3 3.8/3

ASCU .7/ 4 .3/1 . 2/1 .3/ 1 . 3/1 1. 0/4 1. 0/5

PHLI . 2/1 .8/ 3 1.0/4 .6/ 3

GILE . 5/ 3 .3/1 .4/ 2 .8/ 3 1.0/4 .4/ 2



142

Table 39. Stand groups determined from standardized species amounts in the Ward Lake data.

Group

number

Stand
number

Schallig's
group
numbera

Group
number

Stand
number

Schallig's
group
number

A lA 5 1 5G 50 1

4 1 8 2

23 1 14 1

36 1 49 1

46 1 10 2

33 1

30 1 H 12 2

11 4

2 6 1 9 2

29 1 13 2

7 2

3 1 B6I 45 1

2 1 26 1

24 2

3C 47 1 41 1

34 1 18 3

17 2

B6J 25 3

D 16 2 22 3

35 1 48 1

15 1 40 1

21 3

E 31 2

32 1 K 42 5

1 1 39 5

38 1

A4 44 4 20 5

27 4 19 6

43 4 51 1

37 2

28 1

al = JUOC/ARTRV-PUTR, 2 = JUOC/ARTRV-ARTR, 3 = ARTRV-PUTR, 4 = ARTRV, S = JUOC/
A RAR-PUT R, 6 = A RAR-PUTR.
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are on the y-axis. Coefficient range: 4.00 < d2 .<553.63. Chaining coefficient! . 0980.
Stand numbers are on the x-axis, and the proportions of the maximum distance attained in the classification
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Table 40. Summary of stand groups determined from standardized species amounts in the Ward Lake data.

a
Species

1
13

A(7)
2

B(5) C(3)
3

D( 3)

Mean % Foliage Cover/Presence
A

4 5

E(3) F(5) G(5) H(4) I(5)
6

J(5) K(6)

STTH 6.6/7 6.2/5 11.7/3 18.3/3 8.3/3 49.0/ 5 15.0/5 12.5/4 32.0/5 36.0/5 19.2/ 6

JUOC 67.9/7 57.0/5 60.0/3 51.2/3 56.7/3 22.6/5 46.0/5 21.5/4 22.0/4 16.2/3 24.3/6

ARTRV 47.9/7 44.0/5 60.0/3 46.7/3 45.0/3 59.0/3 31.2/4 17.5/3 58.0/5 69.0/5 19.3/5

MIGR 1.0/7 1.0/5 1.0/3 1.0/3 .7/2 1.0/5 .8/4 .5/ 2 1.0/5 1.0/5 1.0/ 6

COPA 1.0/7 1.0/5 1.0/3 1.0/3 . 7/ 2 .8/4 .6/3 1.0/5 1.0/5 1.0/6

POSE 25.7/7 9.2/4 18.3/3 20.0/3 11.7/2 20.0/4 11.2/4 35.0/5 30.0/5 22.5/5

AGSP 9.0/7 .8/4 8.3/3 6.7/2 2.3/3 10.0/3 4.2/3 1.3/1 38.0/5 30.0/5 24.2/6

A SPU 1.0/ 7 1.0/5 .7/ 2 .7/ 2 1.0/3 1.0/ 5 .4/ 2 .5/ 2 1.0/5 . 6/3 1.0/ 6

BLSC 1.0/7 1.0/5 . 7/ 2 .3/1 1.0/3 1.0/5 1.0/5 .8/4 1.0/6

*PUTR 8.3/7 7.2/4 .6/2 3.7/2 4.0/2 4.0/1 9.0/3 3.4/4 11.4/5 5.3/6

a

b

Species marked * were not considered in the stand classification but were returned to the body of the table because of their affinities for certain

stand groups.

Number of stands in group.



Table 40 (Continued)

Mean % Foliage Cover/Presence
1 2 3

A
4 5 6

Species A(7) B(5 ) C(3 ) D(3) E(3) F(5) G(5) H(4) I(S) J(5) K(6)

CRAC . 3/ 1 . 2/ 1 . 6/3 . 2/ 1

OROBA .4/2 . 2/ 1 .4/ 2 . 2/ 1

ARA R . 2/ 1 6.0/ 1 3.0/ 1 43.3/ 6

KOCR . 6/3 . 2/ 1 . 2/ 1 2. 5/3

PHI-10 . 2/ 1 . 2/ 1 . 2/ 1 .5/ 3

A SFI . 1/ 1 . 7/ 2 . 2/1 . 2/ 1 .4/ 2

ERFI . 2/ 1 .4/2 . 2/ 1 .4/2

* CA MA . 3/ 2 . 2/1 .3/1 . 3/ 1 . 6/3 .8/4 .8/4 1. 0/ 6

LERE . 2/ 1 1.0/ 5 . 6/3 1.0/ 6

PELA . 3/ 1 . 6/3 .4/ 2 . 7/4

EPPA . 3/ 1 . 2/ 1 .6/3 . 6/ 3 .3/2

LOMA . 1/ 1 . 3/ 1 1.0/3 1.0/5 . 3/ 2

LOMAT . 7/ 2 . 6/3 . 2/ 1 .8/4 . 2/ 1

*ORWE 5. 2/3 4. 2/ 1



Table 40 (Continued).

Species
1

A(7)
2

B(5) C(3)
3

D(3)

A

E(3)

Mean % Foliage Cover/Presence

4 5

F(5) G(5) H(4) 1(5)

6

J(5) K(6)

CRWA . 7/2 .3/1 .8/4 .3/1 . 2/1 . 2/1 . 2/1

GA RA .1 /1 .2/1 .7/2 .8/4 .2/1 .3/1

AGGL . 2/1 . 6/3 . 2/1 . 2/1

LUPIN .3/2 .8/4

*ERBA .8/3

STOC 1.7/1 8.3/1 . 2/1 3.0/2 6.5/4 3.0/1

AGSM .3/1 .3/1 .4/2 1.8/3

*ARTR 31.0/2 17.5/2

*ERSP 4 . 6/4 .8/4 1.0/3 1.0/3 .7/2 . 2/1 . 4/2 .5/2 . 2/1 . 2/1 . 2/1

*CHDO .4/3 .8/4 .7/ 2 .3/1 .4/2 .5/ 2

*DEPI .7/5 .4/2 .3/1 .7/ 2 .7/2 . 2/1 . 2/1 .8/3

*CHNA 4.7/5 6.4/4 .3/1 .3/1 2.3/3 1.4/3 4.4/4 23.7/4 .2/1 2.2/2 .5/3

*LEPU 2 2.4/4 2.2/3 1.0/2 .7/2 1.2/2 1.2/2 1.5/2 . 4/2 . 2/1



Table 40. (Continued).

A Means % Foliage Cover/Presence
B

1 2 3 4 5 6
Species A(7) B(5) C(3) D(3) E(3) F(S) G(5) H(4) I(5) J(S) 146)

*CARO 8.3/3 .3/1 .8/3 5.0/3 1.5/2 2.0/1 3.3/2

*FEID 4.0/5 1. 2/ 2 10.3/3 3.7/2 2.3/3 2.2/3 3.0/3 4.2/2 4.2/3 .8/1

ASCU . 6/3 1. 0/3 .3/1 1. 0/5 1. 0/4

PHLI . 2/1 1.0/3 1. 0/5 .5/ 2

GILE 1. 0/3 1.0/3 . 7/2 . 2/1 1.0/5 .3/1
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None of Schallig's stand groups were reproduced to any extent

in either classification except for his JUOC/ARTRV-PUTR and that

only partially (Tables 37 and 39). Stands from his other groups

were quite well mixed.

With the exception of the Squaw Butte data, classification of

the class three (species presence only) form of the vegetation data

used in this investigation yields the better results on the whole.

However, better subgroup definition was obtained with the class four

data (some measure of species amount) in Irish Bog and Danube

Meadows data. Also, in the Ward Lake data more leftover species

had affinities for the stand groups from the class four data than

those from class three.

Chaining

There was no clear cut pattern in the chaining coefficients

(Table 41). The two way analysis of variance (data class x data

set) indicated no significant differences in either source of variation.

Thus results of evaluation of differentiation of stand groups from

class three and class four data provided no basis of preference for

either form of data for classification purposes.



Table 41. Comparison of classification of stands for two classes of data by the chaining coefficient.

Data Set
Classa

3 4 Mean
Longleaf Pine .1333 .1143 .1238
Irish Bog .2536 .1083 .1810

Danube Meadows .1087 .1159 .1123

Squaw Butte .1310 .0782 .1046

Ward Lake .0963 .0980 .0972
Mean .1446 .1029 .1238

Analysis of Variance
Source S. S. d. f. M. S.

Class .004335 1 .004335 2. 2163

Data Set .008954 4 .002239 1. 1447

Residual .007823 4 .001956

Total .021112 9

a3 = species presence data, 4 = standardized species amount data.



Environmental Relations of Stand Groups

Irish Bog
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The slight differences in stand arrangement between the class

three and class four results yielded only minor differences in the

pattern of the environmental data. More detail was apparent with the

finer subdivision of the class four data. Following deletion of stands

with insufficient environmental data 2 the major groups in both data

classes, A, B2 and B3 were virtually identical. B3 contained the

same stands in both classes.

Examination of the data for all the stands indicated that group

B3 was different from the others in terms of four out of five vari-

ables: peat depth, bedrock type, elevation, and direction of slope

exposure. The means for the uncoded variables (Tables 42 and 42)

tend to confirm this observation. The modal exposure was none

(with level ground) for group A, north for B2 and south to southwest

for B3. Bedrock was granite for all of A and B2 except for one stand

that was shale and granite drift and schist or shale for all of B3.

Slope % tends to separate group A from the rest of the stands in con-

trast to the other variables although the relatively large standard

errors reduce the reliability of this observation.

2 Values for all variables were not available for all stands. One
variable, pH, was deleted for this reason.



Table 42. Selected environmental variables summarized by
stand groups determined from species presence
in the Irish Bog data.
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Mean ± Standard Error (% of mean)

Variable
A
1(6)a 2(7) 3(3)

Peat depth(") 143.3± 8.6 105. ±14. 37. 3±28. 7

Elevation(') 1981.7± 1.8 1781.4± 4.4 2233.3± 2.7

Exposure(°) 76. 5±36. 4 40. 5±30. 148. 5±31. 2

Slope(%) 3. 3+42. 2 10. 9 ±19. 9 14.3±47.0

Number of stands in group. These group sizes are different
than shown for vegetation because some stands were deleted
due to insufficient data.

Group B2 then appears to be transitional between A and B3 in

terms of peat depth, elevation, and exposure and an intergrade in

terms of bedrock and slope %. That is, the first three variables

appear to have different values for each of the groups with B2 in the

middle of the range, while B2 shares the same bedrock with A and

similar slope percentages with B3. Vegetationally B2 appears inter-

mediate between A and B3, both because of position and because it

does not contain any differential species which separate it from the

other two groups (Tables 26 and 28). Moore (1962, Table lb) charac-

terizes B2 as a "typical subassociation" with A and B3 as variants

from it.



Table 43. Selected environmental variables summarized by stand groups determined from standardized species amounts in the Irish Bog data.

A
Mean ±Standard Error (% of mean)

1 2
Variable A(2)a B(3) C(3) D(5)

3

E(3)

Peat depth (") 158.5 ± 9.2 150.3 ± 8.1 102.3 ± 8.6 1Q4.0 ± 20.2 37.3 ± 28.7

Elevation (') 1910.0 ± 2.1 1983.3 ± 1.7 1756.7 ± 1.7 1846.0 ± 6.9 2233.3 ± 2.7

Exposure (0) 337.5 ± 100.0 76.5 ± 50,6 58.5 ± 40.0 72.0 ± 40.8 148.5 ± 31.2

Slope (%) 2.5 ± 100.0 2.0 ± 57.1 12.3 ± 13.5 9.6 ± 30.31 14.3 ± 47.0

a
Number of stands in group. These group sizes are different than shown for vegetation because some stands were deleted due to insufficient data.
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Squaw Butte

Pattern was evident in the environmental data with the observa-

tions arranged according to the results of both of the vegetation

classifications (class three and class four). Differences and similar-

ities among stand groups were more clear, however, and more con-

sistent from one hierarchical level to another in the class four results

(Tables 45 and 474 Only variables which had pattern are presented).

While differences among groups appeared in the class three results

(Tables 44 and 46) group affinities were unclear.

