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CHAPTER I
INTRODUCTION

It is a recognizable fact that certain specles of woody plants
occur together in the forest, just as it is recognizable that certain
gpecies do not occur together, Though many foresters and plant ecolo=-
glsts support this idea, much of their support is based on empirical
data alone, It is relevant to substantiate this empirical knowledge
with a quantifying analysis. Just how much confidence can be placed in
these apparent plant assoclations or dissociations?

Site quality can be determined by a thorough investigation of the
factors affecting it, Soll, moisture, temperature, slope, and aspect
are the major factors affecting its quality. This rather involved
procedure can be shortened, however, to a brief examination of the
woody plants associated on the area. In short, certain species
assoclations are in fact restricted to a particular site quality., With
a knowledge of these associations, foresters may make accurate state-
ments about site quality and thus relative value of land for commercial
venture,

A ranking, as to the relative site requirements, of species common
to the Gulf Coastal Plains has been proposed by Silker (1963)., The
ranking was based mostly upon observation., This ranking evaluates the
sequence in which each species appears as the site quality increases

from poor to excellent, In the pages that follow statistical support



is given to this ranking., It is believed that a very practical and
reliable tool for the forester or plant ecologist results,

It is the intent of this paper to test given field data to deter-
mine the extent of the concept of site stratification or site determin-
ation based on the associations or dissociations of wewdy plant

species, and to show the relationship of the species as site conditions

change.



CHAPTER II
LITERATURE REVIEW

There has been considerable work done with plant associations
since the concept was generated in Europe around the turn of the
century. Much of the basic ground work was laid out in the early
1900's in Finland by Cajander (1926), who is generally credited with
the development of the plant indicator system, He synthesized the
concept of classifying the forest by type (associations), independent
of any individual specles, Cajander classified plant associations by
those gpecies which are abundant, those which are present but not
frequent, and those which are never present. He suggested that site
classification by plant indicators, in order to be practical, must be
based on the climax species in areas where man has not interfered,
Ilvessalo (1926), in support of Cajander's work, concluded from
regearch in 1916, 1917, and 1918 that growth varied little within a
site class, but varied greatly between different site classes,

Hodgkins (1960) used vegetative association as a measure of site
potential for longleaf pineo' He listed possible site indicator species
and inventoried these species on all his test plots, A dominance
factor was used to rank each species on each plot, This system was'
gimilar to one divised by Poulton (1959). In referring to plant
communities Hodgkins stated that, "Communities can be grouped into

societies and associations that in turn reflect site." He went on to



state that the challenge is to select the proper representative species
to use as an evaluation of site quality., After developing his '"plant
indicator scale" he field tested it and found it acceptable for long-
leaf pine,

Spurr (1952), in an attempt to classify sites, used an "indicator
plant spectrum’ on northwestern spruce and fir, He rated species, or
indicators, on each of four site classifications, as present, common,
or abundant,

Silker (1963) reported on his study of plant communities in the
Gulf Coastal Plain forests, He related plant associations to soll site
characteristics, which in turn were related to silvicultural management
tools. Silker (1963, 1965) suggested that the plant indicators,
because of this relationship, could be used to determine the silvicul-
tural tool best adapted for maintéining or gaining control of the site,
He stressed the term "total site" in an attempt to correlate all of the
relationships on a site, He developed a "wedge chart' to show the
total gite relationships and the silvicultural tool adaption for
controlling certain agsociations of undesirable hardwoods. The chart
also indicates the regeneration potential for southern pine (ie.,
shortleaf pine and loblolly pine), The associated species involved,
and thelr competition with the southern pines, are also indicated. He
ugsed hardwoods as indicator species, a point of divergence with
investigatorg up to 1960, Hardwoods are considered here as the climax
vegetation and therefore less susceptible to temporary surface distur'Qﬁ
ance,

Daubenmire (1961) worked with vegetative indicators in ponderosa

pine and used scattergrams for each "habitat type', depicting the



height growth obtainable on that site. The results obtained were
subjected to regression analysis, and were classified into four cate-
gories based on the site potential for ponderosa pine, Each site was
defined by the major climax woody plants occurring most frequently on
that site, Daubenmire found that vegetatlve indicators have low value
in eastern Washington and northern Idaho if site index curves are used
in the application, If, however, the raw data is used for determina-
tion of site potential the correlations are stronger and the worth of
plant indicators is much greater, Daubenmire also pointed out that
plant indicators can prove to be a rapid and very economic means of
mapping land classes and can also be helpful in predicting disease
potential, (le., Arceuthobium), in ponderosa pine.

In a discussion of the worth of plant indicators, Westveld (1954)
made some summary recapitualtions of the concept, Plant communities
are distinct entities which have developed according to definite bio-
logical laws, They are not distributed simply by chance, He further
stated, "Since vegetation is the product of all the site factors
operating on a site, it should provide a much sounder basis for site
classification than would a single site factor or a group of site fac-
ors,"

Quantification of research on plant associations has been for the
most part left up to the plant ecologists, and much of their insight
has come from quantifying animal populations. Gemborys and Hodgkins
(1971) wevrked in western Alabama and approached a quantification
analysis of vegetation in two different ways. They obtained good
agreement between the two, One method they used and which they termed

"dominant analysis’ was based on earlier work done by Cottam (1949),



Curtis and McIntosh (1950, 1951) and Brown and Curtis (1952), They
used "importance values" which were based on the sum of the relative
density and relative dominance expressed as a percentage. These values
were used to construct an ordination of the plots., Variation of vege-
tation and habitat factors were then studied in relation to this
ordination., The second analysis, termed "correlation analysis", was
used to develop a three-dimensional graph showing the relationships of
specles., Only presence and absence data were used in this analysis,

A x2 test was used to test for association; For the construction of
the three-~dimensional "constellation" graph, the reciprocal of x2 was
used, These graphs were used, then, to depict approximate inter-
species relationships,

Hopkins (1957) also used presence and absence data in his work in
an attempt to show specles relationships. His work was done on the
concept of "basic units", which he defined as a group of positively
asgoclated specles within a plant community. These positively associ-
ated species were plotted in a method similar to one used by Gemborys
and Hodgkins (1971) to show inter-species relationships. He concluded
that his "basic unit" is of great ecological value for analyzing
vegetation pattern and showing up ecological problems,

Goodall (1953), in his second of two publications dealing with the
classification of vegetation, gave special attention to the value of
indicator species. He used the ratio of the frequency of a particular
species in a community to the frequency of that species in another
community as an indicator of its worth as a site determinant species.
He used a two-way table showing presence and absence of a species on

2
two different sites, A x test and calculations of probability were



ugsed to test the significance of the differencé of the ratios of the
frequencies on each of the sites. Goodall's methodology was based on
the assumption that an index of fidelity which will reflect the contin-
uous variation In the feature it measures, and which will be capable of
reasonable exact treatment, should be bagsed on only one type of
measurement, Frequency was considered the most practical measurement,

There has been a great deal of work done by plant ecologists on
the distributions of plant communities, Pielou (1959, 1960, 1961),
Cole (1946), Romell (1930) and Greig-Smith (1964) are among those
working with distributions. Most of these writers have concerned
themselves with showing, by means of mathematical distributions, that
plant communities do follow orderly and predictable patterns,

If any conclusions can be drawn from the work of these men and
others in the field, the opinion that rarely are species distributed
randomly is perhaps most important., Also of almost universal accept-
ance is the quadrat size is an important factor to consider in study-
ing distributions. Pielou (1961) emphasized this point with the words,
"It is meaningless to say that positive or negative association exists
unless vou state at what scale this association exists," This
conclusion is in agreement with Greig-Smith (1964, chapter 4)., Romell
(1930) also believed that at some optimum sample size the organizms
would appear to be randomly distributed.

Pielou (1961) tried to remedy the size of sample dilemma by the
"concept of segregation'". This concept is proposed to measure the
assoclation of two species in such a way that the result obtained is
independent of quadrat size. The method used was based on a two-way

table with a x2 test for association, Nearest~neighbor relationships



were used in this study and the results were good, but the work
involved in establishing random points and then selecting the nearest
neighbor was considered to be excessive. Pielou used an indicator of
clumpiness in distribution which was determined by the equation:

S = 1 - observed number of AB and BA nearest-neighbor relationships,
expected number of AB and Ba nearest-neighbor relationships

where A and B are two species., If the two species are segregated, the
obgserved number of AB and BA nearest-neighbor relationships will be
legs than the number expected in an unsegregated population containing
the same number-of A's and B's; therefore when S = 0, an unsegregated
population was indicated.

Pielou (1959), in another paper on pattern in plant populations
used a point-to-plant distances method and sample density to test for
randomness of distribution., The amount of work involved in the point-
to=plant method was considerably less than that needed in the nearest-
neighbor method. As an index on non-randomness Pielou used a =r D w,
where D ig the demsity and w is the mean of the squares of the point-
to-plant distances. Therefore a is equal to, less than, or greater
than (n - 1) / n depending on whether the population has a random, a
regular, or an aggregated distribution. The significance of departure
of a from this value is easily found since 2na is distributed like x2

with 2n degrees of freedom. Observed values of a from two non-random

populations may be compared with a t-test, -

-



CHAPTER 1II
PROCEDURE

Research plots in McIntire-Stennis project 1161 were established
in southeastern part of Oklahoma. The plots were established over a
period of four years from 1963 to 1966, Transects 50 feet in length
were established. The area is a rolling plain of 400 to 600 feet
elevation, cut into tilted, alternating Pennsylvanian-Mississippian
sandstone and shale bedrock, with a few areas covered by a very thin
mantle of Pliocene~Pleistocene alluvium., The areas receive 40 to 48
inches of precipitation annually and lile at the western edge of the
pine~hardwood zone, just inland from the Coastal Plain., All woody
plants two feet in height and taller were tallied on an area six feet
elither side of the transects. A total of 563 plots 12 X 50 feet were
established, and each contained 600 square feet (.0137 acres). For
the purposes of analysis, each plot was divided into two 6 X 50-foot
plots, Each of the resulting plots had an area of 300 square feet
(.0068 acres).

A standard form tally sheet was used for recording the information.
Criteria of location, history, rainfall, species, diameter, and height
were recorded, In addition, information of the location of each
species In relationship to the stand canopy was observed, These data
were then punched on IBM cards.

