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INTRODUCTION

This paper represents a thesis for the degree of Master of

Forestry in the branch of silviculture. The study has been carried

on under the sponsorship of Professor Leigh Young, who is Professor

of silviculture at the School of Forestry and Conservation at the

University of Michigan.

, ._cope. of thenvestigat on.

The investigation concerns itself with the computation and in-

terpretation of data collected at Eber White Woods, where over a

period of twenty years improvement cuttings have been carried on and

information has been collected which enables a comparison of the

original stand with the present stand. The purpose of this study

is to determine the changes that have taken place in the composition,

in the. stocking, and in the diameter distribution of the stand. It

is beyond the scope of this investigation to account for the specific

changes which have occur'ed. The data that were available would not

warrant any definite conclusions in that respect., There is no inform-

ation on hand regarding tree forms and decay, or regarding the site

factors in the stand, The study is limited to describing the changes

that have taken place from one decade to another. It is a comparative

analysis of the stand in its original condition and its present coca-

dition as influenced by the improvement cuttings. From this compar-

ative study certain conclusions may be drawn which may serve as a

guide for future silvicultural treatments.
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Method of nvesti ation,

Before considering the method of investigation it will be nec-

essary to mention briefly the manner by which the information concer

ing the stand was obtained. Eber White Woods consists of a#3 acre

tract of mixed hardwoods, The area is. subdivided into ten compart-

ments of A. acres each. A separate record is kept for each compart-

ment, The species are recorded by one inch diameter classes. A com-

plete inventory of the stand was taken before the first improvement

cutting took place and again after the last improvement cutting was

carried out, This study concer=s itself with compartments one, faur,

six, and ten. ompartment four represents a fifteen year interval

since the first improvement cut was administered, while the others

represent only a ten year interval.

The method of investigation consists of .computations which bring

out more clearly the changes that have occured as a result of the

silvicultural treatment9  First, the composition of the original stand.

is compared with that of the present stand. Second, the changes -which

have occured within each individual species are considered, Third;

the percentage changes of each speciesj as compared to the sum total

change. in the stand is taken up. Fourth, the change in the diameter

distribution of the more desirable species is taken up. Their mean

diameter, the standard deviation and the coe .cient of varication are

computed to illustrate the general trend of the diameter distributions,

Based upon the results of these computations a comparative analysis



.of the original and the present stand is made from the viewpoint of ch e

in compositiondiameter distribution, and stocking of the stand. A

summary is included emphasizing the pertinent facts which have become

evident from the investigation. The same procedure of investigation

is persued for each one of the four compartments, The charts which

resulted from the computations are included in the appendix. They are

refered to in the text by the following symbols: "A" for compartment 1,

0B" for compartment 4, "cu' for compartment 6, and "D" for compartment

10.
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PRELIMINARYjDIgUSION

isorder to obtain a more complete picture of the stand' a brief

history and stand description, and a discussion of the manner of im-

provement cutting. is here given.

Histor of the Stand.

he tract was acquired by the' School of Forestry and Conservation

in 1905. The stand had been out-over repeatedly for its better species.

Grazing and fires had undoubtedly taken their tolls consequently trees

of poor form, decadent trees, and a preponderance of less desirable

species were left behind. There were some large Oak trees left stand-

ing1 which the former owner had left for sentimental reasons. These

large trees have assumed the dimensions of wolf trees and have compli-

cated the silvicultural treatment of the tract.

Stand Description.

The stand is located in the S E 1/4, S E 1/4, Sese 30, T 2 s,

R 6 E, Mich. P.M. It is adjacent to the western limit of the City of

Ann Arbor, The stand comprises the native hardwoods of Lower Michigan.

The tract is now under fence, and is protected against fire and graz-

ing.. The land is of medium fertility, it is on rolling ground of the

interlobate moraint region and consists. of a variety of soils from

sandy land to clay and gravel; The soil supports in addition to the

hardwood stand, a herbaceou ground cover of a rather rank growth and

of medium density. Grasses are intermingled sparcely with the her-

baceous weeds, . ome of the outcroping rocks are covered with moss,
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Under-brush is very.-sparoe, it consists of a few raspberry, blackberry,

gooseberry, some prickly ash, and a few stray barberry bushes,

Improvement Cutti .

The tract is managed as a selection forest on a ten year cutting

cycle. These cuttings up to date have assumed the nature of improvement

cuttings more than that -of harvest cuts. The object has been to in-

prove the composition of the stand, and to obtain good tree forms1 M, d

to rid the stand of decadent trees, Cleaning cuttings at five year

intervals have also been carried on. They were in the nature of. light

cuttings, removing. the less desirable species which could not be reeoved

during the harvest cut for fear of' opening up the stand too much. The

silvicultural treatment has been hampered somewhat by the presence of
these large wolf trees which in view of the potential park vslue of the

tract have been left standing,
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ANALYSIS OF COMPARTMENT ONE

The first cutting in compartment 1 took place in 1922. An inter-

mediate cut in the form of a cleaning cutting was administered in 1927;

and the last out took place in 1932. In the following discussion

reference shall be made to the charts designated by "A",.in the Appendix.

Cha s in the Composition,

a1t "A! 1 in the Appendix compares the original stand and the

present stand by tree nobers and by basal areas of each species in

percentages to the total stand, It seems that. comparatively little

change in the composition of the stand has taken place. However, it

must be noted that the percentages of tree numbers show an increase for

the desirable tree species, while the lese desirable species, ironwood,

shows a decrease from 52% to 44%, The basal area relationship has re-

mained more constant. The outstanding feature there, is the decrease

in basal area of white oak which decreased from 24% to 20%. The greatest

change has occurred with white ash and. black cherry. The former in-

creased from 6% to 11% by numbers and from 2% to 4.5% by basal area.

