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• THE DEVELOPMENT OF UNEVENAGED STANDS
■ OF ENGELMANN SPRUCE, AND PROBABLE

DEVELOPMENT OF RESIDUAL STANDS 
AFTER LOGGING.

, B y  G. H . B arn e s

INTRODUCTION , •

Th e  spruce-balsam (P, engelmannii, P. canadensis, A. lasiocarpa) forest 
type of the central interior of British Columbia is one of the major 
timber types of the province. It occupies, more or less completely, an 

area in excess of 50,000 square miles extending from the Alberta Boundary 
west to the vicinity of Stuart Lake, and from the Peace River country south 
to the Quesnel Lake region, coinciding approximately with the area of the 
Prince George Forest District. No statement is available of the total stand 
in this type but it is very large. The estimated total stand of merchantable 
timber in the Prince George District is about 33 billion board feet (1) of 
which 21 billion (64% ) are spruce and 5l4 billion (16%) are Balsam.

The natural stand in this type is composed almost exclusively of Spruce 
and Balsam in uniform mixture in the proportions by net volume of about 
80 per cent. Spruce and 20 per cent. Balsam. All age classes are repre
sented in the typical forest. Spruce ranges in age up to about 350 years 
and Balsam up to 250 years. The Spruce is characteristically sound and of 
fine quality.. Balsam is characteristically decayed. Dickson has found that, 
while the Balsam is usually sound up to 100 years in age, it deteriorates rapidly 
thereafter and he estimates that on the whole it is subject to more than 50 
per cent, defect.

The net merchantable volume per acre averages about 14,500 board 
' feet of Spruce and 3,500 board feet of Balsam.

In 1914 the Grand Trunk Railway, now (1935) the Canadian National, 
} ■ was completed through the centre of this region and immediately following 

’■ there developed a substantial logging and sawmill business which has proved 
'to  be the maiistay of the business life of that part of the province.

■ V This Spruce-Balsam type constitutes one of the principal timber re
serves of the. province. It has been, and must continue to be the main
spring of development of a very large area.

Natural regeneration under the mature overstory which is left as a 
residual stand after logging is fairly satisfactory so far as mere stocking is 

■■ concerned, but as shown by Barr (3), (4), and Griffith (5), the incidence of 
species is greatly in favor of Balsam. By number of trees Balsam forms about



80 per cent, and Spruce only 20 per cent, of the residual stand. This propor- 
tion can be governed by exposing a seed bed of mineral soil for some time 
previous to logging which is conducive to the germination and survival of 
new Spruce seedlings. This operation would be too costly, however, to 
include in any practical management plan at the present time.

PLATE I.
Typical cross section of an Engelman Spruce stem o f the mature virgin stand, 

showing periods of suppressed and released growth.

PLATE II.
l a i c a l  cross section of an Engelmann Spruce stem released from competi* 
tion by loggring in 1919. A marked acceleration in growth began immediately 
following release.

The natural composition of the residual stand has been considered in' 
adequate for the production pf a subsequent crop of Spruce, and improve
ment of seed bed conditions to favor this species has been deemed necessary 
for a satisfactory result. This being true, the question arises as to how 
suitable conditions materialized for the development of the present mature



stand, which introduces the possibility of other factors in its development 
extraneous to seed bed conditions and early regeneration.

Graham (6), in writing of the Spruce-Balsam forests of Eastern Canada, 
points out that the cut'over stands in this type consist predominately of 
Balsam in their youth, but says, “ There is some reason for supposing that 
the proportion of Spruce in the mixture increases with the age of the 
stand.” Baker (7), referring to Spruce-Fir forests of the Eastern United 
States says, “ If these stands were grown on a long enough rotation, the 
Spruce would undoubtedly replace the Fir . . . .”

With the foregoing concepts in mind it is the purpose of this investiga- 
tion to arrive at information relative to:—

(1) The development of the present mature stands and their present 
growth tendencies.

(2) The probable development of residual stock on cut'Over lands and 
‘ expectations as to ultimate yield.

(3) Sound methods of management designed to maintain both pro' 
ductivity and a large proportion of Spruce.

BASIC DATA
The data on which this study is based were obtained at the Aleza 

Lake Forest Experiment Station from a series o f 17 permanent plots of
0.4 acres each, 4 of which were established in cut-over type in 1926, and 
13 in the mature uncut type in 1928. Subsequent examinations were made 
in 1931 and 1934 on the cut-over plots, and in 1933 on the mature uncut 
plots. In addition a series of mechanically selected temporary plots were 
established and examined in 1934.