For purposes of this research the only information needed was



10

frequency of species on each plot. A summary punch was made so that
each card represented one plot and contained only the frequency of each
species, The summary card deck served to reduce the somewhat cumber-
gome size of the data deck to a readily useable size, and put it in a
better form for computation.

The cards were sorted into three categories based on the empirical
evaluation of site quality. The empirical stratifications were offered
by Silker.l Stratification I is a post ocak-blackjack oak site, and is
represented by 118 plots at one location; stratification II is a post
oak-blackjack oak-hickory site, and is represented by 626 plots at five
locationg; stratification III is a post oak-~blackjack oak-hickory-red
oak site, represented by 382 plots at three locations., The quality of
the site steadily increases from stratification I to stratification
ITI,

Univariate frequency tables were constructed for each stratifica-
tion, using all the plots sampled. The frequency tables were con-
structed so as to list each species and the number of plots on which
that species showed stem counts of 0, 1, 2, 3,.,.., times., The mean

count was then determined as the 3fx / N, and the standard deviation as

Vs(x-0%/N-1.

Observed jolnt frequency tables or bivariate frequency tables were
constructed with the use of a computer program, These tables compared
all possible two~way combinations of species and gave the number of
plots which contained joint occurrences of each pair of species, An

attempt was made at this point to determine whether or not individual

l’I.’° H, Silker, assistant professor of forestry, Oklahoma State
University.
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specles appeared to be distributed according to the negative binomial
frequency distribution. Expected distributions were calculated based
on the negative binomial and x2 tests were made using the hypothesis
that all species were distributed independently, An attempt was also
made to predict the distribution with the Polsson expectation. As with
the negative binomial, the expected distribution was generated and a x2
teat was used to determine significance of fit,

In order to test for association between species, two~way contin-~
gency tables were built., These two-way tables showed the observed
joint presence and absence values of all two-way combinations of
species, Expected presence and absence values were obtained by
probabilities and xz tests were performed., Another attempt was made to
show associations of species by a test developed by Walker (1970),
called the "seven-region' analysis test. The significant results with
the "seven-region" analysis were limited somewhat by the large number
of zero count plots, and the small means in the univariate frequency
tables.

It was first believed that the size of individual plants on a plot
had a significant effect upon the positive or negative association of
species on that plot, In an attempt to isolate the effect of the size
of individuals on associations, separate xz tests were made on a new
set of two-way contingency tables. The two new sets of tables resulted
from separating all the plots into: (1) those plots containing

individuals > than 3.1 inches in diameterzs and (2) those plots

Diameter at breast height for all trees 4.5 feet and taller.
Diameter was measured 6 inches above the ground for trees less than
4,5 feet tall,
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having no individuals as large as 3.1 inches in diameter,
A ratio of the mean number of trees per plot on the occupied to
the mean number of trees for all plots was used to establish a quanti-

tative measure of the validity of the "wedge chart" (Silker, 1963),



CHAPTER IV
RESULTS AND DISCUSSION
Selection of Indicator Species

Site evaluations may be made by observing the vegetative communit-
les occupying a given site, and it is therefore possible to select the
all-important species which distinguish one site from another. It is
necegsary to discover what species or groups of species occur or are
abgent on the given site. The presence or absence of certain species
combinations may reveal the unique nature of a site.

Table I is a list of all of the species which were studied as
poséible indicator species., The species were tallied according to
sfipulations cited earlier in this paper. A total of 40 different
speclieg was recorded on the initial tallies of the plots. Of these 40
species only 32, chosen primarily on the basis of abundance or frequen-
cy, were selected for analysis. Species exhibiting low frequencies are
difficult to analyze, Shortleaf pine was eliminated due to tﬁe fact
that this species was the one for which the sites were being evaluated.

Subsequent to constructing the frequency tables it was found
necegsary to further reduce the species list to only 13 species. Only
these 13 species were present with frequencies great enough to support
analytical work, Not all of the 13 species were abundant or even

present on all of the stratifications, but this fact in itself is an

important pilece of evidence on plant indicators.
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SPECIES IDENTIFIED ON THE PLOTS

¥ ¥ ¥ %

¥ % %

post oak
blackjack oak
hickory

tree huckleberry (tall)
flowering dogwood
black oak
southern red oak
black haw

red gum

black gum

white oak

water oak

sumac

chittam wood
sa§safras

wild plum

winged elm
American holly
red haw

tree huckleberry (low)
fringe tree
American elm

red maple
mulberry

white ash

red cedar
buckbrush

French mulberry
redbud

deciduous holly

Quercus stellata
Quercus marilandica
Carya spp.

Vaccineum arboreum
Cornus florida
Quercus velutina
Quercus falcata
Viburnum refidulum
Liquidambar styraciflua
Nyssa sylvatica
Quercus alba
Quercus nigra

Rhus glabra

Bumelia lanuginosa
Sassafras albidum
Prunus spp.

Ulmus alata

Ilex opaca

Cretaegus spp.
Vaccineum spp,
Chionanthus virginicus
Ulmus americana
Acer rubrum

Morus rubra

Fraxinus americana
Juniperus virginiana
Symphoricarpos spp.
Morus spp.

Cercis canadensis

Ilex spp.

*indicates species used in the analysis
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Tests for Association With the

Two=-Way Contingency Tables

When an attempt is made to classify site potential using plant
indicators, a decision must be made concerning which quantifying
measure to use, Frequency appears to be the easiest and most adaptable
to this research work, As mentioned by Goodall (1953), constancy and
frequency are accurate variables for measuring the association among
gpecies.

It follows, then, that if the empirical stratifications set up in
the initial research are accurate, the frequency of species in each
stratification and the species themselves should vary. Stratification
I, the "post oak-blackjack oak" site, is shown in table II, The
univariate frequency table is constructed so that each entry represents
the number of plots containing a particular count for that species,
(ie., there are 31 plots, out of 118 total plots, containing no post
oak), The corresponding means are shown at the bottom of each table.
For example the average plot contained 2.093 post oaks, Stratifications
II and III, "post’oak-blackjack oak=hickory" and "post oak-blackjack
oak=hickory-red oak" respectively, are shown in tables III and IV,

From the univariate frequency tables, two-way presence and
abgence tables were constructed. Walker (1970), Pielou (1961),
Gemborys and Hodgkins (1971) and others have used two-way contingency
tables in evaluating vegetative assoclations., Table V illustrates a
two=way comparison of post oak and blackjack oak found in stratifica-
tion I,

The total absence value for each species is readily obtained from

the zero count position in the univarilate frequency tables. Subtrac-



UNIVARTATE

TABLE II

FREQUENCY TABLE FOR STRATIFICATION I

*god
“oTY

{X) 3junod
awo -fe1q
ywo *BIq

yeo

*08
‘B1q

#Bo pax
avy ‘erq
ung pax
wng
jeo ‘ym

‘uns
A CTTYP
*se8

yeO *jEm

*Td cTA
urd ‘ups

my

ufe

avy pax

*DPA
*ya3

13

‘o4 Cwy

-dem pax

o

yst ya

*pad pax

*2q *nq

cqra cexy

pNg pax

‘1oy o%p

31 27 1i4 117 118 118
26 40 4 1

o
CWOENOUNAWN-D
o

-

8 116 118 118 118
1

118 109 109 118

- X=X -1 RN

114

-
e

HOOHOHOHRNOHWOOHRHKRHHWORKHOONHIMMRNNWNWHMNNUNLABAPOLODWV W

118 118

118

118 118

o
1=
®

NOOOC OO 0000 OC OOCOVO0 OCOOCHOOKKWNIMHE®M

118

117
1

¥ 2.09 1,82 0.03

0.14 0,13

0.05 12.50

0.15

9T



TABLE III
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tion then produces the total present for each species, Once the pogi-
tion of absent=absent for both species is set, the remainder of the
table ig produced by subtraction., The absent-absent value of seven was
obtained fréﬁwﬁéble VI, the bivariate frequency table for post oak and
blackjack oak, The number of plots having no blackjack oak but having
some post oak i1s 27 - 7 = 20; having no post oak but having blackjack
oak is 31 = 7 = 243 having both post oak and blackjack oak is 91 - 24 =

67 or 87 - 20 = 67,

TABLE V

TWO=-WAY CONTINGENCY TABLE COMPARING THE PRESENCE
AND ABSENCE OF POST OAK AND BLACKJACK OAK
IN STRATIFICATION I

blackjack oak

Present Absent Total
Present| 67 (a) 20 (b) 87
post oak Absent| 24 (c) 7 (@) 31
Total 91 27 118

From the observed values in the two-way contingency table the
expectation probabilities can be calculated. A x2 test on the associa-
tion between the two specles may then be made, If the hypothesis is

made that the two species are distributed independently, then the

expected probabillities a, b, ¢, and d of their joint occurrence are the



20

product of their individual occurrence: .
Pa = (P post oak present) (P blackjack oak present)
= (87 / 118)(91 / 118)
= ,5686,
The expected number of plots is calculated as the product P(N) -

+5686 (118) = 67,098,

TABLE VI

JOINT FREQUENCY TABLE FOR POST OAK AND
BLACKJACK OAK IN STRATIFICATION I

Blackjack oak
count

0 1 2 3 4 5 6 7 8 9 T

3 1 4 1 2 3 11
Post oak count 4 5 2 2 0 1 10
5 3 1 1 0 0 1 6
6 1 2 3
7 1 2 1 1 5
8 0 0 0 0 0 1 1
9 0 0 0 1 1

total 27 40 21 11 8 5 2 2 1 1 118
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2 test are now present between the observed and

The basis for a ¥
expected in the following form:

post oak present, blackjack oak absent,
(87 / 118)(27 / 118) = .1687 (118) = 19,9066,
x2 = (20 - 19,9066)2 / 19,9066 = ,0004;
blackjack oak but no post oak,
(91 / 118)(31 / 118) = ,2026 (118) = 23,9068,
x2 = (24 - 23,9068)2 / 23,9068 = ,0004;
no blackjack oak and no post oak,
(31 / 118)(27 / 118) = 0601 (118) = 7,0918,
x2 = (7 - 7.0918)2 / 7,0918 = ,0012.