Cherry increased from 1% to 3% in number of trees and from 0.5% to 1.5%

in basal area. Hard Maple increased from 0.% to 1.3%, its basal area

remaining the same. Red Oak shows an increase of i% by numbers and a

slight increase in. basal area. Elm has been reduced from-6% to 4% by

numbers and from 5.2% to 3.6% by basal area. While ironwood decreased

in number, its basal area has slightly increased. The composition of

the stand is determined much more by the basal area representation of
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a species than by trge.iiumbers. The dominant trees of the stand are

the larger trees, and they make up the bulk of the basal area in the

stand. High percentages of tree numbers of a species with accompany-

ing low percentages of basal areas indicate potential changes which the

stand may undergo as a result of silvicultural management,

Degree o f C e . e the Various ecies

Chart 2 is a summary of the computations for. each individual spe-

cies, it indicates the degree of change that has taken place in re

lation to the sum total change in the stand, It becomes evident from

a study of this chart that the stand has undergone. greater changes

than the result of chart 1 indicates, The stand has decreased in tree

numbers by 13% and increased in basal area by 12%, The greatest changes

in the composition of the stand by tree numbers have occurred in iron-

wood, 50% of the sum total changes took place in that species, White

Ash comes next with a relative gain of 13%, basswood displayes a re-

duction of 12%, elm is reduced by 9%, black cherry gained. 5%s The -

changes in the basal area relationship are quite different. Red Oak

has undergone the greatest relative change, its basal area accounts for

a 27% increase over the other species, white ash comes second with a

16% increase, Ironwood increased 12%, but white oak decreased nearly

11%. It is of interest to note that practically all species increased

in basal area. Even basswood, increased its basal area by 9% although

in numbers of trees it decreased by 12%. Elm has declined considerably,
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its relative loss- in number of trees is 9%,and in:basal area it is 6%.

In connection with this chart it must be remembered- that these per-

centages do not- express absolute values but rather a degree of change

related to the sum total change which the stand has undergone.

Chara:_ wthin the Individual Species,

Each species has beenconsidered separately in regards to changes

by tree numbers and basal areas within .each one-inch diameter class.

The trend in reproduction and the diameter distribution of a species

become evident from the tables in the Appendix designated as A 3-a,

3..b, etc® A brief discussion of each species shall be given here,

.R_0,ed _ al.Red Oak is the consorting species in the stand. It

makes up 28% of the basal area of the stand and has undergone a change

of 27% in basal area of theq sum total change in the stanx. Numerically

it increased to 124.3% of its former representation and to 12C% of its

former- basal area, Much of the gain in number occurred in the 1 and

P inch diameter classes. The diameter distribution, from } to 10 inches

inclusive is very deficient, From 11 inches to 22 inches the species

is well represented There are also a few trees in the higher diameter

classes. These trees seem to be growing at a rate of 2 inches in

diameter per decade. The average diameter of the stand of Red Oaks

has remained practically the same. This is due to the .removal of

some of the larger trees and also due to a greater percentage of sap-

lJngs in the stand.
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ite Oak) White oal,diplayes a decided lose in the sapling stage.

It amounts to 29% in the 1 inch class, In all, white oak has decreased

to 93% in number and to 92% in basal area of its original number, It

is on the decline in the composition of the stand, as is indicated by

the relative drop- off in basal area of nearly 11i from chart 2. White

oak still makes up 20% of the basal area in the stand. The oaks as

a group constitute nearly 50% of the basal area, but only 7% of the

stand by-tree- numbers, with a slight decrease in basal area and a slight

gain in number of trees over that of 1922. The diameter distribution

of white oak is fairly good up to 16 inches, above that diameter, it

is very scattered. There are a few large trees left standing, the big-

gest being 38 and 39 inches in diameters. These large trees at the

best are growing at a rate of one inch in ten years. When these trees

are removed, white oak will soon join the ranks of concomitant species,

I h .Ash: White Ash displayes the greatest gain of any species

in the sapling as well as in the pole class. It increased 53% by tree

numbers and 148% by basal area. The 1 and 2 inch classes alone make

up 44% of the total gain. The pole class up to 7 inches gamed another

5%. . Above the 7 inch diameter

.class only a few scattered trees are found. The biggest of which is-

15 inches in diameter,. The growth rate in diameter seems to be some-

what over 2 inches per decade. In spite of the large increase in the

small diameter claase tJhe average diameter has increased from 2.35



10

inches to 3 inches. Ash will undoubtedly assume a mor-e-- prominent

position in the future stand than it has formerly maintAined,

Hi :r.Hickory decreased in tree numbers to- 90 of its former

representation, but increased its basal area to 112%, The change

in number has taken place mostly -in the I to 8 inch diameters. The

diameter distribution up to 14 inches is good. Above that only a

few scattered individuals are present to a 22 inch limit, The greatest

gain has taken place in the 9 inch diameter class , while the greatest

losses occurred from 8 inches down. But hickory is still well repre-

sented in these lower classes. Hickory makes up 12% of the total basal

area of the stand; it is represented by a higher percentage of saplings

than the oaks in the stand, Though the red oaks show a tendency to-

ward an increase in the composition of the stand, while the hickories

show a tendency toward a decrease.

Basswood: Basswood makes up 22% of the stand by tree numbers end

nearly 11% by basal area. There has been a marked decrease in the

1 and 2 inch classes, and a gain from there on up to the 9 inch class,

In all,. basswood decreased to 86% of the original number, practicily

all of which took place in the 1 and 2 inch diameters. Its basal area

increased to 116.3%, this increase took place in they3 to 9inch classes.

The diameter distribution to a 10 inch diameter is satisfactorily.

There are only 3 trees above that diameter, the largest of which is

24 inches with a slow growth rate of about 1 .inch in a ten year period.

It is to be noted that the 10 inch class is the limit of regular diameter

distribution both in 1922 and in 1932.
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Elmf:*lm has lost considerable ground in the composition of the

stand. It was reduced from 6% to 4%,(chart 1) It contains only 60%

of its original number and 77% of the original basal area, The greatest

decrease has occurred in the sapliing class, amounting to 80% of the total

change, The diameter distribution of Elm is good to a 7 inch diameter.