The 13 plots, in the mature uncut type were originally established in 
conjunction with a study relative to the establishment of reproduction in 
this type on sites where Balsam and Spruce reproduction was relatively 
abundant. The distribution of stems in the smaller d.b.h. classes on these 
plots therefore tends to be abnormally high in relation to average con
ditions. The remaining 4 plots in the cut-over type, were hardly sufficient 

, to give an accurate distribution of stems in the residual stands. In order 
to arrive at representative distributions of stems before and after cutting 
the mechanically selected temporary plots were established on recently 
logged areas, and in uncut stands adjacent to them.

Data recorded on the pemuinent plots at time of establishing were as 
follows:—

1. D.b.h., total height and age of every tree 4 inchfes d.b.h. and over in 
the uncut type, 1 inch and over in the cut-over type.



2. Increment by decades measured frbm increment cores, over the entire 
life of the tree in the mature uncut type, and over 17 years in the 
cutover type .̂

3. Number of trees on small sub-plots, by total height classes, less than 
4 inches in the uncut type, less than 1 inch in the cut-over type.

On re-exaimnation, the following data were recorded:
1. D.b.h., total height, and crown class o f each o f the original trees 

over 4 inches and 1 inch in the uncut and cut-over types respectively.
2. Mortality with an attempt to ascribe the cause.
On the temporary plots all trees under 15 inches were tallied by d.b.h. 

classes in both the cut-over and uncut types. 15 inches approaches the 
maximum d.b.h. limit on the cut-over type, and for the distribution of trees 
above this limit in the uncut type adequate data were available from strip 
cruise tallies.

DEVELOPMENT AND GROWTH OF THE MATURE STAND *
D iam eter  I n c r e m e n t  of  Spruce

An analysis o f the increment core measurements discloses a period of 
accelerated growrth beginning in the two decades 1798-1818, 130 to 110 
years prior to measurements. Similar favourable growth periods have been 
noted by Dwight (8) who considers them to be the result of release by 
heavy windfall.

In order to examine the growth trend following the start of acceleration 
the mean increment of all trees was determined for successive 20-year 
periods beginning at 1808 which marks the mid point of the period in 
which acceleration began. These increment values were plotted over 
their respective periods as shown in Figure 1. The curve indicates a growth 
rate prior to 1808 constant at a value of 1.3 to 1.4 inches per 20-year 
period. Following this it increased during the succeeding 40 years to a 
maximum of 2.4 inches, and thereafter falls off slowly over a period of 80 
years to the original value of about 1.3 inches in 1928.

This growth history suggests a cyclic development of these unevenaged 
stands. It would appear that the dominant, or older age classes, have 
developed at a rapid rate of growth to maturity and full crown cover at 
the same time suppressing the younger age classes. Maturity in these 
dominants has been marked by a comparatively short period of slow con
stant growth, followed by rapid weakening and thinning by disease, wind- 
throw, or insects, resulting in a quick opening up of the stand to start

th « cut-over t w  were eeU bllihed 7 years after enttins occurred. The IT y e a n
increm ent w ere divided into 10 years prior to cuttine and 7 y e a n  lubaequent to cuttine-



F r

I
(D
Q
c (/)<D

Xo
c

Be-f'ore 
es 3e A-P-t 3 r  F e leS se

- 2 - 1  O I 2  3 - 4  5  G y  &
■' B O V e a r  P e r i o d s .

■ T h e  t r e n d  oP  s o  Y ear periodic diameter 
> Increments of Spruce of the mature stand,showing the 

acceleration which took place subsequent to 1808.

the cycle again by the release of inherent dominants in the younger under- 
story.

The mature overstory of the stands at Aleza Lake seem to have just 
reached the maximum age of maturity. That a period of depletion may be 
expected at any time is further borne out by the fact that there has been 
heavy windfall in recent years on large areas of similar forest growth in 
the vicinity of the Experiment Station.

Basal A rea  I n c r e m e n t  o n  P e r m a n e n t  P lots 
A  comparison of plot measurements of 1928 with the measurements of 

1933 affords a further indication that the dominant element in these stands 
-has reached maturity, and that a loss in total stock may be expected at an 
early date. The sum of the basal areas of all trees 5 inches and over on 

’ the 13 permanent plots in the uncut type was 547.31 square feet in 1928, 
and 551.10 square feet in 1933, a gain of only 3.79 square feet. The com
parison is best brought out by an examination of Table 1 in which the 
basal area of each plot measurement is tabulated. It will be noted that over 
the 5-year period seven of the plots show an increase in basal area and six 
of them a decrease. When statistical tests are applied (See appendix i), 
the small increase of 3.79 square feet is found to be of little significance 
and may be due merely to chance. It is therefore probable, as far as we



can say from the data at hand, that the basal area is practically stationary 
at the present time, and that increases in individual trees have been offset 
by losses due to mortality.