2 values of the

The total XZ value can be obtained by summing the ¥
four parts, The value, ,0001 + ,0004 + .0004 + ,0012 = ,0021, can be
looked up in a table of the distribution of y2 with one degree of free-
dom, and the hypothesis of independent distribution can be either
rejected or accepted, The tabulated value is 3,84 at the ,05 percent
level and the calculated x2 value is, for all practical purposes, zero,
Therefore, the hypothesis would not be rejected, and it must be
concluded that post oak and blackjack oak are distributed independent-~
ly.

Positive or negative assoclation can be predicted by looking at
the present-present value of the observed and expected tables. If the
present-present observed value is significantly greater than the
present-present expected value, positive association is indicated, If
this value is significantly less than expected, the association is

negative, Non-significant positive or negative values form a range,

within which there is little or no association.
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A different measurement of positive and negative assoclation is
offered by Cole (1946), He uses the formula Na / (a+b)(atc) as a
value to indicate positive or negative association, If this value is
greater than one, positive association is present., When this value is
less than one, negative association is present. In the example between
post oak and blackjack oak figured above, Cole's formula would yield:

118 (67) / (67+27)(67+24) = ,9242,
This value being less than one would indicate a negative association,
but according to the previous test, the negative association is not
statistically significant,

In table VII are listed all significant associations by stratifi-

cations. Signs indicate positive or negative association.
Interpretation of Two-Way Associations

The significant assoclations shown in table VII can give a great
deal of insight into the site requirements of an individual species and
into associations between species, Positive association tells that a
species tends to occur with other members of its assoclation rather
than randomly throughout the plot., When negative association is indi-
cated it suggests that the two species tend to occur in one-sgpecies
groups rather than with associated species or randomly throughout the
plot.

Association between post ocak and blackjack oak is not significant
in stratifications I and II but proves to be significant in stratifica-
tion III, Based on emplrical observations and upon the frequencies of
both species, 1t is evident that the sites in stratification III are

becoming unsuitable for their optimum occurrence. The frequencies have
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peaked and are tapering off as competition from other species for the
gite Increases, Comparison of the ﬂ values of the negative binomial
distribution indicate that the species are becoming more contagiously
distributed, (See table XXV for a comparison and explanation of the ﬂ
values,) The fact that these two species are forced into clumps or
groups gives supporting evidence:to the significant association found.

The negative association found between post oak and flowering
dogwood in stratification III indicates the tendency of post oak to
clump together on the poorer end of the site and the tendency of flow-
ering dogwood to clump on the better end of the site, The clumping of
the two species on different microsites causes the observed negative
frequencies to exceed the expected negative frequencies,

The negative association between blackjack oak and winged elm in
gtratification II is explained in the same manner., In stratification
IT blackjack oak exhibits only mlldly contagious distribution, whereas
winged elm is strongly contagious on this same stratification. The
result is a negative association between the two species,

The £ values of the negative binomial distribution suggest that
hickory and tree huckleberry are negatively assoclated, However, a
comparison of the frequencies of the two species in each of the strat-
1fications suggests that both species are just beginning to establish
themselves on stratification II. The fact that both species prefer
stratification II supports the positive association found on that
stratification,

Hickory and red haw are the only two species exhibiting positive
assoclation in one stratification and negative association in another.

The positive association on stratification II is supported strongly by
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the fact that both species tend to be contagiously distributed on this

site, The reverse holds true in stratification III.

Hickory tends to

dominate thls site with a very even distribution, while red haw is more

clumped here than in stratification II,

out by the k values shown in table XXV,

TABLE VII

POSITIVE AND NEGATIVE ASSOCIATIONS BETWEEN
SPECIES, BY STRATIFICATION (SIGNIFICANT
x2 TESTS IN 2X2 CONTINGENCY TABLES)

These relationships are borne

Association

Stratification
11

I11

post oak-blackjack oak

post oak=flowering dogwood

post oak=sumac

blackjack oak-sumac

blackjack oak-wild plum
blackjack oak-winged elm
hickory-wild plum

hickory-tree huckleberry
hickory-red haw

tree huckleberry-flowering dogwood
tree huckleberry-southern red oak
tree huckleberry-sumac

flowering dogwood=black osk
flowering dogwood-southern red oak
flowering dogwood-sumac

flowering dogwood-red haw

black oak-winged elm

southern red oak=-sumac

sumac-wild plum

sumac-winged elm

sumac=-red haw

chittam wood=symphoricarpos

wild plum=-winged elm

wild plum=red haw

winged elm-symphoricarpos

winged elm=red haw

+

+4++ 10

+

+ positive assoclation, - mnegative association
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The negative association shown by tree huckleberry and flowering
dogwood 1s puzzling at first examination, but further study reveals a
possible explanation. Both species exhibit a contagious distribution
in stratification III, but these clumps could indicate two separate
microclimates or niches., The flowering dogwood would therefore occupy
the better of the two niches because it is at the threshold of its
prefered site, On the other hand the tree huckleberry would occupy the
poorer of the two niches, The reproductive characteristics of tree
huckleberry could also help explain the very clumped distribution,

The positive assoclation between tree huckleberry and southern red
oak on stratification III follows the pattern already established,

Both are highly contagious distributions with about the same site
requirements, A comparison of the means of these tw§ specles on strat=-
ification III show that their frequencies are about equal,

The flowering dogwood and black oak assoclation and the flowering
dogwood and southern red osk association on stratification III also
follow in the established pattern, Tﬁe ﬂ values indicate highly con-
tagious distributions., This particular site defines the threshold for
all three species, The frequencies of the three in stratifications 1
and II are comparable, also indicating a close association,

Flowering dogwood and red haw exhibit a negative association in
stratification III., The basis for this can be established by the
decreasing frequency of red haw and the increasing frequency of flower-
ing dogwood., Stratification III tends to favor the flowering dogwood,
but not the red haw, They would each be contagiously distributed at
opposite ends of the stratification, red haw occupying the poorer areas

and flowering dogwood the better areas.
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Symphoricarpos and chittam wood are strongly represented in strat-
ification I, as evidenced by their high frequencies., Symphoricarpos,
in particular, shows a significant mean in stratification I, but is
completely absent in stratification III. The strong tendency for both
species to occupy the same site gives support to the positive associa-
tion found in stratification I.

Winged elm occurs most frequently in stratification I but is also
present in stratification II. It is a minor component is stratifica-
tion ITI. Red haw is prevalent in stratification II, and is a minor
component is8 stratifications I and I1I., The lack of association in
stratification I is supported by the low frequency of red haw on that
site, Stratification II, however, is favorable to both species, and
this 1s the probable reason for positive association between the two
species on‘that site, Stratification III 1is not favorable to either
species which would tend to force them to clump together on the poorer
extreme of the site, The positive association between the two species
in stratification III is evidence supporting the replacement of these
specles with others of higher site requirements., Both species exhibit
relatively strong contagion wherever they occur,

Other associations are of lesser importance in terms of the
objectives of this study. The associations and species singled out of
the table are considered more reliable for site determination than are
the other species, The chosen species largely are the major species of
the "wedge chart" offered by Silker (1963, 1965).

Many of the gpecies did‘not have the frequency of occurrence
required to be of great value as an indicator species. Still other

specles are ignored for other reasons peculiar to them alone. One



27

specles which is quite common but not used is sumac. Sumac is consid=-
ered to be an unreliable species due to its characteristics of
establishment. It tends to be contagiously distributed wherever it
occurs, It also appears to be a temporary species which moves in rap~-
1dly after a disturbance, occupying the site in a very clumpy distribu-
tion, and then disappearing from the site.

The associations involving winged elm are also discredited
heavily. Though winged elm shows a definite high frequency on stratif-
lication I, it can occur in sufficlent numbers on all sites to generate
positive associlations with other species, Positive associations with
winged elm, therefore, are of little significance in identifying site,
Winged elm also demonstrates characteristics similar to sumac in that
it invades a site, particularly a poorer one, with any disturbance.

Before attempting to draw any conclusions concerning the associa-
tlons present or absent in any stratification it should be remembered
that the forest is a continuum and distinct boundaries are ambiguous at
best, By this, reference is made to the stratification boundaries,
Stratifications are not separated by exact boundaries, but instead tend
to overlap, making some associations difficult to delimit exactly. By
the same reasoning the three stratifications cannot be defined by three
separate points, but must be defined as ranges. Each range will vary
from the poorer extreme to the better, and will overlap to some extent
with the adjacent stratification,

Statistically, the significant associations in table VII indicate
a particular site. Any of the three stratifications can, therefore, be
predicted by one or more associations of species.

As a practlcal fileld tool, an experienced user can become fairly
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adept at plnpointing a site based on plant indicators., It should be
remembered that the total association should be examined and not only
one or two species, One or two species can have a wide range of
habitat which makes an accurate site appraisal difficult, If, however,
all the assoclations are taken into account and the parameters of
frequency and size are considered, an accurate site appraisal can be
made, Frequency and size give an indication as to where in the range
of a certain specles, the site is located., That is to say, if a
apecies normally occurs as large specimens distributed with high fre-
quency, but is found in a specific condition only as small plants
occurring infrequently, the probable cause is a site far from optimum

for the species,

Joint Frequency and the

Seven-Region Analysis

Joint frequency, or bivariate frequency, tables were constructed
to get a better picture of the assoclation between two specles, These
tables were constructed in the form indicated in table V., As stated by
Walker (1970) in his study of diameter distribution, the two-way tables
and their x2 test do not give an accurate picture of the joint frequen-
cy and they do not offer a coefficient of association, Walker's seven-
region analysis test was developed in an effort to overcome these
deficienciles,

The breakdown of the seven~region analysis test is as follows:

Region 1, Plots having less than the mean number of trees for

both species.

