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ABSTRACT 

Controlled burning for fuel hazard abatement in a 

southwestern Pinus ponderosa forest successfully and sig

nificantly reduced ground fuel with virtually no damage to 

the understory vegetation. 

In studying the above, R type factor analysis, 

coupled with nonparametric partial correlation analysis to 

aid in interpretation, was found to be a useful tool for 

discerning differences between complex systems and identi

fying treatment effects. 

These analyses led to the recognition of four 

factors which are inherently present in southwestern P. 

ponderosa understories and present to some degree in many 

plant communities. Their occurrence as basic variables in

fluencing the makeup of plant communities can be appreciated 

by their names: Woody-Herbaceous Factor, Space Competition 

Factor, Slope-Aspect-Fuel (debris) Factor, and Life Form 

Competition Factor. In this study, the Woody-Herbaceous 

Factor signifies that most plants fall into one of these two 

groups and that competitional interaction exists between the 

groups; the Space Competition Factor indicates that one 

major type of competition that exists is competition for 

space to live in; the Slope-Aspect-Fuel (debris) Factor 

identifies the importance of the amount, size, and location 

ix 
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of fuel in regulating the effects of controlled burning and 

can also be interpreted to infer the importance of debris 

in nutrient recycling# soil protection, and so on; lastly, 

the Life Form Competition Factor implies that various growth 

habits (life forms) often interact in such a way as to 

somewhat circumvent direct spatial competition by filling 

at least slightly different spatial niches (e.g., prostrate 

growth vs upright growth). 

Preliminary work with factor analysis on other data 

bases showed that if a biological system was severely 

disturbed by some treatment, and the same variables were 

measured before and after treatment, the after treatment 

factor solution contained new factors not found in the pre-

treatment factor solution, it lost factors that had been 

present in the pre-treatment factor solution, or the order 

of importance of factors in accounting for the system's 

variance was altered. None of these changes occurred as a 

result of control burning the southwestern P. ponderosa 

understory examined in this study. In conclusion then, 

based on the 18 vegetation-fuel variables measured, sig

nificant removal of ground fuel hazards via controlled 

burning did not alter the general understory ecological 

interrelationship system. 



INTRODUCTION 

Fire is recognized as an integral environmental 

variable in numerous vegetation types such as Scrub-

Woodlands, Mixed Evergreen Forests, Woodland Savanna, 

Chaparral, and Coniferous Forests (Sweeney, 1967). Many 

plants have been found to offer what appear to be adapta

tions to fire (Sweeney, 1967; Vogl, 1967). 

Controlled burning is the resource manager's 

equivalent of natural fire in most cases, exceptions being 

the use of naturally occurring fires on some National Parks 

(Murphy, 1967) and some Forest Service districts with close 

surveillance and control by the Service personnel. 

The effects of controlled burning on various eco

systems are sometimes beneficial, sometimes harmful, and 

almost always controversial. 

Forest Understories 

Coniferous Forest understories, like the Pinus 

ponderosa Laws var. scopulorum Engelm. understory reported 

in this paper, are irreplaceable as sources of browse (Reid, 

1965; Lay, 1957, 1967; Crouch, 1968; Krefting and Phillips, 

1970; Clary and Larson, 1971) and as grazing areas (Rummell, 

1951; Johnson, 1953; Reid, 1965; Pearson and Jameson, 1967; 

Smith, 1967; Clary and Larson, 1971). Also, as Scott (1955, 
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p. 54) has found in Eastern Coniferous and Mixed Hardwood 

Forests, 

There is strong evidence that the litter of sub
ordinate vegetation [understory] in forest stands 
may play an important role in the general nutrient 
cycle. Due to higher concentrations of many 
nutrient elements in this portion of the forest 
litter, the influence of the litter of subordinate 
[understory] vegetation must be greater than its 
proportional weight would indicate. In considera
tions of forest soil fertility and humus layer 
conditions, it is evident that the importance of 
the subordinate [understory] vegetation should not 
be minimized, and surely cannot be ignored. The 
nutrient cycle in forest communities clearly 
involves the subordinate {understory] vegetation 
as well as the trees in the overstory. Too commonly 
forest stand composition is viewed only in terms of 
the tree species in the main canopy. 

Understory responses to different methods and 

degrees of logging, thinning, herbicide application, 

burning, fertilization, and so on have been described for 

most types of understories for many parts of the United 

States (Ffolliott and Clary, 1972). Techniques have been 

devised to increase, suppress, destroy, and convert under

stories (Ffolliott and Clary, 1972). Often, however, much 

of this information can only be used on areas close to the 

research areas in which it was developed. Not only because 

of physical and biological differences between distant 

regions, but also because of many forest managers' justified 

hesitation in using a technique which they are not sure will 

work in their locale or will resolve their particular 

problems. This is particularly true of potentially 

hazardous methods such as controlled burning. As a result, 
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much natural resource management research has to be essen

tially repeated for different geographical and/or floristic 

regions. Such is the case in determining the effects of 

controlled burning on a southwestern P. ponderosa understory. 

Southwestern Ponderosa Pine 
Understories 

Research dealing with southwestern P. ponderosa 

understories has been primarily concentrated on relating the 

per cent coverage and productivity of the understory with 

overstory density and per cent coverage and management 

suggestions commensurate with such observed interrelation

ships (Ffolliott and Worley, 1965; Clary and Ffolliott, 

1966; Jameson, 1967; Clary, Ffolliott/ and Jameson, 1968; 

Clary, 1969; Larson and Schubert, 1969; Reynolds, 1969). 

Apparently, except for the work done by Gaines, Kallander, 

and Wagner in 1958, which will be discussed in the Con

trolled Burning section, no research has been done on 

management techniques which have the potential to directly 

manipulate southwestern P. ponderosa understory vegetation. 

Controlled burning, although usually used as a fuel 

hazard reduction tool (Sturm, 1966), has the potential to 

directly affect southwestern P. ponderosa understories. 

However, the effects of controlled burning, although in

ferrable from research in other geographical areas, are not 

specifically known for the P. ponderosa forest understories 

in the southwest. 
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Controlled Burning 

Controlled burning has been extensively studied in 

North America. Just a casual check of the literature re

veals that bibliographies on fire have been compiled (Sturm, 

1966; Cushwa, 1968); research on ecological succession after 

controlled burning has been performed (Leopold, 1950; Potter 

and Moir, 1961); studies describing the economics of burning 

have been carried out (Sampson and Burcham, 1954; Klawitter, 

1959); histories on the effects and use of fire have been 

put together (Lutz, 1959; Prunty, 1965); and the effects of 

controlled burning on many tree species have been examined 

(Alderman, 1925; Paulsell, 1957; Morris and Mowat, 1958; 

Lotti, 1962; Hodgkins and Whipple, 1963). The effects of 

fire on many herbaceous and shrub plants (Blaisdell and 

Mueggler, 1956; Anderson, 1965), on range (Countryman and 

Cornelius, 1957; Mueggler and Blaisdell, 1959), and on soil 

(Vlamis, Biswell, and Schultz, 1955; Beaton, 1959) have 

also been studied. 

In general, controlled burning has been found to 

increase soil fertility, reduce fuel hazards, prepare 

seedbeds, thin shrubby vegetation, kill most hardwood tree 

species, and to be the indirect cause of increased 

herbaceous productivity two to four years after burning. 
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Controlled Burning in Southwestern 
Ponderosa Pine Understories 

The only true research done on the effects of con

trolled burning on a southwestern P. ponderosa understory 

(Gaines et al., 1958) shows that grass density on lightly 

burned areas was decreased for one year, while on more 

heavily burned areas, grass density was still reduced after 

two years. Unfortunately, observations were not extended 

into the third or fourth years when increases in density or 

yield may have been found. 

Factor Analysis 

With the advent of large statistical packages for 

computers such as SPSS: Statistical Package for the Social 

Sciences (Nie et al., 1975) and BMP; Biomedical Computer 

Programs (Dixon, 1974), numerous univariate and multivariate 

statistical procedures have become accessible to researchers. 

As a result, many sophisticated multivariate statistical 

procedures which were unusable by most researchers a few 

years ago due to a lack of computer usage skill, time, or a 

truly in depth knowledge of the procedure have come within 

reach of almost anyone desiring to use them. 

The implementation of factor analysis in the bio

logical sciences has been largely confined to use as a tool 

in plant and animal taxonomy (Rohlf, 1970; Sneath and Sokal, 

1973). It has also been used in ecological classifications 

(Lambert and Williams, 1966; Williams, 1967; Webb et al., 
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1970), biogeographical classifications (Hagmeier and Stults, 

1964; Kikkawa and Pearse, 1969), and computer diagnosis of 

disease in medicine (Anderson and Boyle, 1968; Baron and 

Fraser, 1968). Although a complete explanation of factor 

analysis will not be given here, enough information will be 

presented so that the methods used and the results obtained 

may be appreciated and understood. 

The most distinctive characteristic of factor 

analysis is its data reduction capability. Given an array 

of correlation coefficients for a set of variables, the 

various factor analytic techniques enable the user to 

discern whether an underlying pattern of relationships 

exists such that the data may be rearranged or reduced to a 

smaller set of components or factors that may then be taken 

as source variables accounting for the observed inter

relationships in the data. 

Factor analysis as known now was first introduced by 

Thurstone (1931). Although simple in its basic purpose, it 

can become complex through its ramifications. Factor 

analysis is basically a method by which a matrix repre

senting the correlation of each variable with every other 

variable is examined. While small matrices of intercorrela-

tions can be inspected visually to see which variables 

appear to covary together, but are independent of others in 

the matrix, factor analysis formalizes the decision making 

process to explain subsets of linearly covarying variables 
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no matter how numerous they may be or regardless of the size 

of the intercorrelation matrix (Guertin and Bailey, 197 0). 

Even though measurable variables as found in nature probably 

rarely covary linearly, the procedure can still render a 

good first estimate of the importance of multivariate inter

actions. Some work is being done on non-linear factor 

analysis (McDonald, 1962), but to date the assumption of 

linearity still must be made. When, in the future, geo

metric and/or exponential methods are made available, more 

exact and realistic results may be obtainable with factor 

analysis. Even in its present form, however, the procedure 

has the ability to help solve complex problems. 

The most common areas of application of factor 

analysis can be classified into the following categories 

(Kim and Nie, 1970): (1) the exploration and detection of 

multivariate patterns with a view to the discovery of new 

concepts and a possible reduction of data, (2) hypothesis 

testing regarding multivariate structure with the idea of 

confirming or denying an initial hypothesis, and (3) the 

construction of indices. The first category is the one most 

commonly used, for instance, by psychologists and in the 

biological disciplines previously mentioned. The third 

category is, at present, generally restricted to psycho

logical use. 

An example of the hypothesis testing capabilities of 

factor analysis (category 2), of which the research reported 
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here is also an example, is the work done by Sokal, Daly', 

and Rohlf (1961) and Sokal and Daly (1961). They determined 

cause and effect relationships in aspects of insect be

havior. They concluded that factor analysis is a useful 

technique for identifying causal factors. For example, 

after a factor, such as solar energy, was discerned by their 

analysis to be a source variable which represented many of 

the measured variables, the null hypothesis that solar 

energy was not an important component of the system they 

were examining was dismissed and the alternate hypothesis 

of importance or interaction was accepted. 

Sample Size and Number of Variables. 

With regard to sample size, enough measurements of 

each variable should be taken to ensure reliable coeffi

cients. Guertin and Bailey (1970, Chapter 10) recommend a 

sample size >_ 200 when Pearson's product-moment correlation 

is to be used. If time and money allow, the required sample 

size of each variable should be estimated by using an 

estimator from an appropriate theoretical distribution 

(e.g., normal, Poisson, or binomial frequency distributions). 

Regarding the number of variables, it is best to use 

many, some of which are intimately related, such as herbage 

yield and herbage cover, because unless there is some 

statistical interrelationship between a variable, say 

variable X, and at least one other variable, say variable Y, 



variable X may not reach expression in the terminal factor 

solution. One major benefit of factor analysis is its 

ability to show the user the importance of what seemed to be 

an unimportant variable. For this reason, the researcher 

should take measurements on every variable within the system 

under study that he can, even if they seem closely related. 

Important patterns of response to treatment, etc., may 

emerge because of this added effort. 

Coefficients and Variable Types 

As already mentioned, the basic element with which 

factor analysis works is the correlation coefficient. At 

present, the most widely used coefficient is the Pearson 

product-moment correlation coefficient. However, this 
/ 

correlation coefficient is grounded in normal statistical 

theory, and since much data collected by researchers cannot 

be assigned the assumptions of normality, it may at times 

be undesirable to use this particular estimator of correla

tion. 

In order to decide upon the appropriate coefficient, 

one should view the make up of each of his variables and 

assign each variable as belonging to one of three groups 

(Sneath and Sokal, 1973, Chapter 4): two-state variables 

consisting of dichotomous data such as "yes" or "no," 

"present" or "absent," or, in general, symbolized by 1 and 

0; qualitative multistate variables where all that can be 



said about the categories o f the classification scheme is 

that they are di ffe r e nt; and q uantit at ive multist a te 

variables where the data have been gathered as the result 

10 

of some type of numerical measurement. After finding where 

the preponderance of his variables lie, appropriate refer

ence sources can be consulted and a coefficient chosen. One 

may choose a coefficient from among distance coefficients 

(Rhodes, Carmer, and Courter, 1969), association coefficients 

(Cole, 1949, 1957; Goodman and Kruskal, 1954, 1959, 1963), 

correlation coefficients, either parametric or nonparametric 

(Michener and Sakal, 1957), and probabilistic similarity 

coefficients (Goodall, 1964, 1966). To date, few general 

recommendations can be made about these coefficients. Some 

nonconclusive work has been done by Boyce (1969), Sakal and 

Michener (1967), and Williams, Lambert, and Lance (1966). 

Sneath and Sokal (1973, Chapter 4) recommend that the 

simplest coefficient for ease of interpretation should be 

chosen. They strongly favor a coefficient based on binary 

coding of the data for each variable, even though the data 

may be normally distributed, because of its simplicity. 

The use of coding and scaling in factor analysis, 

like the common data transformations used to approach 

~ormality before using Gaussian statistics, may be employed 

to convert raw data into suitable form for computation 

dependent upon the coefficient used and the information 

desired. When and how coding and scaling may be us ed is 
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discussed in some detail by Sneath and Sokal (1973, 

Chapter 4). 

Intercorrelation Matrix (R Matrix) 

Having chosen the variables to be measured, col

lected data (X matrix), and decided upon which coefficient 

to use, one is prepared to build an intercorrelation matrix. 

An intercorrelation matrix (R matrix) is simply a symmetric 

square matrix consisting of the correlations of every 

variable with every other variable. Since each variable 

correlates with itself perfectly, the main diagonal of a R 

matrix will, of course, consist of ones. To exemplify, a 

nonredundant form of such a R matrix, without the unities in 

the main diagonal, is shown in Table 4 (p. 52). 

Communality 

To perform the most widely used factor analytic 

method, the principal axis method (to be discussed shortly), 

the unities in the main diagonal of the R matrix must be 

replaced with estimates of communalities. The communalities 

represent the extent of overlap between the variables and 

the factors and as such, each communality represents how 

much a variable shares in common with all the factors taken 

together. 

Each communality equals the sum of squares of the 

loadings for a specific variable over all the factors 

(Comrey, 1973, pp. 7-8). (A factor loading can be defined 
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as the amount of variance of a particular variable assigned 

to a particular factor or, in other words, the correlation 

of a particular variable with a particular factor. Loading 

values range from -1 to +1.) For example, looking ahead 

to Tables 5 and 6 (pp. 54 and 55), one can see that the 

2 2 communal it y h^ for VI xs given by 0. 9476 = (-0. 9678) + 

(-0.0830)2 + (-0.0012)2 + (0.0646)2. If h2 for a variable X 

X is very high, variable X has most of its variance 

accounted for by the factors. This variance might be 

accounted for mostly by one factor (i.e., heavy loading) or 

it-might be accounted for by two or more factors (i.e., 

2 shared loading). If h is very low, variable X shares 
X 

little in common with any of the factors. 

Intuitively then, the reader can see how replacing 

the ones in the main diagonal with estimates of the com-

munalities will reduce a large number of variables to a few 

factors, for it is assumed that some communality for each 

variable over an as yet unknown number of factors does 

exist, but the problem is to estimate these communalities 

before the factors are extracted. As it turns out, this is 

the main problem of factor analysis. Fortunately, most 

computer statistical packages offer automatic methods of 

estimating communalities. For instance, in many packages 

the squared multiple correlation of a variable with every 

2 other variable is often used to provide an h estimate for 
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that variable and so on for the other variables in the set 

(Comrey, 1973, pp. 84-85). 

Factor Extraction 

n 2 Having constructed an R matrix with h^ estimates in 

the main diagonal, one now is ready to factor analyze. The 

most common and widely understood method available to re

searchers is the principal axes or principal factor method 

(Thurstone, 1933, 1947; Hotelling, 1936). This method 

relies fundamentally on the faith that any observed correla

tions in the R matrix are mainly the result of some sort of 

underlying regularity in the X matrix. As such, it is 

assumed that every variable has a set of common variances 

which it differentially shares with other variables, hence 

giving rise to correlations, plus each has a unique variance 

which does not contribute to any relationships among the 

variables. The principal axis method provides for extrac

tion of the members of this common variance set (the under

lying regularity) while eliminating all of the unique 

variances. The resultant exposed members are called factors. 

Each factor extracted is assumed to be orthogonal to every 

other factor. The factors not only account for all the 

observed relationships in the data, but are also smaller in 

number than the original variables. 
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The Number of Factors to Extract 

It is possible to extract from the R matrix as many 

factors as there are variables, but this would defeat the 

theoretical purpose of factor analysis. The number of 

factors should be, hopefully, dramatically less than the 

number of variables. 

The most general rule available is that the number 

of factors extracted should be approximately equal to the 

rank of the R matrix (Guertin and Bailey, 1970, p. 26). 

The two other widely used criteria for determining 

the number of factors to be extracted are the eigenvalue 

criterion and the inspective technique known as the per

centage of common variance accounted for criterion. An 

eigenvalue {also called the latent root, characteristic 

root, or principal root) can be defined, as used in factor 

analysis, as the sum of the squares over each of the columns 

of a principal axes factor matrix (F matrix). The eigen

value rule arbitrarily recommended by Kaiser (1958) states 

that only factors with an eigenvalue greater than one (1.0) 

should be extracted. This rule and value are default 

options in many computer package programs for factor 

analysis. 

The percentage of common variance accounted for 

criterion uses the cumulative percentages of the variance 

accounted for by each successive factor. Arbitrarily, 

Guertin and Bailey (1970, pp. 117-118) recommend that when 
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95% to 98% of the variance has been accounted for, no more 

factors are probably necessary to explain the phenomenon 

under study. 

Rotation 

After extracting the factors to yield a factor 

solution, meaningful interpretation of each factor becomes 

paramount. To help in this, rotation procedures have been 

worked out. These procedures allow the analyst to view the 

factors from different conceptual perspectives while main

taining mathematical integrity within the system and hence 

arrive at an interpretable terminal solution ( ft matrix) in 

which the factors can be associated with meaningful concepts 

and consequently named. 

For an illustration, examine Figure 1 in which five 

variables (A, B, C, D, and E) are depicted in a two-

dimensional, equally scaled by definition, factor space 

(after Kim and Nie, 1970). 

On rotated factor 1, all the variables load fairly 

high (heavily) as indicated by the distance of points Q^x 

arid from the origin, O. On unrotated factor 2, 

variables A, B, and C load moderately high in the positive 

direction as indicated by the distance of P^ from O, while 

variables D and E load high in the negative direction as 

shown by Q^y- The numerical values of the unrotated factor 
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loadings are presented in Table 1. As can be seen, trying 

to decide to which factor a variable belongs is difficult. 

Table 1. Comparison of unrotated and rotated factor load
ings. 

Unrotated Rotated 
factor loadings factor loadings 

Variable 1 2 1 2 

A .80 .79 

o
 

H
 • .99 

B .70 .75 .11 . 95 

C .60 .76 . 03 .89 

D .45 -.85 .89 .04 

E .53 -.83 .92 -.02 

From inspection of Figure 1/ it is obvious that 

there are two clusters of variables: A, B, C; and D, E. 