Two anomalies appeared in the class four results. First,

while group A3D seemed properly placed in terms of most of the

environmental variables, it did have some striking differences. This

group had the least average soil depth (and depth of B2) and surface

stones of all groups. In addition it apparently differed from its mate

at this hierarchical level, A3C, in terms of other variables: amount

of organic matter and moisture equivalent in the Al horizon and

steepness of slope. These two groups might be characterized hier-

archically as follows: A3C, FEID/JUOC/AR TR; A3D, FEID/JUOC/

ARAR (Table 36). Secondly, group B5 had affinity for groups Al and

A2 in terms of some of the variables: 15 atmosphere moisture, sand,

and silt in the Al horizon and surface gravel. This group also

appeared misplaced in terms of species content in the results of the



Table 44. Selected environmental variables summarized by stand groups determined from species presence in the Squaw Butte data.

Mean ± Standard Error (% of mean)
1 2 3 4 5

Variables
a

A B C D E F G H

Site

Slope (%) 15.5 ± 22, 0 8.0 ± 33. 1 12.3 ± 33. 1 8.8 ± 49. 6 6.3 ± 49. 0 3.7 ± 32. 8 22.3 ± 25. 9 15.8 ±37.8

Exposure (°) 337.5 ± 19.2 13.5 ± 28.6 351.0 ± 14.3 54.0 ± 33.0 126.0 ± 28.6 121.5 ± 28.6 0 ± 0 13.5 ± 28.0

Gravel (%) .5 ± 57.7 3.0 ± 57.7 2.5 ± 75.7 2.3 ± 21.2 5.0 ± 62.7 5. 3 ± 33.1 2. 3 ± 37.8 4. 3 ± 53.8

Stones (%) 17.0 ± 32.4 12.3 ± 18.9 5.0 ± 43. 2 11.0 ± 51.0 14.3 ± 37.8 16.3 ±48. 1 8.3 ± 38. 1 3.8 ± 29. 6

Solum ( " ) 25.8 ± 7. 2 23.0 ± 4.4 33.3 ± 22.7 28.8 ± 15.4 24.5 ± 15.0 20.7 ± 10.6 28.3 ± 24.6 29.8 ± 18.3

Morphology: Al Horizon

Depth ( ") 3.0 ± 13. 6 3.0 ± 0 3.5 ±18.4 2.3 ± 9.0 3.0 ± 13. 6 2.3 ± 14. 3 2.7 ± 12. 5 2.8 ±17.4

Color (m. v. ) 3. 1 ± 3. 2 3.3 ± 10.0 3.7 ± 6.5 3.3 ± 6.3 3.5 ± 8. 2 4.0 ± 14.4 3.3 ± 10.0 3.0 ± 0

B2 Horizon

Depth (") 22.5 ± 12.9 22.0 ± 9. 1 24.3 ± 19.4 21.8 ± 15.0 20.3 ± 15.8 16.3 ±. 2.0 24.0 ± 12.0 25.3 ± 19. 2

Color (m. v. ) 4.0 ± 0 4.3 ± 7.7 3.8 ± 6.7 4.2 ± 7.4 3.8 ± 12.8 3.7 ± 9.1 3.7 ± 9. 1 3.8 ± 6.7

a
m. v. = moist color value in Munsell units.



Table 44.( Continued).

Mean ± Standard Error (% of mean)

b
Variables

1

A

2 3 4 5

Physical & Chemical:

± .8

± 14. 5

± 11. 2

Al Horizon

6.2

2.4

.4

± 2.3

± 9.7

4.6

6.3

2. 5

.5

± 1.1

± 11.9

± 8.3

6.5

1. 7

. 5

± 4.1

± 13. 2

± 8.2

6.6

1. 6

. 8

± 4.8

± 13. 6

23. 3

6.4 ± 3.3
2,3± 3..1
.3± 4.5

6.3

3. 0

. 4

± 2.3
17. 0

± 2.3

pH

O. M. (%)

E.C.

6.5

2. 2

. 5

6.5 ± 2.2

2. 8 ± 7.2

.4± 8.2
M. E. (%) 25.8 ± 8.9 27.3 ± 3.3 28.6 ± 10.2 24.4 ± 7. 2 24.4 ± 7.0 20.7 ± 15.3 28.0 ± 6 . 4 24.7 ± 3.9

15 atm. (°/0) 10.8 ± 8.4 11.6 ± 2. 6 11.6 ± 5.0 11.2 ± 6.9 8.9 ± 9.9 9. 2 ± 12.9 10.5 ± 4.8 10.6 ± 5.3

Sand (%) 47.0 ± 7.1 43.3 ± 2.8 42.0 ± 8.0 43.5 ± 6.1 53.0 ± 5.4 52.7 ± 9.3 47.3 ± 7.2 46.5 ± 4.1

Silt (%) 37.8 ± 7.0 41.3 ± 2.9 40.8 ± 7.8 39.3 ± 7.0 33.5 ± 6.0 31.7 ± 9.4 38.0 ± 8.0 37.8 ± 4.5

B2 Horizon

E.C. , 4 1 12. 7 . 5 ± 41. 6 . 4 ± 12. 4 . 6 ± 7.9 . 7 ± 32. 8 . 5 ± 12. 6 . 5 ± 22. 3 . 4 ± 8.8

15 atm. (%) 27.2 ± 7.4 21.0 ± 13. 1 17.6 ± 16.5 18.7 ± 15. 4 17.7 ± 37. 0 24.6 ± 25. 0 17.2 ± 24. 0 14.0 + 18. 6

Silt ( %) 31.3 ± 8.3 31.0 ± 11.6 33.0 ± 3.7 27.8 ± 5.7 28.3 ± 14.0 24.3 ± 6.0 29.3 ± 7.5 31.0 ± 6.8

Clay (%) 37.0 ±10.5 29,0 ± 8.7 26.3 ± 12. 7 32.0 ±12.9 26.5 ± 35. 7 41.0 ±14.8 27.3 ± 19. 2 21.8 ± 15. 5

C. F. (%) 22.0 ± 6.7 35.3 ± 26.4 25.3 ± 23.1 18.8 1 24. 2 27.8 ± 30.1 22.7 ± 35.7 42.7 ± 36.9 43.3 ± 21. 1

b0. M. = organic matter, E. C. = electrical conductivity (millimhos @ 25°C), 15 atm. (%) = % moisture retained under 15 atmospheres tension,
C. F. = coarse fragments.



Table 45. Selected environmental variables summarized by stand groups determined from standardized species amounts in the Squaw Butte data.

Variablesa
1

A

2

B

Mean ± Standard Error (% of mean)
A

3

C D

4
E

5

F

6

G

Site

Slope (%) 10.3 ± 19. 1 20. 5 ± 22. 7 23.8 ± 13. 8 9. 7 ± 44. 0 6. 5 ± 45. 5 5.3 ±43. 7 3. 3 ± 20. 5

Exposure (°) 351.0 th 21.9 0 ± 0 351.0 ± 11. 1 31.5 ± 25. 0 112.5 ±39.1 121.5 ±37.8 76.5 ± 28. 7

Gravel (%) 1.7 ± 59. 3 3.0 ± 59. 3 3.8 ± 49. 5 2.3 ±14.3 3.3 ±100.0 2,0 ±28.9 4.7 ±24.5

Stones ( % ) 15.8 ± 23. 2 8.5 ± 29. 8 6.2 ± 35.1 4.7 ± 31. 1 14.8 ±33.2 15.3 ± 73. 9 9.7 ± 48. 6

Solum (") 24.3 ± 5. 7 32.5 ± 14.7 32.6 ± 14.3 19.7 ± 6. 1 28.8 ± 25.3 29.3 ± 29.0 23.5 ± 9. 1

Morphology: Al Horizon

Depth (") 2.8 ± 5.9 3.3 ± 14.7 3.0 ± 10,5 3.0 ± 33.3 2.5 ±11.6 2.3 ± 14. 3 2.7 ± 12. 5

Color (m. v. ) 3. 2 ± 5. 2 3.3 ± 7.7 3.2 ± 6.2 3.1 ± 6.3 3.8 ± 6.7 3.3 ±10.0 3.7 ± 9. 1

B2 Horizon

Depth (") 22.2 ± 9. 2 30.0 ± 13.5 27.8 ± 10. 1 15.7 ± 11.3 19.5 ± 13.5 18.3 ± 4.8 19.2 ± 9.8

Color (m. v. ) 4. 2 ± 4.0 4.3 ± 5.9 3.8 5.3 3.3 ±10.0 4.0 ± 10. 2 3. 7 ± 9.1 3. 8 ± 8.0

am. v. = moist color value in Munsell units.



Table 45 ( Continued).

Mean ± Standard Error (% of mean)
A

1

Variables
b

A

2

B C

3

D

4
E

5

F

6

G

Physical & Chemical: Al Horizon

pH 6.5 ± 1. 1 6.3 1 3.0 6.3 ± 2. 2 6.4 ± 2.3 6,51 4,1 6. 6 ± 2.3 6. 6 ± 2.2

O. M. (%) 2. 4 1 10. 7 3. 0 ± 7. 0 2.3± 2.0 3. 1 ± 22. 1 1.9 ± 9.9 2.6 ± 13. 1 1.7 ± 10.9

E. C. . 5 ± 9.2 . 5 1 6.9 .4 ± 7.1 . 4 1 3.1 .4 ± 5.5 .5 ± 4.5 .7 ± 16. 0

M. E. (%) 26.0 1 5. 5 30.5 ± 6.9 27. 2 1 4. 1 23. 6 1 2.8 22. 1 ± 5.6 25. 3 ± 11. 8 20. 8 ± 8.7

15 atm. (%) 11.0 ± 5.5 12.3 1 1.7 10.4 ± 2.8 10.8 ± 6.8 9. 4 ± 10. 5 11. 5 ± 8.6 9.5 ± 8.3

Sand (%) 45. 7 ± 5.1 39.5 ± 5.3 46. 4 ± 4.2 48.0 ± 4.8 50. 8 ± 5.8 42. 3 ± 10. 6 51. 2 ± 6.0

Silt (% ) 39.3 ± 5.0 43.5 ± 4.2 38.6 ± 4.6 35.3 ± 5.3 35.0 ± 5. 6 40.0 ± 13. 8 33. 2 ± 5.5

B2 Horizon

E. C. .5 ±20.9 .4 ± 15. 1 .4 ± 15.9 .4 ± 3.8 .5 ±15.4 . 6 ± 7.2 .7 ±20.9

15 atm. (%) 23.5 ± 8.3 22.9 ± 14. 0 15.2 ± 18.0 14.5 ± 21. 7 19.2 ±31.5 16.5 ± 8.9 21.3 ± 21. 0

Silt ( %) 30.3 ± 6.9 33.0 ± 3.7 31.2 ± 5.3 29. 7 1 8.1 31. 5 ± 12. 3 26. 7 ± 9.8 25. 0 ± 3.9

Clay ( %) 32.8 ± 9.7 29.8 ± 14. 3 24.2 ± 16. 6 23. 0 ± 10. 9 29. 8 ± 27.4 31.3 ± 8.3 35.2 ± 18. 0

C.F. (%) 28.8 ± 17.9 27.8 ± 12. 6 43.4 ± 22.9 40.3 ± 23.3 17.3 ± 18.4 16.3 ± 34.3 24.7 ± 28. 2

O. M. = organic matter, E. C. = electrical conductivity (millimhos @ 25°C), 15 atm. (%) = moisture retained under 15 atmospheres tension,
C. F. = coarse fragments.