Region 2, Plots having greater than the mean number of trees for
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both species,

Region 3. Plots having greater than the mean number of trees for
one species and less than the mean number of trees for
the other species,

Region 4, Plots having less than the mean number of trees for one
species and greater than a mean number for the other,

Region 5, Plots having the mean number of trees for both species,

Region 6. Plots having a mean number of trees for one species and
a non-mean number of trees for the other,

Region 7, Same as region 6 but reversing the species,

An illustration of region breakdown is given in table VIII,

The construction of table IX, the seven-region analysis table,
uses both the univariate frequency table and the bivariate frequency
table, The values for each of the seven regions for the post oak and
blackjack oak are tallied with relation to the respective means from
the univariate frequency tables, For example, the means for post oak
and blackjack oak in stratification I are approximately equal to two,
(The means must be rounded to the nearest integer,) Tallies are then
made for each category by combining the tallies in the indicated cells
of the table,

The expected units for post oak and blackjack oak are determined
by the product of their individual probabilities. The general form for
the expected units is as follows: for category one,

(<X post oak units / total post oak units) (<X blackjack oak

units / total blackjack oak units) (total number of plots, N)

= expected number of units,

In the example given above between post oak and blackjack oak the
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results are:

(57 / 118)(67 / 118)(118) = 32 expected units in category one.

TABLE VIII

SOURCE OF VALUES FOR THE SEVEN REGIONS
(ASSUMING X=2 AND Y=3)

species X
0 1 2 3 4 5 6
0
region region region
1 1 7 5
2
species Y 3 region region region
6 5 6
4
5 region region region
4 7 9
6

The actual units for category one in the seven-region table are
obtalned from the bivariate table partitioned appropriately as indicat-
ed in table X. The partitioning is based on the general form given in

table VIII with the appropriate means for post oak and blackjack oak

drawn in, Summation of the partitioned cells yields the value indi-
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cated in each category in table IX,

TABLE IX

SEVEN-REGION ANALYSIS AND xz VALUE FOR
THE ASSOCIATION BETIWEEN POST OAK
AND BLACKJACK OAXK

region post oak blackjack oak expected observed partial
units units value value x2
units units

1 <X 57 <X 67 32 31 0312
2 >X 37 >X 30 9 10 21111
3 <X 57 >X 30 14 14 0
4 >X 37 <X 67 21 22 L0476
5 X 24 X 21 4 4 0
6 X 24 non X 97 20 20 0
7 non X 94 X 21 17 17 0

total yZ = ,1899

With the observed and expected values in category I a partial y2
value can be determined:
(31 - 32)2 / 32 = 0321,
The partial values for each region are then summed to give a total x?Z
value which can be used to test for significance with four degrees of
freedom, Again as in the two-way test the hypothesils is that the two
species are distributed independently,

Positive or negative association can be indentified by comparing



the first four categories,
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Positive assoclation 1s indicated when the

actual units are larger than the expected units in categories one and

two and less than the expected units in categories three and four,

Negative assoclation is indicated when the reverse of the above occurs,

BIVARIATE FREQUENCIES OF POST 0AK
AND BLACKJACK OAK PARTITIONED
FOR SEVEN-REGION ANALYSIS

TABLE X

blackjack oak
(trees per plot)

0O 1 2 3 4 5 10
ol 7 1w {52 2 1 0
103 1|71 1 2
206 8| 4afs 1 o0
31 4|12 3

post 45 21210 1

oak
503 1] 110 o 1
6] 1 2| o
701 211
sl o ololo o 1
9l o of o1

Results of the seven-reglon analysis tests are given in table XI.

The results are sketchy due to the limitation that the means of the
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species involved must be rounded to the nearest integer value, Because
of the high zero count and low frequency many associations could not be
evaluated with this test, A comparison of the results obtained from
the two-way tests with those obtained from the seven-region analysis
tests is made in table XI, There is little difference between the
values obtained in the two-way tests and those obtained in the seven-
reglion analysis on the significant associations,

The species post oak and hickory show significant negative associ-
ation in stratification III by the seven~region test, but no associa-
tion by the two-way analysis. The negative association is borne out by
the decreasing frequency of post oak on an unfavorable site and the
increasing frequency of hickory on a site more favorable to its
occurrence,

The blackjack oak and hickory association in stratification II
also shows negative assoclation in the seven-region analysis, but not
in the two-way analysis, The fact that negative association exists
also appears to be supported by the decreasing blackjack oak and
increasing hickory frequenciles,

Both of the above associations and the other associations which
were tested with the seven-region analysis appear to follow the pattern
previously established in the discussion of the two-way associations

(pages 22 to 28),

Teats for Effect of Size of Plants

on Limiting Association

It was believed that the size classes in a particular species and

the frequency of occurrence of that speciles would have an effect on the



TABLE XI

COMPARISON BETWEEN TWO-WAY AND SEVEN-REGION
x“TESTS FOR SPECIES SHOWING SIGNIFICANT

POSITIVE AND NEGATIVE ASSOCIATION

34

Associlation

Stratification

IT

IIT

post oak=blackjack oak

post oak~hickory

post oak-=flowering dogwood

post oak-sumac

post oak-winged elm

blackjack oak-sumac

blackjack oak=hickory

blackjack oak-wild plum
blackiack oak=-winged elm
hickory-tree huckleberry
hickory-wild plum

hickory-red haw

tree huckleberry-flowering dogwood
tree huckleberry=-southern red oak
tree huckleberry-sumac

flowering dogwood-black oak
flowering dogwood-southern red oak
flowering dogwood=-sumac

flowering dogwood-red haw

black oak-winged elm

southern red oak-sumac

sumac~wild plum

sumac~winged elm

sumac~red haw

chittam wood=-symphoricarpos

wild plum=winged elm

wild plum~red haw

winged elm-symphoricarpos

winged elm-red haw

4

A+

+

+ +

+ two=way positive association
- two-way negative association

++ seven-reglion positive association

-- gseven~region negative association

* associations which could not be tested with the seven-region
analysis test



association of the species around it. There are numerous reasons for
suspecting that a size factor might significantly affect association.
Preemption of growing g;ace, tolerance of shade, root.area, trunk
diameter, and competition for the nutrients and soill moisture are the
primary factors which determine whether or not such modification of
associationkwill actually follow.

In an attempt to measure the effect the individual plant size had
on a plot, it was necessary to subdivide the plots on the basis of a
limiting size. The total plots in each stratification were sorted on
the basis of plots containing individuals 3.1 inches in diameter and
larger and those having no individuals as large as 3.1 inches in
diameter. Diameter was measured at 4.5 feet above mean ground level
for those individuals with sufficient height to qualify. For those
plants between 2 feet and 4.5 feet in height the diameter was measured
6 inches above the ground. Diameter was recorded to the nearest tenth
of an inch.

New univariate frequency tables were constructed, using the newly-
sorted card decks. The 118 plots of stratification I were separated
into 87 plots having individuals > 3.1 inches and 31 plots having no
individuals as large as 3.1 inches in diameter. These frequencies are
illustrated in tables XII and XIII respectively.

The 626 plots in stratification II were separated into 447 plots
which had individuals > 3.1 inches in diameter and 177 plots which had
no members this large. The two frequency tables are illustrated in
tables XIV and XV respectively.

Finally, the 382 plots composing stratification III were subdivid-

ed into 296 plots containing individuals 3.1 inches in diameter and
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larger and 86 plots having no such size classes. Tables XVI and XVII
illustrate the two frequency tables.

A comparisoﬁ of the two different size groups, > 3.1 diameter and
< 3.1 diameter, was made and the associations were measured. The
expectation was that the associations on the size-stratified groups
would be different. In order to test for the difference in associa-
tion, a series of two-way tables were constructed for each size group,
just as was done for the whole sample. A X2 test was then used as
before to determine the significance of associations. The comparisons
are recorded in table XVIII.

Examination of the comparisons in association reveals that no
effect on association is caused by the presence of the larger members.
When the two size breakdowns are compared to the whole, a reference
must be made to the number of plots used for calculating association.

The N values used in the < 3.1 inch diameter class are too small
to yield an adequate sample. It should also be noted that due to the
small N value involved in the whole of stratification I, any further
breakdown of that stratification also yields an insufficient N count.
With knowledge of these insufficient N values the differences in
association can be explained.

The pest oak-blackjack eak, post oak-flowering dogwood and tree
huckleberry-southern red oak associations, when compared to the whole
did not change in any of the stratificationms.

There appeared to be a difference in association between the whole
and - the size-stratified groups among the associations of post oak-
symphoricarpos and chittam wood-symphoricarpos. There also appeared to

be a difference among the associations »# pewt oak-chittam wood, pest



TABLE XII

UNIVARIATE FREQUENCY TABLE FOR PLOTS HAVING SOME INDIVIDUALS

Anm. hol.
red bud
Fre. oul.
bu. br.
red ced.
wh, ash
mul,
red map.
Am. hol.
fri, tr.
vac,

red rnﬁ
An, elm
win, elm
| wil. pl.
8as.
chi, wd,
sum,
wat. oak
wh. oak
bla. gum
red gum

bla. haw

> 3.1 INCHES IN DIAMETER (STRATIFICATION I)

80. red oak
bla. oak
flv, dog
tr. huk.
hic.

blaj. oak

pos. oak

count (X)

37

87

~
w0

M60121000100000000000 QOO CODOOON

87 87 87 87 87 87

87

87

MIOONTNNMNEIALAAHANHOHAN COHOOOHNOHOHONHOONHONHO O ~CO
2N
©

~
«©

POHO OO
2 (=]

Ot
o

87 87 86 87 87 87 87

87

O e N D PO Ot Y T
RO R

>
16
17
18
19
20

0.12

11.37

0.13 0.16

2.45 1.99

T



TABLE XIII
LARGE AS 3.1 INCHES IN DIAMETER (STRATIFICATION I)

UNIVARIATE FREQUENCY TABLE FOR PLOTS WITH NO MEMBERS AS

31

dec. hol.

31

red bud

31

Fre, mul,

29

QDO
bu. br.,

31

red ced.

31

wh, ash

31

mul.

31

red map.

31

Am, hol,

31

fri. tr.

31

vac.

26
3
1
1

red haw

31

Am, eln

OFrMONONNMMNOMMOHOOHMNHOO M A0ND0 O0ONHOHODOMMOO
win, eln

wil. pl.

31

sas.

30
1

chi. wd,

29

sum.

31

wat. oak

31

wh. oak

31

bla. gum

31

red gum

30

bla. haw een

31

so. red oask

31

bla. oak

31

£1w, dog

31

tr. huk.