Rotation of the factors delineates the clusters as pictured 

by the dashed vectors in Figure 1 and the revised coordi

nates (P2x/ P2y and Q2X '  Q2y} ° F  T H E  F I V E  V A R I A B L E S  W I T H  

respect to each factor. Numerical values of the rotated 

factor loadings are given in Table 1. It is now easy to 

determine that variables D and E fall on factor 1 and 

variables A, B, and C load very heavily on factor 2. 

The most widely used orthogonal rotation techniques 

are the Quartimax method (Neuhaus and Wrigley, 1954) and the 
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Varimax method (Kaiser, 1958). The most popular is the 

latter (Guertin and Bailey, 1970, p. 123) . 

In addition to orthogonal rotation there is a method 

of oblique rotation. The oblique rotation method is more 

flexible, because the factor axes need not be assumed 

orthogonal, and is possibly more realistic, because any 

theorteically important underlying dimensions are not 

assumed to be unrelated to each other. 

When orthogonality is not assumed, the angle between 

factors may be either acute or obtuse (Guertin and Bailey, 

1970, p. 89). As a result, two researchers using two 

different amounts of obliqueness when rotating the same F 

matrix may arrive at somewhat different terminal factor 

solutions (Ft matrix). Nevertheless, oblique rotation can 

prove useful, as depicted in Figure 2 (after Kim and Nie, 

1970). This figure illustrates that no amount of orthogonal 

rotation will give an adequate terminal factor solution 

while oblique rotation definitely places the variables W, 

W, and Y in one factor and Z and K in another. 

The oblique rotation method most widely available is 

the Oblimin method (Carroll, 1958). Like most oblique 

procedures, this method requires interaction by the re

searcher on the amount of obliqueness to be used. 
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Interpretation of the Terminal Factor 
Solution <Ft Matrix) 

Once a terminal factor solution has been arrived at, 

the constituent factors of the FJ matrix must be interpreted 

and eventually named. This is basically done by noting how 

heavily each variable loads on each factor. A group of 

variables that load heavily on a factor can be assumed to 

have some quality in common and thus define that factor. 

The problem is to find out what this quality is and to then 

define the factor based on this information. A quick sub

jective interpretation of the factors may not do justice to 

all the information inherent within the Fj matrix and thus 

may lead to a poor definition or understanding of each 

factor. As an alternative to immediately interpreting each 

factor after reaching a FJ matrix, it may be prudent to 

perform additional statistical analyses, such as partial 

correlation analyses on certain combinations of variables, 

on the factors in order to determine more objectively and 

fully their meaning. This approach has been used for the 

research reported in this paper. The exact methods used are 

described under Statistical Analyses in the Methods section 

and the results obtained constitute the greatest part of 

the Results section. 

Approaches to Factor Analysis 

The approaches to the uses of factor analysis can 

be classified into six different techniques based upon the 
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general kind of data used and the manner in which the 

original data matrix (X matrix) is constructed before 

building the intercorrelation matrix (R matrix). These six 

approaches are depicted graphically in Figure 3 which was 

originally created by Cattell (1952, p. 109), modified by 

Guertin and Bailey (1970, p. 232), and further modified by 

this author. The terminology used in the model is only to 

give the reader some insight into the various possible uses 

of factor analysis in ecology. 

The best way to explain the numerous X matrices 

depicted in the cube in Figure 3 is to use examples. Sup

pose a researcher wished to classify a group of 10 plant 

species into categories based on similarity. To do this he 

would measure in some manner a set of attributes or 

variables on each species. For instance, the length and 

number of trichomes on leaves, the number of petals, anthers, 

ovaries, and so on. When constructing the X matrix, he 

would place the 10 species into 10 columns and the attri

butes into as many rows as there are attributes measured. 

The rows then serve as replicates. He would then compute a 

10 x 10 R matrix and carry out Q analysis. Performing this 

type of factor analysis will use the information originally 

present in the X matrix rows (replicates) to group the 10 

columns, thus giving a classification of the 10 species. It 

is important to note that information on the individual 

attributes (individual rows) has been lost during 
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Figure 3. Graphical representation of the 3-dimensional 
factor analysis model — After Cattell (1952, 
p. 109) and Guertin and Bailey (1970, p. 232). 
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computation of the correlations because the interaction of 

each attribute (each row) with each species (each column) 

has been used to give a general or average measure of how 

closely any two species (any two columns) are correlated. 

This holds true for all types of factor analyses. 

When a classification of attributes or variables 

based on individual species information is desired (such as 

in the research to be expounded upon in this paper), the X 

matrix is turned 90° so that attributes or variables become 

the columns and individual species become the rows (repli

cates) . The R matrix is then computed and factor analyzed. 

This type of factor analysis is called R type factor 

analysis. 

If, for some reason, the researcher desired to 

classify 15 species from 200 different locations on the 

basis of one attribute or variable, he would build an X 

matrix with 15 columns and 200 rows, compute the correla

tions for an R matrix, and do S type factor analysis. If 

he wished to classify 15 species as a function of 200 dif

ferent occasions/ such as days, based on one attribute or 

variable, he would still perform S type factor analysis. 

In order to group locations or occasions, the re

searcher would have to collect many species from each loca

tion or occasion, measure the one attribute or variable of 

interest to him, place the resultant data in an X matrix 
i 

where the columns are locations or occasions and the rows 
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are species, build an R matrix, and then conduct T type 

factor analysis. 

If the researcher wanted to classify the attributes 

or variables associated with one species he could do so by 

collecting specimens of that species from many locations or 

on many occasions (e.g., at 6 month intervals), measure the 

attributes or variables, place attributes or variables as 

the columns and occasions or locations as the rows in the X 

matrix, correlate, and finally perform P type factor 

analysis. 

The last type of analysis is 0 analysis. Here the 

researcher could classify occasions (e.g., geologic time 

periods) or locations, on the basis of one species, by 

measuring a set of attributes or variables on samples of 

the species from each occasion or location. He would place 

these data in an X matrix with occasions or locations as the 

columns and attributes or variables as the rows, compute 

each possible correlation, and then factor analyze. 

R type factor analysis is the most common type of 

factor analysis performed in the field of psychology where 

columns are psychological tests and rows are people. One 

purpose of the procedure as used in psychology is to find 

which questions in tests measure particular human abilities, 

e.g., mathematical ability. It was used in this study in 

order to group variables and consequently discern the effects 

of controlled burning on these variable clusters. 



Q type factor analysis is the general factor 

analytic approach widely used to classify plants, animals, 

and plant communities. 

The other types of factor analyses are apparently 

still mostly untried. This is possibly due to the more 

costly experimental design needed to collect data on such 

things as locations and/or occasions. 

Research Objectives 

The primary objectives of this research are to 

evaluate the effects of controlled burning a southwestern 

P. ponderosa forest understory and to examine the applica

bility of R type-Varimax rotated-factor analysis in pro

viding a means to such an evaluation. 



METHODS 

This section, besides giving methods, also reports 

the plant species found living in the no treatment-treatment 

areas (Table 2). Species are listed here because variables, 

not species, are being grouped and analyzed (see.R analysis 

in Figure 3). The reader may occasionally find it necessary 

to refer back to Table 2. 

Area and Treatment 

Figure 4 is a map of the study area on the Fort 

Apache Indian Reservation, located in northcentral Arizona, 

which was control burned in the autumn of 1973. It shows 

the approximate location of the burned plots from which the 

data studied were collected. The no treatment plots were 

usually situated within a few hundred feet of the burned 

plots which are represented by the plus (+) signs in the 

figure; The no treatment plots were protected from burning, 

usually, by constructed fire lines. 

The entire area pictured in Figure 4, approximately 

4,400 acres, was control burned. This number represents 

about 1/5 of the 25,660 acres control burned in the autumn 

of 1973. 

The fire history of the region depicted is rather 

obscure. Bureau of Indian Affairs officials estimated that 

26 



Table 2. Species present in research area.a 

Species Woody/Herbaceous Life formc Perennial/Annual 

Achillea lanulosa herbaceous hemicryptophyte perennial 
Andropogon scoparious herbaceous hemicryptophyte perennial 
Antennaria aprica herbaceous hemicryptophyte perennial 
Arctostaphylos pungens woody phanerophyte perennial 
Arenaria saxosa herbaceous hemicryptophyte perennial 
Artemisia sp. herbaceous hemicryptophyte perennial 
Astragalus tephrodes herbaceous chamaephyte perennial 
Calliandra humilis herbaceous hemicryptophyte perennial 
Carex geophila herbaceous hemicryptophyte perennial 
Castilleja integra herbaceous hemicryptophyte perennial 
Ceanothus fendleri woody phenerophyte perennial 
Cirsium wheeleri herbaceous hemicryptophyte perennial 
Cologania longifolia herbaceous geophyte perennial 
Eriogonum alatum herbaceous hemicryptophyte perennial 
Geranium caespitosuia herbaceous hemicryptophyte perennial 
Gnaphalium sp. herbaceous hemicryptophyte perennial 
Hedeoma hyssopifolium herbaceous hemicryptophyte perennial 
Hieracium fendleri herbaceous geophyte perennial 
Houstonia wrightii herbaceous chamaephyte perennial 
Hymenopappus mexicanus herbaceous hemicryptophyte perennial 
Hymenoxys bigelovii herbaceous geophyte perennial 
Iris missouriensis herbaceous geophyte perennial 
Juniperus deppeana woody phanerophyte perennial 
Koeleria cristata herbaceous hemicryptophyte perennial 
Lathyrus arizonicus herbaceous hemicryptophyte perennial 
L. graminifolius herbaceous hemicryptophyte perennial 
Lepidium densiflorum herbaceous therophyte annual 
Lithospermum multiflorum herbaceous hemicryptophyte perennial 
Lotus wrightii herbaceous hem i cryptophy te perennial 
Lupinus hillii herbaceous hemicryptophyte perennial 
Muhlenbergia longiligula herbaceous hemicryptophyte perennial 



Table 2.—Continued Species present in research area.a 

Species Woody/Herbaceous Life formc Perennial/Annual 

M. rigens herbaceous hemicryptophyte perennial 
M. virescens herbaceous hemicryptophyte perennial 
Parmelia sp, llichen) unclassified unclassified unclassified 
Pedicularis centranthera herbaceous geophyte perennial 
Penstemon virgatus herbaceous hem i cryptophyte perennial 
Petalostemon candidum herbaceous hemicryptophyte perennial 
Phaseolus grayanus herbaceous hemicryptophyte perennial 
Pinus ponderosa woody phanerophyte perennial 
Poa fendleriana herbaceous hemicryptophyte perennial 
Polygonum sawatchense herbaceous hemicryptophyte perennial 
Pseudocymopterus montanus herbaceous geophyte perennial 
Pseudotsuga menziesii woody phanerophyte perennial 
Quercus gambelii woody phanerophyte perennial 
Rosa arizonica woody phanerophyte perennial 
Senecio actinella herbaceous hemicryptophyte perennial 
S. neomexicanus herbaceous hemicryptophyte perennial 
S. wootonii herbaceous hemicryptophyte perennial 
Silene laciniata herbaceous hemicryptophyte perennial 
Sitanion hystrix herbaceous hemicryptophyte perennial 
Solidago missouriensis herbaceous hemicryptophyte perennial 
S. sparsiflora herbaceous hemicryptophyte perennial 
Sporobalus interuptus herbaceous hemicryptophyte perennial 
Stipa pringlei herbaceous hemicryptophyte perennial 
Swertia radiata herbaceous hemicryptophyte perennial 
Thalictrum fendleri herbaceous hemicryptophyte perennial 
Unidentified composite #1 herbaceous hemicryptophyte perennial 
Unidentified composite #2 herbaceous hemicryptophyte perennial 
Unidentified moss unclassified unclassified unclassified 



Table 2.—Continued Species present in research area.3 

Species Woody/Herbaceous Life formc Perennial/Annual 

Vicia americana herbaceous hemi cryptophyte perennial 
Wyethia arizonica herbaceous geophyte perennial 

Nomenclature follows that given by Kearney and Peebles (1969). 

Found only in controlled burning treatment area. 

c Life forms are defined in Appendix A. 
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the area was control burned in the late 1950's. Occurrences 

of fire before that are not documented. Evidence of the 

1950's control burn is still noticeable, but not obvious. 

Apparently, the late 1950's controlled burn did little 

damage to the timber. 

At the time the study area was controlled burned, 

the vegetative cover represented a typical southwestern P. 

ponderosa forest. It existed as a more or less balanced 

conglomeration of small even-aged groups of almost pure P. 

ponderosa. Since then, however, it has been logged by the 

shelt erwood met hod. 

The fuel accumulations present before the burn were 

not excessive, but they were heavy enough to be obvious. 

The burn was conducted in November, 197 3, under 

cold, dry, slightly windy conditions by individuals who had 

many years of burning experience in this vegetation type. 

Few flare-ups or other uncontrolled conditions developed. 

The criteria considered critical by the Bureau of 

Indian Affairs in control burning the study area were 

ambient temperature, fuel moisture content, wind speed, and 

relative humidity. Ambient temperature was the primary 

criterion influencing the decision to burn; however, when 

this criterion became favorable, the other criteria assumed 

primary importance. During the period of the Chediski-

Buckskin controlled burn, daily ambient temperatures never 

exceeded 21°C and were mostly well under 15°C (minimum night 
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temperature was 0°C). Fuel moisture, as measured by the 

fuel moisture stick method, varied from 9.5% at about 5:00 

PM to 12.7% at about 8:00 AM daily. Litter layers, during 

the period of the burn, were dry all the way through to 

mineral soil. Winds were -principally from the southwest, 

and on most days, changed to northerlies by late evening or 

early morning. Wind speeds varied from 5 to 15 mph during 

the first two days of the burning period except during the 

afternoon and evening of the first day when gusts of 

approximately 20 mph were noted. During the second two 

days of burning the wind speeds dropped to 0 to 8 mph. 

Relative humidity varied from lows of 30% between noon and 

2:00 PM to highs slightly over 90% between 6:00 and 8:00 AM 

during each day of the fire. Weather measurements were made 

on Buckskin Road, which runs along Buckskin Ridge, near the 

intersection of the Fort Apache Indian Reservation Northern 

Boundary Road. 

Ignition of the controlled burn was started along 

Buckskin Ridge at 5:00 PM on 12 November, 1973. At 9:00 PM 

on the same date crews started igniting along the Northern 

Boundary Road west to the West Blue Lake region. Here 

fires were started on the south end of ridges and the 

ignition crews worked back along the ridge tops to the 

Northern Boundary Road and then burned along and away from 

the road. The second day the rest of the ridges radiating 

from the Northern Boundary Road and the area along the 
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Chediski Lookout Road were similarly lighted. Late in the 

evening of the second day fires were started along the 

Carrizo Kidge Road and connecting ridges. 

In general, all fires were started on high ground 

thus forcing them to burn downhill. In addition, starting 

fires as outlined above in the northwest section of the 

area to be burned created extensive firebreaks to hold the 

fires started later in the southwest which had the pre

vailing daily winds behind them. 

On 15 November, 1973, some follow-up ignitions were 

made to burn out small unburned pockets. On 16 November, 

1973, the controlled burn was placed on a maintenance-

containment basis wherein only the main fire lines (i.e., 

the main roads shown in Figure 4) were patrolled. 

The Chediski-Buckskin controlled burn was carried 

out under conditions and utilizing techniques closely 

paralelling those recommended by Biswell et al. {19 73, pp. 

20-22) and Kallander (1969). 

Sampling 

Sampling consisted of two stages: (1) purposeful 

selection of plots with regard to the establishment of 

similar pairs and (2) random, independent subsampling 

within each plot. It must be pointed out that although 

plots were chosen on a similar pair basis regarding vegeta

tion and physiography, measurements on variables were not 
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paired. Thus, paired statistical procedures could not be 

used (see Statistical Analyses). 

The first stage of sampling consisted of estab

lishing 28 pairs of 1/50 acre (100 ft x 8.71 ft) plots. 

This number is arbitrary and only represents the amount of 

work that was conducted during one summer two years before 

the controlled burn. 

The subsampling stage, performed the summer after 

the burning treatment, consisted of taking measurements on 

the variables as directed by computer generated random 

number/random position sets. Based on a preliminary survey 

sample taken two years before the burn and subsequent 

analysis, it was found that, per 1/50 acre plot, sample 

sizes of 75 measurements of the 01 and 02 soil horizon 

depths, ten 10 foot line intercept measurements (as per 

Canfield, 1941, 1942) of species' per cent coverage, and 

ten lm x 2.65m quadrant counts of species' density provided 

95% confidence of the mean depths being within + 3mm of the 

true mean, of any species' mean per cent coverage being 

within + 0.1% of the true mean, and of any species' mean 

density being within + 10 plants of the true mean, re

spectively. The position of each depth measurement and 

quadrat was determined randomly within each 1/50 acre plot. 

The line intercepts were conducted in a serial fashion along 

one of the long edges of each 100 ft x 8.71 ft plot. The 

quadrats and line intercepts were permanently established 
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with the thought that they will supply more trend type in

formation (besides saving time and money) in the future than 

new quadrat and line intercept positions. The 01 and 02 

depth measurement positions have not been made permanent and 

must be randomly positioned again in the future. 

Because of mishaps during the controlled burning of 

the 28 pairs of 1/50 acre plots, 34 plots were burned and 22 

plots were not burned. That is, some of the no treatment 

plots were burned, subsequently disturbing the pairing 

scheme. This is unfortunate in regard to future research 

on some plot pairs, but has little, if any, affect on this 

study. The assumption is still that the control burned 

area, as a whole, was originally (i.e., before the burn) 

very similar to the no treatment area and that any differ

ences that are brought out statistically are only the result 

of the burning treatment. 

Variables 

The following 18 variables are those dealt with in 

this study: 

VI: Woody species: yes=l, no=0 

V2: Herbaceous species: yes=l, no=0 

V3: Annual species: yes=l, no=0 

V4: Perennial species: yes=l, no=0 

V5: Phanerophytic species: yes=l, no=0 

V6: Chamaephytic species: yes=l, no=0 
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V7: Hemicryptophytic species: yes=l, no=0 

V8: Geophytic species: yes=l, no=0 

V9: Species' mean density (per plot) 

V10: Species' density variance (per plot) 

Vll: Species' mean % coverage (per plot) 

V12: Species' % coverage variance (per plot) 

V13: % slope (per plot) 

V14: Semicircular aspect (per plot) 

V15: Mean 01 depth (per plot) 

V16: Mean 02 depth (per plot) 

V17: Ground fuel> 2 inches in diameter (plot totals) 

V18: Overstory basal area (plot totals) 

Variables 1 to 8 were used as the basis for relating 

and identifying changes in vegetation composition which may 

have resulted from controlled burning. Variables 5 to 8 are 

the Raunkiaer (19 37) life forms found to be represented in 

the study area (Table 2). Definitions of these life forms 

are in Appendix A. Each of these eight variables are 

dichotomous and as such, they essentially describe the 

number of plants that fall into each category. 

Because R type factor analysis requires a fairly 

large number of replications (i.e., species in this research) 

for each variable to be adequately analyzed, and because 

only 61 plant species were found in the research area (see 

Table 2), I considered each species within each 1/50 acre 
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plot an individual "species" and thus arrived at a total of 

363 "species" for the no-treatment area and a total of 470 

"species" for the controlled burning treatment area. In 

effect/ this automatically weights each species in a dif

ferential manner based on presence giving a more accurate 

idea of the interactions present in the understory. That 

is, an outlying value {e.g., for density or % coverage) 

found only once or twice for a species is minimized as are 

any values measured for species where presence was rare. 

For example, if Hedeoma hyssopifolium was noted in 10 plots 

in the no-treatment area, H. hyssopifolium appears 10 times 

in the original data base (X matrix) for no treatment. 

Along with its appearance in the X matrix are the respective 

measurements on all the variables for each time it was found. 

If H. hyssopifolium was found to be associated with deep 01 

and 02 soil horizons 9 of the 10 times it was seen and once 

with shallow 01 and 02 horizons (and so on, respectively, 

for the other 16 variables), it is expressed by the factor 

analysis as being almost always associated with deep 01 and 

02 horizons and the other variables are fitted in 

accordingly. The outlying occurrence is minimized. 

Regarding variables 9 to 12, the word species with 

the apostrophe (species') can be taken to mean any average 

species or all the species in general. To illustrate, the 

mean % coverage of species X (i.e., any average species' 

mean % coverage) might be found to decrease with increased 
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V5; also, the mean % coverage of all species (i.e., all the 

species' mean % coverages taken together) might be found to 

decrease with increased V5. Both interpretations of a sig

nificant negative correlation between V5 and Vll are 

essentially the same. 

