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FOREWORD

AcrvowrLEDeEMENT is made to Mr, 8. R. Gevorkiantz of
the Liake States Florest Eixperiment Station for reviewing
this paper and making many helpful suggestions for im-
proving it. Credit is also due Mr. Robert M. Borg who
assisted in collecting the field data.

INTRODUCTION

REp Oax (Quercus borealis Michx,) and chestnut calk
(Quercus montana Willd.) are two of the most common
of the forest trees found in the Hudson River Highlands
of lower New York and adjacent New Jersey (Tryon,
1930). In faet, red and chestnut oak are so widely dis-
tributed and show such a range in adaptability to site
conditions that they might well be called ‘‘key’’ species
for much of this region. Their common oceurrence,
along with the fact that they are eommercially valuable,
places them rather high in a seale of priority in forest
management plans.

Nor should the ‘‘ecological stability’’ of red oak and
chestnut oak be overlooked. Because of their ability to
reproduce both by seeds and sprouts, and their relatively
high tolerance to shade, oak follows oak on many sites,
generation afier generation. 7Thus a knowledge of the
ecological requirements, site preferences, and rate of
growth is a requisite for the proper silvieultural treat-
ment of these two species.

Cognizance was given fo this fact when, in 1931, a
study was made of the physical properties of the cove
goils of the Black Rock Forest (Scholz, 1931), Although
there was no opportunity at that time fo make exhaustive
quantitative studies of the ecological factors affecting
the growth of red and chestnut oak, it was possible, inei-
dental to the investigation of numerons soil profiles, to
collect eonsiderable data upon the interrelation of diam-
eter, age, and total height for these key speeies. It is the
plan to summarize these data and make them available
in the form of several short papers of which this is the
first.

Tar BARK THICRNTss FAcToR AND ITs TMPORTANGE

It is often desirable to ascertain the ecurrent, periodie,
or mean annual dismeter growth of trees in a forest
stand. Thus it may be necessary to determine whether
a very moderate or light thinning has resulted in the
acceleration of diameter growth of the stems left uncut,
and if so, the manner in which the response has oceurred,
Le., was the reduetion in density of the stand followed
by an immediate increase in the diameter growth or was
there a period of ‘‘lag’’? Or again, the problem might
be one of comparing the diameter growth of trees in the

1 Agsistant Silvieulturist, Lake States Forest Txperiment Sta-
tion. Data for this paper were collected in 1930-31 while the
author was a student at Harvard Forest, ’

o

intermediate and dominant crown classes in even-aged
stands. These are only two of many illustrations where
a knowledge of diameter inerement becomes of teehnical
importanee to the forester.

‘When making diameter studies such as those above, it
is desirable ordinarily to translate the growth into terms
of wood inerement ingide the bark. "Thus the technician
i faced with the necessity of establishing the relation-
ship between the diameter of the tree as measured out-
side bark to its diameter inside bark.,

Such a relationship has been established for the breast
height diameters of 459 chestnut oak and 418 red oak
examined on the Black Rock Forest, A summary of
these data is herewith presented.

MurTmop Usep 1v CoLLEcmNg DATA

Ag previougly indicated, information pertaining to the
compogition and growth of forest stands was taken in
copjunction with an investigation of a number of soil
profiles, Actually, there were 46 ‘‘sets’’ of these pro-
files, each set consisting of three separate holes or wells
dug s0 as to fall on the corners of a triangular-shaped
area. The distance between wells varied from 42 to 306
feet, the average being 103 feet, and the area included
within the {riangles, the boundaries of which were de-
fined by the sets of soil profiles, varied from 0.04 acre to
0.58 acre.

Bach goil well served as the eenter for a twenty-fifth
acre, circular sample plot which means, of eourse, that
the total sample for each set of soil profiles was three
twenty-fifths of an acre.® On these plots, a tally was
made of all trees (meedlings, saplings, and poles), and
the diameter, total age at breast height, and total height
was determined for all red and chestnut oak 1.6 inches
D. B, H. {outside bark) or larger. These two oaks were
chosen ag key species because one or both of them oec-
eurred on 94 per eent—on 126 of the 134 plots—of the
total sample areas,

Diameters were measured to the nearest 0.1 inch by
means of a standard steel diameter tape. 'I'otal age at
breast height (4.5 feet above the average ground level)
wag determined by ring counts on cores extracted with a
Swedish increment borer. Heights were measured to the
nearest foot with a Klaussner hypsometer. Bark thick-
ness was obtained by means of a Swedish bark punch.
In every case, two measurements were taken on opposite
gides of the tree. If these measurements showed any
great amount of variation, bark thickness was deter-
mined at a third point on the bole. The two, or three,
readings were then averaged in the field, and the bark
thickness recorded to the nearest 0.05 inech.,

¢ To be exact, only 134 aample plots were taken, In one case,
two, instend of the uaual three, soil holes or wells comprised a
profile set, and thers were no sample plots taken for Profile Num-
ber 44 since it fell on a natural ““bald’’ devoid of tree growth.