31

hic.
OMO N O
-

blaj., oak

pos. oak -

count (X) OHNMmINnoNBa

0.26

0.26

15.65

0.16

1,10 1.36
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TABLE XIV

UNIVARIATE FREQUENCY TABLE FOR PLOTS HAVING SOME INDIVIDUALS
> 3.1 INCHES IN DIAMETER (STRATIFICATION II)
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TABLE XV

UNIVARIATE FREQUENCY TABLE FOR PLOTS WITH NO MEMBERS AS
LARGE AS 3.1 INCHES IN DIAMETER (STRATIFICATION II)
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TABLE XVI

UNIVARIATE FREQUENCY TABLE FOR PLOTS HAVING SOME INDIVIDUALS
> 3.1 INCHES IN DIAMETER (STRATIFICATION III)

o o ”~ o o« o 23 o £ 3 w 0 4 " < o ” " -3 - ” a
P EFEPEEPFEE SRR RELEEFE R EEELE TG
I M ’ T a2 o B = 2T o & o P w e B OF - 5 B E 8 T o
g8 g FE & EEgEFFE 2 BEER Frs 2 EIEEE
Z

F

‘0 56 \251 6 264 197 167 211 281 296 292 296 296 181 290 281 267 175 295 236 295 293 296 296 287 292 295 296 294 296 296
1 68 30 40 14 63 62 60 11 2 38 6 10 20 77 1 38 1 2 8 4 1
2 56 12 47 5 15 36 16 ¢ 1 14 1 5 37 18 0 1
3 46 1 63 5 9. 13 8 [ 0 8 3 4 3 1 1
4 26 1 41 2 6 8 1 1 [ 18 0 1 1
5 17 0 26 1. 2 7 2 0 7 1 1 1
I3 8 ] 28 2 3 2 Y o 6 1 i
7 9 1 23 2 1 1 0 1 4 0
8 4 9 0 0 5 0
g 0 8 0 0 2 1
10 3 1 1 o 4
11 1 1 1 3
12 1 3 1
13 [ 2
14 0 ¢
15 1 1
16 1
17 0
18 0
19 0
20 T
X 2.43 0,23 3,88 0.30 0.61 0.88 0.41 0.12 1.63 0.09 0.14 0.62 10,31

TV



TABLE XVIIL

UNIVARIATE FREQUENCY TABLE FOR PLOTS WITH NO MEMBERS AS

LARGE AS 3.1 INCHES IN DIAMETER (STRATIFICATION III)

dec. hol,
red bud
Fre. mul.
bu. br.
zed ced.
wh. ash
=ul, |
.red map.
Am. hol.
fri. tr.
vac.

red ~._u1
A, eln
;vin. elm
wil. pl.
sas.

chi. wd.
sum.
wat, oak
wh. oak
bla. gum
red gum
bla. haw
80, red oak
bla. oak
flw. dog
tr. huk,
hic.
blaj. ocak
pos. oak
count (X)

8 86 86 86 85 8 86 82 86

86

85
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TABLE XVIII

COMPARISON OF ASSOCIATIONS AMONG ALL PLOTS,
THOSE WITH SOME MEMBERS > 3.1 INCHES
DIA., AND THOSE WITH ALL MEMBERS

< 3.1 INCHES DIA.

43

Association

Stratification

IT

II1

post oak-blackjack oak

post oak-hickory

post oak-flowering dogwood
post.oak-~sumac

post oak-chittam wood

pest oak-winged elm

post oak-red haw

post oak-symphoricarpos
blackjack oak-sumac
blackjack oak-wild plum
blackjack oak-winged elm
blackjack oak-symphoricarpos
hickory-tree huckleberry
hickory-sumac

hickory-wild plum
hickory-winged elm
hickory-red haw

tree huckleberry-flowering degwood
tree huckleberry-southern red oak
tree huckleberry-sumac

tree huckleberry-winged elm
flowering dogwood-black oak
flowering dogwood-southern red oak
flowering dogwood-sumac
flowering dogwood-red haw
black oak-sumac

black oak-winged elm
southern red oak-sumac
sumac-wild plum
sumac-winged elm

sumac . red haw

chittam wood-symphoricarpos
wild plum-winged elm

wild plum-red haw

winged elm-red haw

winged elm-symphoricarpos

b
++

+ + +

++

+H
++

K

+

+, - positive or negative'association on all plots
++, -— positive or negative association on plots with 3.1 inch dia.

plants present

44+, ——-positive or negative association on plots with no plants as

large as 3.1 inches in dia.
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oak-red haw and blackjack oak-symphoricarpos. Little significance is
attributed to this difference due to the insufficient N count in the
size-stratified groups.

Too few plots are available for testing association in the other
important assbciations, such as hickory-tree huckleberry, hickory-red
haw, tree huckleberry-flowering dogwood, flowering dogwood-southern red
oak, flowering dogwood-red haw and chittam wood-symphoricarpos.

An exception to the above-mentioned lack of sufficient sample
units occurs in stratification III in the associations between hickory-
red haw and flowering dogwood-black oak. The N count for the > 3.1
inch diameter class should have been sufficient to get an adequate
association evaluation.

It is believed that, while the 3.1 inch diameter limitation yield-
ed no significant size factor relationships, an alternative larger
size~-class limit would produce some significant relationships, provided
that sufficient sample units were available to support statistically
sound measurements. More research is needed to determine if size is a

limiting factor in the association of species.

A Quantified Ranking of Species With

Respect to Site Quality

Figure 1, called a "wedge chart', represents a:”total site classi-
fication" offered by Silker (1963). The chart consists of three parts:
(A) Recommendations are made for the best adaptable silviculture tool
for gaining control and maintaining control of the undesirable hard-
woods; and surface soil depths énd the plant associations ﬁo which

these tools are appropriately assigned for control work. (B) The
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(A) SILVICULTURAL TOOL ADAPTATION (for controliing undesirable hardwoods):

l——- — ——)I Asrial Chemical Sprays, 7 to %15/ acre '(-— — —l
l— — -—)' Single - tree Treotments , 2 to $5+/ acre |<—— — —l
Prescribed Burning, $0.40/acre/ burn
—le ] e et ]

Guif Coastal Plgin. I

l .
(B) SOUTHERN PINE REGENERATION CLASS:

I -~ ~ I
~
[ -~

BI.
Hic. ch
PO. BJO. Ty, RO. RG. BG. WhO. WaO0. WiO. Iron. Wi0. Wa0. WhO. BG. RG. RO. Tr. BJO. PO. SJO.
Huck . Dog. Dog Huck,
] 1 S S R M U T T N o I
. Compact, 14"  SANDY  LOAM SURFACE |
. clay sub-soil ¥ T \L :
[ Approx. I
Equivalent to Boswell or l TS 48"
Susquehanno soil series, |5 " . ¢ |
with 44 10 55-inch | o , B
precipitation. | . o l
17 Loblolly or shortieaf pinse. I o . '. ’ [ . I
2/ Friable sub-soils usually limit moisture utontlon and L
higher-order plant expression .at ¢ll positions, unless a sub-stretum |
under the sub-soil is close enough and dense enough to hold moisture 'o
the root-use zone and increase effective moisture availability, as in the I
I
I

S— —~— - —
Good ™~ - l ' -
o
3/ - | —~
' — —
|
|

— —_ — I
— | ~
|<— Need cultural help to increase pine regenseration —-—' |

3/ Naturol position for optimum regeneration and initial development of southern
pine, without cultural help. | | ‘

|
| : ' |
(C) ASSOCIATE SPECIES NATURE AND COMPETITION WITH
PREFERRED PINE :

Intolerant Tolerent intolerant

Figure 1. '"Total Site Classification" by the Use of Plant
Indicator Sequence. Tentative Rating and Relative
Position of Predominant and Common Hardwoods in
Reflecting Soil Moisture Availability
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southern pine'regeneré%ion class as indicated by soil depth and related
plant association. (C) The degree of competition encountered with the
associated hardwoods is indentified. The ranking of species above the
increasing soil depth indicates when a species is able to come in and
establish itself naturally, with no cultural aid. This ranking is
based on soil depth and moisture retention of the soil.

In reading the chart it may be observed that there are two rela-
tive positions where shortleaf and loblolly pine regeneration is
optimum, without cultural help, The pine will thrive on the red oak
and better sites, but will not occur frequently and naturally upless
there is site disturbance. These pine must have silvicultural help to
regenerate on the site.

The importance of the chart to this research rests primarily in
the ranking of the species. Again, the positions indicated on the
chart reflect not a single point, but rather a range, within which the
species establishes itself. The site quality is indicated by the total
plant association on the site. That is to say, site quality is deter-
mined by examining each species in relation toe the other species.
Prequency and the highest "demand species" on the site supply the in-
formation for determining site quality.

In an attempt to quantify the wedge chart, two parameters were
examined for their possible usefulness. The first of these is the mean
frequency of each species on each of the three stratificationms.
Frequency indicates the adaptability of that species for a particular
stratification. Secondly, an "evenness of distribution ratio' may
express the clumpiness or contagion of a species on a stratification,

or it may indicate the uniformity with which the species is distributed.
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Mean frequencies are given in table XIX for ease in comparison
with the "evenness of distribution ratios", which are shown in table
XX.

The "eveness of distribution ratios' are expressed by the ratio of
the mean frequency of the occupied plots to the mean frequency of all
the plots. Thus, for post.oak in stratification I the following ratio

is obtained:

evenness of distribution ratio = X occupied plots / X all plots

2.839 / 2.093

1.356.
A value approximating 1.0 indicates that the species is evenly distrib-
uted on the site. Values greater than 1.0 indicate clumpy distribu-
tions, the ratio increasing with increasing clumpiness or contagion.
The evenness of distribution ratio should be distinguished from the
moment estimate of k of the negative binomial distribution series,
though the intent of both is to some degree intended to show contagion.
However, the agreement between the k values for estimating contagion,
table XXV, and the evenness of distribution ratio for estimating
contagion should be noted. Table XX is 'a comparison of the evenness of
distribution ratios by stratification. Where meaningful means were not
determinable but where slight traces of the species occurred, the word
trace was inserted. If a species was completely absent, it was so
indicated.

Using mean frequency and the evenness of distribution ratios it is
possible to identify the "areas' which are more suitable to a given
species. A high frequency and a low evemness of distribution ratio

reveals where that species is more favorably located. (The evenness of
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distribution ratio indicates where a specles is more evenly distrib-

uted, hence no micro-niche clumping, indicating an adverse site condi-

tion.) The term "area'", rather than "stratification" is used in the

above discussion.

rather than centering within a stratification.