Table 46. Selected coded environmental variables summarized by stand groups determined from species presence in the Squaw Butte data.

a
Variables

1

A(4)

Mode (frequency)/ Range
2

8(3) C(4)
3

D(6)

Site
Parent Material 1. 25(3)/1. 21-1. 25 - / 1. 25-3. 25 1. 25(2)/ 1. 21-6. 25 3. 25(3)/ 1. 21-6. 25
Landform 240(4)/ 0 240(2)/ 110-240 240(4)/ 0 240(3)/ 130-240
Macrorelief 5(4)/ 0 2(2)/ 2-5 5(3)/ 2-5 5(3)/ 1-5

Morphology: Al Horizon
Pore Abundance 4(2)/ 0-4 2(2)/ 2-4 2(3)/ 2-3 / 0-4

B2 Horizon
Strength, P. S. - / 1-3 2(2)/ 1-2 2(2)/ 1-3 3(4)/ 2-3
Strength, S. S. 2(3)/ 2-3 2(2)/ 2-3 2(3)/ 2-3 3(4)/ 0-3
Dry Consistence 4(4)/ 0 3(2)/ 3-4 3(2)/ 2-4 3(3)/ 0-4
Wet Consistence 3.3(3)/ 2. 2-3. 3 3.3(2)/ 3. 2-3. 3 - / 2. 2 -3.3 3.3(4)/ 0 -3.3

4 5
Variables E(4) F(3) G(3) 1-1(4)

Site
Parent Material 1. 25(2)/1. 21-3. 25 - / 1. 21-3. 21 - / 1. 21-6. 25 6. 21(2)/1. 21-6. 21
Landform 240(3)/ 130-240 - / 130-240 240(3)/ 0 240(4)/ 0
Macrorelief 2(2)/ 1-5 - / 1-5 5(3)/ 0 5(4)/ 0

Morphology: Al Horizon
Pore Abundance 0(3)/ 0-4 / 0-2 2(2)/ 0-2 2(2)/ 0-4

B2 Horizon
Strength, P. S. 1(3)/ 1-2 2(3)/ 2-3 - / 1-3 2(2)/ 1-3

Strength, S. S. 2(3)/ 1-2 2(3)/ 0 1(2)/ 1-3 2(4)/ 0

Dry Consistence 3(2)/ 2-4 - / 0-4 - / 2-5 3(4)/ 0

Wet Consistence 2.2(2)/ 1. 2-3. 3 3.3( 2)/ 0-3.3 - / 1. 1 -3.3 2. 2(4)/ 0

a P. S. = primary structure, S.. S.. = secondary structure. For numeric variable codes, see Appendix E. b Number of stands in group.



Table 47. Selected coded environmental variables summarized by stand groups determined from standardized species amounts in the Squaw Butte data.

Variables
a

1

A( 6)b

Mode (frequency) / Range
A

2

B(4) C(5)
3

D(3)

Site

Parent Material 1. 25(3)/1. 21 -3.25 1.25(2)/ 1.21 -6. 25 1.21(2)/1.21-6.25 - / 1. 21 -6.21

Landform 240(5)/ 110-240 240(4)/ 0 240(5)/ 0 240(3)/ 0

Macrorelief 5(4)/ 2-5 5(4)/ 0 5(5)/ 0 5(3)/ 0

Morphology: A 1 Horizon

Pore Abundance 2(3)/ 0-4 2(3)/ 2-4 2(3)/ 0-2 2(2)/ 2-4

B2 Horizon

Strength, P. S. - / 1-3 - / 1-3 / 1-3 2(2)/ 2-3

Strength, S. S. 2(4)/ 2-3 2(2)/ 0-2 - / 1-3 2(3)/ 0

Dry Consistence 4(4)/ 3-4 4(2)/ 0-4 3(2)/ 2-5 3(3)/ 0

Wet Consistence 3_3(4)/ 2. 2 -3. 3 3.3(2)/ 0 -3.3 2.2(2)/ 1. 1-3. 3 02, 2(3)/

a

b

P. S. = primary structure, S. S. = secondary structure. For numeric variable codes, see Appendix E.

Number of stands in group.



Table 47 (Continued)

Variables
4

E(4)

Mode (frequency)/ Range
B

5

F(3)
6

G(6)

Site

Parent Material 1. 25(3)/ 1. 21-1. 25 - / 1.21 -3. 25 3. 25(3 )/ 1. 21-3. 25

Landform 240(4)/ 0 240(2)/ 220-240 130(4)/ 130-240

Macrorelief 2(3)/ 2-5 5(2)/ 2-5 1(4)/ 1-5

Morphology: A 1 Horizon

Pore Abundance 0(2)/ 0-4 0(2)/ 0-4 / 0-4

B2 Horizon

Strength, P. S. - / 1-2 3(2)/ 2-3 2(3)/ 1-3

Strength, S. S. 2(3)/ 1-2 3(2)/ 0 -3 2(4)/ 2-3

Dry Consistence 3(3)/ 2-3 4(2)/ 3-4 3(3)/ 0-4

Wet Consistence 2.2(2)/ 2. 2-3. 3 3.3(3)/ 0 3.3(3)/ 0 -3.3

O
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vegetation classification as previously discussed. In terms of the

diagnostic species, FRPU and MITR, B5 belongs with Al and A2

(Table 36).

Groups Al and A2 were different from each other and from

group A3 in terms of several variables. Similarily, groups B4 and

B6 were different from each other as well as from group B5. How-

ever, there appeared to be enough similarity among groups Al, A2,

and A3 for the environmental pattern to have high correlation with the

vegetation pattern in major group A. A similar relation seems to

hold for groups B4, B5, and B6 with major group B. The differences

between the major groups A and B were quite evident in the results

(Tables 45 and 47). Thus patterns of similarities and differences

appeared in the environmental data which were highly similar to

patterns in the results of the classification of class four vegetation

data from Squaw Butte.

Stepwise Discriminant Analysis

The results of the stepwise discriminant analyses were corn-

pared at each hierarchical level according to the following criteria:

1. Number of misclassified stands,

2. Number of variables required to discriminate stand

groups as given,
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3. F value for equality of group means at minimum number

of variables and its significance level.

4. Number of canonical variables necessary to account for

100% of the dispersion.

The results for vegetation will be discussed first, those for the

environmental data, and then those for the combination of the best

discriminating variables from vegetation and environment.

Vegetation

The results of the classification of both classes of vegetation

data were confirmed except in two hierarchical levels (B and C) of

class four from the longleaf pine data (Table 48). These subdivisions

were unacceptable in the visual check of the results as well (Table

24).

Comparisons based on the other three criteria listed above

supported the results of the visual comparisons of the output from the

vegetation classification (Tables 48 - 54), with one exception (Table

56). In the Ward Lake data the class four classification was superior

on the basis of this analysis while class three was preferable in the

visual check.

In addition, the first few species entered as discriminants in

both classes of all five data sets were invariably those species

identified as differentiating species in the vegetation classifications.
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Table 48. A summary of results of stepwise discriminant analysis of stand groups determined from

species presence and from standardized species amounts in the Longleaf Pine data.

Hierarchical Criteriab Species Standardized

levela presence species amount

A

B

C

1 0 0

2 1 3

3 1, 14/36.65 3, 12/ 20.57

p <. 005 p < . 005

4 1( 3) 1(3)

1 0 5

2 8 6

3 32, 16/18.37 30, 22/ 0

p < . 005 .25 <p

4 4(6) 1(12)

1 0 5

2 6 4

3 30, 22/17. 18 28, 19/ 0

P <. 005 . 25 <p

4 4(6) 1(4)

aA = major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the least
number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining a larger
value in the multivariate test of the equality of stand group means, 4 = number of canonical
variables required to account for 100% of the dispersion (number of original variables for which

determined).



Table 49. Species used in stepwise discriminant analysis of stand groups determined from species presence and from standardized species amounts
in the Longleaf Pine data.

Species presence SpeciesSpecies amount Species presence Species amount
A A B C Species A B C A B C Species

5 PIPA 2 2 2 CEMI

5 5 SERE 4 1 GAFR

9 VANI 7 2 GADU

CHOB 4 MYCE

3 A SRE 1 MYPU

OSAM 1 8 1 3 ILGL

3 3 3 PYRI 2 QUMY

1 1 QULA 6 4 LYLU

4 6 3 QUCI BERA

QUVIM 6 ASPY

2 OPVU PICA

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order in which
the species (variables) were entered as discriminants. The underscore indicates the minimum number of variables necessary to discriminate among
the stand groups with the least number of misclassifications.
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Table SO. A summary of results of stepwise discriminant analysis of stand groups determined from

species presence and from standardized species amounts in the Irish Bog vegetation data.

Hierarchical Criteriab Species Standardized

levela presence species amount

A 1 0 0

2 5 3

3 5, 22/54.73 3, 24/98.51

p < .005 p < .005

4 1(6) 1(3)

B 1 0 0

2 6 6

3 12, 40/ 38.88 12, 40/39. 25

P < . 005 P < 005

4 2(6) 2(6)

C 1 0

2 9

3 No subdivision 36, 58/11.92

p <. 005

4 4(12)

aA = major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the
least number of misclassifications, 3 = degrees of freedom /F value and probability of obtaining

a larger value in the multivariate test of the equality of stand group means, 4 = number of
canonical variables required to account for 100% of the dispersion (number of original variables

for which determined).



Table 51. Species used in stepwise discriminant analysis of stand groups determined from species presence and from standardized species amounts in

the Irish Bog data.

Species presence Species amount

A Ba A B C Species
Species presence Species amount

A B A B C Species

5 CAVU
CAFL

3 11 ERAN 2 3 7 HYCUE

ERVA
SPCU

3 4 10 DEFL 12 SPCA

2 2 PLUN 9 SPTE

2 JUSQ AUPA

6 3 NAOS 6 CLSY

1 1 1 1 1 CLUN 4 5 DIAL

5 6 S PRU
ODSP

2 4 TRCA 4 SPPA

EMNI
CATR

ERTE ANPO

3 VAMY 5 8 DISC

SPPL 6 RI-HA

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order in which

the species (variables) were entered as discriminants. The underscore indicates the minimum number of variables necessary to discriminate among

the stand groups with the least number of misclassifications.
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Table 52. A summary of results of stepwise discriminant analysis of stand groups determined from

species presence and from standardized species amounts in the Danube Meadows data.

Hierarchical
levela

Criteria
b Species

presence
Standardized
species amount

A 1

2

3

0

3

3,21/21.74

0

9

9, 15/ 13.45

p < .005 p < . 005

4 1(3) 1(9)

B 1 0 0

2 8 9

3 24, 14/11. 69 27, 39/14. 71

p <. 005 P <. 005

4 3(9) 3(9)

C 1 0 0

2 11 12

3 SS, 45/ 16.34 48, 37/ 9.29

P < .005 p < .005

4 5(12) 4(12)

a
A = major subdivisions, B = intermediate, C = most detailed.

b1 = number of misclassifications, 2 = minimum number of original variables required for the
least number of misclassifications, 3 = degrees of freedom /F value and probability of obtaining

a larger value in the multivariate test of the equality of stand group means, 4 = number of
canonical variables required to account for 100% of the dispersion (number of original variables

for which determined).



Table 53. Species used in stepwise discriminant analysis of stand groups determined from species presence and from standardized species amounts
in the Danube Meadows data.

Species presence Species amount
A B Ca A Species

Species presence Species amount
A B C A Species

AREL 11 MEDI
DA GL AJRE
GAMO 10 LAPR
PLLA ALPR

8 POPR 9 GLHE

7 FEPR 11 CAFL
6 CHLE 3 8 7 VICR
7 RAAC 9 7 GABO

4 5 VECH LOCO
12 DECA 1 4 5 CA GL

5 6 2 2 LYFL 9 7 LICA
LYNU 3 3 VIHI

12 CAAC 2 3 5 SAPR
3 4 ANSI 1 1 2 1 1 BRER

10 8 FIUL 8 VISE
9 ANSI 2 4 6 BRME

6 9 TRPR FEOV

CIOL 1 4 5 KOPY

HOIA 2 SCCO
2 3 8 RUAC THSE

GERI

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order in
which the species (variables) were entered as discriminants . The underscore indicates the minimum number of variables necessary to
discriminate among the stand groups with the least number of misclassifications.
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Table 54. A summary of results of stepwise discriminant analysis of stand groups determined from

species presence and from standardized species amounts in the Squaw Butte vegetation

data.

Hierarchical Criteria
b

levela

Species
presence

Standardized
species amount

A 1 0

2 4

3 No major groups 4, 26/ 28.64

P < .005

4 1(6)

B 1 0 0

2 13 8

3 52, 56/11.49 40, 81/ 13.06

< .005 p < . 005

4 4(18) 5(12)

C 1 0 0

2 12 9

3 84, 81/ 9.15 54, 86/11.46

p <. 005 p < .005

4 7(12) 6(12)

a
A = major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the least
number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining a larger
value in the multivariate test of the equality of stand group means, 4 = number of canonical

variables required to account for 100% of the dispersion (number of original variables for which

determined).



Table 55. Species used in stepwise discriminant analysis of stand groups determined from species presence and from standardized species amounts in

the Squaw Butte area.

Species presence Species amount Species presence Species amount

B
Ca A B C Species B C A B C Species

13 A GSP 8 PHLI

CRYPT 12 ASPU

PHCA 2 ASSC

POSE ASLE

TORU LEPU 2

6 CRAC ARTR

5 9 3 6 ANDI KOCR

COPA STTH

2 6 8 FEID SIHY

3 4 FRPU ASST

MITR 9 CAMA

2 2 LYDR CHVIH

8 1 JUOC ERSP 3

11 7 2 5 ERHE CORA

1 1 LIRU DEAN

2 ANCO 2 12 11 PEHU

6 LIBU 7 7 A RA R

5 3 4 3 ARFR 2 7 DEPI

8 9 PHCH 10 MEAL 2

4 3 4 5 4 MI GR 10 POCU

1 1 ERSPS

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order in which

the species (variables) were entered as discriminants. The underscore indicates the minimum number of variables necessary to discriminate among

the stand groups with the least number of misclassifications.
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Table 56. A summary of results of stepwise discriminant analysis of stand groups determined
from species presence and from standardized species amounts in the Ward Lake data.