Meritop or ANanyzing Dama

In order to determine the relationship of the diameters
of red and chestnut oak as measured outside bark at
breast height to their diameters inside bark af the same
point, the following steps have been necessary: 1) All
trees have been grouped, by speeies, into 1-inch diameter
classes {d.o.b.), 2) The corresponding d.ib. has been
determined for each tree by subtracting double the aver-
age bark thickness, as determined in the field, from the
d.ob., 8) Weighted averages have been ealculated for
d.0.b. and d.ib. by inch classes, 4) The weighted aver-
ages, standard deviations, and standard errors for d.o.b.
and d.i.b. have been computed for both samples (418 red
oak and 459 chestnut oak), 5) Weighted average d.ib.
has been plotted over weighted average d.o.b. by inch
classes for each species, and curves have been fitted,
mathematically, to these two sets of points by the method
of least squares (Bruce and Sehumacher, 1935), 6) A
table showing the relationship of d.o.b., d.i.b., and double
bark thickness has been prepared. These table values
have been read from the curves above, and 7) The stand-
ard error of estimate and the alienation index have been
caleulated.

RevArioNsme oF 0,0B., DB, AND BARK THIOEKNESS AT
Bressr Hucar ror REp anp Cumstiur QA -

The results of these analyses are shown below (Figure
1 and Table 1). Since they are more or less self-explana-
tory, no detailed discussion of the figure or table is neces-
sary. The high reliability of the averages for the samples
used as a basis for the two curves should be noted. At-
tention should also be ealled to the degree to which d.1.b.
is associated with d.o.b.—Alienation Index for chestnut
oak, 0.10; Alienation Index for red oak, 0.06. Tt ig
apparent from these values that the d.ib. and bark
thiekness of red and chestnut oak in the Hudson High-
lands Region iy primarily the funetion of d.ob. and
secondarily the function of sundry other factors such as
site, exposure, stand density, and age.
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Tasre 1

Relation Between d.o.b., d.ib.? and Bark Thickness at
Breast Height for Red Oak and Chestnut Oak

RED OAK CHESTNTUT Q0AK

D.B.IL. D.B.H. Doubled DB, Doulbled
QOutside Ingide Bark Ingide Bark

Bark Bark Thickness Bark Thickness
Inches Inches Inehes Inches Inches
1.0 0.80 0.20 0.66 0.35
1.5 1.85 0.25 1.10 0.40
2.0 1.70 0.30 1.55 0.45
2.5 2.15 0.85 2.00 0.50
3.0 . 2.60 0.40 2.40 0.60
3.5 3.05 (.45 2.85 0.65
4.0 3.55 0.45 3.30 0.70
4.6 4,00 0.50 3.75 0,75
5.0 4.45 0.556 4.156 0.85
5.6 - 4.90 0.60 4.60 0.90
6.0 5.35 0.65 5.0 0.95
6.5 5.80 0,70 5.50 1.00
7.0 6.2b 0.75 5.90 110
7.8 6.7 0.76 6.35 1.15
8.0 7.20 0.80 6.80 1.20
8.5 7.65 0.85 7.26 1.26
9.0 8.10 0.90 7.65 1.35
9.5 8.55 0,95 8.10 1.40
10.0 9.00 1.00 8.55 145
105 9.50 1.00 9.00 1.50
11.0 9.95 1.06 940 1.60
11.5 10.40 110 9.85 1.65
12.0 10.85 1.15 10.30 1.70
12,6 11.30 1.20 10,75 1.75
13.0 11.76 1.25 -11.156 1.85
13.5 12.25 1.25 11.60 1.90
14.0 12,70 1.30 12.05 1.95
14.5 13.15 1.35 18.45 2.05
15.0 13.60 1.40 12.90 2,10
155 - 14.05 1.45 13.55 2.15
16.0 14.50 1.50 13.80 2.20
16.5 15.00 1.50 14.20 2.30
17.0 1545 1.55 14.65 2.35
17.5 15.90 1.60 15.10 240
18.0 16.35 1.65 15.55 245

3 Italicized values have been taken from portions of the
curves projected heyond the limits of the field data. Both d.ib.
and bark thickuess are shown to hundredths of en inch. Sinee
d.0.b. is seldom measured closer than to the nesrest 0.1 inch and
bark thickness and radial growth to the nearest 0.05 ineh in the
field, the d.ib. and doubled bark thickness messurements shown in
the table should ordinarily be rounded off to the mearest 0,1 ineh,




i+
- 7 I/
14 BASIS FOR GRAPH A
Red Oak 418 Trees Ay
13 Chestrnut Oak 459 Trees @, d
12 LEGEND A
—— _ gy
o Red Qak —— A
"'5 Chestnut Oak Rdd
Eu - el i
K /]
o P.C
g } .
38 )
Q ’9§ . '
2, i P STATISTICaL | RED OAK |CHEST 06K
c et M4 __Data dob. [dib. |[dohb [dib.
s ‘ /@'/ (e Weighted Average B16+0.86.051012/6.0700%5042008] |
T ul AM Standard Deviation | 261" | 236" 193"[ 164" |
ms ‘ Standard Error of : -
o _peL/ 18 Estimate 014" 017"
A 4 Alienation Index 0.08 Q40 ||
a'{,é{/ 7
3 B! CurvE FortuLa: X = a{A)+k
: Where X=diib; A+ dobsanda and K |
2 1077132 are constants to bhe determined. -
o CUurvE EQUATIONS: =
1 1 RedQaks  X:0.216{dob)-0.1375 |
~Chestnul Qans X- |O|&'1T4|(df o)-020]
: : |
i 2 3 4 &5 6 T B 9 10 W {2 i3 14 15 16 1T 8 \@ 20 2

D.B.H. outside bark. (inches)

Fra. 1—Rela,t10nsh1p of d.eb. to d.ib, for Chestnut Oak and Red Oak in the Hudson Highlands Region of New York and
Adjacent New Jerscy.
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