TABLE 1.
Comparison of Basal Areas of Spruce Including All Trees 5 Inches and Over 

Between 1928 and 1933 on 13 Sample Plots of 0.4 Acres.
Plot No. Basal Area Difference Diff. inper-

1928 1933 cent, of 1928
102 32.82 33.28 +  .46 +  1.4
103 34.02 35.13 +1.11 +  3.3
105 34.27 34.29 +  .02 +  0.1
107 29.64 29.14 — .50 — 1.7
108 38.06 - 39.09 +1.03 +  2.7
109 35.93 36.95 +1.02 +  2.8
110 33.45 31.51 —1.94 — 5.8
111 51.91 51.51 —  .40 — .8
112 23.72 26.62 +2.90 +12.2
113 60.12 59.66 —  .46 —  .8
114 52.13 52.04 — .09 — .2
115 65.51 62.59 —2.92 — 4.5
116 ( 55.73 59.29 +3.56 +  6.3

Sum 547.31 551.10 +3.79 +15.0
Mean________42.10________ 42.39________ +  .29 +  1.16

PROBABLE DEVELOPMENT AND EXPECTED YIELD OF 
RESIDUAL STANDS ON CUT-OVER TYPES

C on dition  of  C u t -over Sta n d s  
In logging the mature stand, all the merchantable trees o f the upper 

story are removed down to a minimum diameter limit o f roughly 12 inches 
breast height, and although some o f the smaller trees and reproduction are 
damaged or completely destroyed during the operation, there is still a fair 
residual stand left on the ground. Most o f the damage occurs on the skid 
roads and decking sites, where the understory is almost totally destroyed. 
On charting the areas so denuded it was found that they comprise approxi
mately 15 per cent, o f the area logged. Immediately after logging the 
extent o f  these areas looms particularly large, but in the course o f a few 
years, with the growth o f the bordering trees, the smaller openings at 
least become less apparent.

On two representative areas recently logged and sampled by means of 
plots mechanically distributed the residual stand was made up as follows:

. Size Class No. of trees per acre
Spruce Balsam

Under B.H.  ..........................   40 307
Over B.H.  .......................  141 460

Total .............................   181 , 767
Total both species............... 948
Per cent, of total ................ 19 81



Of the total 948 trees approximately 20 per cent, are Spruce and 80 
per cent, are Balsam. The obvious inference is that the mature crop to 
be produced from these will show the same deficiency in Spruce. It 

' develops later in this study, however, that, due to differences in the mor
tality rate of the two species, it is likely that the young stand will produce 
a mature growth predominantly Spruce. If the natural thinning of 120 
years ago is granted it is probable that the present mature stands, about 
80 per cent. Spruce by net volume, developed from an understory very 
similar in composition to that existing on cut-over areas, and in the younger 
age classes of uncut stands of to-day.

On the cut-over areas examined were found 181 Spruce per acre below 
12 inches d.b.h. On adjacent uncut areas there are 278 below the same 
diameter limit. Apparently about 65 per cent, of the original Spruce under
story survives present logging methods. This value could be materially 
increased if some care were exercised to protect the understory during 
logging operations.

Distribution of Spruce by diameter classes for cut-over and uncut types 
is shown in Figure 2.

The distribution of trees in the uncut stands is of the usual J-shaped 
form characteristic of unevenaged stands, with relatively large numbers 
of trees in the smaller diameter classes but, contrary to the general rule, 
the curve is of a bimodal form having a peak at values of 0 and 14 inches. 
It was thought at first that the bimodal characteristic might be due to a 
scarcity of trees of certain age classes, which in turn would account for 
the apparent scarcity of trees in diameter classes around 10 inches. To 
test this explanation the trees of the 13 individual permanent plots of the 
uncut type, which show the same bimodal form in their stem distribution, 
were classified by diameter-age classes. All age classes appeared to be 
normally represented,’ denying the explanation given. It was not until 
much later on in the investigation that the significance of the bimodal dis
tribution was finally determined.