TABLE XIX

MEAN FREQUENCIES BY STRATIFICATION

A species may tend to favor the overlapping zone

Species Stratification
I I1 III

the number of trees per average plot
post oak 2.093 3.316 2.503
blackjack oak 1.822 1.730 243
hickory .033 1,995 3.730
tree huckleberry .008 .216 .280
flowering dogwood .014 .565
black oak .080 .804
southern red oak .003 374
black haw .034 .019 .126
black gum .029
sumac .136 .257 1.783
chittam wood .127 .029 .018
sassafras .073
wild plum .051 142 .154
winged elm 12.500 2.966 .610
red haw .153 .813 .340
mulberry .006 .026
white ash .006 .013
symphoricarpos .873

Most species can be placed in their respective stratifications

using the above methods.

Exceptions arise when the values are not
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sufficiently different to ascertain the site preference of one species
compared to another. Such is the case with post oak and blackjack oak.
It is not discernible which stratification is prefered by either
species. The jump in the evenness of distribution ratio and the drop
in mean value of blackjack oak in stratification III is the only
suggestion that blackjack oak does not prefer stratification III. It
is evident that both species prefer stratifications I and II, but as to
which site is prefered by which species no definite conclusions can be
made.

Stratifications II and III definitely tend to favor hickory, with
stratification III being much more nearly an optimum site.

Tree huckleberry parallels the hickory occurrence but does not
occur as frequently as hickory on stratification III.

Stratification III very strongly favors flowering dogwood, black
oak, southern red oak and black haw.

Stratification I is prefered by symphoricarpos and chittam wood,
but chittam wood in particular is found also on the other stratifica-
tions.

Stratification IT appears to be only slightly better than stratif-
ication III for the occurrence of red haw.

These species and other lesser species are given in table XXI,
which locates each species in the stratification it apparently prefers.

Quantitative rankings of the species may be developed, based on
the assumption that the lower the evenness of distribution ratio, the
better suited the site is for that species. The stratification rank-
ing in table XXI represents the initial position of each species. It

is assumed then, that those species which appear to favor stratifica-
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tion I will establish themselves on poorer sites than the species which
appear to favor stratification II and III. The problem now lies with
positioning each of the species within the stratifications. This
problem may be solved by comparing the magnitude of change from one
site to the next with respect to frequency and evenness of distribution
ratio. Therefore, a species which obviously prefers one site over

. another, as revealed by a low evenness of distribution ratio on the
preferred site, would be ranked in a position ahead of a species which
exhibits no strong preference. A ranking of the species based on these
relationships is presented in table XXII.

It should be noted that the difference in the values between post
oak and blackjack oak are so small that their relative position is not
readily discernible. Actual observations from the field suggest that
post eak be placed just ahead of blackjack oak. Quantitative analysis,
however, suggests that blackjack oak, however slight the difference,
should be placed ahead of post oak. This position 1s supported by
Gemborys and Hodgkins (1971). They found that post oak sites possessed
a slightly better site index for longleaf pine. Additional research is
needed to establish the exact relationship of these two species.

Redbud, deciduous holly, American elm, vaccinium and red cedar
were omitted from the evaluations because only traces were recorded and
no direct comparisons could be made.

The table suggests that the sites become progressively better in
advancing from the winged elm position to the fringe tree position.

The agreement of this quantitative chart with Silker's wedge chart;
figure 1, may be readily observed. The ranking in the wedge chart is

from left to right.
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TABLE XX

EVENNESS OF DISTRIBUTION RATIOS BY STRATIFICATION
(X OCCUPIED PLOTS / X ALL PLOTS)

Species Stratification
1 11 IIT
post oak 1.356 1.190 1.252
blackjack oak 1.297 1.413 6.074
hickory 30.303 1.364 1.038
tree huckleberry 125.000 9.291 8.866
flowering dogwood absent 80.357 3.186
black ocak absent 14.587 2.372
southern red oak absent 333.333 3.824
black haw 58.824 78.947 18.143
black gum absent absent 94.824
sumac 13.074 8.354 2.464
chittam wood 13.126 62.069 55.556
sassafras absent absent 23.973
wild plum 39.216 14.577 9.578
winged elm 1.026 1.373 2.480
American elm absent trace trace
red haw 8.405 2.924 4,553
vaccinium absent absent trace
fringe tree absent absent 128.230
mulberry absent 166.670 42,731
white ash absent 166.670 76.923
red cedar absent trace trace
symphoricarpos 7.866 158.850 absent
French mulberry absent absent 62.500
deciduous holly absent trace absent

The quantitative ranking includes some species which do not appear
on the wedge chart just as the wedge chart includes a few species which
did not appear with sufficient frequency for an analysis in this study.
The principle species indicated on both are, however, in excellent
agreement. According to Silker, lesser species which have been includ-

ed in the quantitative chart, while not present in the wedge chart,
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would be in agreement had they been shown.

TABLE XXI

STRATTFICATION PREFERENCE OF SPECIES BASED ON
THEIR FREQUENCY AND EVENNESS OF
DISTRIBUTION RATIOS

Species Stratification

I IT I1T

post oak : v X
blackjack oak pie
hickory

tree huckleberry

black oak

southern red oak

black haw

black gum

chittam wood X
sassafras

wild plum X
winged elm X

red haw X
mulberry

white ash

fringe tree

French mulberry

MK MK

M X MY KN

MM

MoK MM

The relative positions of post oak and blackjack oak alone are at
variance in the two charts. It is suggested that further study be
employed to establish the disputed positions of the two species. Since
both species are positioned on the poorest sites it is difficult to
place either one before the other. It is possible that had sites

poorer than stratification I been evaluated, one species or the other
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would show a tendency to establish itself ahead of the other.

TABLE XXII

A QUANTITATIVE RANKING OF SPECIES BASED ON THEIR
FREQUENCY AND EVENNESS OF DISTRIBUTION RATIOS

winged elm
blackjack oak
symphoricarpos
chittam wood
post oak

red haw

hickory

tree huckleberry
black oak
flowering dogwood
southern red oak
wild plum

black haw
sassafras
mulberry

French mulberry
white ash

black gum

fringe tree

In order to evaluate the quantitative chart in terms of site
index, an appropriate site index value for each stratification must be
determined. The mean site index values for shortleaf pine based on an
age of fifty years is ebtainable from a similar study done by Endicott.
(1971). He found that the mean site indexes for shortleaf pine
associated with certain hardwood groups were as follows: (1) hickory

association equals 50.7 feet, (2) hickory-tree huckleberry equals 54.2
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feet, and (3) southern red oak equals 60.7 feet. Thus, applying these
relationships to the current study the indicated site index can be
predicted for each of the three stratifications. Stratification I
would produce a site index of less than 50.7 feet, No-exact site index
can be given because rarely does pine occur naturald¥¥ on this stratifi-
cation. Stratification II would range from a site index of 50.7 feqt
to a site index of 54.2 feet. Stratification II begins approximately
where hickory comes in but it terminates before the site is of suffi-
cient quality to support red oak. Stratification III, which begins
“with the establishment of red oak, consists of site indexes 60.7 feet
and greater.

It becomes clear that while exact site index values cannot be
assigned for each species or each stratification, a range of site
indexes can be determined. With a knowledge of the approximate bound-
aries and the appropriate range of site indexes for each stratificafion,
the forester can, after a familiarization of the frequencies encounter-
ed for each species, indentify the approximate location within the
stratification, and predict a reasonably accurate site index for that

site.

Comparison of the Observed Distribution

to the Poisson Expectation

An attempt was made to determine if the distributions of species
encountered in this work could be described by Poisson expectation.
The Poisson distribution assumes that any species can occur on a given
sample and that any sample provides an equal chance for that species to

occur. In general, the Poisson appears to fit more closely to the
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observed distribution when the mean and the variance of the distribu-
tion are approximately equal.
The empty plot frequency in the Poisson distribution is obtained
with:
fo =Ne -l
where,

fy) = the expected frequency of the zero count;

N = the number of sample units;
e = base of the natural logarithms;
U = the mean of the population.

Having obtained a value for f(, succeeding frequencies are determined
by a successive multiplication of the preceeding frequency times the
X / X, or: iy &/ 1, f1 X/ 2, i) (X / 3), etec. (X in this case
is the count, 0, 1, 2, 3, ..., etc.)

In the example of post oak in stratification I, the expected

frequencies are as follow:

fg=Ne ™
log f = log N - u log e
log f = log 118 - 2.093 log 2.71828
log fg = 2.07188 - 2.093 (.4342944)
log fg = 1.1629

fo = 14.5514.

Succeeding frequencies are calculated as:

f1= £y X/ X
f£1 = 14.5514 (2.093 / 1)
£, = 30.4560,

and
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fg = 30.4560 (2.093 / 2) = 31.8723.

Table XXIII gives the expected distribution and actual distribution.

TABLE XXIII

POISSON AND ACTUAL DISTRIBUTIONS OF POST OAK
IN STRATIFICATION I

species count, X X /X Expected frequency Actual frequency
0 14,5514 31
1 2.093/1 30.4560 26
2 2.093/2 31.8723 24
3 2.093/3 22.2362 11
4 2.093/4 11.6351 10
5 2.093/5 4.8705 6
6 2.093/6 1.6990 3
7 2.093/7 .5080 5
8 2.093/8 .1329 1
9 2.093/9 .0309 1

Under the assumption of Poisson distribution a y? test can be
made. The x2 value for this particular species becomes, then, 33.43.
With the tabulated value under four degrees of freedom the hypothesis
must be rejected.

None of the species tested were found to exhibit the Poisson
distribution. Some species may have indicated a Poisson distribution
had all been tested, but due to the large zero count and low frequency
of many of the species, they could not be tested. The use of the y?

test requires that at least three entries, represented by three count
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of freedom for the xz test.
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A minimum of three entries is needed to give a degree

The results of the Poisson-distribution

tests are given in table XXIV.