The mean and variance referred to by V9 and V12 are 

the means and variances derived from each 1/50 acre plot. 

Each mean and variance within the X matrix is based on ten 

quadrats for V9 and V10, respectively, and on ten line 

intercepts for Vll and V12, respectively. The mean and 

variance of each "species" within each 1/50 acre plot were 

used in the X matrices. Thus, 363 means and variances are 

in the no treatment X matrix and 47 0 means and variances 

are in the controlled burning treatment X matrix. Variances 

were used as variables in order to get information regarding 

spatial patterning relationships in the understory and the 

effects of controlled burning on these relationships. 

Variables 13 to 18 represent position and fuel 

measurements. These variables were examined in order to 

assess the importance of the position (i.e./ slope and 

aspect) and amount of fuels in the fuels' response to con

trolled burning and to detect any interactions of controlled 

burning, plants, and debris. Their values in the X matrix, 

like V9 to V12, are 1/50 acre plot values. The values for 

V17 and V18 are 1/50 acre plot totals and not means. The 

use of these six variables is consistent with the way the 
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other variables were used. For instance, if 15 species were 

found in a single 1/50 acre no treatment plot, all 15 

species were placed in the X matrix as growing under the 

same conditions; that is, V13 to V18 were the same for all 

15 species although each species had its own unique value 

for VI to V12. In addition, if one of those 15 species was 

also observed in nine other 1/50 acre no treatment plots, 

it was placed in the no treatment X matrix as ten "species" 

each of which was growing under ten somewhate different 

conditions; that is, V13 to V18 would be different for each 

of the ten "species" as would be V9 to V12 although Vl to 

V8 would be the same. 

Semicircular aspect is the result of the implication 

put forth by Whitaker and Niering (1965) that aspects with 

similar moisture regimes (e.g., N45°W and S45°E) might be 

made the same numerically, instead of using normal 0°-360° 

compass readings, so that numerical analysis of them would 

provide more meaningful information with regard to vegeta

tion and aspect. Figure 5 graphically depicts such a system. 

All aspect values in this research were transformed to semi

circular aspect values before statistical analyses. As will 

be seen in the Results section, this small effort was well 

rewarded, for the use of semicircular aspect provided easily 

interpreted, important information on the interactions of 

plants, fuel, and moisture regimes. 
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Statistical Analyses 

After finding, via Kolmogorov-Smirnov one sample 

tests (Siegel, 1956, pp. 47-52), that none of the sample 

frequency distributions of the 18 variables used in this 

study even approached normality (although numerous trans

formations were examined, including transformations on the 

group of variables which were later made dichotomous), 

plus the fact that many of the variables are ordinal, the 

use of nonparametric statistical methods was continued to 

test for treatment differences, in the construction of the 

R matrices, and during the subsequent examination of the 

FY matrices. The Mann-Whitney U test was used to test for 

differences between each variable's no treatment-treatment 

values of measures of central tendency (Siegel, 1956, pp. 

116-127). This test was used because it is one of the most 

powerful of the nonparametric tests and it is a very useful 

alternative to the parametric t-test (Siegel, 1956, p. 116). 

Two-tailed tests were used because the direction of dif

ferences often could not be predicted. Kendall's rank 

correlation (Txy [Siegel, 1956, pp. 213-223]) has been 

utilized in the construction of the intercorrelation 

matrices. After the no treatment R matrix and controlled 

burning treatment R matrix had been R type-Varimax rotated-

factor analyzed, Kendall's rank partial correlation (TXy,z 

[Siegel, 1956, pp. 223-229]) was employed to help interpret 

the factors contained within each respective FJ matrix. 
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The justification that ordinal measurement level 

rank statistics can be used on the dichotomous variables VI 

to V8 is that although they were measured nominally, most 

of them can be considered dummy variables which possess 

underlying continuous distributions (Siegel, 1956, pp. 22-

26). For example, deciding if a plant species is woody or 

not (VI) actually involves a decision as to how much wood 

in the body of the plant requires it to be classed as woody. 

This same type of reasoning can be applied to V2 and V5 to 

V8 since examples can probably be found of one life form 

grading into another. The questionable variables are V3 and 

V4, but, even here, underlying continuous distributions can 

be rationalized to exist by noting that, for instance, not 

all perennials have the same life span; they are only 

defined as living longer than one year in this study. 

Rank partial correlation analysis has been used to 

help interpret the factors because it soon became evident 

that, although the factor analysis simplified interpretation 

by grouping the 18 variables into four factors differen

tially, the factors themselves are difficult to understand 

thoroughly. This is so because, essentially like the R 

matrix, any overall scheme of interaction interpretations 

of the 18 variables must reside in hyperspace. In other 

words, a set of interpretations must take account of the 

fact that many interactions are extant on and through many 

levels (or dimensions) at once. 
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Since most people find it difficult to initially 

resolve questions in hyperspatial terms, the logical 

approach to interpretation of the interactions which form 

part of a complex system is via examination of bivariate 

pairs and working up to a hyperspatial interpretation or 

solution. This, however, cannot be done indiscriminately 

otherwise hundreds or thousands (depending on the size of 

the R matrix) of correlation coefficients have to be 

scrutinized, many simultaneously, leading to confusion and 

apparent contradictions. A discriminate approach is to 

follow the lead afforded by the terminal factor solution. 

This can be done by finding out which variables interact 

with the heaviest loaded variables on each factor and why. 

An easy way to do this is to make all possible combinations 

of two variables from the set of variables which load their 

heaviest on any one factor. Next, find the zero-order 

correlation coefficient of each pair. For the statistically 

significant pairs, use each variable that does not load its 

heaviest on that factor as a control and compute the first-

order partial correlation coefficient in order to detect any 

association between the control and either or both of the 

variables expressing the statistically significant zero-

order correlation. This procedure can be followed by 

employing chi-squared contingency table analysis, Kendall's 

rank correlation and rank partial correlation analysis, or 

Pearson's product-moment correlation and partial correlation 
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analysis. To exemplify, using nonparametric statistics, in 

Table 6 (p. 55) VI, V2, V5, and V17 load their heaviest on 

Factor I. All possible combinations of two for this set 

are: V1V2, V1V5, V1V17, V2V5, V2V17, and V5V17. If Tylv2 

is not statistically significant, it is ignored. If it is 

significant, Tyiv2«V3 (assum;i-n9 f°r the moment that V3 is 

in Table 6), Tyiv2*V4' TVlV2*V6' *'*' TVlV2»V16' and 

TVlV2*V18 are comPutec^ to discern any important inter

actions as evidenced by an important change in the magnitude 

of any Tyiy2-z w^en comPared to Tyiv2" In fchis way inter

actions inherently defined by a single factor can be 

compiled in a stepwise fashion with little or no confusion. 

Following this procedure for every other factor within the 

Fj matrix (i.e., conducting terminal factor solution 

directed partial correlation analysis on the py matrix) 

takes account of almost every statistically significant 

bivariate relationship in the R matrix (depending on what 

the researcher defines as constituting an important change) 

and eventually yields a comprehensive hyperspatial inter

pretation of the terminal factor solution. Any statis

tically significant correlations not captured by this pro

cedure (i.e., residual information vs primary information) 

can be easily incorporated into the general interpretation. 

An important change in a correlation when using 

Pearson's product-moment correlation coefficients can be 

noted by a change in statistical significance. However, 
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since the sampling distribution of TXy.z is not Yet known 

(Gibbons, 1971, pp. 269-271), an important change in 

Kendall's rank partial correlation must be evidenced by a 

per cent modification of t with respect to t .1 have c xy • z c xy 

found that examining controls which elicit a + 5% change 

from the magnitude of t provides for capture of almost all 

of the statistically significant correlations in the R 

matrices utilized in this research. By using this per

centage point and dealing with only significant zero-order 

correlations, most of the nonsignificant relationships in 

the R matrix are not explicitly dealt with, thus saving 

much effort by the researcher. 

The overall scheme of this study is to intimately 

describe an undisturbed southwestern P. ponderosa under-

story, within the limits dictated by the variables being 

evaluated, and then to describe a control burned understory 

system in order to detect any changes brought about by 

burning. 



RESULTS 

The results are given in the following order: 

simple treatment-no treatment differences as distinguished 

by Mann-Whitney U tests; factor analysis of no treatment 

data base; examination of no treatment factor matrix via 

Kendall's rank partial correlation; examination of residual 

information for no treatment not accomplished by terminal 

factor solution directed partial correlation; factor 

analysis of controlled burning treatment data base; examina

tion of controlled burning treatment factor matrix via 

Kendall's rank partial correlation with emphasis on compari

sons with the results of the no treatment examination; and 

examination of residual information for controlled burning 

treatment not accomplished by terminal factor solution 

directed partial correlation with emphasis on comparisons 

with the results of the no treatment examination. Summaries 

have been interspersed to aid the reader in comprehension. 

The format of this section allows four alternatives 

of reading. First, if the reader is only desirous of 

learning the basic effects of the controlled burn on the 

variables studied, he need only read the Controlled Burning 

Treatment vs No Treatment Comparisons section. Second, if 

he is also curious about the understory interrelationships 

found, but is not interested in working his way through all 

46 
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the individual correlations, he can read the interspersed 

factor summaries and skip the correlation examinations. 

Third, he can pick out particular correlations in certain 

factors and study them. Or fourth, he can work his way 

through the entire Results section. This last alternative 

supplies the full impact of the manner in which the 

factors were interpreted and can also serves as a guide to 

other researchers on how to arrive at an interpretation of 

a factor. 

The construction of this section, along with that of 

the entire manuscript, emphasizes the two already stated 

equally weighted purposes of this research. The fact, then, 

that an evaluation of the applicability, for natural re

source management research, of factor analysis and con

comitant presentation of a factor interpretation method is 

of major concern here requires the Results section to be 

structured in an a posteriori manner rather than in an a 

priori fashion. This is because I wish to lead the reader 

through the logic, from beginning to end, of the methods 

involved and hopefully provide him with a template on which 

to build his possible initiation into the use of factor 

analysis. 

Accordingly, the derived factors are presented as 

Factor I, Factor II, etc., and only parenthetically named 

at the beginning of each subsection for the reader's con

venience, until their contents have been fully evaluated by 
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Kendall's rank partial correlation analyses. This is the 

common procedure followed by factor analysts. This instance 

to generality or effect to cause approach is required with 

any use of factor analysis and this is presented as such. 

Perhaps such a logical approach will dispel any notions/ 

such as those often ascribed to multivariate statistical 

methods, of factor analysis being a form of magic. Using 

this approach requires the reader, however, to follow the 

tables and study the correlations closely. 

Controlled Burning Treatment vs 
No Treatment Comparisons 

The easiest approach to any treatment vs control 

study is to test for statistically significant differences 

which can be attributed to the effects of the treatment. 

Table 3 gives the results of such tests. 

Except for V3, variables 1 to 8 did not change as a 

result of the controlled burn. That is, the number of woody 

species, perennial species, phanerophytic species, chamae-

phytic species, hemicryptophytic species, and geophytic 

species did not vary as a result of controlled burning. 

Regarding V3, since only five individual annual plants were 

found in the controlled burn area, it can be assumed that 

the lack of discovery of any annuals in the no treatment 

area is a result of their scarcity and that V3 also falls 

into the category of no significant change. 



Table 3. The results of 2-tailed Mann-Whitney U tests, corrected for ties, on 
controlled burning treatment variables vs no treatment variables. 

Direction of change 
Mean of controlled as a result of 

Significance Moan of no burning treatment controlled burning 
Variable of 2-tailed U treatment variable variablea treatment 

VI) troody species: yes=l, no=0 ns 2. 73 species 1.91 species no significant change 
V2] Herbaceous species: yes=l, no=0 ns 12. 82 species 11.03 species AO significant change 
V3) Annual species: yes=l, no=0 NT 0. 00 species 0.09 species -

V4) Perennial species: yesEl, no=0 ns 15. 55 species 12.85 species no significant change 
V5) rhanerophytic species: yes=l, no=0 ns 2. 73 species 1.91 species no significant change 
V6) Chiaaephytic species: yes=l, no=0 ns 0. 27 species 0.15 species no significant change 
V7) Kemicrvptophytic species: yes=l, no=0 ns 10. 05 species S.50 species no significant change 
VS) Geophytic species: ves=lr no=0 ns 2, 50 species 2.35 species no significant change 
V9) Species' mean density ns 81. 69 plants 67.97 plants no significant change 

V10) Species' density varisr.ce ns 1852. 68 1915.97 * no significant change 
Vll) Species1 r.oar. % coverage *# 0. 25% 0.20% negative 
VI2) Species' % coverage variance ** 0. 02 0.01 negative 
V13) * slope ns 17. ei% 17.43% no significant change 
V14J Semicircular aspect ns 106. 81° 102.73° no significant change 
VI5) Mean 01 depth # * 16. 35 wn 6.51 mm negative 
V16) Hean 02 depth * * 10. 53 ina 9.29 mm negative 
V17) Ground fuel > 2 inches in diameter ** 0. 85 in3 0.20 m^ negative 
V1B) Overstory basal area ** 0. ,52 m2 0.42 m negative 

a 2 
Each estimate given is per 1/50 acre plot (=B0,S4 m = 0.03 hectare). 

••Controlled burning treatment variable and no treatment variable come from highly significantly different 
populations. Hq rejected at the P<0.01 level. 

ns = Controlled burning treatment variable and no treatment variable come from the sane population. H not 
rejected at least at the P<0.05 level. 

NT = No test performed because no anr.uals were found in the no treatment plots. 
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In general, the mean density of each species was not 

altered by the burning treatment. Nor was the variability 

of the number, over a series of unit areas, of plants 

belonging to each species changed. 

Taking all species together, a typical species' 

mean % coverage decreased as a result of plant cover being 

consumed, apparently without killing many of the plants (as 

shown by V9 and V10 which were just discussed). Species' 

% coverage variance decreased implying that cover given by 

any particular species became more equal from spot to spot. 

In other words, larger individual plants of any particular 

species were pruned or reduced to a size more like that of 

the smaller individuals of the same species. 

Tests on V15, V16, V17, and V18 demonstrate that 

fuel was reduced and some living trees were killed by the 

controlled burn. The size and age distributions of the 

trees killed will not be discussed in this paper except for 

the following few comments: numerous regression equations 

have been derived to explain and predict tree damage as a 

result of controlled burning; almost 100% of the trees 

destroyed were less than two inches in dbh-ob, physio

logically old or inferior, and/or sub-dominant in some way; 

the number of trees consumed in no obvious way depleted the 

overall viability of the stands, but rather, thinned out 

some of the culls and dog-hair thickets. Aspect and % 

slope, of course, were not affected by the burn. 
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These results can be summed up by saying that the 

controlled burning treatment did what it was supposed to do: 

substantially reduce the fuel hazard while eliciting minimal 

damage and/or change in the overstory and understory 

vegetation. 

Although the foregoing is an accurate representation 

of the effects of a controlled burn on a southwestern P. 

ponderosa vegetation type, it leaves much to be desired 

from an ecosystem (interrelationship) viewpoint. The 

results to follow offer this type of insight. 

Factor Analysis of No Treatment 

Table 4 is a nonredundant form of the R matrix 

factor analyzed for no treatment. The actual R matrix is an 

18 x 18 square matrix with ones (1) in the main diagonal. 

Although the entire matrix was used during the factor 

analysis, only certain bivariate pairs showed up as the 

heaviest loads on any one factor and thus, as explained in 

the Methods section, these pairs were the ones further 

analyzed with partial correlation analysis. All bivariate 

pairs examined in this manner are denoted by PI (primary 

information) in Table 4. Any statistically significant 

relationships that were skipped (see Methods section) are 

denoted by RI (residual information). Even though the lack 

of a significant correlation between a variable pair pro

vides as much information as a significant correlation, 



Table 4. Kendall's rank intercorrelation (R) matrix, with 2-tailed tests of 
significance, for no treatment. 

Vl V2 

Vl 8 0.003 0 . 010 
ns ns 

Vl7 I - 0. 038 O. Ol8 

Vl6 

V15 

V14 

ns ns 

0. 002 
~ s 

0.007 
ns 

0 . 011 -0. 005 
ns ns 

0. 01 2 - 0 . 022 
ns ns 

Vl3 I 0 . 032 -0 .041 
ns ns 

Vl 2 0.026 -0 . 05 1 
ns ns 

V11 I - 0.1 81 - 0 . 01 6 

Pi 
ns 
PI 

VlO I -0 . 152 0.065 
ns 
PI 

V9 

VB 

V7 

Y6 

V5 

V4 

V3 

V2 

PI 

-0.114 
u 

PI 

0.031 
ns 
PI 

- 0. 188 o. 227 

PI 

-0 .55 5 

PI 

PI 

0.669 

PI 

- 0.058 0.070 
ns • 
PI Pi 

1. 000 -0 . 830 .. . .. 
PI PI 

0 .11 0 0.462 

PI PI 

NC 

-0.830 

PI 

NC 

V3 

NC · 

NC 

NC 

NC 

NC 

N~ 

NC 

NC 

V4 

0 . 022 
ns 

vs V6 v 7 

0.003 -0 . 083 0 . 023 
ns * ns 

PI 

-0.029 -0. 038 -0.032 0.009 
ns ns ns ns 

0.017 
ns 

0 . 0~9 

.ns 

-0.020 
m 

PI 

0 . 002 -0 . 066 -0 . 01 2 
ns ns 

PI 
ns 

0 . 011 -0.063 0.011 
ns ns 

PI 
ns 

0.012 -0.006 -0 . 022 
ns ns 

PI 
ns 

vs V9 Vl O Vll 

0 . 009 -0 . 012 -0 . 002 0.049 
ns ns ns ns 

0 . 021 
ns 

0 . 022 
ns 

0 . 023 -0. 054 
ns ns 

0 .04 8 -0 . 017 -0 . 016 0 . 059 
ns ns 

0.002 -0.042 -0 . 026 0 . 022 
ns 

0 . 007 
ns 

ns ns ns 

o. oo7 -o . 014 -o. 038 
ns ns 

-0 . 022 0.032 
ns 

0.051 -0.024 -0 . 032 -0.028 -0. 058 -0.067 
ns 

-0.050 
ns 
pI 

ns 
PI 

ns 

0.026 - 0 . 038 -0 . 081 
ns ns 

Rl 

-0. 191 - 0 . 101 -0.017 -0 . 081 
ns 

PI PI PI 

ns 

0 . 065 
ns 

0.097 

PI 

ns ns ns 

0 . 172 o.l!6 . o.!;3 
PI PI PI 

0 . 350 0.309 

PI PI 

Vl 2 Vl3 Yl4 1'1 5 

0 . 050 - 0.44 3 - 0.34 2 0.269 
ns 

PI Pi p I 

-0.021 -0. 041 0. 146 0 .11 1 
ns ns 

PI PI 

0. 045 -0 .31 9 -0. 04 7 0.432 
ns 

PI 
ns 
PI 

0. 0 74 -0. 2 6~ -0.389 

Rl 

- 0. 11 6 

RI 

-0. 11 2 

RI 

PI 

0 . 348 

PI 

PI 

PI 

Vl6 Y17 

0.27 8 - 0 . 220 

PI 

Q.le6' 

PI 

PI 

NC -0.127 -0.152 -0.038 0 . 039 0.036 . 0 . 866 

NC 

NC 

NC 

NC 

NC 

tiC 

ns 
PI PI 

ns 
PI 

ns 
PI 

-0.126 -0 . 114 -0 . 048 0 . 008 0 . 043 
ns 

PI PI 
ns 
PI 

ns 

0 .105 -0.188 -0.055 - 0. 527 

PI PI 
ns 
PI 

0 . 309 -0.555 -0.162 

PI PI PI 

0 . 032 -0.058 
ns ns 
PI PI 

0.110 

PI 

PI 

Vl) Woody species :ye s= l ,no• O 
V2) li ~ rba ceo u s s pec i e s :ye s• l ,no• O. 
V3l Annua l s pec i es: yes • l ,no=O 

· V4 Pe ren nia l spe c i es :ye s • l ,no• O . 
VS Ph• nc ro phytic spccies:yc s =l ,no• O 
V6 ) Chacldcp h,y t 1c sp e c i cs: yes ~ l ,n o •O 
V7) Hemi crypt ophyt ic s pec i es: yes= l , n=O 
YS ) Ge ophy ~ i c s p ~ c i es :y es= l , n o= O 
V9 ) Species' ~r.ean densi ty 

NC Not comp uta ble. 