Hierarchical
levela

Criteria
b

Species
presence

Standardized
species amount

A

B

C

1

2

3

4

1

2

3

4

1

2

3

4

0

16

32, 66/19. 67

p<.005
2(24)

No intermediate groups

0

17

153, 217/ 6.94

p < .005

9(18)

0

6

6, 44/ 54.98

p<005

1(6)

0

12

60, 163/ 10.68

p < . 005

5(12)

0

15

150, 236/ 8.18

p < . 005

10(15)

a
A = major subdivisions, B = intermediate, C = most detailed.

b
1 = number of misclassifications, 2 = minimum number of original variables required for the least
number of misclassifications, 3 = degree of freedom/F value and probability of obtaining a larger
value in the multivariate test of the equality of stand group means, 4 = number of canonical
variables required to account for 100% of the dispersion (number of original variables for which
determined).



Table 57. Species used in stepwise discriminant analysis of stand groups determined from species presence and from standardized species amounts
in the Ward Lake data.

Species presence Species amount Species presence Species amount
Aa C A B C Species A C A B C Species

18 10 10 BRTE 14 10 6 LUPIN

15 8 STTH 3 STOC
3 SIHY 15 12 5 A GSM

9 4 9 15 JUOC 6 9 6 8 4 ASCU 2
ARTRV 2 5 2 PHLI

MIGR 11 4 3 GILE

5 7 5 12 COPA 16 PUTR
13 POSE CHVI

12 2 A GSP 13 POMI

11 17 ASPU 16 ERUM

4 2 7 BLSC CI-INA

4 3 OROBA 10 14 7 11 ERCH
8 1 ARAR ANDI

1 1 1 1 6 LERE FEED

7 13 3 PELA 12 ERSP 4

EPPA CAMA

9 LOMA CREPI

14 LOMAT LEPU 2

CRWA DEPI

8 2 5 11 GARA CARO

6 AGGL CHDO

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order
to which the species (variables) were entered as discriminants. The underscore indicates the minimum number of variables necessary to
discriminate among the stand groups with the least number of misclassifications.
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Table 58. A summary of results of stepwise discriminant analysis of observations of environmental

variables arranged according to stand groups determined from species presence and

from standardized species amounts in the Irish Bog data.

Hierarchical Criteria
b Species Standardized

levela presence species amount

A

B

C

1 3 2

2 5 1

3 5, 10/ 3.60 1, 14/ 10.71

.025 <p <.05 .005 <p <.01

4 1(5) 1(5)

1 3 1

2 5 5

3 10, 18/ 4.47 10, 18/ 4.34

p <. 005 p < .005

4 2(5) 2(5)

1

2

3

4

No subdivision

4

5

20, 24/ 1. 64

.10 <p < .25

4(5)

aA = major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the

least number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining

a larger value in the multivariate test of the equality of stand group means, 4 = number of

canonical variables required to account for 100% of the dispersion (number of original variables

for which determined).
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This result provides unexpected evidence in support of the differential

species concept.

Environment

The results of stepwise discriminant analysis of the environ-

mental data provided no clear pattern absolutely favoring either class

of data. In the Irish Bog data there were misclassifications at all

hierarchical levels. Fewer misclassifications occurred in class four

than in class three at comparable levels (Table 58).

Table 59. Environmental variables used in stepwise discriminant
analysis of stand groups determined from species
presence and from standardized species amounts in
the Irish Bog data.

Species Species
Presence Amount

A B
a

1 1

5 3

2 2

3 4

4 5

A B C Variables

1 1 1 Peat depth (inches)

3 3 Bedrock (coded)

2 2 Elevation (feet above sea level)

4 4 Slope (%)

5 5 Exposure (coded)

a Heirarchical levels in the classification: A=major subdivisions,
B=intermediate, C=most detailed. The numbers indicate the order
in which the variables were entered as discriminants. The under-
score indicates the minimum number of variables necessary to
discriminate among the stand groups with the least number of
misclassifications.
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In the three categories of environmental data from Squaw Butte

there were misclassifications at all levels of both classes, with

three exceptions: 1) at the basic level (C) of class four of the site

data (Table 60), at the basic level (C) of class four of the morphologi-

cal data (Table 62), and at the highest level (A) of class four of the

physical and chemical data (Table 64). These exceptions weighted

the results in favor of class four.

The analysis of the combined best discriminants from all three

Squaw Butte data categories yielded no misclassifications. Neither

was there any clear cut pattern favoring either class of data (Table

66).

Vegetation and Environment

Results of analysis of the combination of the best discriminat-

ing species and environmental variables favored neither class of the

Irish Bog data (Table 68). In the Squaw Butte data the results indi-

cate a slight advantage for class four (Table 72). In both sets of data

there were within groups correlations of species with environmental

variables with absolute values greater than .5 (Tables 69, 70, 73,

and 74).

'Computer Programs

Two kinds of computer programs were written: those for data
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Table 60. A summary of results of stepwise discriminant analysis of observations of site variables
arranged according to stand groups determined from species presence and from standard-

ized species amounts in the Squaw Butte data.

Hierarchical
levela

Criteriab Species Standardized
presence species amount

A 1 2

2 8

3 No major groups 8, 22/ 7.01

p <.005

4 1(14)

B 1 2 3

2 12 14

3 48, 60/ 1.78 70, 61/ 2. 15

.01 <p < .025 p < .005

4 4(14) 5(14)

C 1 2 0

2 14 14

3 98, 72/ 1.09 84, 68/ 2.04

. 25 < p p < .005

4 7(14) 5(14)

aA = major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the least
number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining a larger
value in the multivariate test of the equality of stand group means, 4 = number of canonical
variables required to account for 100% of the dispersion (number of original variables for which

determined).
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Table 61. Site variables used in stepwise discriminant analysis of stand groups determined from
species presence and from-standardized species amounts in the Squaw Butte data.

Species presence

B Ca A

Species amount

B C Variables

3 7 11 8 6 Primary parent material (coded)

11 3 12 11 11 Secondary parent material (coded)

5 9 9 5 10 Elevation (feet above sea level i 10)

10 6 13 1 2 Landform (coded)

4 4 7 3 3 Position on landform (coded)

1 1 4 2 9 Macrorelief (coded)

8 8 1 4 1 Slope (%)

12 14 5 9 7 Position on slope (coded)

2 2 3 10 8 Exposure (coded)

9 11 14 13 14 Gravel cover (%)

6 5 8 14 12 Stone cover (%)

7 10 6 12 13 Bareground (%)

13 12 2 6 4 Number of soil horizons

14 13 10 7 5 Soil depth (inches)

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most
detailed. The numbers indicate the order in which the variables were entered as discriminants.
The underscore indicates the minimum number of variables necessary to discriminate among the
stand groups with the least number of misclassifications.
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Table 62. A summary of results of stepwise discriminant analysis of observations of soil morphology

arranged according to stand groups determined from species presence and from standard-

ized species amounts in the Squaw Butte data.

Hierarchical Criteriab Species Standardized

levela presence species amount

A

B

C

1

2

3

4

No major groups

18

29

29, 1/ 1813.10

.005 <p < . 025

2(29)

1 24 27

2 26 25

3 104, 7/ 10.57 125, 10/ 9.62

P < .005 p < . 005

4 5(24) 6(27)

1 3 0

2 17 15

3 119, 56/ 1.63 90, 63/ 2.16

.025 <p <. 05 p < .005

4 7(18) 6(15)

aA = major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the
least number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining

a larger value in the multivariate test of the equality of stand group means, 4 = number of
canonical variables required to account for 100% of the dispersion (number of original variables

for which determined).



Table 63. Soil morphology variables used in stepwise discriminant analysis of stand groups determined from species presence and from standardized
species amounts in the Squaw Butte data.

Al Horizon
Species presence Species amount

B Ca A B C

B2 Horizon
Species presence Species amount

B C A Variables

- - - - 10 2 Number of horizons

19 29 17 7 11 5 1 Depth (inches)

4 2 13 20 9 10 15 22 4 Boundary (coded)
14 Dry color hue (coded)

5 8 20 26 16 value Munsell
24 1 16 24 13 23 chroma

22 11 21 Moist color

3 4 25 7 25 13 27 7 same as dry

2 22 18 16 14 24 11

Primary structure

14 9 10 9 12 16 28 8 14 Strength coded
1 1 1 17 15 14 Size & type

Secondary structure
21 15 15

Same as primary
26 5 6 5

6

9

17

17

19

13

12 Dry consistence

10 9 10 6 7 12 Moist " coded

8 2 4 2 4 6 8 Wet "

15 8 - - Pore abundance

11 18 12 13 - - - - size coded

3 7 20 3 - - - morphology

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order inwhich

the variables were entered as discriminants. The underscore indicates the minimum number of variables necessary to discriminate among the
stand groups with the least number of misclassifications. - = vari able not used from indicated horizon.



Table 63. (Continued).

B2 Horizon
Species presence

B C

Species amount
A

18 12 18 23

21

23 3 3

5 25 19

Variables

Primary clayskins
Frequency

coded
llb Morphology

6

Secondary clayskins

Same as primary

HC1 effervescence (coded)

b Spurious result because of a format error.
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Table 64. A summary of results of stepwise discriminant analysis of observations of soil physical

and chemical variables arranged according to stand groups determined from species

presence and from standardized species amounts in the Squaw Butte data.

Hierarchical
levela

b
Criteria Species Standardized

presence species amount

A

B

C

1

2

3

4

No major groups

0

12

12, 18/5. 66

p < . 005

1(18)

1 3 2

2 16 16

3 64, 45/ 1.25 80, 52/ 1.60

.10.<p < . 25 .025 <p <.05

4 4(18) 5(17)

1 1 1

2 18 12

3 126, 50/ .94 72, 77/ 2.03

. 25 < p p < . 005

4 7(18) 6(17)

a
A

,= major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the

least number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining

a larger value in the multivariate test of the equality of stand group means, 4 = number of
canonical variables required to account for 100% of the dispersion (number of original variables

for which determined).



Table 65. Soil physical and chemical variables used in stepwise discriminant analysis of stand groups determined from species presence and from

standardized species amounts in the Squaw Butte data.

Al Horizon

Species presence Species amount
B Ca A B C

Species presence
B C

B2 Horizon

Species amount
A Variables

11 3 11 10 15 13 15 12 pH (paste)

6 5 3 4 1 10 16 9 14 2 Organic matter (%)

14 1 8 1 6 12 14 5 16 16 Electrical conductivity (mmhos/cm)

2 6 1 2 3 17 4 9 10 Moisture equivalent (% moisture)

18 12 13 12 4 13 11 11 15 atmosphere moisture (%)

1 9 7 7 4 8 17 Sand

16 7 6 15 7 9 18 6 5 Silt % of fine fraction

15 2 2 3 8 5 8 12 13 Clay

7 11 10 8 9 3 10 4 5 14 Coarse fragments (%)

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order in which the

variables were entered as discriminants. The underscore indicates the minimum number of variables necessary to discriminate among the stand

groups with the least number of misclassifications.
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Table 66, A summary of results of stepwise discriminant analysis of observations of site and soil
variables, selected from previous analyses, arranged according to stand groups deter-
mined from species presence and from standardi zed species amounts in the Squaw Butte
data.

I-li erarchi cal
levela

Criteria
b

Species Standardized
amount species amount

A

B

C

1 0

2 No major groups 6

3 6, 24/ 14. 19

P <. 005

4 1(29)

1 0 0

2 12 15

3 48, 60/ 3. 22 75, 57/ 3.37

p < .005 p < .005

4 4(26) 5(25)

1 0 0

2 15 12

3 105, 67/ 2. 68 72, 77/ 2. 69

< 005 p < .005

4 7(23) 6(24)

aA = major subdivisions, B = intermediate, C = most detailed.

1 = number of misclassifications, 2 = minimum number of original variables required for the
least number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining
a larger value in the multivariate test of the equality of stand group means, 4 = number of
canonical variables required to account for 100% of the dispersion (number of original variables
for which determined).



Table 67. Combined site and soil variables used in stepwise discriminant analysis of stand groups determined from species presence and from
standardized species amounts in the Squaw Butte data.