St a n d  T ypes

Up to this point the data presented relative to the residual stands have 
covered conditions as a whole over the two areas examined. These two 
areas represent two distinct soil types which may be recognized generally 
throughout the forest. The soil of one is a clay, and the other a brown 
loam. The clay type is usually distinguished by a relative abundance of 
Lonicera and Corylus sp., the loam by a relative abundance of Fatsia and 
Aspidium sp.
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There are about the same number of Spruce stems per acre on the two 
soil types but the distribution of diameter classes differs as shown in Figure
3. There are relatively more trees in the smaller and larger diameter classes 
on clay and loam respectively. In the case of balsam a greater number of 
stems per acre are found on clay than on loam. These differences in stem 
distribution will mean differences in ultimate yield values, and for this 
reason the two types are considered separately hereafter in yield 
calculations.
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The eventual yield of these stands depends upon four major con
siderations;—

1. The amount of increment added by the individual trees over a given 
period of time.

2. The mortality occurring during the same period.
3. The number and size of new trees entering the stand during that 

period.
4. Soil type.

DIAMETER INCREMENT IN SPRUCE
T h e  Basis of  E stim atin g  In c r e m e n t  in  t h e  C u t -over  St a n d s

It has been shown that, during a period centered around 120 years 
ago, some event occurred to cause a rapid acceleration in the increment 
o f the trees in the present mature stand, the history of which has been 
traced. The same relative growth tendency may be expected in the residual 
stands recently released in logging the mature overstory, although dif-. 
ferences in absolute value might develop due to differences in the extent 
of release.

If some means, could be found of estimating the growth of the mature 
stands after the start of accelerated increment 120 years ago, the same 
means, modified to account for differences, might be used in estimating the 
future growth of cut-over stands.

An attempt was made to estimate the diameter increment of the trees 
of the mature stand subsequent to release, by correlations of increment with 
diameter and age o f the trees at the time of release. If satisfactory correla
tions based on either or both of these factors could be derived, growth 
charts (9) might be constructed from which diameters of the trees at subse
quent dates could be read. These charts could then be modified to suit 
present day conditions in the cut-over type, and serve for the prediction 
o f their growth.

It was found however that so far as these two factors were concerned 
increment added in a given time was very much a matter of chance.

A  second trial was made by adding to the base diameter of each tree 
o f the released stand the small amount of increment which did prove to 
be correlated with its diameter, and a further amount varying in accordance 
with the distribution of the residual” increment remaining after the amount 
dependent on diameter had been accounted for. This process proved to 
be satisfactory. It does not pretend to estiihate the future diameter of
2“ R «tidual,”  »  used In connection with Increment Is m erely that part o f  the strosa Increment 

rem alnln* a fter the part due to diameter has been accounted for. It has no direct relation 
to  Us use in connection with "Residual”  stands.
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any individual tree, but it does give the probable future stem distribution 
of the trees of a stand when a large number of trees are involved.

D ia m ete r  I n c r e m e n t  in  M a tu r e  Sta n d s  Fo l l o w in g  R elease 
The mean periodic diameter increments for successive 20-year periods 

have been derived and are shown in Figure 1. If these values are summed 
cumulatively the total mean increment at the end of each successive 20- 
year period after release is obtained. These values are termed hereafter 
the Mean Gross Increment.

Table 2 shows the gross increments added by trees of different diameter 
classes for a period of 120 years after release, and the mean increment of 
all trees for the period shows a value of 11.4 inches.

On further examining Table 2, it will be noted that there is little 
correlation between the diameter of the trees at the time when thinning 
occurred, i.e., between the diameter of the trees 120 years ago and the incre
ment added over that period. If the means of the vertical columns are 
calculated however, as is shown in the table, and plotted over their respec
tive diameter classes as in Figure 4, it is evident that there is some correla
tion present, especially in the smaller diameter classes. A  curve through 
the plotted points indicates that the smaller trees and larger trees have 
grown a little more slowly than the middle sized trees. The curve cuts 
the 0-diameter axis at a value of 10.4 inches, rises to a value of 12.7 inches 
for 6 inch trees and thence falls off again; so that during the 120-year 
period all the trees have grown an average of 10.4 inches plus an extra 
amount which is dependent on the diameter of the tree at time of release.
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These plus values for the different diameter classes are the differences 
between 10.4 and the curve value for the diameter classes. For instance, 
the plus value for the 6 inch diameter class is,

12.7 —  10.4 =  2.3 inches,
for the 2 inch class 11.6 — 10.4=1 .2  inches,

“ 4 ‘ “  • “  12.5 —  10.4 =  2.1 inches,
“  8 “  12.2— 1̂0.4 =  1.8 inches,

and similarly for other classes.
If this increment whiiffi is correlated with diameter is deducted from 

each of the 296 sample trees of the basic data, the residual increment of 
each tree will be obtained, and these residual increments may be tabulated 
into a frequency table showing the distribution of uncorrelated increments 
whose mean will equal 10.4,- the constant subtrahend used in calculating 
the correlated values.