Yl O) Speci es ' dens i t y vari an ce 
Yl l) Spec ie s ' mean ~ cove raqe 
Vl2l Spec. ie s ' ::: co ve r age var i ance 
Vl3 ~ s l opo 
Vl 4 Scnn ci rc ul ar as pect 
1' 1 S) f~e J n 01 depth 
Vl 6) t:c an 02 de~ t h 
V17/ Gr ound fe el >2 i nche s in d i allli? ter 
1' 18 ) Oversto ry basa l area 

*'* '>;Y h i g ~. l y s ign i fican~ l y di ff e re nt fr om ze r o (P<O.Ol). 
• '>;Y signif i cant ly differen t fr01r. zero (?<0 .05). 

ns 'xy no t s i nni f i cant ly di f f erent from zero. 
PI · Pn rr.ary i n fo nna t i on (see te xt ) . 
Rr Residual info rmatio n (see text). 

U1 
tv 
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statistically non-significant relationships are not usually 

mentioned in this paper. The information in Table 4, and 

later in Table 12 (p. 90), attests to their existence and 

importance. 

As already mentioned/ the main attraction of factor 

analysis is its grouping and hence, data reduction capa

bilities. Also, as previously explained, replacing the 

ones in the main diagonal of the R matrix with estimates of 

communalities, often much less than 1.0, provides the route 

to such data reduction. Table 5 gives the computed com

munalities for the no treatment R matrix. 

Scrutiny of Table 5 provides a preview to the 

terminal factor solution presented in Table 6. Woody 

species, herbaceious species, phanerophytic species, and 

hemicryptophytic species share a very large amount of 

variance with other variables. This suggests that these 

variables will probably load heavily on on factor. However, 

since the computed communality of hemicryptophytic species 

is greater than 1.0, its placement is uncertain. Except for 

perennial species, chamaephytic species, and ground fuel > 2 

inches in diameter, the other communalities are fairly 

similar and cannot be easily discussed subjectively. The 

three exceptions have communalities which suggest that each 

of these variables shares very little variance with other 

variables. One would then expect each of these variables 

to define a factor by itself, load most heavily, although 



Table 5. Computed communalities for the no treatment 
intercorrelation (R) matrix.a 

54 

Computed 
Variable communality 

VI) Woody species: yes=l, no=0 0.94764 
V2) Herbaceous species: yes=l, no=0 0.85851 
V3) Annual species: yes=l, no=0 b 
V4) Perennial species: yes=l, no=0 0.09287 
V5) Phanerophytic species: yes=l/ no=0 0.94764 
V6) Chamaephytic species: yes=l, no=0 0.02071 
V7) Hemicryptophytic species: yes=l, no=0 1.02504 
V8) Geophytic species: yes=l, no=0 0.51044 
V9) Species' mean density 0.81526 
V10) Species' density variance 

Species' mean % coverage 
0.78030 

Vll) 
Species' density variance 
Species' mean % coverage 0.23502 

V12) Species' % coverage variance 0.11870 
V13) % slope 0.39245 
V14) Semicircular aspect 0.26163 
V15) Mean 01 depth 0.34250 
V16) Mean 02 depth 0.22461 
V17) Ground fuel > 2  inches in diameter 0.00224 
V18) Overstory basal area 0.36835 

Iterative procedure stopped after three iterations 
because a communality exceeded one, 

^V3 was left out because no annuals were found in 
the no treatment plots and thus a T could not be computed. 



Table 6. Factor ) matrix for no treatment. 

Variable Factor I Factor II Factor III Factor IV 

VI) Woody species: yes=l, no=0 -0. 96778?? -0. 08297 -0. 00124 0. 06455 
V2) Herbaceous species: yes=l, no=0 0. 91651 -0. 10788 0. 04036 0. 07243 
V3) Annual species: yes=l, no=0a — w — — 

V4) Perennial species: yes=l, no=0 0. 12105 -0. 23666 0. 04707 0. 14140 
V5) Phanerophytic species: yes=l, no=0 -0. 96778 -0. 08297 -0. 00124 0. 06455 
V6) Chamaephytic species: yes=l, no=0 0. 03344 -0. 04762 -0. 09239c -0. 09376c 
V7) Hemicryptophytic species: 

c 
yes-1, no=0 0. 61714 -0. 14661 0. 02612 0. 78867;: 

V8) Geophytic species: yes=l, no=0 0. 18228 0. 08617 0. 05089 -0. 68352 
V9) Species' mean density 0. 08142 0. 88805f> -0. 06642 0. 12486 
V10) Species' density variance 

Species' mean % coverage 
0. 11828 0. 86374^ -0. 04177 0. 13611 

Vll) 
Species' density variance 
Species' mean % coverage 0. 04734 0. 45987*? 0. 09696 -0. 10909 

V12) Species' % coverage variance -0. 03661 0. 29535 0. 15649 
62131*? 

-0. 07508 
V13) % slope -0. 02554 -0. 07472 -0. 

15649 
62131*? -0. 01368 

VI4) Semicircular aspect -0. 00252 -0. 02878 -0. 50944 -0. 03571 
V15) Mean 01 depth -0. 01928 -0. 01142 0. 58469 0. 01164 
V16) Mean 02 depth -0. 00352 0. 00839 0. 47270 -0. 03284 
V17) Ground fuel >2 inches in diameter 0. 03368 0. 00803 -0. 02327 

60540 
-0. 02234 

V18) Overstory basal area -0. 01071 0. 01913 0. 
02327 
60540 0. 03686 

*V3 was left out because no annuals were found in the no treatment plots 
and thus a TXy could not be computed. 

^This variable loads most heavily on this factor. 

This variable shares its heaviest loading with at least one other 
factor. 
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lightly when compared to other variable loadings, on some 

factor already defined by one or more other variables, or 

share its heaviest loading with two or more factors. 

Table 6 reports on the terminal factor solution. 

As can be seen, the comments made above are not too far 

afield. Woody species, herbaceous species, and phanero-

phytic species load most heavily on Factor I, the most 

important factor because it accounts for the greatest amount 

of variance (Table 7), while hemicryptophytic species loads 

most heavily on Factor IV, the least important factor 

because it captures the smallest amount of variance (Table 

7). Perennial species loads lightly on all factors, but 

most heavily on Factor II. Ground fuel> 2 inches in 

diameter loads very lightly on all factors, but most heavily 

And chamaephytic species shares its heaviest loading with 

Factor III and Factor IV. These last three variables are 

positioned in this manner because, essentially, they do not 

fit well into the overall dimensional framework defined by 

the majority of the variables; they probably represent 

dimensions other than the four given here. 

The factor analysis has reduced the number of 

variables from 18 variables to 4 supervariables; a reduction 

of 77.8% in set size. Table 7 shows that these four super-

variables represent the variance as well as the original 18 

variables; 100.0% of the variance is accounted for, most 

of it by Factor I. The eigenvalues are all greater than 
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Table 7. Per cent total variance accounted for by, and 
eigenvalue of, each factor in the no treatment 
factor CFf) matrix. 

% total variance Cumulative % total 
Factor Eigenvalue accounted for variance accounted for 

I 3. 242 40.8 40.8 

II 1. 956 24.6 65.4 

III 1. 624 20.4 85.9 

IV 1.122 14.1 100.0 

1.0, demonstrating that, at least in this particular 

analysis, extracting only factors with eigenvalues greater 

than 1.0 served as a useful criterion for the number of 

factors to extract because all of the original variance has 

been accounted for by the four factors. 

Each factor will now be scrutinized by partial 

correlation analysis and then be named based upon the 

results of its examination. 

Factor I (Woody-Herbaceous Factor) 

Table 8 reports all the rank partial correlations 

used in the interpretation of Factor I. In fact, Table 8, 

gs well as all the forthcoming tables dealing with partial 

correlation analysis, presents more partial correlation co

efficients than will be explicitly discussed, for many of 



Table 8. Examination, via Kendall's rank partial correlation, of Factor I for no 
treatment. 

Bivariate pair Zero-order T Controlled for 
First-order 
partial T 

% change of Txyz 
frosi 

magnitude of T 3 xy 

VI) 

V2) 

Woody species:yes=l,no=0 
with 

Herbaceous species:yes=l,no= 0 

-0. 630** v7) Heraicryptophytic species:yes=l,no=0 

(VlwV7:(-)**;V2wV7:{+)**) 

-0.742 -10.57 

VI) 

V5) 

Woody species:yes=!,no=0 
with 

Phanerophytic species:yes=l, 

o
 

II O
 

c
 

1. 000** — <±5.0 

V2) 

V5) 

Herbaceous species:yes=l,ND= 

with 
phanerophytic species:yes=l, 

'0 

r.o=0 -0. ,830** 

V7) Heraicryptophytic species:yes=l,no=0 
(V2wV7: <+)**; V5wV7: (-)**) 

-0.742 -10.57 

**T highly significantly different from zero CP < 0.01). *y 
(+) x and y  are positively correlated, 

(-) x ar.d y are negatively correlated. 

v with 

The basic information inherent within this bivariate relationship has already been found to be represented by 
th'is factor and discussed as such. 
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the partials present at the end of the table provide 

essentially the same information as partials at the be

ginning of the table although the numerical coefficients are 

different. This occurrence has been denoted in the tables 

by an underline. The reason all the partials demonstrating 

a change greater than + 5.0% from the strength of have 

been reported is so that the reader will be aware of the 

myriad interactions inherent within the system under study 

and so that he will realize that all interactions have been 

taken into account during interpretation of each factor. 

Examination of Factor I in Table 6 shows that woody 

species, herbaceous species, phanerophytic species, and 

ground fuel > 2 inches in diameter load the heaviest on this 

factor. In addition/ woody species and phanerophytic 

species are negatively related to the factor while the other 

variables are positively related. Such being the case, the 

variables should demonstrate the same relationships between 

themselves as they do with the factor. 

Woody Species Correlated with Herbaceous Species 

(TViv2'* This correlation (Table 8) indicates that the more 

herbaceous species present, the fewer woody species are 

present. This is reasonable since the two groups are nearly 

mutually exclusive as a consequence of the way plant species 

were classified into woody, herbaceous, and unclassified 

groups. On the average, in any unit area, 7 8% of the 
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species present in the field were herbaceous and about 17% 

were woody. 

Controlling for homicryptophytic species causes a 

decrease in the strength of tv1v2* This is because all 

hemicryptophytic species found were classified as herbaceous 

(although not all herbaceous species were called hemi-

cryptophytes) and hence are negatively related to the number 

of woody species and positively correlated with the number 

of herbaceous species. 

Woody Species Correlated With Phanerophytic Species 

(TViv5^ * T^e number of woody species and phanerphytic 

species are perfectly, positively correlated. This result 

is not surprising for after checking Table 2 one can see 

that all woody species seen in the field (tree seedlings 

and shrubs) were categorized as phanerophytes. No variable 

controls altered this relationship more than 5%. 

Herbaceous Species Correlated with Phanerophytic 

Species (TV2V5^' Table 8 shows that herbaceous species is 

negatively correlated with the number of phanerophytic 

species. This result follows naturally from the two 

previous correlations. That is, since every woody plant 

discovered was classed as a phanerophyte, and vice versa, 

and since woody species and herbaceous species are nearly 

mutually esclusive designations in this study, herbaceous 
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with phaneropyte is identical to testing woody with 

herbaceous. The two coefficients are numerically identical. 

The interaction of hemicryptophytic species follows 

the same reasoning. Part of its explanation has been given. 

The new information is expressed by : since every 

phanerophytic species was classified as woody and each 

hemicryptophytic species categorized as herbaceous (but not 

vice versa), is negative. 

Summary of Factor I Interpretation. The more 

herbaceous and/or hemicryptophytic species found, the fewer 

woody and/or phanerophytic species will probably be found in 

a southwestern P. ponderosa forest like the one examined. 

These relationships are evident in Table 6 as 

constituting the basic definition of Factor I. The fact 

that ground fuel > 2 inches in diameter does not interact 

with any other variables suggests that eithrer this variable 

interacts with another factor or belongs in another dimen

sion which has not been adequately accounted for by this 

terminal factor solution. 

In light of these results, Factor I can reasonably 

be named the Woody-Herbaceous Factor and signifies competi

tion between these two groups. 
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Factor II (Space Competition Factor) 

Examining Factor II in Table 6, it can be seen that 

V4 and V9 to V12 load heavily. Interpretation follows. 

Table 9 presents all the coefficients. 

Perennial Species Correlated With Species' Mean 

Density (TV4V9^ " The significant correlation between 

the number of perennial species and any species' mean 

density points out that as the mean number, per unit area, 

of individuals of a particular species increases, the number 

of perennial species decreases. Since almost all the 

species observed in the no treatment area were found to be 

perennial (all the vascular species were), this relationship 

actually suggests that as the mean number of plants, per 

unit area, of a particular species increases, the number of 

other species present decreases. As an example, if 200 

individuals of species X are found in a sguare meter area, 

one would not expect to find very many, if any, other 

species. If only two individuals of species X are found, 

one would expect to find other species, perhaps many other 

species. This depends on the average size of species X, of 

course, which will be discussed later. At any rate, this 

correlation infers a well known fact: two or more physical 

entities cannot occupy the same space at the same time. 

Controlling for woody species causes a change 

because this variable is related to both V4 and V9. Since 



Table 9. Examination, via Kendall's rank partial correlation, of Factor II for no 
treatment. 

Eiv .:nic.te po.::. r Ze ro- o rd e r T 

\14) Perc~~ial spec i es : yes=l , no=O 

wi t h - 0. 126H 

\19) Spec i~s' mean density 

v.:; ) P ere~ni a 1 species : yes= l , no= O 

with -0 . 127** 

V10) Sp ec ies' density varianc e 

V4) Perenni al spec i es : yes=l,no=O 

v:ith - 0 . 191 ** ----
V11) Specie s ' mean 'i, coverag e 

'co ntrolled fo r 

Vl) Wo ody specics:ycs=~,no= O 
( v }\.:\'.:; : ( + ) * * ; v h.'\19 : ( - ) * * ) 

V2) ~ c rbac cous sp ~=ics : yes=1 ,no= O 

(V 2wV<;: (+ ) ** ;V 2¥N9 : ns) 
V5) Pi1ane x- ophytic spec i e s : yes= l, no =O 

(vs .... ·v4: (+ l ** ;V Sw\1 9 : (- ) ** ) 
V7) Ec~ic ryptophy tic specie~ :ye s=1 , no= O 

(\17,,• \1 ~: (+ ) **;\' 7•.vV 9 : ns) 
V1 1) Spec ies ' mean ~ cov~rago 

(Vlh.'\14 : (- ) ** ; Vlh..V9 : (+ ) ** ) 
Vl2)Spccies' % c o ve r ag e var i a nc e 

(Vl2'..'\'4:ns ; V12wV9: (+ ) ** ) 

V1) Woody spec ies : yes=1 ,no =O 
( \') '-'\I 4 : ( + ) H ; \1 1 '-'\I 1 0 : ( - ) * * ) 

V2) He r! 1 :J~: eous s pecies : yes=1 , no= O 
('i :? l,'/4 : (+) *•; V2wV10 : ns) 

V5) Phan c r ophyt ic spec ies:yes=l,no= O 
(\'51.-Y<l : (+) ** ;V5wVJ O: (-)* * ) 

V7 ) Hernic ryptophy tic spec ies:yes=l ,no=O 
(\171.;\14 : (+) ** ; V7wVlO: ns) 

Vll )Species' mean % coverage 
( V J J '.vV -1 : ( - ) *' ; V 11 "'V 1 0 : ( + ) ** ) 

V12) Spec i cs ' % c overage va r iance 
(V121·N.e;: r.s;V121,-V10 : (+) ** ) 

Vl ) Woo dy species :y e s ~1,no=O 

( v 1 1,-v.; : ( + ) * * ; v 1 1,·v 1 1 : ( - 1 * * ) 
V2 ) iie .r !:lacpous sp ec i es : yes=l , no=O 

( v ::'1-IV ·~ : (-'-) * * ; v ?·~:\I ll : n s) 

V5) ?hanerc phytic species : yes=1 , no=O 
(\' Swv .;, (+ ) *- ;VSwV11 : (- ) ** ) 

V7) Hemic ryp"C.o!,':1ytic species : yes=1 , no =O 
(Vh•V .J: (+) •*; V7'.Nl1: ( - ) * ) 

VB) Geop~ytic SF ec i es : yes=1 ,no=O 
(V S,·\'4 : (+ l **; V8w\lll: (+) ** ) 

V9) S?ccies ' mean de ns1ty 
(V 9 ~o:\14 : (- ) *- ;V9•Nll : (+ ) ** ) 

V10 )Spec i e s' d ensi"C.y va riance 
(Vl()',N4: (- ) **; VlC)I.Nll: (+ ) ** ) 

'i, cho.nge of 1 
First- order from xy , z 

?art.ial T mac;~itudE o : T 
xy 

- 0. 115 - 8 . 65 

- 0. 158 25.71 

- 0 . 115 - 8 . 65 

- 0 .135 7 . 30 

- 0 . 06 5 - 48 . 65 

- 0 . 1 20 -5.08 

---------------------

- 0 .11 2 - 12 .06 

- 0 . 177 39 . 76 

- 0. 112 -1 2 . 06 

- 0 . 14 6 14.92 

- 0.073 -4 3 .1 0 

- 0 .120 - 5.4 0 

---------------------

- 0 . 181 -7 .62 

- 0 . 206 1 2 . 22 

- 0 . 181 - 7 . 62 

- 0 .175 -1 3 . 02 

- 0 .201 9. 3 7 

- 0 . 158 - 26 .59 

- 0 .161 - 24.21 

"" w 



Table 9.--Continued 

;;:,:a riar. e pai r 

VJ) S~e~~es ' mea~ d e nsity 
"n' l. ::: 

V! O) 5TLC i e s ' dens ity va ria nce 

V9 ) ~?ecie s ' m ea ~ dens i t y 
~ i ~ ~ 

Vl!) S?P~ i ~s · mea n % c ove r a g e 

V9 ) Spe cies ' mea n density 
wit~ 

Vl 2) Species' % c ove rag e varia nce 

VlO ) Sp ecie s ' densi t y va r i anc e 
\\': t~ 

v:l l S ? ~~ : es ' ~ea n% c ove rag e 

Vl O) Spec ies ' cen sity varianc e 
.. .- i th 

Vl~) Species • % coverage variance 

-----------------
\ 'l l ) Spec i es ' ~ea~ \ c ov e rag e 

\":..r.h 
\11 2) Sp ec i e s ' % cov e rag e varia nce 

Ze r o - orc e :::- .-

0 . 866 ** 

0 . 3 50 ** 

0.172** 

0.3 09 ** 

0.166** 

0 .4 53 ** 

Con tro lled for 

V4 ) Pe renn ial speci cs : yes=l , no =O 
(V-h:Vl O: (- ) **; V4 wVll: (- ) * *) 

\19 ) Spec ie s ' mea n density 
(V91vV ll: (+) **; V9wV l 2: (+)* " ) 

Vl O)Speci e s ' density var iance 
(Vl Q..,V l l : (+ ) ""; VlOwV12: (+) ** ) 

** 1x y highly significan t ly diff e rent from z ero (P < 0.01 ) . 

*Txy signifi c a ntly d i ffere nt from zero (? < 0 . 05) . 

::s Txy not s igni ! i can tly d iff e ren t from zer o . 

(+ ) x a nd y ar e po s i t i vely corr elated . 

(- ) x and y are negative ly cor r e la ted. 

-...· wi t h 

F i :::- sr. - orde r 
pa rr. ic.l .-

0 . 292 

0 . 425 

().08 

% cha~g e o~ 7x~ .z 
frc:-:1 · 

rr.a gn i tuC.e c: \:-y 

<::cs .o 

<::s.o 

<±5 . 0 

- 5 . 5 0 

<±5.0 

-6. 11 

-5. 54. 

The basic i nf ormation inherent within thi s biva riate relationsh ip has already been fo~nd to be r ep r e sented by 

t hi s facto; a nd discussed as such. 

0"\ 
~ 
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all woody species found were classed as being perennial (but 

not vice versa), V4 and VI are positively correlated. Tviv9 

indicates that the more woody species present, the less will 

be any other species' (herbaceous species) density. Most 

woody species seen in the field were usually larger plants 

than the numerous herbaceous species seen. It was also 

often noted that when a few woody plants were located within 

a quadrat, little room was left for other plants. When 

woody species were nearly or completely absent, the area 

was often occupied by many herbaceious species. Space 

competition is being pointed to as an important agent in 

the understory. 