Above that it is patchy to a 15 inch limit.

Blackalnuts Black Walnut is decidedly a concomitant species in

the stand. It makes up only .42% of the stand in tree numbers and 2.6%

in basal area. Walnut is of high intrinsic value and deserves every

consideration. The species decreased to 81.3% of its original number.

and increased to 132% by basal area. The greatest decrease was suffered

in the first four diameter classes. One is not justified in drawing

definite conclusions regarding the probable trend of walnut in the com-

position of the stand, the species occurs in such limited number that

any little change assumes relatively large proportions which may not

express the trend of the species., The average diameter increased

from 9.1 to 11.8 inches it seems to be growing at a rate of about 2.3

inches per decade.

Bl ._ herry: Black cherry is decidedly on the increase, It

increased roughly, from 1% to 3% in the total stand composition. And

gained 122% over its former representation in tree numbers and 210%

in basal area, Most of the gain, 64%, occurred in the I inch class.

Its diameter distribution stops at 6 inches, excepting two larger trees,
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one 14 inches in diameter, the other 20 inches in diameter. The latter

is of a doubtful character since no large cherry was recorded on the

1922 tally.

Hard a les Hard Maple also is increasing. It was represented

by .3% in 1922 and constituted 1.4% in 1932in the composition of the

stand. It increased to 420% by tree number and to 114% by basal area

of its original value taken as 100% 80% of the gain was obtained in

the 1 and 2 inch diameters. These are really almost the only diameters

represented in that species. There is a 17 inch tree which is probably

responsible for the increased reproduction. The species appears to

be a slow grower, putting on only one inch in ten years in this stand.

IronwoodsIronwood by numbers has been reduced from 52% to 44%

in the composition of the stand. The basal area remained almost the

same, namely 16% of the total stand. It makes up 74% of the original

number of ironwoods and 114.5% of the original basal area,. The loss

has been -incurred in the 1 to 3 inch diameters, while the gain especially

in basal area has occurred in the 3 to 6 inch diameter. There are

present a 7 inch and a 8 inch tree, which are probably of seed bearing

size. 1937 is the time for an intermediate cut in compartment one,

and these larger trees will probably be removed in favor of reproduction

of moredesirable species

Miscellaneous Species: This chart was prepared for species which

occurred in such small numbers so that they could not be treated
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separately, They -are- mostly less desirable- species, such as blue beech,

crab apple, service-berry, dogwood, sassafras, one butternut and one

scotch pine. There has been an increase by numbers, but the basal

area has been decreased from 0.9% to 0.5%. It is seen that these species

are pf littl-e importance in the stand.

DIMETER. D STR BUT ON... ANDST_ NG OTHE STA

Chrt 4 illustrates the diameter distribution of the more deoir-

able species, The latter make up 105% of the original number of such

species, The gain occurred mostly in the 3 to 7 inch diameter classes.

The average diameter has increased, as computed from frequency tables,

from 3.18 inches to 3.82 inches, The standard deviation in 1922 was

was 4.19 inches but in 1932 it had increased to 442- inches. However

the coefricient of variation indicates a closer &,r uping of diameters

about the mean value, It had changed from .132% to 108%®, This is a

sign that the stand is approaching a more regular diameter distribution,

Up to a 16. inch diameter the stand has a fair distribution, above this

diameter the trees are sparcely and scatteringly represented. In

1922 the 14 inch diameter class marked the limit of fair distribution.

The stocking of the stand, when including the less desirable -pe-*

cies, is good. The spacing figure changed from 20.7 to 19.9. The

average. diameter of the stand increased from 4.1 to 4,7 inches. This

clearly. shows that the stand is closing up,
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SUMARY

The pertinent facts which have become evident from this analysis

shall now be emphsized. First, the stand is undergoing a gavorable

change in composition as illustrated by the percentge increase .o'

of the more desirable species... This change is tending toward a decided

increase in the. representation of white ash, black cherry, hard maple,

and also red oak, White -oak and elm are loosing groun4 in the com

position of the forest.

Second, reproduction of white oak is falling off, while that of

red oak is increasing. It is possible that this difference lies in the

fall germinating character of the white oaks which may encounter un

favorable weather conditions at that time, while the red oaks ger inatig

in the spring do not encounter this difficulty.

Third, the less desirable species, ironwood, while decreasing its

representation by numbers, has slightly increased in basal area, whibh

makes up 16% of the stand. The basal area of that species can readily

be reduced by the removel of some of its larger trees in the 6-7 and

8 in diameter class.

Fourth, the diameter distribution of the more desirable species

is improving. It is fairly well represented to a 16 inch limit, above

that, the distribution is deficient.



ANALYSIS O F COMPARTMENT IV
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ANALYSIS OF-OPARTMENT FOUR

In compartment four a fifteen year interval has elapsed since the

initial improvement cut was administered in the year of 1920. A second

improvement cut was applied in 1930, and an intermediate cleaning cutting

took place in 1935

Changes in the omposition,

The changes in the composition of this compartment are more pro-

nounced than those of any other compartment. Chart B-1 of the Appendix

illustrates this change. The outstanding features are, the marked in-

crease in hard maple and white ash, and the decrease in Ironwood. Maple

increased numerically from 5% to 17%, and by basal area from 7% to 11%

in the composition of the stand. White ash changed from 4% to 14% by

numbers, its basal area remained the same. Ironwood decreased its oc-

curance from 54% to A% and its basal area decreased from 11% to 6%.

Basswood likewise has changed its relative position in the stand.