Species presence Species amount
B Ca A B C Site Variables

10 Origin I

Rock ty.pe3
primary parent material

Elevation
1 3 1 6 Macrorelief

1 1 Slope
2 7 3 5 Exposure

Gravel
3 7 Stone

cover

8 Bareground
8 12 Soil depth

Al Horizon B2 Horizon

Species presence Species amount Species presence Species amount
B C A B C B C A B C Morphology Variables

- - 8 Depth (B2 only)
7 7 4 Boundary

chrom
12 11 11 - - Dry color value

a.
Al only

- - 9 Moist color hue (B2 only)
12 value

- 14 chroma (B2 only)

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order in which
the variables were entered as discriminants. The underscore indicates the minimum number of variables necessary to discriminate among the stand
groups with the least number of misclassifications. - = variable not used from indicated horizon.



Table 67 (Continued).

Al Horizon
Species presence

B C A
Species amount

B C

B2 Horizon
Species presence

B C

Species amount
A B C Morphology Variables (Continued)

5

4
12

Strength
Size & type

primary structure

Strength -?
secondary structure

Size & type

3 6 13 Wet consistence

13 Pore abundance Al only
14 morphology

Physical & Chemical Variables

9 pH

2 2 15 Organic matter

4 1 2 S 5 Electrical conductivity
4 9 Sand

2 15 Clay

11 8 6 5 6 3 Coarse fragments

B2 only
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Table 68. A summary of results of stepwise discriminant analysis of observations of environmental
variables and species, selected from previous analyses, arranged according to stand
groups determined from species presence and from standardized species amounts in the

Irish Bog data.

Hierarchical
levela

Criteria
b Species

presence
Standardized
species amount

A 1

2

0

3

0

2

3 3, 12/ 26.67 2, 13/47.75

< .005 p < .005

4 1(4) 1(3)

B 1 0 0

2 5 7

3 10, 18/ 12.04 14, 14/ 16. 34

_p < 00S p < .005

4 2(6) 2(9)

C 1 0

2 No subdivision 6

3 24, 22/ 6.29

p <.05

4 4(6)

aA = major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the
least number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining

a larger value in the multivariate test of the equality of stand group means, 4 = number of
canonical variables required to account for 100% of the dispersion (number of original variables

for which determined).
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Table 69. Within groups correlations ( >1 .51) of species with environmental variables in stand

groups determined from species presence in the Irish Bog data.

Level A
Variables

Species Peat depth Elevation

DEFL

JUSQ

SPRU

TRCA

VAMY

-.6325

.5834

-.5381

Level B

. 6295

. 759 6

-.7376

-.6532

.7718

Variables

Species Bedrock Elevation

SPRU -. 6930

TRCA -_5994

VA MY . 6095
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Table 70. Within groups correlations ( >1 .51) of species with environmental variables in stand

groups determined from standardized species amounts in the Irish Bog data.

Species

Level A
Variables

Peat depth Elevation Exposure

ERAN .5198

DEFL .5863

PLUN -.5660 .5649

HYCUE -.5548

Level B
Variables

Species Elevation Exposure

CAVU -.5290

ERAN . 5599

Level C
Variables

Species Elevation Exposure

CAVU -.5093

ERAN . 6137
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Table 71. Combined vegetation and environmental variables used in stepwise discriminant analysis
of stand groups determined from species presence and standardized species amounts in
the Irish Bog data.

Species presence Species amount
A B A Variables

Peat depth

Bedrock

3 2 7 6 Elevation

Slope

Exposure

5 CAVU

6 ERAN

5 DEFL

2 4 PLUN

JUSQ

1 1 1 NAOS

1 1 CLUN

SPRU

2 3 TRCA

VAMY

5 HYCUE

3 SPTE

2 3 CLSY

4 DIAL

2 SPPA

4 DISC

RHIA

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most
detailed. The numbers indicate the order in which the variables were entered as discriminants.
The underscore indicates the minimum number of variables necessary to discriminate among
the stand groups with the least number of misclassifications.
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Table 72. A summary of results of stepwise discriminant analysis of observations of environmental

variables and species, selected from previous analyses, arranged according to stand

groups determined from species presence and from standardized species amounts in the

Squaw Butte data.

Hierarchical Criteria
levela

Species
presence

Standardized
species amount

A 1
0

2 No major groups 4

3 4, 26/31. 41

P < .005

4 1(6)

B 1 0 0

2 11 10

3 44, 63/ 14.76 50, 76/11. 67

13 < . 005 p < .005

4 4(12) 5(12)

C 1 0 0

2 8 7

3 56, 91/ 8.08 42, 88/ 13.10

p < .005 p < .005

4 7(12) 6(12)

a
A = major subdivisions, B = intermediate, C = most detailed.

b 1 = number of misclassifications, 2 = minimum number of original variables required for the

least number of misclassifications, 3 = degrees of freedom/F value and probability of obtaining

a larger value in the multivariate test of the equality of stand group means, 4 = number of

canonical variables required to account for 100% of the dispersion (number of original variables

for which determined).



Table 73. Within groups correlations ( >I .5 I) of species with environmental variables in stand groups determined from species presence in the
Squaw Butte data.

Level B
Variables

Parent A 1

material Macro- Color Organic Electrical
Species Rock type relief Slope dry chroma matter conductivity

FEID .6818
FRPU -.5219 .5569
JUOC -.5147 -.5314
ERHE .5109
ANCO 2 .7558

Level C
Variables

A 1 B2

Soil Color Organic Electrical Organic
Species Slope depth Dry value Dry chroma matter conductivity matter

FEID . 6604
FRPU -.5019 .5557
JUOC -.5252
ANCO 2 .5017 -.5660
PHLI -.5070
POCU -.5789



Table 74. Within groups correlations (>.I .5 I) of species with environmental variables in stand groups determined from standardized species
amounts in the Squaw Butte data.

Level A
Variables

Parent Al
material Dry Color

Species Rock type Slope Boundary Value

FED .5837
JUOC -.5424
ANCO 2 .6758
MIGR -.5101
POCU -.5512

Level B
Variables

Al B2

Soil Dry color Organic Organic
Species Slope depth value matter matter

A NCO 2 .5981 -.5578
ERSPS .6764
PHLI -.5171
POCU -.5405

Level C
Variables

Al
Dry color Organic

Species Value Chroma matter

JUOC -.5053
ARAR -.5315
POCU -. 5328

sr)



Table 75. Combined vegetation and environmental variables used in stepwise discriminant analysis of stand groups determined from species

presence and standardized species amounts in the Squaw Butte data.

Species presence Species amount
a

B C A Site Variables

Origin primary
11 8 12 Rock type parent material

Macrorelief
8 Slope

10 Exposure
Stone cover
Soil depth

Al Horizon B2 Horizon

Species presence Species amount Species presence Species amount

B C A B C B C A B C Morphology Variables

Boundary

- - - - Dry color value Al only
9 chroma

10 12 8 11 Wet consistence (B2 only)

- - - Pore abundance (Al only)
Physical and Chemical Variables

5 4 5 5 9 Organic matter

6 6 11 Electrical conductivity

9 Clay
6 Coarse fragments

aHierarchical levels in the classification: A = major subdivisions, B = intermediate, C = most detailed. The numbers indicate the order in which

the variables were entered as discriminants. The underscore indicates the minimum number of variablEs necessary to discriminate among the

stand groups with the least number of misclassifications. - = variable not used from indicated horizon.



Table 75 (Continued)

Species presence Species amount
B C A B C Species

Species presence Species amount
B C A B C Species

12

3 4

2 2

7

A GSP

2 6 7 FEID

11 FRPU

LYDR

1 7 6 JUOC

2 ERHE

LIRU

10 2 ANCO 2

5 3 3 3 A RFR 2

4 3 5 4 4 MIGR

1 1 ERSPS

7 PHLI

A SPU

9 8 ARAR

12 MEAL 2

10 POCU
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preparation prior to classification and prior to stepwise discriminant

analysis and those for classification. The programs are discussed in

that order. All are available only from teletype. Documentation of

these programs and complete operating instructions will be made

available through the Oregon State University Computer Center.

Therefore, only a brief summary of each is included here.

Data Preparation

Prior to classification it is necessary to construct a species

by stands table (or array) of the data. The data are punched in cards,

one per card per species per stand. Thus for each stand there are

as many cards as species. In addition there is identifying informa-

tion including a stand number on each card.

The first four programs considered here are concerned with

constructing and rearranging the data table prior to classification.

Next is a program for standardization of class four data prior to

stand classification. Finally, under this heading of data preparation

is a program for transposing the species-by-stands, classification-

output array so it will be in proper form for stepwise discriminant

analysis.

STN OS

After the data cards are input to a saved file, the records are
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sorted in stand number order with species symbols in alphanumeric

order within each stand. Then this program is loaded and executed.

It prepares a list of the stand numbers together with the number of

species in each stand. A sequence number is assigned to each stand

also. The output (hereafter referred to as STANDS) from this pro-

gram is written on a saved file and line printer. User interaction

with this program is to supply an identifying name of the area from

which the data came for the printed output. Capacity is 200 stands.

SPPNOS

Prior to execution of this program the data are resorted in

alphanumeric order of the species symbols. The stands containing

each species are sorted in numeric order of stand numbers. This

program prepares a list of species symbols together with the number

of stands each species occurs in (presence), and a sequence number

is assigned to each species. The output (hereafter referred to as

SPECIES) is written on a saved file and on the line printer. User

interaction with this program is to supply an identifying name of the

area from which the data come for the printed output. Capacity is

200 species.

RAW TABLE

This program uses the sequence numbers from STANDS and
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SPECIES to assign each data record to the appropriate place in a

species by stands array. The output (TABLE) is written on a saved

file and on the line printer. Species symbols are written down the

left side, and the presence of each species is written in a column on

the right side of the array. During execution of this program the

user provides it with the number of species and stands in the data,

the name of the geographic area, and the kind of data.

Capacity is 100 species and 70 stands. These limits must be

considered when working up the data with STNOS and SPPNOS. If

the data have already been collected a suggestion is to divide the data

into groups of 70 or fewer stands each on a geographic basis. The

richer the flora the fewer the number of stands in order to keep the

number of species within the limit of 100 (with 25-30 stands as a

minimum, any less can be done about as efficiently by hand). If the

number of species is still too great (more than 100), species with

relative presence less than 15% may be deleted at this stage, but the

target limit then should be 90 species rather than 100 (for COEFCALC

and HIERCLAS). If at all possible do not delete species with absolute

presence greater than five as these are potentially diagnostic species

(differentials, Trennarten) at the lower hierarchical levels.

In planning data collection the study area may be divided geo-

graphically into subunits. Then, when collecting data, keep a run-

ning tally of the number of species recorded. When the number of
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stands reaches 70 or the number of species reaches 100 (whichever

occurs first), mark the field records so each group of stands may be

handled separately. Do not limit the number of species recorded in

each stand (observation) or the number of observations made in each

geographic subunit. However, the number of observations may be

set a priori through development of a sampling scheme based on

interpretation of imagery from remote sensing.

Since the information contained in SPECIES is incorporated into

TABLE, this file may be disposed of at this point.

To prepare TABLE for classification it is sorted by rows in

declining species presence order. If analogous stand rearrangement

is desired the following program may be used.

STDORDER

The file STANDS is sorted according to the number of species

per stand, and then the stands (columns) in TABLE are rearranged

accordingly. STANDS is rewritten with sequence numbers corres-

ponding to the new arrangement of TABLE. Output (replaces old

TABLE), user input, and capacity are the same as for RAW TABLE..

DA T.ANORM

Following species classification (by HIERCLAS), class four

data must be standardized prior to stand classification. This program
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standardizes the output (SPPTABLE) from species classification

(DATA-REGR) and writes it on a file (NORMTABL). If printed output

is desired, the file can be copied onto the line printer. User input is

the number of species and stands. Capacity is 100 species and 70

stands.

DATRNSPS

Prior to use of the program for stepwise discriminant analysis

the output from stand classification (STDTABL1, presence only, or

STDTABL2, species amount) must be transposed from a species by

stands array into a stands by species array. This program does that

and writes the output on a saved file (VEG1 or VEG2). User input

and capacity are the same as for DATANORM.

Classification

For any set of data these programs may be used three times:

1) for species classification, 2) for stand classification of class

three data, and 3) for stand classification of class four data.