Looking at ^4^9.^2' control of herbaceous 

species is seen to increase the correlation of perennial 

species and species' mean density. This is because of 

Tv2v4: greater the number of herbaceous species, the 

greater the number of perennial species, because all 

herbaceous species found in the no treatment area were 

perennial. It is interesting to note that controlling for 

the number of herbaceous species leaves essentially only 

woody species to be correlated with species' mean density 

and since the correlation between V4 and V9 becomes stronger, 

space competition is again pointed out. 

Because all phanerophytic species were denoted as 

woody (and vice versa), Tv4vg>v5 is identical to t 4 g>yl. 

Also, since all hemicryptophytic species were classified as 
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herbaceous, 'y^jyg.yy supplies virtually the same information 

as TV4Yg.y2 ̂ though the coefficients are numerically 

different. 

The large change from when species' mean % 

coverage is controlled can be partially explained by noting 

that as a species' mean density increases, the species' mean 

% coverage increases. In other words, as the mean density 

of species X increases, the mean % coverage of species X 

increases. The change is also due to the negative correla

tion between species' mean % coverage and perennial species: 

as a species' mean % coverage increases, the number of other 

species present declines. Since the correlation between 

perennial species and species' mean density is more or less 

wiped out when species' mean coverage is controlled, V9 can 

be justifiably considered an intervening variable in this 

particular correlation and hence is only expressing the 

relationship of species' mean % coverage through itself when 

the variable species' mean % coverage is not explicitly 

being dealt with. The relationship of V9 and V10 with Vll 

will be examined more fully shortly. Regardless, space 

competition is again highlighted. 

The meager change resulting from holding species' % 

coverage variance constant results from TV9y^2: w^t^1 an 

increase in any species' mean density, an observer in the 

field would expect to find more and more differently sized 

(at least in horizontal dimensions) plants belonging to that 
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species in any series of unit areas. Thus, if a mean of 

only three species X plants are found in a series of 

quadrats, the plants will probably be about the same size in 

horizontal dimensions from quadrat to quadrat. If a mean of 

300 members of species X is found in a series of quadrats, 

the plants belonging to species X will probably be greatly 

assorted in size from quadrat to quadrat. The undertone 

here can be seen to be one of space competition. 

Perennial Species Correlated With Species' Density 

Variance association simply expresses the 

probability that the greater the number of species present 

in a series of unit areas, the less is the variability of 

the numbers of individuals belonging to each species, from 

unit area to unit area. For example, if a total of four 

species are observed in a series of quadrats, the number of 

plants of each species present in each quadrat will vary 

relatively greatly from quadrat to quadrat. If 4 0 species 

are present, the number of plants of each species present in 

each quadrat will probably vary relatively litte from 

quadrat to quadrat. 

The decreased correlation of t^4Vio*V1 aS comPared 

to Ty4Vig âs alreadY been partly explained. What has not 

been mentioned is the negative correlation between woody 

species and species' density variance. This relationship 

signifies that as the total number of woody species 
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decreases in a series of unit areas, the variability of the 

number of plants found belonging to all other species, in 

general, increases. This makes sense because, for instance, 

species z may be represented in five quadrats by 1, 29, 0, 

50, and 15 plants, respectively; species Y by 0, 0, 0, 0, 

and 100, respectively; and so on for other species when 

there are few or no woody plants occupying the space. When 

woody plants are present in larger numbers there is limited 

space for other species and thus each species is probably 

usually represented by low numbers of individuals or not 

represented at all. For example, 3, 4, 2, 9, and 0 for 

species Z; and 20, 0, 9, 10, and 7 for species Y. This 

incurs little or no variance for the majority of the species 

involved. 

Regarding the controls V2, V5, and V7, the inter

action expressed by Ty4yiQ*V2 was essentially discussed 

earlier as was the information extractable from Ty4viQ.v5 

(since V5 = VI) and tv4v10.v7-

Looking at t
V4Vio*V11 one sees that> because of the 

low partial correlation coefficient, species' mean % 

coverage is apparently being expressed through the variable 

species' density variance in this relationship (i.e., 

tV4V10^ as was seen to ke expressed through the variable 

species' mean density in the association denoted by TV4V9" 

This implies that mean % coverage is a more important or 

more informative measurement than species' mean density or 
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species' density variance. Examination of Table 4 also 

suggests this to be the case because Vll is correlated with 

everything V9 and V10 are, plus Vll has low rank correlation 

coefficients, although statistically significant, when 

paired with variables (e.g., V7 and V8) that neither V9 or 

V10 are correlated with. This suggests that the species' 

mean % coverage variable measurements are more sensitive in 

finding these relationships and that density measurements 

are merely a somewhat secondary way of expressing % 

coverage. 

The previous being the case, TviOVll Can ^-nter~ 

preted in the same fashion as ^as been interpreted. 

That is, as the mean % coverage of a species increases over 

a number of quadrat series, the variability of the number 

of individuals belonging to that species becomes greater 

between each quadrat in each series. As an example, in 

three series of three quadrats each, when the mean % 

coverage of species X increases, the numbers of species X 

individuals will be similar in each quadrat in the series 

with the low % coverage, more different from quadrat to 

quadrat in the medium mean % coverage series, and very 

different in each quadrat of the high mean % coverage 

series. This rather complicated relationships is obviously 

an expression of understory space competition. 

The information available from _ is given 
V4V10-V12 ^ 

by t
viqyi2* coefficient can be interpreted to mean 
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that as the variability of the horizontal size of species X 

individuals increases over a number of quadrat series, the 

variability of the number of members belonging to species X 

also increase. For instance, when the variability of the 

number of species X plants is found to be high between 

quadrats, say 5, 100, and 170 individuals in each of three 

quadrats, respectively, the variability of the horizontal 

size of the plants from quadrat to quadrat will also be 

great, say large, medium, and small plants, respectively. 

The implication of space competition is very strong in this 

relationship. 

Perennial Species Correlated with Species' Mean 

% Coverage • This correlation has been previously 

discussed. The information contained within the partials 

also have been partly examined. The relationships not yet 

mentioned are T V 1 V 1 1 ,  T
V 5 V 1 1 '  T V7V11' TV4V8' TV8V11' A N D  

TV10V11* 
TV1V11 P°^-nts out that the number of woody species 

is negatively related to other species' mean % coverage. 

That is, the more total woody species present in a series 

of quadrats, the less mean % coverage will be demonstrated 

by each non-woody species present. 

T,iCii11 is identical to T„,„, , since VI is V5V11 V1V11 

equivalent to V5. 
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rV7Vll ;'-n^:'-cates that as the number of hemicrypto-

phytic species increases in a number of series of unit 

areas, the mean % coverage of each non-hemicryptophytic 

species present decreases. 

rV4V8 shows that since all geophytic species found 

are perennial, as the number of geophytic species increases, 

so does the number of perennial species. 

TV8V11' Tvlvll' TV5V11/ an<^ TV7Vll' P°^nts 

out that when a large number of geophytic species are 

present in a series of quadrats, the mean % coverage of each 

other species present in the series is also high. This 

apparent contradiction to the space competition idea so far 

presented can be cleared up by noting that, in the field, 

geophytic species were consistently observed to be in 

overlapping positions with themselves, especially, and 

occasionally with other life form species in the understory. 

For example, it was not unusual to find three or four 

species storied. Thus, it is possible to compute total 

plant cover for small areas as being greater than 10 0%, 

giving rise to relatively high mean % coverages for most 

species present. Life form species other than geophytes 

were not as consistently involved in storying. In fact, 

other life forms were more often than not free from storying 

involvement as evidenced by Tygy^i ant* Tv7Vll' Geophytic 

species will be discussed again when Factor IV for no 

treatment is examined. 
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Species' Mean Density Correlated With Species' 

Density Variance (TV9VIQ) * correlation translates to 

signify that when a species' mean density is high in a 

series of quadrats, the variability of the number of plants 

belonging to that species is great from quadrat to quadrat. 

The converse is also true. To exemplify, if the mean 

density of species X is 100 plants/quadrat, each quadrat 

within the series from which the mean was taken will 

probably contain a widely divergent number of species X 

individuals. If the mean density of species X is 10 plants/ 

quadrat, each quadrat within the series from which the mean 

was derived can be expected to contain about the same number 

of species X plants. 

TV9V11' TV9V12' TV10V11/ afld TV10V12' These 

correlations have been previously discussed. 

Species' Mean % Coverage Correlated With Species' 

% Coverage Variance " T'ie ^-ast relationship to be 

examined in determining the meaning of Factor II infers that 

when a species' mean % coverage is high, that species' % 

coverage variance can be expected to be high and vice versa. 

This relationship falls in line with the others presented 

during the examination of Factor II by implying space 

competition among understory plants. 
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Summary of Factor II Interpretation. Relying on the 

knowledge gained by examining Factor II, a field observer 

would expect to see the following in a southwestern P. 

ponderosa forest like the one studied: as the number of 

different species seen in a series of quadrats increases, 

the density of any species X decreases, the numbers of 

woody species, herbaceous species, phanerophytic species, 

and hemicryptophytic species all increase, the mean % 

coverage of species X decreases, as does the variability of 

the number of plants belonging to species X and the varia

bility of the amount of ground covered by species X. 

Since this overall picture is rather complicated, it 

will be repeated in opposite fashion for the convenience of 

the reader: as the number of different species seen in a 

series of quadrats decreases, the density of any species X 

increases, the numbers of woody species, herbaceous species, 

phanerophytic species, and hemicryptophytic species all 

decrease, the mean % coverage of species X increases, the 

variability of the number of plants belonging to species X 

increases, and the variability of the amount of ground 

covered by species X increases. 

A sidelight to the main information extracted is 

that as the number of geophytic species increases in a 

series of quadrats, the number of species present in the 

same series increases and the mean % coverage of any species 

X increases. This is obviously true to only a limited 



extent, for a point must be reached where the number of 

species present precludes any of them having a high % 

coverage. However, when this point is reached, the analysis 

implies that geophytic species are no longer involved and 

the understory vegetation returns to behaving in accord 

with the overall scheme. 

Another matter of interest to be identified in 

Factor II is that measuring % coverage may be superior in 

some instances to measuring plant density. 

Referral back to Table 6 shows that Factor II 

generally depicts most of these relationships. This is 

evidenced by each variable's positive or negative loading 

on the factor. Although VI, V2, V5, and V7 do not load 

heavily on Factor II, they have been employed to help 

explain Factor II. This probably was not necessary (and 

violates factor orthogonality), for V4, which loads heavily 

on Factor II, would have been sufficient to give information 

on how the number of species interact with other variables. 

The heavily loaded variables V4, V9, V10, Vll, and V12 

definitely define Factor II. Geophytic species load in 

accord with the main variables (i.e., positive, although 

lightly) instead of behaving as its companion variables 

(VI, V2, V4, V5, V6, and V7) do which load negatively. As 

Table 6 shows, V8 will be encountered again in Factor IV. 

The relationships shown to constitute Factor II 

point toward space competition as being important in the 
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understory. The apparent objection is that as the number of 

geophytic species increases, species' mean % coverage also 

increases. However, since the traditional two-dimensional 

method of gathering % coverage data numerically allows two 

plants to be in the same place at the same time (e.g., when 

different plants are storied), and, as will later be shown 

in Factor IV for no treatment/ since geophytic species were 

not found consistently with other life forms, but rather 

with themselves, it can be assumed that this correlation is 

not a true contradiction. 

As a consequence of all the results presented, 

Factor II can be named the Space Competition Factor. Al

though the thought of using the word 'niche' in the name 

was entertained, since I did not measure all, or even many 

of the variables {e.g., nutrients, radiant energy, pre

cipitation) inherent within the niche concept, but instead 

concentrated on spatial components (e.g., density and % 

coverage), I feel that the title Space Competition Factor 

is more appropriate than Niche Competition Factor. 

Factor III (Slope-Aspect-Fuel Factor) 

As reported in Table 6, most of the variables that 

load heavily of Factor III are fuel variables. Complete 

interpretation follows. Table 10 contains all the correla

tion coefficients relevant to this section. 



Table 10. Ex aminatio n , via Kendall's rank partial correlation, of Factor III for 
no treatment. 

B: variate pair Ze r o - orde ::: 

V6) Chaoaep~yt ic species:yes=l , no=O 

.... ,it h - 0. 083 * 

Vl8) Ov~ rstory basal area 

v:;,3) t slope 
..... i t h 0. 34 8** 

Vl 4 ) Semic ircular a spect 
-------------------

Vl3 ) <,; slope 

v.' ~ t.h -:- 0 . 264** 

VlS) . />lean 01 depth 

-------------
Vl3) % slope 

wi th - 0 .319* * 
Vl6) ~l ear: 02 depth 

Vl3) % slope 

..... i th - 0 .4 33* * 

Vl6) Overstory basal area 

Vl4) s~"icirc ul ar aspect 

"'' i th - 0 . 389 ** ----
Vl5 ) Mean 01 d ep t h 

Controll e d fo r 

Vl3) 'i. slope 
( Vl3·~·V6:ns;Vl3wV18 : (- )* * ) 

Vl4)S€~i circul ar a spect 
(Vl4\..•V6 :ns ; VHwV)6 : (- ) ** ) 

V l S)Mea~ Ol d cp~h 

( V l Sw'J 0 : n ~.; ; V l 5·~·'!18 : ( + ) * * ) 
Vl6 )~ca~ 02 dep th 

(VlG·.J\16 :n s ; VlE:~•Vl8 : (+ ) ** ) 
VJ7 )Grounc fu e l >2 j r:che s in diame ter 

(Vl7v..V 6 : ns;V l7wVl 8 : ( - ) ** ) 

Vl5 ) Mea n 01 d epth 
(\'l5wVl3 : (- ) **;VlSw\114: (-J **l 

Vl~ )s~~ic: rcula r aspect 
' (Vl4w\ll3 : (+ ) h; Vl<1\.:Vl5: (- ) ** ) 

Vl6 ) Mc a n 0 2 depth 
( v 1 6·~·v 13 : ( - ) * * ; v l 6wV 1 5 : ( + ) * * ) 

Vl8)0ver s t.ory basal area 
(\11 8.,.,·\' 13: (- ) **; Vl8· • ..vl5 : (+) ** ) 

VlS )Mcan 01 dep t h 
( vl s, ... v 13 : <- J * * ; v1 s .... ·v 16 : ( + J * * l 

Vl 8)0verstory basal area 
(Vl8 ·~·\ll3 : (- ) ** ; V)81·:Vl6 : (+) ** ) 

Vl4)S emici rcular aspect 
(\'l4·~·V l3: (+ ) **; Vl4.,.,·V l8 : (- ) ** ) 

VlS )Mcan 01 d ep th 
(Vl5wVl 3: (- ) ** ;Vl)·,;'Jl8 : (+) ** ) 

Vl6 )Moan 0 2 depth 
(V l6,,•Vl3 : (- ) **; VlfM\118 : (+ ) ** ) 

Vl3)% s l ope 
(Vl3.,.,•Vl4: (+ ) **;Vl 3wVl 5 : (- )** ) 

Vl6)Mean 02 depth 
( v l 6 .... ·vl4 : n s ; v l 61"V 1 5 : ( + ) * * ) 

Vl7 )Ground f ue l >2 inches in diame ter 
(Vl7wV14 : (+)** ;Vl7wV15 : (+)H) 

Vl8 )0versto r y basal area 
(Vl8"'•Vl4: (- ) **;V l8wV15 : (+ ) ** ) 

F i rs t - o rder 
'i. c hange of T 

:::-om x y , z 

partia l 1 rnas~itude of Txv 

- 0 . 067 - 19 . 28 

- 0 . 090 8.3 1 

- 0 . 063 - l 7. 7l 

- 0 . 067 - 19 . 28 

- 0.092 10 .60 
---------------------
0.276 - 20.69 

---- ------ - ----------

- 0. 149 - 43 . 75 

- 0 .147 - 44 . 24 

- 0 . 1 67 - 36.70 

- 0 . 235 - 26 . 30 

- 0 . 227 - 28 . 61 
-----------------

- 0 . 367 -1 7 . 09 

- 0 . 400 - 9 . 71 

-:- 0 . 389 - 12 .19 
---------------------

- 0.32 9 - 1 5.48 

- 0 . 409 5.22 

- o; 412 5 . 96 

- 0.328 -1 5.68 

-.....] 

0"\ 



Table 10.--Continued 

It cr.ange of T 
x y ,z 

?irs t - order froiTl 

3j \· .:l:-i.= t e p..::.i r Ze r o- croc r T Cont r o ll e d f o r part i a l T mas n i t uce of Tx v 

Vl4) Sa-r. icir.:;.;lar aspect 

\v i:. :1 - 0 . 342 ** 

Vl 8) Ov e rsto ry basa l ar ea 

Vl 3)% s l o?e 
(Vl3Y-·Vl 4 : (+ ) *- ;V l 3wVl8 : ( - ) *" ) 

Vl5 ) Mean 01 depLh 
(V15":'!l 4: (- )* * ;VlS·,;\'18 : (+) ** ) 

Vl7) ~rou~~ ~u e ! >2 i nches in diame:er 
(Vlh·\'1-i : ( + ) *- ; Vl7 ·~·V~8 : ( - ) h ) 

------------------------------------------------------------------------ -
Vl5) Mean 01 ~ ep th 

~ith 

Vl6 ) Mea~ 02 dep~ h 

VlS) ~ l ean 01 depth 

... i ::!l 

Vl8) Ov e rsto r y basa l area 

Vl6 ) Mean 02 depth 

y.·it!l 

VI S ) Overstor y basal area 

0 .432 ** 

0. 26 9** 

0 . 278 ** 

Vl3)'l. sl ope 
(V:3-..·\' 25 : (- ) **; Vl3w\'l6 : (-) ** ) 

V18)0verstory ha sal ar ea 
(Vl 8y.·\'l5 : (+ ) ** ;Vl S•.:Vl6 : (+) ** ) 

Vl3 )% slope 
(Vl 3·,,'..'l5: (- ) **; Vl3 •!V l 8 : ( - ) ** ) 

Vl4 )S cmic ircula r ~ spect 

(Vl!JI,·'vlS : ( - ) ** ;VJ-~wV lS: (-) ** ) 

Vl 6)Mean 02 dep t h 
VlGI,\115: (+) **; Vl61·:Vl 8 : (+ ) ** ) 

Vl7) Gr ound fu e l >2 i nches i n d iame ter 
(Vl71v\!l5 : (+) **; Vl7Y-•V1 5 : ( - ) ** ) 

Vl3)% s l ope 
(\1131·:\'16 : (- ) **;Vl3wVl8 : (- ) ** ) 

Vl5)~ean 01 depth 
(VlS"·Vl6: (+ ) *"; Vl5-..·Vl8: (+) ** ) 

Vl7)Ground fuel >2 inches i n di ame t er 
(Vl7wVl6: (+ ).**; Vl7v:Vl8: (- ) ** ) 

** Txy hig~ly s ignificantly d if f e r ent from ze r o (? < 0 . 01 ). 

*Txy sig nificantly different from zero (P < 0 . 05 ) . 

ns Txy not signif icantly different from zero. 

(+ ) x and y are p s oit ively correlated . 

(- ) x and y ar e nega tiv e ly correlated . 

with . 

- 0 . 224 - 34.50 

- 0.268 - 21 .73 

- 0 . 322 - 5. 99 

-------------------
0 . 381 ..- 11. 78 

0 . 387 - 10 . 53 

------------------
0 . 177 - 34 . 35 

0 . 15 7 - 41.49 

0.172 - 35 .91 

0 . 303 12 . 68 

------------------
0 . 161 - 42.19 

0. 186 -33. 24 

0 .332 19 .53 

The basic ir.fo~a tion i nherent wi t hin this biva riate relationsh ip has already been foun d to be represented by 

this f acto r a nd discu ssed a s such . · 

-.....) 

-.....) 
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Chamaephytic Species Correlated ~With Overstory Basal 

Area (TV5y^g)• Although only two chamaephytic species were 

seen (i.e., Houstonia wrightii and Astragalus tephrodes), 

they were found often enough to make their presence slightly 

felt. With increasing overstory basal area, hence with more 

and larger trees, the number of chamaephytic species de

creases . 

Going onto the partials, no control changes Tvgy^g 

much. It can also be noted that any change that does occur 

is always brought about by the interaction of V18 with the 

respective control. Hence, the rest of the information in 

this subsection (T.T/.T7-0) will deal with overstory basal 
Vbvlo 

area interactions. 