Numerically it increased from 5% to 7%, but by basal area it decreased

from 11% to 7%. Red oak has slightly increased in tree numbers, and

increased in basal area from 24% to 32%. While white oak has somewhat

reduced its relative position in the stand, the same holds true ofchickoWy

and elm. Walnut and black cherry have slightly increased their repre-

sentation in the stand, the total of which amounts to but 1% by numbers

and about 4% by basal area.'
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Degree of.hane-.of the Various Species,

Thisdiscussion is. based upon chart B-2 which is a summary for

the tables- prepared for the individual species. It serves to bring out

the degree of change which a species has undergone in relation to changes

sustained by other species. Again, it becomes evident that ironwood

has suffered the greatest change, It makes up 45% of the change in tree

numbers in the stand. Its basal area displays a relative decrease of

1 5 of the basal area change in the stand. Hard maple comes next with

a gain of 15% by numbers and one of 20% by basal area. White ash gained

12% relatively and 2% by basal. area, Red Oak shows the greatest :e:-

lative increase in basal area of any species, namely 300%,it is the

most vigorous species in the stand. Basswood and elm display a large

relative decrease in basal area, although basswood gained 1.5 in

numbers, its basal area loss amounts to .13% of the change within the

stand. Elm decreased by 7% in both columns. The stand as a whole

decreased its -stems by 20% and increased its basal area by; 7%.

ha es.within the pndividualsecies,

Tables for the individual species in the stand were prepared to

determine the changes which occurred within a .species by diameter clase-

es. The trend of change of a species becomes evident from an analysis

of these charts. The charts are attached to the Appendix under Com-

partment four,
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Rod Oak: Red oak has-.increased to 114% of its original number and

to 140% of its original basal area. There is an increase of 14% in the

sapling class, but the pole class which formerly was deficient has further

reduced, so that practically no trees are present between the 4 and 9

inch diameters inclusive. From 12 inches on up there has been a general

increase in the representation of trees per diameter class to a 24 inch

limit, It is within this latter group of trees that the large basal

area increase has occurred, The average diameter of red oak increased

from 13.7 inches to 15.1 inches. Although the species makes up only

4% of the stand by tree numbers, it is nevertheless the dominant species

in the stand, as indicated by the' basal area which constitutes 1/3 of

the total basal area of the stand.

White Oak:. Thie basal area of white oak has remained constant, but

it is rapidly fallIm$r ,ff in the numerical representation of the stand

as shown by a decrease to 65% of its original number. There has been

a reduction of white oak from the 1 inch class to the 9 inch class

diameters. The 16 inch diameter marks the unbroken diameter distribution

of white oak, The remaining trees seem to be gro fat a good rate c'

apparently-e'w 2 inches in diameter per decade. The average diameter

increased from 8.4 to 10.7 inches,

Hard Maple: Hard maple is the most aggressive species in the stand.

.t increased over its original number by 150% and by 84% over its basal
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area, Of this increase 70% were sustained in the sapling class. Above

the 4 inch diameter the representation of maple falls off rapidly and

ceases at 14 inches, with only an occassional tree above that diameter.

There appears to be a discrepancy in the data for the 25 inch trees,

of which 3 are recorded in 1935, while only one tree was recorded in

1920 which could have grown to that size in the interem. The growth rate

of the larger maples seems to be at a rate of =slightly over- 2 inches in

diameter per decade.

ite Ash: Among the better species white ash displays the second

largest gain in the numbers of the more desirable species, although

its basal area increased but little. The numerical change amounts to

243% of the original and the basal area changer/to 108%. The bulk of

the increase, 80%, was obtained in the 1 to 3 inch diameters, while the

9 to 17 inch diameter classes have reduced their representation in the

stand. From the 9 inch diameter class to the 24 inch diameter class

white ash is but scatteringly represented. In view of the large amount

of saplings in the stand it may be expected that ash will assume a more

dominant position in the future stand.

Basswood: Although basswood has increased in numbers to 118% of

the original, its basal area has reduced to 68% of the original. The

gain has been obtained in the 2 and 3 inch classes, The basal area

loss resulted .from the removal of some of the larger mature trees.

The diameter distribution is contineous to a 14 inch diameter, however
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from a 1 .inch- diameter upward .it is sparcely represented. Formerly

a 10 inch diameter marked the limit of unbroken diameter distribution.

Hickory:. Hickory is on the decline in its representation in the

stand, It represents only -6% of its former number. The sum total

basal area remained- -constant. There occurred a 44% decrease in the

1 inch diameter class alone by tree numbers and an average 5%. decrease

per d'iameter class from there on up to the 9 inch class. The diameter

distribution is -good to a 15 inch diameter. A few larger trees are.

represented- above this diameter.

lm:. The decrease in elm is very marked, it makes up only 57% of

the original number and 72% of the former basal area. The reduction

occurred in the sapling class where it amounts to 85 of the total

decrease -of that species. The diameter-distribution is satisfactorily

to- an 11 inch diameter. Above this diameter only a few trees are

represented,

WalnutBlack walnut assumes an insignificant position in the

composition of the stand. It makes up only 0.4% by numbers and 3 by

basal area. The species appears to be on the increase in the stand.

From a careful analysis of the chart it seems however that the records

for bla ck walnut are none too rel iable,. The diameter growth of the

trees varies from 2 to 5 inches, during a 15 year period; while a larp

28 inch tree seems to have decreased in diameter or else has come up

from nowhere.
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Black Cherr-:Black cherry likewise occupies an inferior position

in the stand. It makes up only 0.6% by numbers and 0.8% by basal area.

The species is displaying an increase to 167% by numbers over its orig-

inal number, the basal area remaining the same,

The Lee.esrab Se a:a... Of the less desirable tree species

ironwood is the most important species, it constitutes 37% of the stems

in the stand and 6% of the basal area of the stand. Ironwood has been

reduced to 54% of its original representation, and to 62% by basal

area of its former representation in the stand, The species is now re-

presented to a 6 inch diameter, while formerly it occurred to an 11 inch

diameter, Most of the reduction however took place in the 1 and 2 inch

diameters which may indicate that the source of previous, much heavier

reproduction, has been eliminated,

Blue beech, which now makes up 4% of. the stand by numbers has been

reduced 50% from its original number in the stand and 53% by basal area,

Dogwood of which no representatives were recorded in 1920 now

constitutes 1% of the stems in the stand and ,.08% by basal. area.