COMPARISON OF THE CALCULATED x? WITH THE x? NECESSARY
TO INDICATE A POISSON DISTRIBUTION

TABLE XXIV

AT THE 95% CONFIDENCE LEVEL

Species Stratification
1 IT III

cal. table | cal. table cal. table

xZ X2 x2 X2 X2 X2
post oak 1 33.43 9.49 63.61 15.51 158.03 12.59
blackjack oak 23.59 9.49 13.49 11.07 21.63 3.84
hickory 20.44  11.07 45.28 15.21
tree huckleberry 59.91 3.84 56.67 3.84
flowering dogwood. 52.79 5.99
black oak 8l.41 7.81
southern red oak 13.23 3.84
sumac 97.29 3.84 666.91 11.07
wild plum 34.92 3.84 18.51 3.84
winged elm 56.02 21.03 | 894.95 14,07 7.46 5.99
red haw 252.37 7.81 20.92 3.84
symphoricarpos 11.16 5.99

The lack of agreement with the Poisson distribution is not sur-

prising. In all the species distributions studied, the variances

proved to be larger than the means, indicating that the negative

binomial expectation might fit better the observed data.

Furthermore,

the k values of the negative binomial series, when computed from the
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observed data, indicated a considerable degree of contagion or clumpi-

ness in the distributions.

Fitting the Negative Binomial Distribution

to the Observed Distribution

None of the species studied in this project were fitted satisfac-
torily with Poisson expectation, therefore none show random dispersion.
After discovering that the distributions involved were not distributed
Poisson, the negative binomial distribution was examined for fit. As
mentioned earlier, few species have been found to be distributed
randomly. Most tend to show patterns of "overdispersion' and conta-
gious or clumpy distributions. The negative binomial series was
developed specifically for use with such ffequency distributions;
therefore, trials with this matﬁematical expectation are made for the
species involved here.

Calculating the expected frequencies of the negative binomial is
laborious, but the work is handled readily with the aid of a computer.
The series is based upon the expansion of the term (P - Q)™%, where
P - Q =1. The equation for determining the frequency of the zero

count appears. as:

f0 =N/gq k
where,
fO = the frequency of zero count plots;
N = the number of sample units;
k = a constant (moment estimate, or X2 / 2 - X);
qg= (@ +u/k.

The log form of the equation is prefered for ease in calculation?
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log fg = log N - k log q.
Once the frequency of the zereo count is determined, the remaining

frequencies are successive arithmetic operations using fy_7:

f1 = ﬂ- R« fg, and the frequency of succeeding counts,
£, = (k+4 - 1)
1 -1 R (f4-1), £ =2, 3, 4, ..., etc.
where
R=_u .
K+

Substituting the values for post oak in stratification I into the

equations the following expected frequencies are obtained:

log fg = log N - k log ¢q
= 2.07188 - 1.915 (.32076)
= 1.45763
fo = 28.6832,
and
£ = (1.915)(.52221) (28.6832)
= 28.6839,
and
£y = (1-§l5 ;.2 = 1) (.52221) (28.6839)
= 21.8317.

In the above illustration and in all the calculations concerning
the negative binomial the X of the sample is used as an estimate of the
u for the population. The moment estimate, k= x2 s 1s used in this

2 - X
report. It is recognized, as pointed out by Walker (1970), that the

maximum likelihood methed for calculating k is more accurate, but in

this research the k values are large enough that the moment estimate



60

will suffice. The k value is critical where k is less than 1.0. The
k value is of lesser importance when k is between 1.0 and 2.0, and of
little importance when k is in excess of 2.0. These relationships
arise from the fact that the larger the variance the smaller the k
value, Therefore, if a large variance (small ik value) is present, care
must be taken that k closely approximates k. Comparisons of the k

values for species in the three stratifications are made in table XXV.

TABLE XXV

COMPARISON, BY STRATIFICATION, OF THE
MOMENT ESTIMATE OF k

Species Stratification
I , 11 111

post oak 1.915 1.324 1.167
blackjack oak 2.807 1.873 .282
hickory 1.862 8.230
tree huckleberry .088 .096
flowering dogwood 446
black oak .874
southern red oak .846
sumac .136 140 .305
wild plum .051

winged elm 1.205 . 647 1.039
red haw .373 440 .386
symphoricarpos 044

The k values reflect the degree of contagion present in a distri-
bution. In general, the smaller the k value the more contagious the

distribution. This fact . is noted by Walker (1970), and is based on the
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A population which possesses a
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high variance suggests that, rather than being distributed avenly, the

population tends to clump in irregular groups.

The k values less than

1.0 indicate a high degree of contagion and values between 1.0 and 2.0

indicate a moderate amount of contagilon,

After all of the expected frequencies were calculated, x* tests

were made, using the hypothesis that distributions were negative

binomial. Expected frequencies in the tails of the distributions were

combined so as to produce a minimum value five (Bliss, 1953).

degrees of freedom were used to establish the tabulated x? value at the

95% level. 1In table XXVI is listed the species which exhibit negative

binomial distributions.

TABLE XXVI

PROBABILITY VALUES OF SPECIES WHICH
SHOW SIGNIFICANT NEGATIVE
BINOMIAL DISTRIBUTIONS

Species Stratification

I _ II ITI
post oak .70
blackjack oak .30 .80 .25
hickory .80 .15
tree huckleberry .90 .20
flowering dogwood .10
black oak .50
southern red oak .40
sumac .30
wild plum .05
red haw .05 .25
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The species shown in table XXVI are those with sufficient number
of entries to yield at least one degree of freedom for the y2 test. A
blank in the table, therefore, represents either a species with a low
frequency in a stratification or a species with a non-significant y2
value. It should be noted that some of the y2 values were of border-
line significance. A more accurate estimate of k, such as would have
been provided by the maximum liklihood method, might have elevated
some of these y2 tests into the significant range. Wild plum in
stratification II, red haw in stratification II, and post oak in
stratification III are examples. Many of the other y2 tests, although
not significant, still were close enough to indicate a sétisfactory

fitting with the negative binomial.
Fitting the Bivariate Negative Binomial

Since the frequency distributions of many of the species were
found to display negative binomial characteristics, it was decided to
see if there could be an association between the species, predictable
by the negative binomial. Wiﬁh this in mind the bivariate negative
binomial was studied. |

The basic mathematical formula used to generate the expected
bivariate probability can be written in logrithmic form as:

log P y y (m,n) =log (a+m+ n)
m! n! T o

+ o log 8 +m log A -

(o +m+n) log (B+ A+ 1),
This equation was rewritten by Walker (1970) from earlier work involv-
ing a gama function equation designed by Bates and Neyman (1952). In

this equétion x and y represent the variables of the joint distribution

and where:.
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the rows and columns of the desired joint count;

m,n =
0 = the moment estimate of k of the combined distribution;
8 =4 /X;
A=Y /X.

The combined estimates of the mean and combined estimates of the

variance must be made in order to calculate k.

Table VI, the bivariate frequency of post oak and blackjack oak in
stratification I, is used to obtain the combined distribution of the
two species. The combined zero count becomes m,n (0,0) = 7; the
combined one count becomes m,n (0,1; 1,0) = 13; the combined two count
becomes m,n (0,23 1,1; 2,0) = 22; etc.

From the combined distribution a new variance can be calculated:

s2 combined = f(x)2 - Sgéglz

N
N-1

2640 - (462)2
118

117

7.10387.
The combined mean is calculated by summing the two individual means:

ilpost.oak + i’blackjack oak

X combined

2,093 + 1.872

3.965.

With a new mean and a new variance the combined moment estimate of k

can be calculated:

& combined)2
s2 combined - X combined

k combined

(3.965)2
7.10387 - 3.965

5.00856.

]



The values for é and A can be calculated:

>

8 =0 / X=5.0085 / 1.872
= 2.67551
and
A=Y /X=2.093/ 1.872
= 1.11805.

Substituting the values into the logrithmic equation the expected

bivariate probabilities can be derived:

]

log P 3,3 (m,n) = logr (5.00856 + 1+ 1) . 5 o856 10g

111! r (5.00856)

2.67551 + 1 log 1.11805 - (5.00856 + 1 + 1)
log (2.67551 + 1.11805 + 1).

r (5.00856 + 1 + 1) =T (7.00856)

(6.00856) (5.00856) (4.00856) (3.00856)
(2.00856) (1.00856) I' (5.00856),

and 1! 1 ! T (5.00856)=T (5.00856).

Therefore,

I (5.00856 + 1 + 1) 735.21929 I' (5.00856) = 735.21929.
1!1!7T (5.00856) I' (5.00856)

Log P 1,1 (m,n) = 735.21929 + 5.00856 log 2.67551 + log
1.11805 - (5.00856 + 1 + 1) log (2.67551 +

1.11805 + 1),

- 1.10279; P 1 1 = .07983; and

.07983 (118) = 9.42.

1

f1,1
With the aid of a computer program the bivariate negative
binomial distribution is produced. Table XXVII represents the final
form for the bivariate table.

The upper figures in each block represent the observed joint

64
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frequency and the lower figures represent the negative binomial
expectation. It is obvious from the close relationship of the two sets
of figures that the bivariate negative binomial produces a good expec-
tation of the true joint frequencies for this case.

To provide statistical proof of the fit, two methods may be used.

The bivariate table '

'seven-region' analysis can be made. A statistical
measure of the goodness of fit may then be obtained with a x? test.
For the preceeding example, with four degrees of freedom, the calculat-
ed x2 is 7.25, which is smaller than the tabulated value of 9.49.

Another x2 test can be made using the individual cells of the
table. In this case the expected frequencies must sum to three in the
distribution tails. In the example above the calculated x? was deter-
mined to be 11.5595 with 11 degrees of freedom. This also is much
smaller than the tabulated y? of 19.68.

Based on the assumption that either method would produce an
adequate test, the latter was used because it is readily incorporated
into the computer program.

The results of predicting bivariate negative binomial frequencies
to fit the observed distributions were shown to be of little signifi-
cant value. In stratification I many of the associations do appear to
fit the bivariate negative binomial but the same did not hold true for
stratifications II and III. One possible reason i1s that the species
are less contagiously distributed on stratifications II and III.
Stratification I is an adverse site for most of the species, causing
them to clump with each other on the better micro-sites available.
This extreme contagien appears to be responsible for the significant.

associations found on this stratification.