XV13V18 ̂ nĉ ĉa',::es that the steeper the slope, the 

fewer large trees are established and vice versa. r,,,.,,,. 3 V14V18 

infers (see Figure 5) that the greatest overstory basal area 

exists on the more mesic aspects and vice versa. xvi5vi8 

and su99est that the largest amounts of 01 and 02 

litter are found under the largest trees and vice versa. 

0 points out that most of the ground fuel >2 inches in 
VI / V J,o 

diameter is found under the smaller trees and that litter 

is found under stands of large trees. This makes sense 

when one considers that, on the average, there is a rela

tively large amount of pruning and tree mortality, both due 

to competition, in stands of small trees (e.g., dog-hair 

thickets) as compared to stands of large trees. These 



relationships are all straightforward and thus will not be 

exemplified. 

% Slope Correlated With Semicircular Aspect 

^TV13V14^' This correlation is interesting in that it 

points out some possible bias within the overal experiment. 

It indicates that most of the steep slopes used in the 

experiment coincidentally have a xeric (SW) aspect. This 

bias seems minor because its effect cannot be found in'any 

of the correlations. 

Although Ty;L3vi4.does not really signify much, 

the interactions of the control with each variable in the 

basic pair are interesting. Tvi3vi5 indicates that a 

shallower 01 soil horizon is usually found on a steep slope 

than on a gentle slope. This is consistent with the 

knowledge that the greatest amounts of 01 litter occur under 

the largest trees and that large trees are not generally 

found on steep slopes. Tvi4V15 a-'-so consistent with the 

information so far presented for Factor III. It states that 

the deepest mean 01 soil horizon depths are generally 

located on the more mesic slopes. And, as already mentioned, 

the largest trees, from which fall the greatest amounts of 

leaves, are located on the more mesic slopes. 

No doubt erosion also plays an important role in 

limiting 01 and, as will soon be shown, 02 horizon depth. 



80 

It probably also acts to inhibit establishment and vigorous 

growth of plants, including trees. 

% Slope Correlated with Mean 01 Depth • 

Although this relationship has just been discussed, more 

information is available by looking at the variable inter

actions which cause more than a 5% change in TV13V^5 when 

other variables are individually held constant. 

TV13V16 evidence that as the slope becomes 

steeper, a more shallow 02 soil horizon is most often found 

and vice versa. This falls into line with the knowledge 

that deeper 02 soil horizons are usually located under large 

trees and that large trees are relatively rare on steeper 

slopes. 

indicates that mean 01 soil horizon depths V15V16 

and mean 02 soil horizon depths vary in a positive sense 

with each other. 

Semicircular Aspect Correlated With Mean 01 Depth 

(Tyi^Vig). The only new information here is located within 

the control interactions with the base variables. 

TV14V17 P°̂ nts out that greater amounts of ground 

fuel > 2 inches in diameter are most often found on xeric 

aspects rather than on mesic aspects. This is not sur

prising for more small trees are found on xeric aspects 

rather than on mesic aspects and it has already been shown 

that more ground fuel > 2 inches in diameter is usually 
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found under stands of small trees than under stands of large 

trees. 

The correlation Tv^5yi7 quite interesting because 

it appears to be inconsistent with the rest of the informa

tion linked to Factor III. It suggests that more 01 litter, 

on the average, is found as the amount of ground fuel> 2 

inches in diameter increases. But, as already stated, a 

large amount of 01 litter is usually found under large trees 

and a large amount of ground fuel> 2 inches in diameter is 

usually found under groups of small trees. As evidenced by 

TV16V17 ^at t*10 end °f Table 10) , the same apparent contra

diction occurs when mean 02 depth is correlated with ground 

fuel >2 inches in diameter. It turns out, however, that 

these correlations are not contradictions, but rather, 

exceptions. Ground fuel > 2 inches in diameter was not 

always found to be abundant in the field, but when it was, 

there was enough of it, and had apparently been enough of 

it in the past, to increase the mean depth of 01 and 02, via 

decay processes, in the 1/50 acre plots where it was 

located. Consequently, although most of the ground fuel > 2 

inches in diameter is found under stands of small trees 

(which are often on xeric aspects and steep slopes) and the 

greater mean 01 and 02 depths are under stands of large 

trees (which are usually on mesic aspects and gentle 

slopes), when ground fuel > 2 inches in diameter is abundant, 

the mean 01 and 02 depths are high. When the amount of 



82 

ground fuel> 2 inches in diameter is low on xeric aspects 

and steep slopes, the relationships return to the main 

scheme and mean 01 and 02 depths are usually found to be 

low. 

The remainder of Table 10 presents partials whose 

information has essentially be removed. 

Summary of Factor III Interpretation. The results 

of the examiantion of Factor III are very reasonable and 

can be summarized as follows: with an increase in over-

story basal area, the presence of H. wrightii and A. 

tephrodes becomes more rare, the % slope is found to be low, 

the aspect is noted as being more mesic, and mean 01 and 02 

soil horizon depth both increase. In addition, ground fuel 

> 2 inches in diameter decreases with increased overstory 

basal area, is found principally on the steeper slopes and 

on the more xeric aspects, but when enough ground fuel> 2 

inches in diameter is present, mean 01 and mean 02 soil 

horizon depths are high. Otherwise, the 01 and 02 depths 

are normally low under these conditions. 

Referring to Table 6, the reader can see that each 

variable mentioned during the examination of Factor III 

loads accordingly (i.e., positively or negatively) on this 

factor. Since V17 loads negatively, it can be assumed that 

this variable's normal relationship with the other variables 
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is more important or prevalent than its exceptional inter

relationship with V15 and V16. 

As suggested when Factor I was examined/ V17 is not 

well placed in the FY matrix. Since its interactions' with 

V15 and V16 are exceptional and it loads so lightly on 

Factor III, it may belong in another dimension which has not 

been adequately accounted for by this factor solution. The 

placement of V6 may also be an example of ill-expressed 

dimensionality since its heaviest loading (on Factor IV) is 

very light in comparison with the heaviest loadings of most 

other variables. 

An appropriate name for Factor III is Slope-Aspect-

Fuel Factor since this factor signifies the important inter

actions between slope, aspect, and debris in a P. ponderosa 

understory. 

Factor IV (Life Form Competition Factor) 

This factor deals primarily with hemicryptophytic 

and geophytic species (see Table 6). All the coefficients 

pertaining to the examination of this factor are presented 

in Table 11. 

Chamaephytic Species Correlated with Hemicrypto-

phytic Species (Tv6v7). Recalling that only two chamae

phytic species, H. wrightii and A. tephrodes, were found in 

the field, this correlation can be translated to mean that 

as the number of hemicryptophytic species decrease, the 



Table 11. Examination, via Kendall's rank partial correlation, of Factor IV for 
no treatment. 

First-order 
% change of 7 

from 
Bivariate pair Zero-order T Controlled for partial ' magnitude of T 

xy 

VI) Woody species:ycs=l,no=0 
(VlwV6:nS;VlwV7: f-)**) -0.233 44.01 

V2) Herbaceous ?pocies:yes=l,no=0 
V6) Cha^aephytic species:yes=l,no=0 

V4) 
(V2wV6: (+) *;V2vV2.-±<-y*^) 
Ferer.nial species:yes=l,no=0 

-0.281 73.21 

with -0.162** 
V5) 

{V4wV6: ns; V-JwV7: (+)**) 
Phanerophytic species:yes=l,no=0 

-0.181 11.48 

V7) Heraicryptophytic species:yes=l,no=0 
va) 

{V5wV6: nS;V5wyj7:l~>*0 
Geophytic species:yes=l,no=0 

-0.233 44.01 

{V8wV6:ns;VSwV7: [-)**) -0.225 36.70 

VI) Koocy species:yes=l,no=0 
V7) Heaicryptophytic species:yes=l,no=0 

V2) 
JVlwV7j_;VlwVS: (-)**) 
Herbaceous species:yes=l,no=0 

-0.773 46.70 

with -0.527** 
V4) 

iV2wV71(i)l*;V2wVB; (+)") 
Perennial species:yes=l,no=0 

-0.937 77.78 

V8) Geophytic species-.yes=l,no=0 
V5) 

(V4wV7: (+)**,-V4wV8: (+)**) 
Phanerophytic species:yes=l,no=0 
_{y5wV7^_M^*jV5wV8: (-)**) 

-0.592 

-0.773 

12.26 

46.70 

**T highly significantly different froa sero (P < 0.01}. 
xy 

*TXy significantly different from zero {? < 0,05). 

ns T not significantly different froa zero. 
xy 

{+) x and y are positively correlated. 

C-) x and y are negatively correlated. 

w with. 

The basic information inherent within this bivariate relationship has already been found to be represented by 
this factor and discussed as such, 

The basic information inherent within this bivariate relationship has already been found to be represented by 
Factor I and discussed as such. 
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appearance of H. wrightii and A. tephrodes becomes more 

probable. 

Examining the partials, it can be seen that con

trolling for the number of herbaceous species increases the 

strength of Tvgv^ greatly. This is an artificial increase 

because all chamaephytic and hemicryptophytic species found 

were called herbaceous and since most plant species observed 

were classified as being herbaceous/ setting V2 constant is, 

in effect, setting V2 equal to a high numerical value. The 

chance of H. wrightii and A. tephrodes being present when a 

large number of herbaceous species are present is then, of 

course/ great, as denoted by the positive TV2v6 

Tv4v7 simply signifies what has repeatedly been 

pointed out: since most species found were classed as 

perennial, an increase in the number of perennial species 

gives an increase in hemicryptophytic species. This is 

especially true because most of the species being dealt with 

were categorized as being hemicryptophytes. 

T _ „ signifies that as the number of hemicrypto-
V / Vo 

phytic species increases, one can expect a decrease in the 

number of geophytic species seen. This correlation is 

evidence for the statement made while examining Factor II 

that geophytic species usually associate with themselves 

and not with other life form species. 
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Hemicryptophytic Species Correlated With Geophytic 

Species (TV7Vg)• Only the explication of the reasons for 

the partials being different from TTI_TTO provides new in-
V /Vo 

formation here. 

As suggested by Ty3.v8' t^le more woody species 

present in a quadrat, the fewer geophytics species will 

probably be present in the same quadrat. This is because 

none of the woody species seen were classified as geophytes 

and the woody species were found to take up a large amount 

of space. 

TV7V8*V2 much stronger than Tv7vg 

for the same reasons that xtI/-Tr_ is stronger than : 
V6V7*V2 V6V7 

holding V2 constant thus, numerically high, increases the 

probability of finding hemicryptophytic species (as 

expressed by TV2v7^ an<^ 9e°phytic species (as denoted by 

TV2V8* * 

Since all the plant species located in the no treat

ment area were found to be perennial, points out that 

the more perennial species present, the greater the chance 

of finding geophytic species. 

Summary of Factor IV Interpretation. When a large 

number of hemicryptophytic species is extant, the chance of 

observing H. wrightii and/or A. tephrodes is low, many 

herbaceous perennial species are present, few woody species 

are seen, and few geophytic species can be found. 
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Variable loadings on Factor IV (Table 6) agree 

except for VI and V5. However/ since these two variables 

load very heavily on Factor I, this discrepancy is of no 

consequence because the two variables belong in Factor I. 

When the information from Factor IV is combined 

with the storying information of Factor II, it is reasonable 

to conclude that storying, primarily by geophytic species, 

definitely occurs. Extrapolating this information to 

conclude that various growth habits or life forms often 

interact in a manner as to somewhat circumvent direct 

spatial competition by being adapted to assume different 

spatial habitats obliges Factor IV to be named the Life 

Form Competition Factor. 

Residual Information 

By looking back to Table 4 the reader can find that 

the significant, negative correlation TV7yi2' icant, 

positive correlation TV^2V15' an^ highly significant, 

negative correlations TV^2V13 anc* TV12V14 ̂ ave so ^ar 9one 

uninterpreted. 

According to Ty7V^2 (Tak^e 4), one will usually 

find many hemicryptophytic species when the variability of 

the number, from quadrat to quadrat, of each species present 

is low. This is in line with the information so far pre

sented for the no treatment area. That is, when the mean 

% coverage of each species is low, one can expect low % 



coverage variance for each species ' ̂ ow mean 

density (Tv9vll)' and density variance {t Q̂v1^) of each 

species; and many hemicryptophytic species (since most 

species found were classified as hemicryptophytes); but few 

individuals of any one species. 

The eventual implication of Tti1 _ (Table 4) is 
VliiVlD 

that the more open areas under large trees support more 

cover than closed areas under small trees. This is because 

V12V15 weakly signifies that as the mean 01 depth becomes 

greater, the variability of the numbers, from quadrat to 

quadrat, of species X plants also becomes greater. 

In the same vein, the best way to interpret the 

correlations expressed by T
V^2V13 and TV12V14 t0 sta*-e' 

via implication, that the steeper, more xeric slopes, 

possibly because there is little overstory basal area 

(i.e., few trees of any size), support large understory 

plant communities and thus, because there are many species 

present and probably few representatives of each species, 

the variability of the number of plants belonging to each 

species is small from quadrat to quadrat. These relation

ships are an exception to usually finding rather large 

understory plant communities under large trees where the 

mean 01 depth is the greatest, as indicated by the main 

theme of all the results presented so far. 
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Factor Analysis of Controlled 
Burning Treatment 

Table 12 represents the R matrix for controlled 

burning treatment that was factor analyzed. Comparison on 

this matrix with the one in Table 4 shows that little was 

altered by the controlled burn. The treatment difference 

tests reported in Table 3 also indicate this. The main 

difference deals with V3, which was not present in the no 

treatment R matrix, and the variables dealing with fuel. 

The computed communalities for the controlled 

burning treatment shown in Table 13 are very similar to the 

ones computed for no .treatment (Table 5). As a result, the 

Fy matrix for the controlled burn can be predicted to be 

very like the one derived for no treatment. 

Comparison of Table 14 with Table 6 demonstrates 

that the two Fy matrices are very similar. The only 

apparent differences in the Fy matrix for controlled burning 

is the presence of V3, which does not load well on any 

factor, the shifting of V6*s shared loading from Factor Ill-

Factor IV to Factor II-Factor IV, and the movement and in

crease of V17's loading from Factor I to Factor III. 

Comparing Table 15 with Table 7 also provides 

evidence that the burning treatment had little effect on 

the system of variables being studied: the eigenvalues of, 

and per cent total variance accounted for by, each 



Table 12. Kendall's rank intercorrelation (R) matrix, with 2-tailed tests of 
significance, for controlled burning treatment. 

V1 V2 VJ V4 VS V6 V7 V8 V9 V10 Vll V12 V13 V14 VIS V16 V17 
VIS I -0.007 

ns 
0. 020 -0 . 013 0.025 -0.007 -0.016 0 . 014 

ns 
0 .015 -0. 004 0. 014 

ns 
-0 . 062 -0 . 037 

ns 
-0 . 342 -0 . 310 0.286 0.425 -0.247 ns ns ns ns ns ns ns . 

Rl pI PI PI 
Y17 I -0 . 028 0 . 006 -0.017 -0 . 024 -0.028 -0.015 -0 . 028 0 .041 0 .025 0 .009 -0.017 -0 .006 

PI 

0 .202 0 . 013 -0.271 -0.276 ns 

Vl6 I -0 . 017 
ns 

VIS I -0.024 
ns 

ns ns ns ns ns ns ns 

0 . 03.1 

"~ 
0. 005 0 .024 -0.017 0 .034 0 .025 -0 . 001 

ns ns ns 

0 .026 -0 . 024 0.016 -0 .024 
ns ns ns ns 

ns 

0.032 
ns 

ns ns 

0.020 -0 .001 
ns ns 

ns ns ns ns 
PI 

ns 
PI PI 

0 .004 0 .023 -0.033 -0 . 010 -0.457 -0 .287 0.283 
ns 

0.041 
ns 

ns ns ns 
PI PI PI 

0 .044 -0 .032 -0.036 -0 . 135 -0 . 131 
ns ns ns 

PI PI 
Y14 0 . 037 -0.045 -0 .022 -0 . 014 0 .037 -0.011 -0 . 011 -0.032 -0.011 -0 .028 0.051 -0.018 . 0.476 ns ns ns ns ns ns ns ns ns ns ns ns 

PI 
V13 I 0 .031 -0.031 - 0 . 049 0.009 0.031 -0.042 -0 .006 -0 .016 -0 .001 -0.018 -0.001 -0.050 ns ns ns ns ns ns ns, ns. ns ns ns 

V12 0 .043 -0 . 057 -0.016 -0 . 027 0.043 -0 . 021 -0 .057 0 . 020 0 .088 0.079 0.350 ns ns ns · ns ns ns ns ns ** • . •• PI PI PI PI PI 

Y11 I -0 . 131 -0 . 017 -0.057 -0 . 186 -0.131 -0 .046 -0.029 0 . 036 0.352 0.313 
•• ns ns ** ** ns ns ns *'* ** PI Pl PI PI PI PI 

m 1 -o .!l9 0 .040 - 0.024 -0 . 172 
ns ns •• 

-0.179 -0 .063 .. 
PI PI PI PI PI PI 

Y9 -0 . 149 0 . 016 -0 .035 - 0 . 165 - 0.149 -0 . 068 .. ns ns ** •• . 
PI PI PI PI PI PI 

0.030 
ns 
PI 

0 .008 
ns 
PI 

0. 028 
ns 

0.032 
ns 

PI PI 

0.893 .. 
PI 

V8 I -0 .1 81 0.228 -0 .036 0 . 125 - 0.181 -0.047 -0.572 
ns 

PI PI 

Y7 I -0.506 0. 636 0 . 009 

PI PI 

Y6 -0 . 042 0 .052 
ns ns 
PI PI 

YS 1. 000 -0. 796 .. .. 
PI PI 

ns 

-0 . 008 
ns 

-0 . 032 

"' 

PI Pl 
ns 
PI 

0.313 -0.506 -0.131 

PI 

0.029 
ns 
PI 

0.110 .. 
PI 

.. 
Pl 

-0.04Z 
ns 
PI 

PI 

PI 

V1) lioody spec i es :yes • 1,no=O 
V2l Uc r b d cc ou ~ spccie s: ye s=l .no•O 
V3 Annudl species:yes=l ,no=O 
V4 Pe re nn i dl spe cies :yes =l ,no=O 

ns 

VlO ) Speci es' density variance 
Vll) Species' mc~n ~coverage 
V12) Spe cies' %coverage variance 
V13) ~slope 
V14l SPm l c i r cu1 ar aspect 
VIS fledn 01 de pth 
V16 Hean 02 depth 

PI 

Y4 0.110 0.484 -0.292 

VSl Phdnerophytic spec ie s: ye s• l,no=O 
V6 Chall\d ep hytic spec i es :yes =1,no•O 
V7 Hemi cryptophytic species :yes =l,no•O 
V8 .Geoph,ytic species :yes =1, no=O 
V9)' S'Jieciu' roe an density 

V17) Ground fuel >2 Inches In d1a~~~eter 
V18 ) Overstory basal area 

PI Pl 

n -0 .032 0.040 
ns 111 

Y2 -0 . 800 .. 
PI 

.. 
PI 

•• 'xy highly signifi cdnt1y different from zero {P<O.Ol). * 'IQ' signific•nt1y different from zero (P<O .OS). 

~~ ~:{~;~ ~~~~~~~~~11s!!f~=~~l~ fn. zero. 
R[ Residual lnfomation (see text). 

PI 

\.0 
0 
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Table 13. Computed coiranunalities for the controlled 
burning treatment intercorrelation (R) matrix. 

Variable 
Computed 
communality 

VI) Woody species: yes=l, no=0 0.92715 
V2) Herbaceous species: yes=lf no=0 0.84706 
V3) Annual species: yes=l, no=0 0.00048 
V4) Perennial species: yes=l, no=0 0.11716 
V5) Phanerophytic species: yes=l, no=0 0.92715 
V6) Chamaephytic species: yes=l, no=0 0.01117 
V7) Hemicryptophytic species: yes=l, no=0 1.00982 
V8) Geophytic species: yes=l, no=0 0.62295 
V9) Species' mean density 0.83511 
V10) Species 1 density variance 0.81163 
Vll) Species' mean % coverage 0.17879 
VI2) Species' % coverage variance 0.03042 
V13) % slope 0.42111 
V14} Semicircular aspect 0.24614 
VI5) Mean 01 depth 0.14509 
V16) Mean 02 depth 0.46944 
V17) Ground fuel >2 inches in diameter 0.12730 
V18) Overstory basal area 0.37805 

a 
Iterative procedure stopped after three iterations 

because a communality exceeded one. 