COEFCALC

This program calculates from TABLE, NORMTABL, or

SPPTABLE, a matrix of an interspecies or inter stand coefficient as

selected by the user from one of the following: Euclidean d2,
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Euclidean point d 2, phytosociological d2, phi coefficient (a correla-

tion coefficient for use with class three data), point similarity,

phytosociological similarity, or a subroutine provided by the user to

calculate some other coefficient. The file, STANDS, is read if

stands are to be classified. Output consists of the coefficient matrix

(with either species symbols or stand numbers on the left side) and

the A-matrix (number of joint occurrences of each pair of items

being classified) written on files (temporary scratch for the coeffi-

cient matrix and saved, SPPA or STDA, for the A-matrix). The A-

matrix is used by program DA.REGR in regrouping the data according

to the classification from HIERCLAS. Since no A-matrix is calcu-

lated for Euclidean d2, Euclidean point d 2 must be calculated first

and STDA used in rearranging the data (SPPTABLE) according to the

stand classifications of both presence only (SPPTABLE) and standard-

ized species amount (NORMTABL). The coefficient matrix is

printed with the output from HIERCLAS. User input includes coeffi-

cient selected, whether species or stands are to be classified, num-

ber of species and stands, and a presence limit below which species

are not to be included. Capacity is 90 species and 70 stands.

NORMTABL is used only with this program so it may be deleted

following execution of COEFCA LC.
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HIER C LAS

This program determines clusters in the data by operating on

the coefficient matrix according to one of the following strategies:

group average, Ward's method, sums of variables (for use with

correlation coefficients only), or a special subroutine provided by

the user which is compatible with the classification function. Printed

output includes the following:

1. The coefficient matrix.

2. At each iteration:

a. The cluster pair which fuses.

b. The coefficient at fusion.

c. The recalculated coefficients of all the other

clusters with the new one.

3. A classification summary after the last iteration consist-

ing of:

a. Sequence numbers of each pair of clusters which

fuse at each iteration.

b. The coefficient at fusion

c. The proportion each coefficient is of the maximum

attained in the classification.

4. The classification summary rearranged in order of the

hierarchical sequence determined by the classification,
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5. The chaining coefficient.

The rearranged classification summary is also written on a scratch

file.

User input includes the number and kind of items classified,

which coefficient, the classification strategy, and a geographic name

of the data. Capacity is 90 items.

DA. TARE GR

This program rearranges TABLE and SPPTABLE according to

the clusters determined by HIERCLAS through the use of the rear-

ranged classification summary. Output consists of a list of species

symbols or stand numbers (obtained from STANDS) arranged accord-

ing to the clusters together with their sequence numbers and TABLE

rearranged according to the classification. The output (either

SPPTABLE, STDTABL1, or STDTABLE2) is written on a saved file

and the line printer. User input includes the number of species and

stands, which were classified, whether either had previously been

classified, the coefficient, the classification strategy, the limiting

value of the coefficient, the limiting a-value (for species at least

two, from the A-matrix, depending on the user's experienced judg-

ment), and a geographic name of the data. Capacity is 100 species

and 70 stands.

Considerable economies in saved file space can be achieved by
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running several of these programs at one session with the teletype.

Much of the file output will not be needed beyond that session and

should not be saved unless so needed. File names were used here

only to illustrate possible names within the eight character format

(beginning with a letter).

Operating Costs

Cost (and time) for computer classification of vegetation is

discussed under the following headings: 1) keypunching, 2) teletype

(TTY), 3) computer (CPU), and 4) printing. Cost and time esti-

mates are based on records kept by this author and by Edmundo

Garcia. 3 The characteristic of a set of vegetation data which proved

to be the most reliable basis for estimating computer cost was the

average number of species per stand.

Some lead time must be allowed for keypunching. This can vary

from two weeks to a month depending on the amount of data and the

work load of the keypunch operators. The cost varied form $. 02 to

.05 per card (data record).

Total elapsed time at the teletype (remote console) depends on

the skill and experience of the operator, system loading (number of

Graduate Research Assistant in Range Management, Oregon State
University; personal communication based on his experience in
using these procedures to classify vegetation in the vicinity of
Tombstone, Arizona.
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remote users), and amount and nature of the data. Teletype time

varied between four and eleven hours on the average, dependent

primarily on the operator's experience. At $2.00 per hour (Computer

rates... , 1970), teletype cost varied from $8.00 to $22.00 per data

set.

Average computer time was . 5 seconds per species (per aver-

age stand) at the cost of $0. 42 (cost is $0. 83 per second, Computer

rates..., 1970). For a data set with an average number of species

per stand of 30, the time would be 15 seconds per stand at a cost of

$1.25.

Printing costs are based on the number of lines printed (Com-

puter rates..., 1970) at $. 125 per 100 lines but can be estimated

from the number of pages at 60 lines per page. The cost then is

$. 075 per page, The following formulae were developed for estimat-

ing the number of pages of output:

1. Listing data

np

60

2. Species symbol list (from SPPNOS and DATAREGR,

double spaced)

2_
30

3. Stand list (from STNOS and DATREGR, double spaced)
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n
30

4. Tables (from RAW TABLE, STDORDER, and DATAREGR,

double spaced)

(TO) (0)

5. Output from species classification (from HIERCLAS).

3p

6. Output from stand classification (from HIERCLAS)

1.5 n

where n is the number of stands, p the number of species, and p the

average number of species per stand. To estimate the cost of print-

ing all of the output from one data set the formulae are combined as

follows:

Cost = $. 075 [112 + 2 (2) + 2 (IL-) + 5 (2) (-12) +
60 30 30 30 30

3 p + 2 (1.5 n) ]

Consider a hypothetical set of vegetation data consisting of 90

species, 60 stands, and an average number of species per stand of

30 (reasonable for eastern Oregon sagebrush-grass vegetation). Key-

punching would cost $90. 00 for 1800 records (np) at $. 05 per record.

Suppose teletype cost was $16. 00 for 8 hours (operator of median

skill and experience). Computer cost at $1.25 per stand would be

$75.00 for 15 minutes. Printing cost would be as follows:
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Cost = $.075 [
660(30)0

90 60+ 2 (-30 ) + 2 (-3-0) +

90 605 (30 ) (30 ) + 3 (30) + 2 (1. 5)(60)

= $.075 [ 30 + 2 (3) + 2 (2) + 5(3)(2) + 3 (30)

+ 2 (1. 5)(60) ]

= $. 075 [ 30 + 6 + 4 + 30 + 90 + 180 ]

= $.075 [ 340]

= $25. 50

Total cost would be as follows:

Total cost = $90.00 + 16.00 75.00 + 25.50

= $206. 50

Costs calculated here may underestimate actual costs because

of increased rates for computer services. However, computer sys-

tem response time should continue to improve (decrease) tending to

offset increased costs. Also no major errors are assumed to occur.

These can run the cost up considerably. Total production time

(TTY) should be spread over two or three days to allow for retriev-

ing output from the computer center and checking results.
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CONCLUSIONS

Conclusions drawn from this research are set forth as recom-

mendations for vegetation classification, its evaluation, interpreta-

tion, and use together with pertinent comments.

Vegetation Classification

The procedures developed in this research are different from

most applications of numerical taxonomy to vegetation classification.

Stand groups (vegetation units) are not determined directly on the

basis of their total species content, but groups of potential differential

species are determined first. Then stands are classified on the

basis of these species groups only, while the other species are

temporarily set aside.

The recommended strategy for classification is Ward's method

both for grouping species and stands. The results indicate its

superiority for grouping species.

Ward's method was selected for grouping stands on the basis of

consideration of its theoretical properties: minimization of within

groups variances and dilation of the group space. Clearcut, well

defined stand groups were the general result. Thus some control

over group composition can be exercised even though this is a route

optimizing strategy (because it is hierarchical).
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Squared Euclidean distance (Euclidean point d2) for class three

data is the recommended coefficient of interspecies relationships.

The results show it to be clearly superior to the other coefficients

tested, especially in its lack of tendency to chain.

Both forms of squared Euclidean distance (for class three

and class four data) are recommended as coefficients of inter stand

relationships. Neither was clearly superior to the other in this

research except in specific sets of data. Synthesis of the results

from both coefficients may be advisable sometimes because one may

yield better definition of major stand groups while the other better

defines subdivisions. These recommendations are summarized in

Figure 26.

Evaluation and Interpretation

It must be stated here that the computer is but a tool or aid in

vegetation classification. The researcher must play a very important

and demanding role in evaluating and interpreting classification

results. He must have criteria in hand; he must know what he is

looking for in a classification. With these thoughts in mind the follow-

ing recommendations and comments are made.

Of primary consideration in evaluating and interpreting the

classification output are identification and definition of the stand

groups. Here the printed output and dendrograms can profitably be
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Figure 26. General flowchart of recommended vegetation classification procedure.
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used together. Stand groups identified in the group list should be

clearly defined in the table by mutually exclusive groups of species.

The sharpness of group definitions is portrayed in the dendrograms

by the level of connection among stands and stand groups. Stands

within a group should be connected near the top of the page with

group connections at lower levels on the page.

Hierarchical levels can be determined from the dendrograms

by establishing bands of connection of fusion levels. This is largely

a matter of interpretive judgment. In order for stand groups to be

joined together into a larger group at a given hierarchical level they

must have a number of species in common exclusive of other groups.

The ranking of stand groups and naming of the hierarchical levels

depend on the rules of the classification system in use. Usually

information outside the data of immediate interest is required also

for these determinations. See Ellenberg (1956) and Moore (1962) for

more complete treatment of the naming and ranking of stand groups.

Environmental pattern may be checked for by arranging such

data in the same order as the results of the vegetation classification.

If summaries by stand groups are desired, modal values may be

more meaningful than arithmetic averages for some variables.

Stepwise discriminant analysis provides additional means for

evaluating and interpreting classifications. Besides yielding infor-

mation about the composition of stand groups and the variables



211

necessary to discriminate among them, this analysis provides F

ratios for evaluating the differences among stand groups in terms of

environmental variables as well as species. In this way the corres-

pondence between environmental and vegetation pattern can be

further evaluated.

These results suggest that the usual normality assumptions

may be too restrictive of the appropriate application of stepwise

discriminant analysis. Data from a population following a multi-

variate normal distribution would be unimodal and fall in class one

and thus would be inappropriate for classification by the techniques

fo numerical taxonomy. Polymodality is desirable for classification

purposes and thus intuitively would appear to be advantageous to the

stepwise discriminant analysis as well. If statistical properties are

not inherent in nature but are introduced into data through the sampl-

ing process, then full attention to sampling theory (including adher-

ence to the central limit theorem in regard to sample size) may be

sufficient to satisfy the normality requirements of this analysis.

Stand groups at any hierarchical level are only provisional until

confirmed with additional data from the field. This may come from

examination of additional stands in the area of general distribution

of the vegetation of concern. Mapping of vegetation (through use of

a dichotomous key) according to the units determined in the classifi-

cation is an excellent way to test its validity. Correlation of
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remotely sensed images (at an appropriate scale) with vegetation

units may add support to the classification or may reveal weaknesses.

Finally, it is pragmatically (and intuitively) desirable for environ-

mental pattern to correspond to the vegetation units in so far as

possible.

Discrepancies revealed by the above checks of a vegetation

classification (especially the environmental one) should not lead to

an automatic (reflexive) modification of the classification but rather

to a thorough and careful reevaluation of it. Sources of error in

vegetation classification are many, beginning with the collection of

data:

1. Definition, location, and number of sampling units (e..g.,

stands).

2. Identification of plant species (e..g., unresolved taxonomic

problems in the genus Artemisia L. ).

3. Observation of a character inappropriate to a particular

kind of vegetation (e.g.., basal cover rather than foliage

cover at Squaw Butte).

4. Clerical errors in data transcription.

5. Improper limiting values in computer program execution

(e..g., species presence, interspecies coefficient, joint

occurrence of species).
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6. Ambiguities in the interspecies or interstand coefficient

matrix (1. e. several species or several stands with the

same distance values among them, Lance and Williams,

1966a).

7. Programming errors.

Errors from sources 1-4 above, can be minimized by proper planning,

careful data collection, and thorough checking of results of data

handling. Experience is needed to minimize errors from source 5,

while computer program improvement and revision are the only ways

of getting at 6 and 7. Most classification errors can be detected by

thorough and careful examination of the classification output and

revisions made in it as necessary.

Historical information concerning past use, disturbances, and

weather may be consulted to aid in interpretation of the vegetation

classification. Statistical techniques aided by the computer can be

important in these analyses as well.

Use of Vegetation Classifications

Stratification of land by vegetation classification provides a

framework for:

1. Ecological research as a key to the environment of

vegetation (as a basis for ecosystem modelling).

2. Resource inventory and analysis, the organization of
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information about land characteristics as the basis for

land use planning and management decisions, i, e. map-

ping, information storage and retrieval, etc.