TABLE XXVII

THE OBSERVED AND EXPECTED FREQUENCIES OF POST OAK
AND BLACKJACK OAK IN STRATIFICATION I BASED
ON THE BIVARIATE NEGATIVE BINOMIAL
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Blackjack oak

0 1 2 3 4 5 6 7
017.00{10.00§5.0012.0012.00{1.00{1.00{2.00 *
6.73] 6.7614.1011.94} .79] .29] .10{0.00
1}13.00{11.00{7.00/1.00{1.00}2.00{1.00{0.00
7.76] 9.4216.7013.64§1.67| .69{ .26} .09
2}16.00} 8.0014,0014.00{1.0010.00{0.00{0.00
5.41} 7.6916.27{3.85{1.97{ .89{ .37 .14
3}1.00| 4.00/1.00}2.00{3.00/0.00{0.00|0.00
2.951 4.8014.2013.03}11.701 .84} .37 .15
Post oak
415.00{ 2.00{2.00/0.00/1.00(0.0040.00f0.00
1.38] 2.5412.6011.96f1.21] .65 .31} .14
5{3.00} 1.00}1.00{0.00{0.00(1.00}0.00{0.00
.581 1.19|1.3511.11} .74} .43} .22] .10
611.00f 2.00{0.00}0.00}0.00}0.0040.0010.00
.23 .52} .64} .57f .41] .25} .14(0.00
711.00} 2.00/1.00}1.00}0.00{0.00{0.00{0.00
.08y .21} .28] .27y .21} .1410.00{0.00
* The upper figure in each cell: represents the observed joint

occurrence.



CHAPTER V
SUMMARY

This research paper has two purposes: first, to determine if
there is an association between species which can reflect site poten-
tial for southern pine; second, to determine if there is statistical
support . for the ebserved ranking of species offered by Silker (1963) in
his wedge chart,

To accomplish the first objective, univariate and bivariate
frequency tables were constructed., From these tables two-way presence
and absence tables were built. A x? test was made on the observed and
expected values in the two-way tables in order to determine if associ-~
ation was present and whether or not such association was'positive or
negative. It was found that certain associations are unique to a given
site. It was determined that a significant positive or negative
association of two species can be used to identify the site stratifica-
tion on which the species occur. The stratifications involved were:

I, the post oak-blackjack oak sites; II, the post oak-blackjack oak-
hickory sites; III, the post. oak-blackjack oak-hickory-red oak sites.
A seven-region analysis was also performed where possible, in order to
lend support. to the significant findings of the two-way analysis. The
two approaches were correlated and the findings were considered to be
in agreement. Problems of species distribution within micro-niches

and an overlapping of stratifications were encountered, It is suggest-
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ed that additional research be invested to clarify these problems.

An attempt was made to discover whether or not the size of the
individuals on a plot affected the association encountered. Plots
having trees > 3.1 inches in diameter were separated from those con-
taining no individuals as large as 3.1 inches diameter. Separate
series of two-way tables were then obtained. The significant finding
was that size did not appear to alter the associlation. The suggestion
was made that perhaps a different size factor would alter the results.
Also the separation of plots in stratification I reduced the sample
size to a point that accurate analysis became impossible.

It was decided to examine the distribution of each species to see
if the observed distribution could be predicted by a mathematical
formulation. The Poisson series was examined and it was found that
none of the species exhibited the Poisson characteristics. This lack
of agreement was expected due to the high degree of contagion indicated
by variances exceeding the means. This factor led to the examination
of the negative binomial series. Satisfactory fit was obtained for
many of the species with the negative binomial expectation,

The second objective of the research was to determine if statisti-
cal analysis would support.the.ranking of species offered in Silker's
wedge chart (1963). The statistical support was accomplished by the
relationship of  two parameters. The first parameter was simply the
observed frequency of each species as the sites became progressively
better. The second, and probably the more important, parameter studied
was termed the evenness of distribution ratio. This value was express-
ed as the ratio of the X of the occupied plots to the X of all the

plots. A ratio value of 1.0 indicates an even distribution. Increas-
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ing values above 1.0 indicate increasingly contagious, or clumpy,
distributions. A species which is evenly distributed is one which is
well adapted to the site. A quantitative ranking was proposed which
had excellent agreement with the observed ranking offered by Silker
(1963). The only obvious disagreement between the two proposed rank-
ings was in the relation of post oak and blackjack oak. The question
is, does post oak or blackjack oak predominate on poorer sites? More
research in this area is recommended. Studies of plant frequency on
poorer sites than those studied would be profitable.

It was concluded that a valuable field tool for the forester and

plant ecologist was obtained with this study.



A SELECTED BIBLIOGRAPHY

Bates, Grace and Jerry Neyman. 1952. "Contributions to the Theory of
Accident Proness: I. An Optimistic Model of the Correlation
Between Light and Severe Accidents. II. True or False Contagion'.
University of California Publications in Statistics, 1, (9) (10)
215-254 and 255-275.

Bliss, C. I. 1953. "Fitting the Negative Binomial Distribution to
Biological Data". Biometrics, 9: 176-196.

Brown, R. T. and J. T. Curtis. 1952. '"The Upland Conifer-Hardwood
Forests of Northern Wisconsin'. Ecol. Monog., 22: 217-234.

Cajander, A. K. 1926. '"The Theory of Forest Types'. Acta Forest
Fennica, 29: 1-108.

Cole, L. C. 1946. "A Study of the Cryptozoa of an Illinois Woodland".
Ecol. Monog., 16:  49-86.

Cottam, G. 1949. 'The Phytosociology of an Oak Wood in Southwestern
Wisconsin'". Ecol., 30: 271-287.

Curtis, J. T. and R. P. McIntosh. 1950. '"The Interrelations of
Certain Analytic and Synthetic Phytosociological Characters”.
Ecol., 31: 434-455.

Curtis, J. T. and R. P. McIntosh. 1951. "An Upland Forest Continuum
in the Prairie Forest Border Region of Wisconsin'. Ecol., 32:
476-496.

Daubenmire, R. 1961l. ''Vegetative Indicators of Height Growth of
Ponderosa Pine'. Forest Science, 7: 25-34.

Endicott, R, L. 1971. '"Bio-Economic Analysis of Evenaged Shortleaf
Pine Stands in Southeastern Oklahoma'. (Unpublished M.S. thesis,
Oklahoma State University.)

Gemborys, S. R. and Earl J. Hodgkins. 1971. '"Forests of Small Stream
Bottoms in the Coastal Plain of Southwestern Alabama'". Ecol., 52:

70-84.

Goodall, D. W. 1953. "Objective methods for the classification of
vegetation. II. Fidelity and indicator value". Austr. J. Bot.,
1, 434,




71

Greig~Smith, P. 1964. Quantitative Plant Ecology. Second Edition.
Butterworths Printing Company, Washington, D. C.

Hodgkins, Earl J. 1960. "Estimating Site Index for Longleaf Pine
Through Quantitative Evaluation of Associated Vegetation'.
Proceedings of Society of American Foresters, Washington, D. C.

Hopkins, Brian. 1957. '"Pattern in the Plant Community". J. Ecol.,
45: 451-463.

Ilvessalo, Y. 1926a. '"Preparation of Growth and Yield Tables".
World Forestry Congress.

Linteau, A. 1953. "Site Classification'. Pulp and Paper Magazine of
Canada, 54 (7): 147-155.

Pielou, E. C. 1959. '"The use of point-to-plant distances in the study
of the pattern of plant populations'". J. Ecol., 47: 607-613.

Pielou, E. C. 1960. "A single mechansim to account for regular,
random and aggregated populations'. J. Ecol., 48: 575-584.

Pielou, E. C. 1961l. ''Segregation and symmetry in two-species popula-
tions as studied by nearest-neighbour relationships'". J. Ecol.,
49: 255-269,

Poulton, C. R. 1959. "Study Plan: an ecological reconnaissance of
the longleaf pine type". Unpublished manuscript, Southern Forest
Experiment Station, U. S. Forest Service.

Romell, L. G. 1930. '"Comment on Raunkier's and similar methods. of
vegetation analysis and the law of frequency'. Ecol., 11: 589-
586‘

Silker, T. H. 1963. "Plant Indicators Communicate Ecological Relation-—
ships in Gulf Coastal Plain Forests'". Presented at the Second
North American Forest Soils Conference, Oregon State University,
Corvallis, Oregon.

Silker, T. H. 1965. '"Plant Indicators Convey Species Range of
Accomodation and Site-Silviculture-Management Relations'.
Proceedings of Society of American Foresters, Detroit, Mich.

Spurr, S. H. 1952, Forest Inventory. The Ronald Press, New York,
476 pp.

Walker, N. 1970. "Tree Stem Frequency Distribution and Size Class
Association in Natural Forest Types'. Ph. D. thesis, N. C. State
University.

Westveld, Marinus. 1954. 'Use of plant indicators as an index of site
quality". U.S.F.S., N. E. Forest Exp. Sta. paper 69, 5 pp.



post oak
blackjack oak
hickory

tree huckleberry
flowering dogwood
black oak
southern red oak
black haw

red gum

black gum

white oak

water oak

sumac

chittam wood
sassafras

wild plum
winged elm
American elm

red haw

tree huckleberry (low)
fringe tree
American holly
red maple
mulberry

white ash

red cedar
buckbrush

French mulberry
redbud

deciduous holly

APPENDIX

Abbreviations of Species

Quercus stellata
Quercus marilandica
Carya spp.

Vaccineum arboreum
Cornus florida
Quercus velutina
Quercus falcata
Viburnum refidulum
Liquidambar styraciflua
Nyssa sylvatica
Quercus alba
Quercus nigra

Rhus glabra

Bumelia lanuginosa
Sassafras albidum
Prunus spp.

Ulmus alata

Ulmus americana
Cretagus spp.
Vaccineum spp.
Chionanthus virginicus
Ilex opaca

Acer rubrum

Morus rubra

Fraxinus americana
Juniperus virginiana
Symphoricarpos spp.
Morus spp.

Cercis canadensis
Ilex spp.

pos.
blaj
hic.
tr.
flw.
bla.
so.
bla.
red
bla.
wh.
wat.
sum.
chi.
sas.
wil.
win.
Am.
red
vac.
fri.
Am.
red
mul.
wh.
red
bu.
Fre.

oak
. oak

huk.
dog.
oak
red oak
haw
gum
gum
oak
oak

wd.

pl.

elm
elm
haw

tr.
hol.
map.

ash
ced.

br.
mul.

redbud

dec.

hol.
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