Table 14. Factor (Fy) matrix for controlled burning treatment. 

Variable Factor I Factor II Factor III Factor IV 

VI) Woody species: yes=l,no=0 -0. 947123 -0. 09147 0. 00140 0. 05208 
V2) Herbaceous species: yes=l,no=0 0. 90099?* -0. 18084 0. 02561 0. 04381 
V3) Annual species: yes=l,no=0 0. 01527 0. 00096 0. 01508 -0. 00377 
V4) Perennial species: yes=l,no=0 0. 12960 -0. 30228a 0. 02535 0. 09135 
V5) Phanerophytic species: yes=l,no=0 -0. 95712a -0. 09147 0. 00140 0. 05208 
V6) Chamaephytic species: yes=l,no=0 0. 01775 -0. 06969 0. 03068 -0. 07114 
V7) Hemicryptophytic species: 

yes=l,no=0 0. 58493 -0. 17188 0. 02987 0. 79827a 
V8) Geophytic species: yes=l,no=0 0. 18837 0. 04874 -0. 01050 -0. 76484a 
V9) Species' mean density 

Species' density variance 
Species' mean % coverage 

0. 12391 0. 89898a 0. 04011 0. 09994 
VIO) 

Species' mean density 
Species' density variance 
Species' mean % coverage 

0. 15106 0. 879413 0. 06706 0. 10468 
Vll) 

Species' mean density 
Species' density variance 
Species' mean % coverage 0. 07597 0. 412983 -0. 04597 -0. 01878 

V12) Species' % coverage variance -0. 04340 0. 16683a -0. 00442 -0. 02613 
V13) % slope -0. 02608 0. 00891 -0. 64664a 0. 04696 
V14) Semicircular aspect -0. 04035 0. 01120 -0. 49190a 0. 04926 
V15) Mean 01 depth 0. 01977 0. 00869 0. 38011a 0. 01165 
V16) Mean 02 depth 0. 01572 -0. 02477 0. 68449a -0. 00778 
V17) Ground fuel >2 inches in diameter 0. 02611 0. 02732 -0. 35219a -0. 04281 
V18) Overstory basal area 0. 00702 -0. 03499 0. 61361a -0. 01633 

aThis variable loads most heavily on this factor. 

This variable shares its heaviest loading with at least one other factor. 
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Table 15. Per cent total variance accounted for by, and 
eigenvalue of, each factor in the controlled 
burning treatment factor (Fy) matrix. 

% total variance Cumulative % total 
Factor Eigenvalue accounted for variance accounted for 

I 3 .159 39.0 39. 0 

II 1. 951 24.1 63. 0 

III 1,778 21. 9 85.0 

IV 1.218 15.0 100. 0 



94 

respective factor in the two F-j- matrices are nearly 

identical in magnitude. 

To determine what few relationships have been 

changed by the fire, the results of the partial correlation 

analyses will now be reported. It is pointed out first/ 

however, that the primary concern of the comparisons between 

the controlled burning treatment factors and their re

spective no treatment factors is centered around the 

establishment, destruction, and reversal of variable rela

tionships and not small differences in the numerical values 

of respective correlation coefficients. Since two indi

vidually obtained data bases are being compared, the 

numerical values of respective coefficients, even though 

they may express interrelationships unaltered by the burn, 

are usually at least slightly different. 

Factor I (Woody-Herbaceous Factor) 

Table 16 presents the Factor I examination results. 

Comparing this table with Table 8 allows one to see that 

only one difference exists between them: the presence of 

perennial species interactions. The reason perennial 

species did not show up in the no treatment Factor I is 

because all the woody and herbaceous species in that data 

base are perennial. Consequently, controlling for perennial 

species essentially removes all data from the test and the 

correlation cannot be computed. With the inclusion of 



Table 16. Examination, via Kendall's rank partial correlat i on, of Factor I f or 
controlled burning treatment. 

Bivariate p air 

Vl) Woody species:yes=l,no=O 
with · 

V2) He rba c eous speci e s:yes=l , no= O 

Vl) Wo ody species : ye s= l ,no=O 
with 

VS ) Pha ne rophytic species : yes=l,no=O 

V2) Herbaceous species:yes=l ,no=O 
with 

VS) Pha nerophytic s p ecies : yes=l , no=O 

"'ero- order T 

-:0 . 800** 

1.000** 

-0. 796** 

Controlled for 

V4 ) P e rennia l species : yes=l , no=O 
(VlwV4: (+ ) **;V 2wV4: (+)**) 

V7) Hemicryptophytic species:yes=l , no=O 
(VlwV7 : (-)**;V2wV7: (+)**) 

V4) Yerennial specie s:yes=l,no=O 
(V2vJ\1 4: (+)** ;V 5wV4 : (+)**) 

V7) Hemicryptophytic species:yes=l,no=O 
(V2wV7 : (+ ) ** ;V5wV7 : (-) **) 

**T highlv significantly different from zero (P < 0.01). xy -

(+) x and y are positively correlated. 

(-) x and y are negatively correl ated. 

w with , 

F irst- order 
parLal T 

-0.97 6 

- 0 . 712 

- 0 . 976 

- 0.712 

IS chc.:-. ~ e of 
: :-o :n 

rr. as:~::.. :: ·.Joe: of 

22..23 

- ~ s . 58 

<=5. 0 

L- .:.. 71 

-.:. C .lO 

-~ The basic info~ation inheren t within t his bivariate r~lationship has already b een found to be represe~:: ea by 
this factor and discussed as such. 

T 
xy ,z 

l 
?'Y 

1.0 
U1 
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annual species in the burn R matrix Ty}.v2*V4 can 

computed. 

Interpretation of the relationships in Factor I 

yields that this factor is equivalent to the no treatment 

Factor I: the more herbaceous and/or hemicryptophytic 

species found, the fewer woody species will probably be 

found and vice versa. In either case, the number of 

perennial species will increase, because nearly all of the 

plants seen in the research area were perennial. 

As with Factor I for no treatment, Woody-Herbaceous 

Factor is an appropriate name for the controlled burning 

treatment Factor I. 

Factor II (Space Competition Factor) 

This factor (Table 17) contains only a few, but 

interesting, differences from the no treatment Factor II 

(Table 9). 

Perennial Species Correlated With Species' Mean 

Density (^4^9)' The very infrequent occurrence of the 

annual species Lepidium densiflorum in the burn area shows 

up as an obvious interaction here. indicates that the 
V3V4 

more perennial species present, the fewer annual species, 

or in this instance, L. densiflorum plants, are present. 

Looking further in the section of Table 17, 

one sees that the V12 interaction present in Table 9 is 

missing here. Now, comparing V12 in Tables 4 and 12, the 



Table 17. Examination, via Kendall's rank partial correlation, of Factor II for 
controlled burning treatment. 

Biv ariate pair Zero-order T 

V4) Perenn ia l species:yes=l,no=O 

Y.1i th -0.165** 

V9) Species' mean density 

V4) Perennial speciestyes=l,no=O 

with -0.172** 

VlO) Species' density variance 

V4) Perennial species :ye s=l,no=O 

with -0. 186** 

Vl l) Species• mean % coverage 

Controlled for 

Vl) Woody specie s:yes=l,no=O 
lVlw~4~(~)~*;VlwV9: (-)**) 

V2) Herbaceous species:yes=l,no=O 
lV?:._wY.__4~ (:t_:) ~* ; V2v.N9: ns) 

V3) Annual species:yes=l,no=O 
(V3wV4 : (-) **; V3 ·wV9: n s ) 

V5) Phane rophytic sp ec ies:yes=l,no= O 
lV~vJY.__4~(~)~*;V5wV9 : (-) **) 

V7) Hemicryptophytic spec ies:yes=l,no=O 
(V.7wV4: (+) ** ;V7wV9: ns) 

Vll)Spec ies' mean % coverage 
(VllwV4: (-)**;VllwV9: (+)**) 

Vl) Woody species : yes= l,no=O 
lVlw~4~(~)~*;V lwV l0: (-)**) 

V2) Herbaceous s pec ies:yes=l,no=O 
(V2wV4 : (+) ** ;V2wV10: ns) 

V3) An~ual-species:yes=l,no=O 
lVlwY.__4~(~) ~*; V3wV10:ns) 

V5) Phanerophytic species:yes=1,no=O 
lV~wY.__4~(~)~*;V5wVlO: (-)**) 

V7) Hemicryptophytic species : yes=1,no=O 
lV]_wY.__4~ (~) ~* ;V7wVl0: ns) 

V1l)Species ' mean % average 
lVll~~Yi=l-l_*~;VllwV lO: (+) **) 

V1) Woo dy species:yes=l , no=O 
lV!wY.__4~(~)~*;V1wVl l: (- ) ** ) 

V2) He rbaceous sp~c i es : yes=l,no=O 

lV?:._wY.__4~ (~) ~* ; V2wVll: ns) 
V3) Annual species:ye s=l,no=O 

(V3wV4: (- )**;V3wVll :ns) 
V5) Pha n e rophytic species: ye s=1,no=O 

(\15\v\14: (+)**;VSwVll : (-)**) 
V9) Sp;cie;'-m;an density 

(V 9vJV 4 : (- ) * * ; V 9\N ll : ( + ) * * ) 
VlO)Species' density variance 

(Vl0wV4 : (- ) **;VlOwVll: (+)**) 

First-order 

% cha nce o f 'l 
J xy , z 
fr o r.. 

partial T magnituce of -xy 

-0.151 - 8.55 

-0.197 19.45 

- 0.183 10 . 91 

-0.151 - 8.55 

- 0.176 6 . 67 

-0.108 - 34.55 

- 0 .155 - 9 . 65 

-0. 218 26.92 

-0.187 8.60 

-0.155 - 9 . 65 

-0.191 10.76 

- 0.122 - 29.30 

-0.174 -6.51 

-0.203 9.14 

-0. 212 13 . 87 

-0 .172 - 6.51 

-0.138 -25.59 

-0.141 -24.14 1..0 
......:1 



Table 17.--Continued 
Factor II 

Ex amination, via Kendall's rank partial correlation, 
for controlled burning treatment , 

of 

Biva riate pair 

V6) Chama e p hyt i c spec ies : yes=l ~no= O 

with 

V9) Spec i e s ' mean de nsity 

V6 ) Chamaephytic species:yes=l, no= O 

with 

VlO) Species' densi t y v ariance 

V9) Speci e s ' mea n d ensity 
wi th 

V1 0 ) Spec i e s ' dens ity varia nce 

V9 ) Spec i e s ' mea n d ensity 
with 

Vll) Speci es ' mean % c overage 

V9 ) Spec ie s ' mea n d ensity 
with 

\11 2 ) Speci e s ' %cov erag e varianc e 

VlO) Species ' d e nsity va r iance 

Y-1ith 

Vl l ) Sp e c ies ' mean% coverage 

Ze r o - order T 

- 0 . 068 * 

- 0 .063* 

0 . 893 ** 

0 , 352* * 

0 . 08 8 ** 

0.313 ** 

Controll e d for 

Vl) Wood species:yes=l,no=O 
(VlwV6 : ns ; VlwV 9 : (- ) ** ) 

V4) Pe r enn ial s pec i es :y cs=l, no=O 
(V4wV6: ns; V·'JI.JV9 : (-) **) 

V5 ) Pha ne r ophy tic spec i es :ye s=l , no=O 
(V5vJV6 : ns ; V5wV9 : (-) ** ) 

Vll)Spec i e s ' mean % c o v e rag e 
(VllwV 6 : r;s ; VlhN 9: (+) **) 

Vl ) Woody spec ie s : ye s =l,no= O 
(VlwV6: ns ; VlwVl O: (- ) **) 

V4) Peren nial s pec i e s:yes= l , no =O 
(V4wV 6 : n s; V4,"'VJO : (- )* * ) 

V5) Phanerophytic s pec i es :ye s=l , no= O 
(V5vN 6: n s ; VSwVlO : (- ) ** ) 

V7) Hemicryptophytic species : y e s =l,no=O 
(V7vN6: (-)**; V7wVlO:ns) 

Vll )Spec i es ' mean % coverage 
(VllwV6 : ns ; VllwVl O: (+ ) * * ) 

V4) P e r ennial speci e s :y es=l,no=O 
(V4wV9 : (- ) ** ; \7 4\Nll : (-) ** ) 

Vl) Wood y s pec i e s: ye s =l , no =O 
(VlwV9 : (- ) **; Vl wVl2 : n s ) 

V5) Phanerophytic spec ies:y e s=l , no=O 
(V 5v!V 9: (- ) * * ; VSw\1 12 : ns) 

Vl) Woody srec ies : y e ~ = l , no=O 

(Vlw\110: (- ) * * ; VlwVll: (- ) ** ) 
V4 ) Perenn i al species:yes=l , no= O 

(V4wV10 : (- )**;V4wVll : (- ) **) 
\7 5) Phanerophyt i c species : yes=l,no=O 

(V5wVl O: (- ) **; V5wVll: (- ) **) 

First-orde r 
% c hange of 7 

from .>:y' z 

partia l T magnitude o f 7xy 

- 0 . 076 1 1. 03 

- 0 . 065 -5 . 00 

- 0 . 076 11 . 03 

- 0 . 05 6 - 1 7. 79 

---------------------
- 0 . 0 71 13 . 02 

- 0 . 0 59 - 7 .l~ 

- 0.0 71 13 . 02 

- 0 . 05 9 - 6 . 03 

- 0 . 051 -1 9 . 3 7 

------------------
<±5.0 

- 0 . 332 - 5 . 80 

0.096 8 . 9 8 

0 . 096 8.98 

-------------------

0 . 297 -5 .05 

0. 291 -7.09 

0. 297 -5.05 
1..0 
CX) 



Table 17.--~ontinued Ex amination, via Kendall's rank partial correlation, of 
Factor II for controlled burning treatment. 

First-order 
partial T 

% change of T 
from xy,z 

Bivariate pair 

VlO) Species ' de nsi t y variance 
with 

Vl2) Species' %coverag e variance 

Vll) Specie s' mean % coverage 
with 

Vl2) Species ' % coverage varianc e 

Zero-order T 

0 .079* 

0.350** 

Controlled for 

Vl) Woody species : y e s=l, no~o 

(Vlv/v"lO: (- ) ** ;VlwVl2 : ns) 
VS) Phanerophytic species:yes=l ,no=O 

(VSwVlO: (- )* *; V5wV12:ns) 

**T highly sig nifican t l y different from zero (P < D.Ol). 
xy 

*T significantly differ e nt from zero (P .< 0.05). 
xy . 

ns T not significantly different from zero. 
xy . 

(+ ) x andy are positively correlated . 

(-) x and y are negatively corre lated. 

w with, 

magnitude of T 

0.088 11.01 

0. 088 11.01 

<± 5.0 

The basic i n f o rmation inherent within this bivariate relationshi p has already been f ound to be represented by 

this factor and disc usse d as suc h . 

The basic info~ation inherent within this b i variate relation~hip has already been f ound to be represented by 

Factor I and discussed as such . 

xy 

1..0 
1..0 
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reader can see that species % coverage variance has lost 

many of its statistically important associations, pre

sumably as a result of the controlled burn. 

Taking the differences one at a time, the dis

appearance of a significant TV7V^2 indicates that, in the 

burned area, it is no longer probable, as it is in the non-

burned area, of finding many hemicryptophytic species when 

the variability of the numbers, from unit area to unit 

area, of individuals of each species present is low. The 

nonsignificant Ty^2vi5 su99ests that mean 01 depth can no 

longer be assumed to increase as the variability of the 

number, from quadrat to quadrat, of species X plants in

creases. This hints, referring back to the no treatment 

Residual Information section, that the more open areas under 

large trees may not now, as a result of the fire, support 

more understory plant cover than closed areas under small 

trees. The fact that T
V^2V13 and TV12V14 are n° lon9er 

statistically significant suggests that the steeper, more 

xeric slopes do not support large,' well developed understory 

plant communities immediately after burning. Well 

developed, as used here, refers to % coverage and not 

density, for as was reported in Table 3, the % coverage 

variables were affected by the burning treatment, but the 

density variables were not. 



101 

Perennial Species Correlated With Species' Mean % 

Coverage (Ty4yj_]_) * T^e consPicuous absence of geophytic 

species interaction in this section and, in fact, from 

Table 17 (as compared with Table 9), indicates that the 

geophyte storying phenomenon has been cancelled, at least 

temporarily, by the burn. The fact that Ty^yil' used as 

partial evidence for storying when the no treatment Factor 

II was examined, is not a significant correlation in the 

burn area helps support this claim. 

Chamaephytic Species Correlated With Species' Mean 

Density (Tygyg)- Another difference between this Factor II 

and the no treatment Factor II (Table 9) is the presence of 

V6 in the former. Following V6 through Tables 4 and 12 

simultaneously, it is seen that, with respect to the burn 

area, T ŶG AN<̂  TV6V18 ^ave becoine nonsignificant and T gv^ 

and TygyiQ have become significant at the P < 0,05 level. 

These changes are rather inconsequential because H. wrightii 

and A. tephrodes are the only chamaephytic species found in 

the no treatment and burned areas and the coefficients in

volved are all borderline cases. 

Intervening Variable. The last difference is that 

species' mean % coverage in the burn area does not appear to 

be expressed through species' mean density and species' 

density variance as it does in the no treatment area. The 
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possible reason for this is discussed briefly at the end of 

the summary of the Factor II changes. 

Summary of Factor II Changes. The controlled 

burning treatment Factor II can be seen to be almost 

identical to the no treatment factor II and thus still 

represents space competition. This is true even though the 

mean % coverage of most species was reduced (Table 3) by 

the controlled burn. 

The disappearance of xeric, steep slope plant 

assemblages and storying is obviously the result of plant 

cover being consumed. In both of these instances, the 

effects of a burn can be appreciated to be severe: steep, 

xeric slopes often burn hot and/ as a consequence, a good 

deal of understory cover and many entire plants might be 

destroyed; the consumption of cover also makes storying 

more unlikely since the plants are probably pruned to a size 

with less overhang over other plants. It is important to 

remember, however, that the density variables did not change 

significantly so, overall, few plants of any one species 

were killed by controlled burning. 

The fact that V9 and V10 are not found to be inter

vening variables for Vll is probably the result of the 

significant reduction in species' mean % coverage in the 

burn area. At any rate, this provides evidence that 

measuring a species' density is sometimes fruitful, as in 
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the controlled burn area where V9 and V10 to not intervene 

for Vll, and sometimes wasteful, as in the no treatment area 

where V9 and V10 do intervene for Vll. Per cent coverage 

appears to always be a worthwhile measurement. 

Factor III (Slope-Aspect-Fuel Factor) 

Contrasting this factor (Table 14) with the no 

treatment Factor III (Table 6), the reader can note a few 

obvious differences. The variable annual species, not 

present in the no treatment Fj matrix, shares its heaviest 

loading between Factor III and Factor I in the controlled 

burning treatment Ff matrix. However, as mentioned pre

viously, V3 does not load well on any factor. Chamaephytic 

species does not load on this factor as it does in the no 

treatment Ff matrix: it loads most heavily, although 

poorly, on Factors II and IV in the burn F-p matrix. The 

last notable difference is that V17 loads fairly well on 

this factor as compared to the other factors in the set. 

It will be remembered that V17 does not load well on any 

factor in the no treatment Fy matrix. 

Table 18 presents the correlation coefficients for 

the controlled burning treatment Factor III. Simultaneous 

scrutiny of them and those in Table 10 illustrates the 

changes fuel variables go through as the result of con

trolled burning. 



Table 18. Examination, via Kendall's rank partial correlation, of Factor III for 
controlled burning treatment. 