3. Range improvement and development programs.

4. Animal management.

Vegetation data for classification from extensive land areas

can be gathered with reasonable sample sizes using sampling theory

together with pretyping techniques of remote sensing. Additional

data from specific land areas of interest can then be fitted into the

classification by using a key constructed from the classification and

the appropriate discriminant functions from the stepwise discriminant

analysis to identify types of land ecologically. In this way sufficient

information can be gathered, in the first instance, for broad regional

land use planning yet still provide a valid ecological framework for

filling in more detailed, specific information as necessary.

It is appropriate in conclusion to make some remarks about the

future of the computer programs developed in this research. They

need some refinement both in themselves and in the operational pro-

cedures of their use. Better provision needs to be made for dealing

with ambiguities in the squared distance matrix. The data capacity

of the programs needs to be expanded to the fullest extent. The

programs need to be consolidated into an operational system with

more program control of hardware and data file manipulation.
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Better criteria and procedures for determining the limiting values

(including machine plotting of dendrograms) necessary for program

operation need to be developed through research with different kinds

of vegetation. Finally, this program package, together with a

detailed procedural manual, needs to be made generally available so

the classification system developed in this research can be widely

used.
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Appendix A.

Group
a

Species Nomenclature and Symbolization for the Irish Bog Data

Symbol Presence Scientific Name and Authorship

Presumed VA MY 19 Vaccinium myrtillus L.
Kennarten EMNI 19 Empetrum nigrum L.

DIAL 9 Diplophyllum albicans(L. )Dum.

Trennarten JUSQ 6 Juncus squarrosus L.

CATR 7 Calypogeia trichomanis (L. )Corda
PLUN 5 Plagiothecium undulatum (Hedw. )B. &S.

DEFL 5 Deschampsia flexuosa(L. )Trin.

NAOS 11 Narthecium ossifragum(L. )Huds.
CLUN 10 Cladonia uncialis(L. )Web.
CLSY 9 C. sylvatica(L. )Hoffm.
RHLA 6 Rhacomi trium lanuginosum (Hedw. )Brid.

ANPO 6 Andromeda poli folia L.

Class ERVA 26 Eriophorum vaginitum L.
Kennarten SPCA 11 Sphagnum capillaceum(Weiss)Schrank

SPTE 10 S. tenellum Pers.
DRRO 4 Drosera rotundifolia L.
MYAN 1 Mylia anomala (Hook. )Gray

Order and TRCA 21 Trichophorum caespitosum(L. )Hartman

Alliance SPRU 21 Sphagnum rubellum Was.

Kennarten ERTE 19 Erica tetralix L.
SPPL 18 Sphagnum plumulosum R811
CAFL 14 Campylopus flexuosus(Hedw. )Brid.
ODSP 9 Odontoschisma sphagni (Dicks. )Dum.
SPPA 9 Sphagnum papillosum Lindb.
LESE 2 Lepidozia setacea(Web. )Mitt.

Begleiter CA VU 28 Callum vulgaris( L. )Hrol
ERAN 28 Eriophorum angustifolium Honck
HYCUE 12 Hypnum cupressiforme Hedw. var. ericetorum

B.& S.

SPCU 12 Sphagnum cuspidatum Ehrh. ex Hoffm.
AUPA 9 Aul acornaium palustre (Hedw. )Schwaegr.
DISC 6 Dicranum scoparium Hedw.
LOVE 4 Lophozia. ventricosa(Dicks. )Dum.
POJ U 4 Polytrichum juniperum Hedw.

a
According to Moore, 22.. cit., Table 1.

b Species nomenclature is from Moore, loc. cit.
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Appendix A (Continued).

Group Symbol Presence Scientific Name and Authorship

Beg leiter POND 4 Pohlia nutans (Hedw. )Lindb.

(Continued) MOCO 3 Molina coerulea(L. )Moench
RHLO 3 Rhytidiadelphus loreus (Hedw. )Warnst.
POFO 2 Polytrichum formosum Hedw.
LETR 2 Lepidozia trichoclados K. mall.
LOPO 2 Lophozia porphyroleuca(Nees)Schiffn.
CLCO 2 Cladonia coccifera(L. )Willd.
SPOV 2 Splachnum ovatum Hedw.
PSPU 1 Pseudoscleropodium purum
POCO 1 Polytri chum commune Hedw.
SPGI 1 Sphagnum gi rgensohnii Russ.
PLSC 1 Pleurozium schreberi(Brid. )Mitt.
LEGL 1 Leucobryum glaucum(Hedw. )Schp.
POER 1 Potentilla erecta(L. )Bausch
VAVI 1 Vaccinium vitis-idaea L.
CLRA 1 Cladonia rangiferina(L. )Web.
ISMY 1 Isothecium snyo!uroides Brid.
SPCO 1 Sphagnum contortum Schultz
CAPY 1 Campylopus pyriformis(Schultz)Brid.
LICO 1 Listera cordata(L. )R. Br.
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Appendix B.

Group
a

Species Nomenclature and Symbolization for the Danube Meadows Data

Symbol Presence Scientific Name
b

BRER BRER 7 Bromus erectus

SCCO 5 Scabiosa columbaria
THSE 5 Thymus serpyllum
SAPR 5 Salvia pratensis
KOPY 4 Koeleria pyrimidata
FEOV 4 Festuca ovina

BRME CA GL 7 Campanula glomerata
VIHI 6 Viola hirta
BRME 5 Briza media

LICA 5 Linum catharticum

GERI GERI 14 Geum rivale
HOLA 12 Holcus lanatus
MEDI 11 Melandrium diurnum
ALPR 9 Alopecurus pratensis
LYNU 8 Lysimachia nummularia
LYFL 7 Lychnis flos-cuculi

GLHE 6 Glechoma hederacea

CIOL CIOL 14 Cirsium oleracium
DECA 7 Deschampsia caespitosa
ANSI 6 Angelica silvestris
CAAC 5 Carex acutiformis
FIUL 4 Filipendula ulmaria
PIMA 4 Pimpinel la magna
POBI 4 Polygonum bistorta

Obrige AREL 25 Arr henatherum elatius

Arten DAGL 25 Dactylis glomerata
GAMO 25 Galium mollugo
POPR 25 Poa pratensis
PLLA 25 Plantago lanceolata
FEPR 23 Festuca pratensis
CHLE 23 Chrysanthemum leucanthemum
RAAC 23 Ranunculus acer
VECH 22 Veronica chamaedrys
ACMI 21 Achillea rnillefolium
DACA 20 Daucus carota

aAccording to Ellenberg, op. cit., p. 54.

bSpecies nomenclature is from Ellenberg, loc. cit. No authors were given.
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Appendix B.

Group

(Continued)

Symbol Presence Scientific Name

ilbrLgi e RUAC 19 Rumex acetosa

Arten TAOF 19 Taraxacum officinale

( Continued) TRPR 2 18 Trifolium pratense
MELU 17 Medicago lupulina
HEPU 16 Helictotrichon pubescens
AJRE 16 Ajuga reptans
TRFL 15 Trisetum flavescens
CRBI 15 Crepis biennis
FERU 15 Festuca rubra
TRRE 14 Trifolium repens
HESP 14 Heracleum sphendylium
CEJA 14 Centaurea jacea
CECA 14 Ceriastrum caespitosum
PLME 14 Plantago media
CARO 13 Campanula rotundifolia
PRVU 12 Prunella vulgaris
BEPE 11 Bellis perennis

LAPR 10 Lathyrus pratensis

VISE 7 Vicia sepium
TRPR 7 Tragopogon pratensis

CAFL 6 Carex flacca
SEJA 6 Senecio jacobaea
ANSI 2 5 Anthriscus silvestris

VICR 5 Vicia cracca
LOCO 4 Lotus corniculatus

LEHI 4 Leontodon hispidus

DISU 4 Dianthus superbus

GABO 4 Galium boreale
SIIN 3 Silene inflata
KNAR 3 Knautia arvensis
PORE 3 Potentilla reptans
PA SA 3 Pastinaca sativa
SIPR 3 Silaus pratensis
CAHI 2 Carex hirta
CAGR 2 C. gracilis
MYAR 2 Myosotis palustris

PISA 2 Pimpinella saxifraga
CAPR 2 Cardimine pratensis
MYPA 2 Myosotis palustris

GAVE 2 Galium verum
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Appendix B (Continued).

Group Symbol Presence Scientific Name

Ubrige EUOD 2 Euphrasia odontites
Arten RUCR 2 Rumex crispus

( Continued) POTR 1 Phleum pratense
FEAR 1 Festuca arundinacea
LOPE 1 Lolium perenne
GLFL 1 Glyceri a fluitans
PHAR 1 Phalaris arundinacea
PHCO 1 Phragmites communis
BRPI 1 Brachypodium pinnatum
CAPA 1 Carex panicea
GEPR 1 Geranium pratense
GAUL 1 Callum uliginosum
SAOF 1 Sanguisorba officinalis
RARE 1 Ranunculus repens
LAAL 1 Lamium album
POCO 1 Polygonum convolvulus
CHAL 1 Chenopodiurn album
ALVU 1 Alchemilla vulgaris
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Appendix C.

a
Group

Species Nomenclature and Symbolization for the Squaw Butte Data

b
Symbol Presence Scientific Name and Authorship

A FRPU 24 Fritillaria pudica (Pursh)Spreng.
FEID MITR 23 Microseris troximoides Gray

A3 LYDR 13 Lychnis drummondii(Hook. )Wats.

FEID/JUOC (=Silene A. Hook. )
JUOC 11 Tuniperus occidentalis Hook.
ERHE 11 Eriogonum heracleoides Nutt.
LIRU 8 Lithospermum ruderale Lehrn.

A3C A NCO 2 7 Antennaria corymbosa E. Nels.
FEID/JUOC/ LIBU 5 Lithophragma bulbifera Rydb.

A RTR

Al ARFR 2 9 Arenari a franklinii Dougl.
FEID/A RA R PHCH 6 Phoenicaulis cheiranthodies Nutt.

B MIGR 9 Microsteris gracilis(Hook. )
(low in Greene, Pitt.
FELD) ERSPS 7 Eriastrum sparsiflorum var. sparsiflorum

(Eastw. )Mason(vs. E. filifolium)
PHLI 8 Phacelia linearis Pursh) Holz.

ASPU 7 Astragalus purshii Dougl.
ASSC 7 Aster scopulorum Dougl.
ASLE 13 Astragalus lentiginosus Dougl.
LEPU 2 10 Leptodactylon pungens( Torr. ) Rydb.

Other AGSP 31 Agropyron spicatum(Pursh)Scribn. & Smith

Species CRYPT 31 Crustaceous cryptogams of various species
PHCA 2 31 Phlox caespitosa Nutt. (vs. P. diffusa)
POSE 31 Poa secunda sensu Am. auct., not of Presl.

(=P. sandbergii Vasey)
TORU 31 Tortula ntralis(Hedw. )Gaertn., Meyer& Schreb.
CRAC 30 Crepis acurninata Nutt.
ANDI 29 Antennaria dimorpha(Nutt. )T. & G.

COPA 29 Collinsia parviflora Dougl.
FEID 29 Festuca idahoensis Elmer
ERLI 26 Erigeron linearis(Hook. )Piper
LOTR 26 Lomatium triternatum(Pursh)C. & R.

A RTR 25 Artemisia tridenta Nutt.

aAccording to the species-stand groups determined in this investigation (with standardized species
amount data, class 4).

b Species nomenclature is according to Eckert, op. cit. , p. 206-208, with some revisions suggested by
R. Daubenmire, Washington State University, Pullman, and updated by the present author accord-
ing to Hitchcock, Cronquist, Owenby, and Thompson (1955, 1959, 1961, 1964, 1969).
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Appendix C (Continued) .

Group Symbol Presence Scientific Name and Authorship

Other KOCR 24 Koeleria cristata Pers.
Species EROV 23 Eriogonum ovalifolium Nutt.
( Continued) STTH 22 Stipa thurberiana Piper

ERST 2 21 Eriogonum strictum Benth. (= E. proliferum T. & G.)
PHLO 21 Phlox longifolia Nutt.
SIHY 21 Sitanion hystrix (Nutt. ) J. G. Smith
ASST 20 Astragalus stenophyllus T. & G.
ALPA 2 19 Allium parvum Kell.
ERFI 19 Erigeron filifolius Nutt.
LA RE 19 Lappula redowskii(Hornem. )Greene
CAMA 18 Calochortus macrocarpus Dougl. (vs. C.

eurycarpus)
GA RA 18 Gayophytum ramosissimum Torr. & Gray
LUSA 18 Lupinus saxosus How.