DIAMETER DISTRIBUTIONOF THE MORE VALUABLE SPECIES.IN THE STAND

The more desirable species in this compartment have increased by

8:0:6%. Most of the increase took place in the 2 and 3 inch diameter

classes, The distribution is good to a 25 inch diameter. It extends

to a higher diameter limit in this compartment than it does in any

other compartment. Statistical calculations will describe this diameter

distribution more adequately. The diameter distribution of the more

desirable species changed from 4.26 inches to 4.42 inches. The standard

deviation remained at practically 5 inches. The coefficient of variation

changed from 118% to 112%. It is seen that the diameter distribution

of this stand has not changed very much, with the exception of a large

increase in the 2 and 3 inch diameter clesses, and an extension of the

continuous distribution in the upper diameters from 20 inches to 25 inches.

The stocking of the stand as a whole has slightly closed up. In

spite of a reduction.of 45% of the large amount of the less desirable

species, the spacing figure has changed from 21.18 to 20.46. The stand

reduced to an average acre basis has undergone the following changes:

It changed in numbers of trees from 680 to 543 trees, in basal area it

increased from 76.35 to 81,69 square feet, the average diameter increased

from 4.5 inches to . inches, Expressed in percents the. number of

stems decreased 29% while the basal increased 7%.
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The important changes which this stand has undergone during a 1.

year interval from the first to the last applied improvement cut are

now summarized:

In general, the composition of the stand has undergone al.decided

change,

This change is reflected by quite a large increase of hard maple,

and by a large increase of white ash.

Red oak is an aggressive species in the stand, while white oak

is on the decline.

Basswood, black cherry, and possibly walnut display a tendency to

increase their representation in the stand.

While hickory and elm are decreasing in the stand composition.

The less desirable species have greatly reduced their position in

the stand-. This reduction may be expected since the more desirable

species have increased their representation by 8.%.

The stand has decreased in number by 20% and increased its basal

area by 7% with an accompanying decrease of the spacing figure from

21.2 to 20,,,

The diameter distribution of the more valuable species has chaged

but little. The coefficient of variation decreased from 116% to 11%,

this indicates a tendency toward a more regulated distribution. The

latter is now fairly well presented to a 25 inch diameter.
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ANALYSIS OF OMPAR SI

The first improvement cutting upon this compartment was administered

in 1922, This was followed by a light cleaning cutting in 1927, and

by a second improvement out in 1932. An intermediate cut will again

take place in 1937. The tables refered to in the folloring discussion

are found in the appendix, When references to percentages are made,

only whole numbers are given in the text, while in the tables they are

carried out to fractional values.

Ch esg: in the Composition,

Chart 1 compares the original composition of the stand with the

composition of the present stand on a percentage basis by numbers of

trees and by basal areas, It is seen from this table that in 1922 the
more desirable species comprised 31% of the stand by tree numbers, ;

while in 1932 they made up only 57% of the stand. However, by basal

area the stand comprised 94% of the better species in 1922, and 9%

of such species in 1932 This ird icates that the dominant canopy, made

up of the better species. is holding. its own in spite of a large removal

of its bigger trees and in spite of an increase of the less desirable

species, The latter have increased in number from 49% to 63% but de-

creased- in basal area from 6% to 5% of the basal area of the stand,

It is seen from this chart that white ash., elm, :sdawoed are

the only ones of the more desirable species which have increased their

numerical representation in the stand. All other species display a
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decided decrease, White oak-has been reduced to one half its former

position in the stand, Red oak likewise has suffered a considerable

drop in tree numbers, The basal area relationship. ha-s remined much

more constant, Though, white oak has been reduced from.21% to 15f of

the basal area in the stand, red oak has increased from 43% to 49% by

basal area representation. Other species, irrespective of an increase

or decrease in numbers have maintained about the same basal area,

Degree of Cha eof the Various Species,

From a study of chart 2 the degree of change that has taken place

becomes more pronounced. The greatest change in the numerical repre-

sentation of species has occurred in white ash and elm. They display

a respective increase of 8% and 6%. The oak group has undergone the

next greatest change, it wa.s reduced by 9,hickory was reduced by 3w,

while basswood increased by 3%i Of the less desirable species, iron-

wood has gained 68% in relation to the sum total change that the stand

has undergone,

The basal area changes do not correspond with the numerical changes,

except in the case of white oak and hard maple, The former has under-

gone a negative change of 3$% by basal area; and maple which decreased

numerically by 0.3% lost 3% by basal area, On the other hadd, red oai

which has undergone a negative change of 3% by numbers has changed

positively by 48% in basal area. The same holds true of hickory, it

decreased 3% in numbers but gained 4% in basal area. White ash changed
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favorably both in number and in basal area; while the basal area increase

for elm is very slight, although it had increased numerically almost

6.%. This same relationship is brought out more forcefully with iven-

wood which had undergone a positive change of 68% numerically, but gained

only 1'% by basal area. It must be remembered that these figures do

not indicate so much the relative importance of a species in the stand,

but they do indicate the degree of change that a species has undergone

relative to the change undergoneby other species. It brings out the

tendency of change in the stand,

Chanes within the Individual V1paoies.

The precding discussion has considered the direction of change

of the species in relation to each other: The next consideration shall

deal with the changes that have taken place within the individual apeties.

Red Oak Gr ou The red oaks display a favorable trend in reproduction.

A positive- change of .% in the 1 and 2 inch classes is recorded. Al-

though the species makes up only 89% of its original number, the basal

area has increased to 118% of the original. The diameter distribution

is deficient, almost lacking, from the5 to' the 6 inch class. Other

diameters are well represented to .a 19 inch limit. The larger trees

are growing at a rate of 2 inches per decade, The average diameter of

red oak has increased from 1005 to 11.9 inches.

ite.Oaks White oak is on the decline in the composition of this

stand, Reproduction is falling off. There is a negative change of

64% between the 2 and 6 inch diameters.. It constitutes only 66% of the
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original number and 77% of the original basal area. Fair diameter

distribution is limited between the diameters from 4 to 13 inches. Above

and below these diameter classes the distribution of white oak is very

deficient, The larger trees of the species 31 and 35 inches in diameter

are still growing at a rate of 2 inches per decade.