Biva riate pair 

Vl3) % slope 
with 

Vl4) S~~icircula r aspect 

Vl3 ) ~ slope 

with 

Vl5) !'lean 01 depth 

Vl3) '\. slope 

\vith 

Vl6) Mean 02 depth 

Vl3 ) % slope 

with 

Vl7) Ground fuel >2 i nches in diameter 

Vl3) % slope 

with 

Vl8) Overstory ba sal area 

Ze ro-order T 

0.476** 

-0.1 35 ** 

-0.45 7** 

0 . 202 ** 

- 0 . 342* * 

Controlled for 

Vl6)M e an 02 d ep th 
(Vl 6wV l3: (-)* * ;Vl6wV14: (- )** ) 

Vl8)0v e rsto r y ba sal area 
(Vl 8vN13 : (-)**;Vl8wVl4: (- ) **) 

Vl4)S emic ircular a s pect 
(Vl 4wVl 3 : (+ )**; Vl4wVl5: (- )* * ) 

Vl6)Mean 02 depth 
. (Vl 6v,,V l3: (- ) **;Vl6wV 15: (+)**) 

Vl 7)Grou nd fu e l >2 inche s in diameter 
(Vl7-vJVl 3: (+)**; Vl7wV15: (-)* *) 

Vl8)0v e r sto r y basal are a 
(Vl8 v,1Vl3: (- ) ** ; VlBwVl5: (+) ** ) 

Vl4)S~~ i c i rcular aspect 
(Vl4v,·Vl3 : (+) ** ; Vl4wVl 6 : (- ) * *) 

Vl7)Ground fuel >2 inches i n diamete r 
(Vl7w\ll3 : (+) **;Vl7wVl6: (-)**) 

Vl8)0versto ry b a sal area 
(Vl 8wVl3 : (- ) **;Vl8wV16: (+)**) 

Vl4)S emici rcula r aspec t 
(Vl4 wV13 : (+ ) **;Vl4wVl7:ns) 

Vl5) Me an 01 d ep th 
(Vl5wVl3 : (- ) **;Vl5wV17: (- ) **) 

Vl6 )Mean 02 dep~h 
(Vl6\·Nl3 : (- ) **; Vl6wV17 : (- ) ** ) 

Vl8)0ve rsto r y ba s a l area 
(Vl 8wV13 : (-) ** ;Vl 8wvl7: ( - ) ** ) 

Vl4)Sem i circu l a r aspect 
(Vl4wVl 3: (+) **; Vl4wV18 : (-) ** ) 

VlS )Mean Ol d epth 
(VlSw\113 : (- )**;Vl5wV18: (+) ** ) 

Vl6) Me an 02 depth 
(Vl6v,1Vl3 : (- ) ** ;Vl 6wV18: (+) **) 

Vl7)Ground fuel >2 inches in diameter 
(Vl7wV13: (+)**;Vl7wV18: (-)**) 

First- order 
partial T 

0. 405 

0.414 

- 0 . 08 4 

- 0 . 007 

- 0.085 

- 0 . 042 

- 0 . 381 

- 0 . 4 27 

- 0 . 367 

0.222 

0 .1 73 

0. 088 

0 .1 29 

- 0.233 

-0. 320 

-0.184 

-0.308 

% cha:1ge of 1 
from 

magnitude of 

-14. 94 

-1 2 . 96 

- 38.00 

-94.89 

- 36 .74 

- 69 .19 

-16. 72 

- 6 . 65 

-19.76 

10.05 

- 14 .3 6 

-56.39 

-3 6.29 

- 31.84 

-6.46 

-46.14 

- 9 .85 

xy,z 

T 
xy 

1--' 
0 
.::::.. 



Table 18.~-Continued 
Factor III 

Bivariate pair 

Vl4 ) Semicircular aspect 

with 

Vl5) Mean 01 depth 

--------
Vl4) Sem icircular aspect 

with 

Vl6) Mean 02 depth 

Vl4} Semicircular aspect 

with 

VlB) Overstory basal area 

Vl5) Mean 01 depth 

with 

Vl6) Mean 02 depth 

\715) Mean 01 depth 

with 

Examination, via Kendall's rank partial correlation, 
for controlled burning treatment. 

of 

Zero~order T 

.., 0.131** 

-0.287** 

-o. 310** 

0.283** 

- 0 , 2 71** 

Controlled for 

Vl3)% slope 
(Vl3wVl4: (+)* *; Vl 3\·Nl5: (-)**) 

Vl6)Mean 02 depth 
(Vl6wVf4: (-)**;Vl6HV15: (+) **) 

VlS)Overstory basal area 
(Vl8vN l4 : (- ) ** ;Vl8wV15 : (+) **) 

Vl3)% slope 
(Vl3wVl4: (+)**;Vl3wVl6: (-) ** ) 

Vl5 )Mean 01 depth 
(Vl5v:Vl4 : (-)** ; Vl5\-iVl6 : (+)**) 

Vl8)0v e rstory basal area 
(Vl8wVl4 : (- ) **;Vl8wVl6 : (+)**) 

Vl3)% slope 
(Vl3wV14: (+)**;Vl3wV18: (- ) **) 

Vl5)Mean 01 depth 
(V l5wV1 4 : (-)** ;Vl5wV18: (+) **) 

Vl6)Mea n 02 dep th 
(Vl6wV14 : (- ) **;Vl 6v!Vl8: (+)**) 

Vl3)% slo pe 
(Vl3v!Vl5 : (-)**;Vl 3wVl6: ( -)*"') 

Vl4)S em i c ircul a r aspect 
(Vl 4w\715: (-)**;\7l4w\7l6: (-)**) 

Vl7) Gro und fuel >2 inc hes in diameter 

(\717wVl5: (- ) ** ;Vl 7\vV l6: (-) **) 

Vl8)0verstory basal area 
(Vl8wVl5 : (+)**; Vl8 wVl6; (+)**) 

Vl3)% slo pe 
(Vl3\·IV15 : (- ) **;Vl3wVl7: (+) **) 

Vl6)Mean 02 dep~h 

% change of T 

First-order from xy ,z 

partial T magnitude of Txy 

-0. 076 -41 . 76 

- 0.054 -58 .70 

- 0 . 047 - 64.50 
----

- 0 .089 -69.09 

-0.263 "-8.36 

-0.181 -3 7. 04 

-0.178 -42.68 

-0.287 -7.48 

-0.217 -3 0 .06 

0 .251 -11.34 

0. 258 - 8 .69 

0.225 - 20 . 57 

0.186 - 34 .13 

-0 . 252 -7.20 

-0.210 -22.69 

Vl 7) Ground fuel >2 i nches in diameter 

(Vl6wVl5 : (+)**;Vl 6wVl 7: (-)**) 

Vl8) Ove:rstory basal area 
(Vl8w\715 : (+) **;Vl8wVl6: (+) **) -0,216 -20.18 

f--1 
0 
U1 

\\ 



Table 18. - -Cont i nued 
Factor I II 

Examinat i on, via Ke ndall's rank partial correlation, 
for controlled burning t rea tment. 

of 

Bi ·.; a~ia::.e pair 

Vl5) Mean 01 d epth 

with 

Vl8) Overstory basal area 

Vl6) ~ ea n 02 depth 

with 

Vl7) Ground fu el >2 inches in diamete r 

---------------
Vl6) Mean 02 depth 

with 

Vl8) Overstory basal area 

-------------------
Vl7) Ground fuel >2 inches in diameter 

with 

Vl8) Overstory ba sal area 

Zero-order T 

0.286** 

-o . 276** 

0.425* * 

- 0.247 ** 

Co ntrollec for 

Vl3)% sl-Jpe 
(Vl 3wV l 5: (- )* * ;Vl 3•.Nl8 : (- )**) 

Vl4lS.e:nic ir:::ul a r aspect 
(Vl4v.-Vl5 : (- ) **; Vl4wVl 8 : (- ) ** ) 

Vl 6)Mea n 02 depth 
(Vl61N lS: (+ ) **; Vl6•.,•'Jl8 : (+) ** ) 

Vl7) Grour.c fue l >2 i r:c :•e s in d i ame ter 
(V 1 71-.•V 1 5 : (- ) * * ; V l 7•,/V 18 : (- ) H i 

Vl3 ) % slope 
(V l3wV] 6 : (- ) **; Vl3wVl7: (+)**) 

Vl5)~ea n Ol d epth 
(Vl5wVl 6 : (+) **; Vl5o,...Vl7: (-)**) 

Vl8)0ver sto ry basal area 
(\'l8v-•'J16 : (+ ) *";VlS•.v\117: (- ) ** ) 

Vl3 ) % slope 
(Vl3 vN l 6 : (- ) ** ;Vl3•Nl8 : (- ) **) 

Vl4 )Semic i rc ul a r aspect 
(Vl 4·"•V l 6 : (- ) ** ;Vl4v-•Vl8: (-) ** ) 

Vl5 )Mean 01 d ep t h 
(Vl5v!Vl6: (+ ) **;Vl5wVl8: (+)**) 

V17)Grou nd fuel >2 inches in diameter 
(V l7·,;Vl6 : (- ) **; Vl7v.•Vl8: (- ) ** ) 

Vl3)% slope 
(Vl 3v:Vl7: (+) **; Vl3o,.,•Vl8: (- ) ** ) 

Vl5)Mean 01 d epth 
(Vl51Nl 7 : (- ) *'*; Vl:>,:Vl8 : (+) ** ) 

Vl6)Mean 02 dep~h 
(V l6v.•V 1 7: (- ) * * ; V l 6wV 18 : ( +) * * ) 

** Tx y higb.ly sig n ificantly differen t from zero (P < 0 . 01). 

ns Txy not significantly different from zero, 

(+) x andy ar e po sitively correlated . 

(-) x and y are negatively correlated . 

w v.•ith . 

First-order 
% chang e of Txy, z 

from 
partial T mac;:1itude of Tx 

0.257 -10 .10 

0.260 - 9 . 09 

0.191 -33 . 36 

0 .234 - 18 . 04 
---------------------

-0.211 -23.41 

-0.216 -21.67 

- 0 .196 -29.13 
--------------------
0.321 -24.56 

o. 368 -13.32 

0. 374 -12.02 

0. 383 - 10.00 
-------------------

- 0.193 -21. 78 

- 0 .184 -2 5 .67 

- 0 .149 -39.76 

The basic information inheren t within this bivaria te r e lationship has already b een found to be represented by 
t his fact;; and discussed as such. I-' 

0 

"" 
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% Slope Correlated With Semicircular Aspect 

^tV13V14^* This coefficient indicates that, as in the no 

treatment data base, some bias exists in the experiment. 

That this relationship should show up again is hardly sur

prising because the experiment was performed on a set of 

paired plots. 

The appearance of V16 as an important control during 

the computation of tv-j^v14 different from Factor III for 

no treatment. The difference is caused by Tv^4vi6 which 

suggests that more 02 depth is found in the more mesic areas 

than in the xeric areas. This relationship is not puzzling 

for, as in the no treatment plots, more 01 is usually found 

on mesic aspects than on the xeric aspects and it is 

reasonable to assume that the greater the mean 01 soil 

horizon depth is, the deeper will be the mean 02 soil 

horizon under it. 

% Slope Correlated With Mean 01 Depth (Tvi3vi5)* 

The difference here as compared to Table 10 has to do with 

relationships involving ground fuel > 2 inches in diameter. 

Following the correlations of V17 through Table 12 and 

Table 4 simultaneously, it becomes evident that ground fuel 

> 2 inches in diameter was greatly affected by the controlled 

burn. Table 4 reports that when a large amount of ground 

fuel >2 inches in diameter is located, an observer will 

probably also find deep 01 and 02 soil horizons, mostly 
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small trees (at least a small overstory basal area), and he 

will be standing on a xeric aspect. This has been pre

viously pointed out to be the exception to the general rule 

of finding deep 01 and 02 soil horizons under large trees. 

Table 12 indicates that this exceptional relationship is, 

at least temporarily, cancelled by controlled burning; a 

large amount of ground fuel> 2 inches in diameter, although 

still to be usually found under small trees and by implica

tion, because the positive interrelationship with % slope 

is highly significant, on. xeric aspects, no longer is 

associated with high mean 01 or 02 depths. In simple terms, 

the fuel hazard represented by the large amount of ground 

fuel > 2 inches in diameter—great 01 depth—great 02 depth— 

steep slope—xeric aspect complex, obviously a potentially 

dangerous combination, has been removed by the controlled 

burn. In removing this hazard, as stated previously, a 

significant amount of understory plant cover has also been 

removed, although, overall, relatively few plants have been 

killed. 

The last significant difference between the con

trolled burning treatment Factor III and the no treatment 

Factor III is the more or less establishment of V15 as an 

intervening variable for V16 and V18 {see Tvi3vis.y^6' 

TV13V15-V18' XV14V15•V16' and XV14V15•V185" N° doubt this 

is due to the fact that about 65% of the 01 was removed by 

the burn and relatively little of it is left, as compared to 
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the mean 02 depth which decreased by only 15% (Table 3), to 

interact with other variables within the system. 

Without question, this factor basically represents 

the same relationships as Factor III for no treatment and 

thus can be called the Slope-Aspect-Fuel Factor. 

Factor IV (Life Form Competition Factor) 

The only difference between this factor and the no 

treatment Factor IV (Tables 19 and 11, respectively) is the 

appearance here of a significant TV2V6 ^see Tv6V7»V2' Ta^^-e 

19) which indicates that as the number of herbaceous species 

is seen to increase, the probability of finding H. wrightii 

and A. tephrodes also increases. In all other respects the 

two factors are quite alike and consequently the controlled 

burning treatment Factor IV also may be named the Life Form 

Competition Factor. 

Residual Information 

The only significant not captured by the con

trolled burning treatment partial correlation analyses is 

TV11V18 (Takle 12). This coefficient points out that, 

after burning, the amount of understory cover provided by 

any particular species is less under large trees than under 

small trees. This is reasonable, for in general more total 

fuel (i.e., 01 and 02) is present under large trees, 

especially before burning, and its consumption can be 

expected to result in the pruning of understory plants more 



Table 19. Examination, via Kendall's rank partial correlation, of Factor IV for 
controlled burning treatment. 

% change of T 

First-order from xy,z 

Biva riate pair Zero-order T Controll ed for partial T magnitude of T 

Vl) Woocy species : yes=l , no =O 

(y~~Y? :~~;~l~V2:1-l*~) -0.177 34.73 

V6) Chamaephy tic species:yes=l,no=O V2) H erbaceo~s species:yes=l ,no=O 

(V2wV6 : ns ; ~2~V2: l+ l*~) -0.213 62.67 

with :-9: ~n~~ V4) Perennial s pec i es : yes=l,no=O 

( Y~':·Y? : ~~ ; Y~"!Y ?: S~ l ~~ l -0.147 12.52 

V7) Hemicryptophytic species:yes=l,no=O VS) Phanerophytic species:yes=l , no=O 

(V?~Y?: 0?; '!_S~V2 : 1-l * ~) - 0 .177 34.73 

VB) Geophytic species : yes= l,no=O 
(V8wV6: ns;VBwV7: (-) **) -0.193 47 .lB 

-------------------------
Vl) Woody species :yes=l,no=O 

V7) H~~icryptophytic spec ies:yes=l,no=O lV!w'!_7~(~)~*;VlwVB: (-)**) -0 . 7B 3 36.91 

V2) Herbaceous species:yes=l ,no=O 

with -0.572** lV2w~7~(~)~*;V2wV8 : {+)**) - 0.955 66.B9 

V4) Perennial species:yes=l , no=O 

VB) Geophytic species:yes=l,no=O ( '(1~'!? : Jt! ~~; V4wV8 : (+) **) -0.649 l3 .39 

V5) Pha ner ophy tic species:yes=l,no=O 

lV~w'!_7~(~)~*;V5wVB: (-)**) -0.7B3 36.91 

**Txy highly significantly differe nt from zero (P < 0 . Ol). 

ns Txy not significantly differen t from zero 

(+) x and y are positivel y correlated , 

(-) x a nd y are negatively correlated, 

w with, 

The basic information inherent within this b i variate r e lationship has already been found to be represented by 

this factor and discussed as such , 

The basic information inherent within this bivariate relationship has already been found to be represented by 

Factor l-and discussed as such. 

The basic i nformation inherent within this bivariate relationship has already been found to be r epresented by 

Factor II and discussed as such, 

X 

1--' 
1--' 
0 
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so than the consumption of the amount of fuel present under 

smaller trees. 



CONCLUSION 

As can be readily appreciated, the two main objec

tives of this study have been realized: the one year after 

effects of controlled burning on a southwestern P. ponderosa 

forest understory have been, within the framework of the 

variables measured, discerned and a test of the basic 

usefulness of factor analysis in scrutinizing a complex 

system has been performed. The conclusions reached by 

fulfilling these two objectives will now be briefly dis

cussed . 

Controlled Burning 

Controlled burning in a southwestern P. ponderosa 

forest like the one examined has been shown to be, within 

the confines of probability, extremely successful in 

reducing fuel hazards while causing little permanent damage 

to understory vegetation; the general understory ecological 

interrelationship system of the 18 variables measured was 

not appreciably altered except for the removal of ground 

fuel. It must be noted, however, that this burn v/as 

carried out by workers who have acquired a high level of 

expertise in the art of controlled burning and who know this 

particular forest very well. Also, this forest has been 

previously burned within the past 20 years, consequently 
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negating the buildup of extremely serious fuel hazards. As 

a result, a controlled burn conducted by other individuals, 

in a different forest, or in areas that have not been burned 

during the past decade or two, and/or under different" 

environmental conditions might very well elicit very differ

ent results. Because of these points, the results of this 

study should not be construed as an invitation to control 

burn a southwestern P. ponderosa forest indiscriminately, 

but should be received as a report on what can be expected 

in a forest after a thoroughly planned burning program is 

under way. As such, this research indicates that controlled 

burning is an excellent, quite inexpensive (usually < 25 

cents/acre) tool for decreasing fuel hazards while keeping 

the understory virtually intact. 

Factor Analysis 

The method of using factor analysis followed by 

partial correlation analysis has been shown to be very 

useful in ferreting out obvious, as well as obscure variable 

interactions. The fact that many, or even most, of the 

complex interrelationships seem obvious after they are 

pointed out and the fact that all of the relationships are 

consistent with what probably every field researcher has 

noted at some time or another simply indicate that this 

method does an excellent, almost automatic, job of extract

ing all of the information about relationships within a 
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complex system, via one analysis, in an easily grasped, 

stepwise fashion. Although much of the information 

presented could have been obtained directly from the inter-

correlation matrix or terminal factor solution matrix; 

partial correlation analysis, directed by the terminal 

factor solution, has been found to provide a rather easily 

followed path for the extraction of information. Without 

this path to follow, interpretation and presentation of the 

numerous relationships discovered would have been very 

confused and difficult. 

As it is, four main factors have been found to 

represent a P. ponderosa forest understory within the frame

work of the variables examined: (1) Woody-Herbaceous Factor, 

(2) Space Competition Factor, (3) Slope-Aspect-Fuel Factor, 

and (4) Life Form Competition Factor. 

The Woody-Herbaceous Factor is, perhaps, an artifact 

of the way in which the plants found in the field were 

classified, but it nevertheless suggests that there is 

competition between these two groups. The Space Competition 

Factor indicates that spatial competition between species 

and between plant individuals is one form of competition 

that exists. Thoughtful appreciation of the Life Form 

Competition Factor points out that plants have become 

adapted to alleviate some of the stress of spatial competi

tion by assuming different growth habits. For instance, 

some species grow in a short and dense manner, some grow in 
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a comparatively thin and sparse manner, some grow in a 

prostrate manner and so on. These different spatial con

figurations give the potential of complete spatial habitat 

exploitation. The Slope-Aspect-Fuel Factor indicates- the 

interrelationship between size, amount, and position of 

debris and, in the context of this research, states that 

these interrelationships are important in any joint con

sideration of fire and understory vegetation. This last 

factor gives the further implications, not within the 

context of this study, of the importance of debris in such 

phenomena as soil protection, nutrient recycling, and soil 

fertility via decay processes. The reader knows from his 

general experience that all of these factors are of great 

ecological importance in any forest understory and probably 

in all terrestial plant communities. 

The fact that only spatial and fuel factors were 

resolved through the factor analysis in this study is, of 

course, because these were essentially the only kinds of 

variables measured. No doubt, if variables such as 

nutrients, etc., had been included, a more complete picture 

of a southwestern P. ponderosa understory could have been 

obtained and evaluation of the effects of controlled burning 

would have been more comprehensive. 



APPENDIX A 

DEFINITIONS OF LIFE FORMS FOUND IN THE RESEARCH AREA 

1. Phanerophytes: aerial plants; renewal buds exposed 

on upright shoots. Five subgroups include trees, 

shrubs, stem succulents, herbaceous stems, and 

lianas (vines). 

2. Chamaephytes; surface plants; renewal bud at the 

surface of the ground. 

3. Hemicryptophytes: tussock plants; bud in or just 

below soil surface. 

4. Geophytes; earth plants; bud below surface on a bulb 

or rhyzome. 

5. Therophytes; annuals; complete life cycle from seed 

in one vegetative period. Survive unfavorable 

seasons as seeds. 
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