RAGL 17 Ranunculus glaberrimus Hook.
LOMA 16 Lomatium macrocarpum (H. & A. ) C. & R.

CHVIH 15 Chrysothamnus viscidiflorus(Hook. )Nutt. var.
humilis (Greene )Jeps.

ERSP 3 15 Eriogonum sphaerocephalum Dougl.
CORA 14 Cordylanthus ramosus Nutt.
DEAN 13 Delphinium andersonii Gray
PEHU 13 Penstemon humilis Nutt. ex Gray

(=P. cinereus Piper)
A RAR 11 Artemisia arbuscula Nutt.
ASMI 9 Astragalus miser Dougl.
A RHOP 8 Arabis holboellii Hornem. var. pendulocarpa

(Nels. )Rollins
CACH 2 8 Castilleja chromosa A. Nels.

(=C. angustifolia var. dubia A. Nels. )
DEPI 8 Descurainia pi nnata(Walt. )Britt.
MEAL 2 8 Mentzelia albicaulis Dougl. ex Hook.
POCU 8 Poa cusickii Vasey
CHNAA 7 Chrysothamnus nauseosus(Pall. )Britt.

var. albicaulis(Nutt. )Rydb.
TECA 6 Tetradyrnia canescens D. C.
ERPO 5 Erigeron poliospermus Gray
OFAN 5 Oenothera andina Nutt.
BRTE 4 Bromus tectorum L.
CHDO 4 Chaenactis douglassii(Hook. )H. & A.
HAST 2 4 Haplopappus stenophyllus Gray
LUCA 4 Lupinus caudatus Kell.

(vs. L. argenteus or L. sericeus)
MINA 4 Mimulus nanus H. & A.



Appendix C (Continued).

Group Symbol Presence Scientific Name and Authorship

Other ORHY 4 Oryzopsis Ity'rnenoides (R. & S)Ricker

Species ACMIL 3 Achillea millefol ium L. ssp. lanulosa
( Continued) (Nutt. )Pi per

BLSC 3 Blepharipappus scaber Hook.
ORWE 3 Oryzopsis webberi(Thurb. )Benth.
PESP 3 Penstemon speciosus Dougl.
PHHO 3 Phlox hoodii Rich.
SEIN 3 Senecio integerrimus Nutt.
ARLO 2 2 Artemisia longiloba Beetle
A SCA 2 Aster canescens Pursh
BASA 2 Balsamorhiza saggitata(Pursh)Nutt.
BASE 2 B. serrata Nels. & Macbr.
CALO 2 2 Castilleja longispica A. Nels.

(vs. C. hispida)
LERE 2 Lewisia rediviva Pursh
RICE 2 Ribes cereum Dougl.
SYORU 2 Symphoricarpos oreophilous Gray

var. utahensis(Rydb. )A. Nels.
(=S. rotundifolius var. oreophilous
M. E. Jones)

TRGY 2 Trifolium gymnocarpum Nutt.
ALAC 1 Allium acuminatum Hook.
CALI 2 1 Castilleja linariaefolia Benth.
ERCO 3 1 Erigeron corymbosus Nutt.
ERUM 1 Eriogonum umbel latum Torr.
GRSP 1 Grayia spinosa(Hook. )Moq.
LUBR 1 Lupinus brevicaulis Wats.
LYSP 1 Lygodesmia spinosa Nutt.
PUTR 1 Purshia tridentata(Pursh) D. C.
TOFL 1 Townsendia florifer(Hook. )Gray
TRMA 1 Trifolium macrocephalum(Pursh)Poir.
VIBE 1 Viola beckwithii T. & G.
ZIPA 1 Zigadenus paniculatus(Nutt. )Wats.
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Appendix D.

Group
a

Species Nomenclature and Symbolization for the Ward Lake Data

Symbol Presence Scientific Name and Authorship
b

1, 2, 3H, 31 MIGR 47 Microsteris gracilislHook. )Greene, Pitt.
PUTR/AGSP COPA 43 Collinsia parviflora Lindl.

POSE 42 Poa secunda sensu Am. auct., not of Presl.
(=P. sandbergii Vasey)

AGSP 42 Agropyron spicatum(Pursh)Scrib. & Smith
ASPU 42 Astragalus purshii Dougl. ex Hook.
BLSC 38 Plepharipappus scaber Hook.

2 CRAC 6 Crepia acuminata Nutt.
PUT R/AGSP/ OROBA 6 Orobanche species L.
ARAR ARAR 9 Artemisia arbuscula Nutt.

KOCR 8 Koeleri a cristata Pers.
PHHO 6 Phlox hoodii Rich.
A SFI 7 Astragalus filipes Torr. ex Gray
ERFI 6 Erigeron filifolius Nutt.
LERE 15 Lewisia rediviva Pursh
PELA 10 Penstemon laetus Gray
EPPA 10 Epilobium paniculatum Nutt. ex T. & G.
LOMA 12 Lomatium macrocarpum(Nutt. )Coult. & Rose
LOMAT 11 Lomatium species Raf.

IC & ID CRWA 11 Cryptantha watsonii(Gray)Greene, Pitt.
PUT R/A GSP/ GARA 10 Gayophytum ramosissimum Nutt. ex T. & G.
GARA AGGL 6 Agoseris glauca(Pursh)Raf.

LUPIN 6 Lupinus species L.

3J STOC 10 Stipa occidentalis Thurb. ex Wats.
PHLI /A RTR/ AGSM 7 Agropyron smi thii Rydb.
STOC

3 ASCU 2 17 Astragalus curvicarpus(Sheld. )Macbr.
PHLI PHLI 11 Phacelia linearis( Pursh)Holz.

GILE 15 Gilia leptomeria Gray

Other BRTE 51 Bromus tectorum L.
Species STTH 51 Stipa thurberiana Piper

SIHY SO Sitanion hystrix(Nutt. )J. G. Smith
JUOC 48 Juniperus occidentalis Hook.
A RT RV 48 Artemisia tridentata Nutt. ssp. vaseyana

Rydb.

a
According to the species-stand groups determined in this investigation (with presence only data,
class 3).

b
Species nomenclature is according to Hitchcock, Cronquist, Ownbey, and Thompson, 22. cit.
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Appendix D (Continued) .

Group Symbol Presence Scientific Name and Authorship

Other PUTR 36 Purshia tridentata (Pursh)D. C.

Species CHVI 35 Chrsothamnus viscidiflorus(Hook. )Nutt.
(Continued) POMI 34 Polemonium micranthum Benth.

ERUM 32 Eriogonum umbellatum Torr.
CHNA 31 Chrysothamnus nauseosus Pall. )Britt.
ERCH 31 Erigeronchrysopsidis Gray
ANDI 29 Antennaria dimorpha(Nutt. )T. & G.
FEID 27 Festuca idahoensis Elmer
ERSP 4 24 Eriastrum sparsiflorum(Eastw. )Mason
CAMA 22 Calochortus macrocarpus Dougl.
CREPI 20 Crepis species L.
LEPU 2 20 Leptodactylon pungens(Torr. )Nutt.
DEPI 18 Descurainia pinnata( Walt. )Britt.
CARO 15 Carex rossii Boott
CHDO 14 Chaenactis douglasii(Hook. )H. & A.
EROV 6 Eriogonum ovalifolium Nutt.
CROC 5 Crepis occidentalis Nutt.
A RTR 4 Artemisia tridentata Nutt.
LISE 4 Linanthus septentrionalis Mason
ORTE 4 Orthocarpus tenuifolius(Pursh)Benth.
ORWE 4 Oryzopsis webberi(Thurb. )Benth. ex Vasey
TECA 4 Tetradymia canescens D. C.
TOFL 4 Townsendia florifer(Hook. )Gray
A RA BI 3 Arabis species L.
CELE 3 Cercocarpus ledif olius Nutt.
CRYPT 2 3 Cryptantha species Lehm.
DAUN 3 Danthonia unispicata(Thurb. )Munro ex Macoun
DEAN 3 Delphinium andersonii Gray
DELPH 3 D. species L.
ERBA 3 Eriogonum baileyi Wats.

(=E. vimineum Dougl. ex Benth. )
LAGL 3 Layia glandulosa( Hook. )H. & A.
LEMO 3 Luecocrinum montanurn Nutt.
MEAL 2 3 Mentzelia albicaulis Dougl. ex Hook.
ORHY 3 Oryzopsis hymenoides( R. & S. )Ricker
ZIPA 3 Zigadenus Taniculatus( Nutt. )Wats.
CHAL 2 Chenopodium album L.
CRCI 2 Cryptantha circumcissa(H. & A. )Johnst.
ERLA 2 Eriophyllum lanatum (Pursh)Forbes, Holt.
PENST 2 Penstemon species Mitch.
SIAL 2 Sisymbrium altissimum L.
ACLA 1 Achillea lanulosa Nutt.

(=A. millefolium L. ssp. lanulosa(Nutt. )Piper)
A GGR 1 Agoseri s grandiflora(Nutt. )Greene, Pitt.
A RHO 1 Arabis holboellii Hornem
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Appendix D (Continued).

Group Symbol Presence Scientific Name and Authorship

Other CADO 1 Carex douglasii Boott
Species CAPSE 1 Capsell a species Medic.

( Continued) ERSPH 1 Eriogonum sphaer ocephalum Dougl.
ssp. halaminoides

FRAL 1 Frasera albicaulis Dougl. ex Griseb.
FRASE 1 F. species Walt.
FRPU 1 Fritillaria pudica(Pursh)Spreng.
MITR 1 Microseris troximoides Gray
SCUTE 1 Scutellaria species L.
SYRO 1 Symphoricarpos rotundifolius(var. oreophilus)

M. E. Jones( = S. oreophilus Gray)
TRDU 1 Tragopogon dubius Scop.



Appendix E. Environmental Variable Codes Used in Irish Bog and
Squaw Butte Data

Code Variablea
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Site Variables
Soil Parent Material and
Underlying Material (bedrock)

Origin
1.0 Residual

3.0 Stream alluvial

6.0 Colluvial

7.0 Glacial

Rock Type

. 12 Granite

. 21 Rhyolite

. 25 Basalt

. 27 Ignimbrite

. 28 Obsidian

. 37 Shale

. 57 Drift

Landform

110 Escarpment
130 Alluvial fan

150 Hill

220 Plateau

240 Primary ridge

Position on Landform

1 Top

2 Slope

aOnly these variable values actually used are listed.
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Appendix E (Continued).

Code Variable

Site Variables (Continued)

Macrorelief
1 Level or nearly level
2 Undulating

5 Hilly

Position on slope

2 Lower one third

3 Center one third

4 Upper one third

5 Brow (top)

Exposure

1 Northwest

2 North

3 Northeast

4 East

5 Southeast

6 South

7 Southwest

8 West

Soil Morphology
Horizon boundary
Width

1. 0 Abrupt
2. 0 Clear

Description
. 1 Smooth
. 2 Wavy
. 3 Irregular
. 4 Broken
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Appendix E (Continued).

Code Variable

Soil Morphology (Continued)
Color Hue (dry and moist)

4 7. 5 YR

5 10 YR

Structure (primary and secondary)
Strength

1 Weak

2 Moderate

3 Strong

Size

1 Very fine ( < 5 mm)

2 Fine (5-10 mm)

3 Medium (10-20 mm)

4 Coarse (20-50 mm)

5 Very coarse ( > 50 mm)

Type

Modified spherical (single grain,
crumb, granular, angular blocky,
blocky)

. 2 Columnar, prismatic
. 3 Platy

Consistence

Dry

0 Loose

1 Soft

2 Slightly hard

3 Hard

4 Very hard

5 Extremely hard
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Appendix E (Continued),

Code Variable

Soil Morphology (Continued)

Consistence (Continued)

Moist

0 Loose

1 Very friable

2 Friable

3 Firm

4 Very firm

Wet, stickiness

0 Nonsticky

1 Slightly sticky

2 Sticky

3 Very sticky

Wet, plasticity
. 0 Nonplastic

. 1 Slightly plastic

2 Plastic

. 3 Very plastic

Clayskins, frequency
0 None

1 Very few

2 Few

3 Common

4 Many

5 Continuous
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Appendix E (Continued).

Code Variable

Soil Morphology (Continued)

Pores

Abundance

0 None

1 Very few

Few

3 Common

4 Many

Size

0 None

2 Very fine ( 0.075-1 mm)

3 Fine (1-2 mm)

Morphology, type

0 None

1 Vesicular

3 Tubular

HC1 effervescence

0 None

2 Slight