White.Ash: White ash shows an increase of 8ae by numbers and 16%

by basal area within the 1 to 3 inch diameter classes. It mounted to

341% of its original number and to 157% of its original basal area.

The diameter distribution above. inches is very scattered with few

representatives here and there to a 17 inch diameter limit. the growth

rate of the individual trees, of large pole sie, is again 2 inches

per decade,

.,Ncko~rs.. Hickory is loosing ground in the small pole class. Re-

production, in the form &f.saplings is at a stand still, but from an

8 inch diameter upward the species has increased its representation

in the stand. The general trend is toward a reduction of hickory. It

makes up numerically only 72% of the original numbeir and 106% of the

basal area . The diameter distribution, when hickory is considered as

a concomitant species in the stand, is good.

Mapl.e: Maple, in. general has maintained the same position in the

stand,. Its representation is 98% of the original by numbers, -and 97%

by basal area. However, a relative gain of 41% in the sapling class

is signif4iant as it indicates a future increase of maple in the com-

position of the stand. The diameter distribution with the exception of
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the 3 and 4 inch class is .good to a 17 inch diameter. There is a 22

inch diameter tree recorded in 1932, while in 1P22 a 16 inch tree

marked the upper diameter distribution. This would indicate an error

in the tally of the species at one time or another,

Elms In the sapling class elm is well represented. Numerically

it has increased to 263% of the original occurance, but only to 104%

of the basal area. Most of the increase occurred in the 1 and 2 inch

diameters. Elm representation above the sapling. class is insignif t.

Baswood:. Basswood displayes, a large. relative increase over its

original frequency. It mounted to 334% by tree numbers and to 741%

by basal area. It is present only in the 1 to 4 inch diameter classes,

and makes up buttl.44% of the total stand table and 006% of the basal

area of the stand.

Black Cherry:. Black cherry also shows an increase in the sapling

class. This species makes up only 0.4% of the stand, but it seems

to be on the increase.

la k alnut.: There are no black walnut trees below the 9 inch

diameter class. The few saplings which were present in 1922 have dis-

appeared. There are only 4 representatives of that species in the

stand.

kLes.Desirable $ eciess Ironwood has nearly doublediits former

representation in the stand, though its basal area remained practically

the same, This species makes up 60% of the stand in numbers and 5%
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by basal area, as against 44% and % respectively in 1922® All of

the increase has occurred in the 1 to 3 inch diameter classes. While

47% of the basal area was removed from the larger trees, 5% were'

gained in basal area by the smaller trees, There still are a few of

the larger ironwoods standing.

Other less desirable species are of minor importance -in the stand,

Although dogwood shows a 50% gain in the 1 inch class, the remaining

50% change resulted in elimination of dogwood in the 5 to 5 inch

diameter classes. Hawthorn was entirely eliminated. Blue beech die-

playes a very slight increase. These species at the present time ire of

no importance in the stand.

DIAMETER DISTRIBUTION-OF THE MORE DESIRABLE SPECIES

From chart 4 it is seen that the representation of the more desiralie

species in the stand has increased by 6%. Most of this increase took

place in the 1 and 2 inch diameter classes., The frequency distri-

bution of the diameters can best be described by statistics. In 1922

the- average diameter was 7.8 inches and in 1932 it had increased to

9.35 inches. The standard deviations were respectively 4.74 and 4.96

inches. While the coefficient of variation changed from 61% to 55f.

This clearly indicates that the better species in the stand are gaining

and that their diameter distribution is becoming more and more normal.

The distribution to a 17 inch diameter is fair, there is however a de-

ficiency in the 3 to 5 inch diameters. Above the 17 inch diameter the



distribution is broken and scant. The change in the stocking of the

stand, including the less desirable species, is refledted best by the

spacing figure, which changed from 20.02 to 19.68. The average number

of trees per acre changed from 353 to 515 trees per acre; while the

basal area increased from 85.33 sq..ft. to 88.49 sq. ft. per acre.

The average diameter of the stand as a whole, as computed from basal

areas, decreased from 6,6 inches to 5.7 inches. This change is not

significant, it is the result of a large increase of ironwoods in the

1 and 2 inch classes.

The outstanding facts which have become evident from the analysis

of compartment six are as follows:

First, the proportion of the more desirable species .in the stand

is increasing as illustrated by an increase to 334% in the 1 inch

diameter class and an increase to 228% in the 2 inch diameter class

of the original representation of such species.

Second, the diameter distribution of the more desirable species

is improving as illustrated by a decrease in the coefficient of variation.

Third, white ash, elm, and basswood are aggressive species in the

stand as shown by the increase of their tree numbers.

Fourth, red oak is the consorting species in the stand and it dis-

playes a strong tendency to maintain that position; while white oak is

decidedly on the downhill grade in the composition of the stand.

Fifth, Ironwood displayes a large increase in the composition of
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the lower canopy of the forest. This, however, is no indication of an

undesatable effect upon the stand. Ironwood as a nurse tree and as a

site improver may fullfill a much needed task. When competition with

more desirable species arises the competing ironwood can always be

removed. In the absence of such competition iron'wood may well act

as a beneficiary agent.



ANALYSIS OF OOPARTENT X
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ANALYSIS OF COMPARTMENT TEN

The first improvement cut was applied to compartment ten in 1926,

An intermediate cut took place in 1931, and the last improvement cut

wao administered in 1936. Additional silvicultural treatment consist-

ed in the planting of coniferous -species. In the following discussion

reference is made to the tables found in the Appendix under compart-

ment ten.

Chan'e$t..ithe Composition.

The changes in the general composition of the stand become evident

from chart 1. The striking feature of the change is again, the marked

increase of white ash which increased by numbers from 6% to nearly 11%,

and from 2% to 4% by basal area, in the relative composition of the

stand. Other natural increases in the stand composition have occurred

in hard maple and black cherry. The former increased from 0.4% to 1.5%
by tree numbers and from 1.6%-to 2.4% by basal area. Black cherry

which makes up a larger percentage in the compoition of the stand in-

creased from 14% to 16% by numbers, and from 1.6% to 3.2% by basal area,

The coniferous species in the stand increased as a result of planting.

They now make up 17% of the stand by tree numbers as against a

representation in 1926, The basal area changed from0.25% to 9% of the

basal area of the- stand. Scotch pine alone constitutes 7,.% thereof.

In contrast to other compartments, red oak has decreased its basal



area position in this stand from 4% to 33%. The numerical position of

red oak remained the same. White oak, although it decreased in numbers

from 2.4% to 1i3% has increased in basal area from 9% to 12%, Bass-

wood is loosing ground in the stand composition, it decreased numerically

from to,24% and by basal area it decreased from 1% to 1%. Hickory

also is on the decline as reflected by a basal area decreases from 9.5%

to 4.5%®

The less valuable species in this compartment ae evidently being

replaced by more desirable species as indicated by a decrease in the

numerical stand composition from 26% to 10% and from %5 to 1% by basal
area. The stand differs from other compartments not only through the

presence of conifers, but also by a much lower representation of iron-

woods.

The above description.deals with the general changes in the com-

position of the stand. It does not indicate the direction of change of

the species themselves, nor does it show the degree of change which

the various species have undergone.

e ree of Qhae of the Various Species,

It becomes evident at once, from a study of table 2 that the act-

ual changes of a species are different than me composition chart 1

would indicate, The direction of change, and the degree of change of

a species in relation to the change undergone by other species are

brought out in chart 2.



Some of the results coincide with those of the previous discussionw

For instance, white ash and black cherry indicate a pronounced gain in

both cases. Though from a study of chart 2 it is seen that cherry has

really undergone a much greater change than was indicated upon chart 1.

Its numerical change amounts to a 12% gain of the sum total change under

gone by the stand. Ash has gained 14% by numbers in the change of the

stand. Red oak which decreased in the stand composition has actually

gained 2% by numbers, though its basal area displayes a negative change

of 33%. The same holds true of elm, its relative position in the stand

remained the same, while it actually increased 4% by tree numbers, re-

lative to the sum total change undergone by the stand. The most pronaen-

ced change by tree numbers resulted from planting, this amounts to a

32% increase for scotch pine, douglae fir and white pine. The basal

area change of conifers amounts to about a 16% gain.

As a group, the conifers have undergone the second greatest positive

change in the stand by basal area, and it may be expected that this

gain in the future will become much more pronounced. The less desirable

species listed under miscellaneous species have suffered a relative

deduction of 19% by numbers and 7% by basal area. The stand as a whole

has increased in tree numbers by 25% and decreased in basal area by 19%,

Thisbasal area decrease will soon be remedied by the growth of the

younger saplings which are now much more numerous.



OHANGES WITHIN THE INDIVIDUAL SPECIES

The proceeding analysis has considered the changes in the stand

in relation to the sum total stand, and in relation to other species in

the stand. The following discussion treats each species separately

in order to point out the changes undergone within a species in respect

to diameter class changes and with regards to reproduction, and the

general aggressiveness of a species in the stand.

Red Oak: Red oak displayes a gain in the sapling class which

amounts to 45% of the numerical change undergone within the species.

Most of the remaining diameter classes record a loss in numbers of tree

per diameter class. Red oak mounted to 122% of its original number,

taken as 100%, and to 63% from its original basal area. The diameter

distribution of red oak extends to a 28 inch limit, however, it is a

rather thin distribution when considered from the frequency of trees

per diameter, Red oak still constitutes 1/ of the basal area in the

stand.. Even though its basal area has been reduced considerably, the

species is by no means assuming an inferior position in the stand; it

is rather on the aggressive side as indicated by the increase in the

sapling class,

White Oak: White oak has been reduced to .65% of its original

number, while its basal area remained constant. 2% of the decrease

occurred in the sapling class, There is a general loss of trees through-

out the diameter classes of white oak, The species is*on- the decline,

this is apparent from its diameter distribution which is thin and more

scattered than formerly.
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White Ash: White ash more than doubled its original number and

increased its basal area to 163% of its former basal area. Practically

all of the increase was obtained in the 1 to 4 inch diameters, above

this diameter only a few trees are represented; .ng them a 2 inch tree

which has grown at a rate of 2 inches in one decade.

2i ko s . Even though hickory has reduced in basal area to 39A of

the original basal area of hickory, the numerical representation of the

species remained almost the same, due to an inres se of hickory in the

sapling class. The rather scant diameter distribution above the sap-.

ling class ceases at 13 inches with 2 trees above that diameter.

Elm: Elm has increased in tree numberse and in basal area to 12%

and 116% respectively, There has been a very consistant increase of

elm to a 16 inch diameter, excepting the 1 inch class wheNe a negative

21.% change occurred. But there still is an ample representation of

elm in the 1 inch diameter class, The distribution of elm is good to

and 11 inch diameter, above this diameter a few single trees are found

in scattered diameter classes to a 2 inch limit.

Basswood;.. The greatest change for basswood occurred in the 1 inch

class diameter, where a negative change of 3% took place., From the

2 inch to the 12 .inch diameters only positive changes took place, .so
that the final reduction in basswood is but little below the original

representa* ion of the species, The diameter distribution is good to an

8 inch limit, formerly the limit of fair distribution was marked by

the 6 inch diameter class.
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-Hard Maples Hard maple-.displays a large relative increase which

amounts to 462% by numbers and 123% by basal area of the original stand

of maple, however, maple makes up only 1.6% of the stand composition and

the relative gain is therefore not so important. There are practically

no trees above the sapling class.

Black Cherr: Black cherry is strongly represented in the sapling

class of the stand and is still increasing in numbers, It has increased

to 144% of its former number and to 164% of its former basal area. In

the stand cherry makes up 16% by numbers and 3% by basal area. The

diameter distribution extends to 7 inches, with most of the trees in

the first 3 inch classes.

lackjk Walnuts Black walnut is more abundant in this compartment,

it makes up 3% of the stand by tree numbers and 4 by basal area.

Numerically it has mounted to 127.% of its original number in basal

area it decreased to 8.5. There is a good diameter distribution to

a 6 inch diameter, with a few additional scattered trees in the higher

diameter classes to a 21 inch limit. The larger trees appear to be

growing at a rate of 2 inches per decade.

Ironwood and Blue Beec Of the less desirable species, ironvood

and blue beech display a tendency toward an increase in the numerical

representation in the stand. However, the basal .areas of both species

have decreased; that of ironwood has been reduced to 47% of the original,

Ironwood and blue beech are represented only in the first 3 diameter
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classes as against a previous representation to a 7 inch and 8 inch

diameter respectively, Both species combined constitute 9% of the stand

by numbers and 0.9% by basal area,

Miscellaneous Species: A decided change has taken place among the

miscellaneous species, which consist of dogwood,, sassafras- blue ash.

and hawthorn.. These species have been practically eliminated. There

are only 6% of the original number of these trees left, and only a little

over 1% of the basal area is left. The diameter distribution of these

species formerly extented to 9 inches, while now it ceases at 3 inches.

In the composition of. the stand the position of these species has de-

clined from 10% to 0.5%,

coniferou Syeies. Of the Qoniferous species, scotch pine -- 4Ihe

is the most abundant species, It constitutes 11% of the trees in the

stand. Douglas fir makes up 6% by tree numbers, and white pine con-

stitutes only 0.4% in the composition of the stand. Scotch pine is now

represented to a. inch diameter as against a former 2 inch limit. And

douglas fir is found to a 7 inch diameter as against a former 1 inch

diameter. White pine has come into the stand since 1926 and isa repre-

sented in the 2 & 3' inch diameters, According to the above figures,

some specimen of scotch pine and douglas fir are growing at a rate of

4 inches per decade.



DIAMETER DISTRIBUT10 O. F. THE, '
DESIRABLE SPECIES IN THE STAND

The diameter distribution is best described by means of statitics.

The average diameter has changed from 3.3 inches to 3.0 inches. The

standard deviation decreased from 5 to 3.7 inches, and the coefficient

of variation decreased- from 170% to 123. It becomes obvious from these

data that the distribution is becoming more concentrated about the mean

diameter, and is approaching toward normality. There is a large pro-

portion of small trees in this stand, between the 1 inch and 5 inch

diameters. From the.6 inch diameter class to the 32 inch class the fre-

quency of trees per diameter class is steadily decreasing, and is some-

what deficient from the 12 inch diameter upward,

As a result of a much larger number of young trees the stocking of

the stand has become more open. The spacing figure changed from 21.6 to

24. The changes in the stand reduced to an acre basis are as follows:

The number of trees. has increased from 445 to 554 trees, the basal area

decreased from 73.931 to 3,.6 square fee.9 ..d.the, average .diameter,

computed from basal areas changed from 5e5 to 4,.4 inches.. With the great

preponderance of young trees in the stand the basal area will soon in-

crease and the stocking of the stand will improve,
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A brief summary of the results of a analysis of this compartment

is given to emphasize the more outstanding changes which this stand has

undergone.

One of the outstanding features is the opening up of the stand as

a result of the removal of 19% of the basal area of the forest.

This small basal area of the stand is a natural consequence of en-

couraging the growth of the large number of saplings of desirable tree

species which have increased their numbers by 39%.
This gain in the sapling class is partly due to a nattr-al increase

from the reproduction of white ash and ,black cherry, and to . lesser

extend to an increase of elm, maple and red oak,

A large percentage of the gain in the sapling class has resulted

from the planting of coniferous species of which scotch pine is the

most numerous, followed by douglas fir, and a small amount of white pine.

The less desirable species in the stand have been greatly reduced,

though ironwood and blue beech are numerically on the increase in the

stand. However, they are represented only in the sapling class and h !e

little influence upon the composition of the stand. The total- basal

area of the less-desirable species amounts to only 1% of that of the

total stand,
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LIST OF THE TREES REFERRED TO IN THIS REPORT

Common~ Name scientific Name

Ash, lWhite., ,,.,,..,,.,,..®®o..o®... ., .FraxinuAmericanc.'

Ash, blue, ,..,.,,,...,e......". .......Fraainus uadrang-ulata

Ba88 ®d 999..ooo®®e* .,,,..,.,, ,,, ®.,,.ilia Americana

Beech's blue, .,,.,®"©®,,,,,,,,.o..e,. Oarpinus caroliniana

Cherry,. blacks,,.,.,.,,,,,,,,,,,.,,,.,oPrulnaBsero'tina

Dogwood. . . o. e9 .. . *, . * * " ,.m. . .cornus-:flor ida

Douglas F e"o~~eeaoo""Q"Psda u$seioi

Maple, stgar................ *,,....a.a" cer sacoharum

Oak, blaco eo .,,,,,,.,,,.,,,,.,,,.,uercus velutina

Oak, northiern redo ",,0 00,00, o .o..,oe".Q~uer cus borealis

Oak, whl.ie,0000" 0.0.09"4o*oomooo® Q aercus alba

Pinesce ot ch, ,,,,,®0®00,,,,,,,,,.,,.Pi~ofls sylvestris

Pine,- white,.,.,........ ,.m,.,. .. , . , ,Pnus strobus

Sassafr s .."..0,,,0e..".."o.......... Sassafr $ as ayifoliwa
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