It is evident therefore, that the gross increment for the period consists 
of one part which is dependent on the original diameter of the individual 
trees of the stand at time of release, and another part which is open to 
random variation according to the distribution of residual increments. It 
will be shown later how these two divisions of increment may be utilized 
in arriving at the final stem distribution of a released stand.

The correlated increments and the distributions of residual increment 
were determined at ages 20, 40, 60, 80 and 100 years after release. , The 
amounts correlated with diameter for 60-120 years after release were prac
tically identical but for 40 and 20 year periods the amounts were progres
sively smaller. The correlated increments, however, are dependent on 
the mean gross increment, rather than on age, and since the mean gross 
increment for the periods of 60-120 years amounts 6.7-11.4 inches it fol
lows that the correlated increments for mean gross increments between the 
limits stated are constant. For mean gross increments below 6.7 inches the 
amount of correlated increment varies as shown in Figure 5 wherein the values 
have been harmonized for even inch gross increment classes.

When the distributions of residual increment are expressed in per cent, 
and plotted cumulatively on probability cross-section paper, a straight line 
through the points fits the data exceptionally well, indicating that the 
residual distributions may be considered as normal within practical limits 
of their range®. Knowing the mean of residual increment and the standard 
deviation corresponding to the mean, it follows that the distribution corres
ponding to any combination of the mean and standard deviation may be 
readily determined from normal probability tables, with an acceptable 
degree of accuracy.
3Tb« norm ality o f  the residual distributions is shown Iti api>endlx ii.



In the native stands the standard deviations of the distribution of the 
sums and of successive 20 year periods have been calculated on page 454 and 
above respectively. The coefficient of correlation between the successive 20 
year distributions may therefore be calculated by substituting the values of <r*, 
CTi and <t2 in equation above and solving for r. The values of r so 
obtained between successive 20 year distributions are given in Table 17. The 
values are nearly constant with a mean of .60.

If a value of .60 be assumed for the relationship between the successive 
2 inch distributions o f the cut-over stand, the value of the standard deviations ' 
of their sums are readily calculated. The results are given in Table 18.

Some examples may lead to a clearer understanding of the procedure. 
From Table 18 it is found that for the first 2 inches of mean residual incre-. 
ment the standard deviation is — .78 inches. This value is also the standard 
deviation for a total residual mean increment o f 2 inches after release and
is recorded in the sixth column of Table 18 as For the second 2 inches
of mean increment the standard deviation, o-̂ , is — .84, while for the first, 
2 inches of increment it was — .78 which becomes in calculating the 
standard deviation or for a complete increment of 4 inches after re
lease. The coefficient of correlation r, between o-j, and o-j is .60, and substi
tuting these values in the equation we have: .

ffl =  .78* +  .84” - f  (2 X .60 x .78 x .84) ,
and

a ^  1.45

For a complete increment of 6 inches we have: '
<Ti =  — 1.45, or for 4 inches of incrementA

=== ±  .88 , , . ■ ( . 
r = - .60 ' -

and by substitution, ,
=  1.45* _j_ .88” +  (2 X .60 X 1.45 x .88) , ,

and ,
a, — ±2.10 -
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A ppe n d ix  III. .< i",;: i: • ^
THE DEVELOPMENT OF THE STANDARD DEVIATION OF

RESIDUAL INCREMENT IN CUT-OVER STANDS v. ; • Ji > v 
It was shown on page 430 that the standard deviation of residual increment 

differed to some extent in the cut-over and mature uncut stands. For the 
mean increment of 2.1 inches immediately following ̂ release the values were 
±.82 inches and ±1.00 inches respectively, giving a coefficient of varia
tion of ±39 and ±48

As the cut-over stand approaches maturity and full stocking again, its
development should become similar to that of the present mature stand. It 
may  be assumcd therefore that the standard deviation or the coefficient of 
variation of residual increment in the cut-over stands corresponding to a 
given mean increment for a period at maturity will approach the standard 
deviation or the coefficient of variation of the mature, stand for the same 
amount of mean increment at a mature period. In other words the standard 
deviation or coefficient of variation of a 2 inch mean increment at 100 years 
or more after release should be about the same in both cut-over and mature 
uncut stands. For intermediate 2 inch mean increments below 100 years the 
standard deviation or coefficient of variation of the cut-over should gradually 
approach the values of the mature stand.

TABLE 17
Statistics of the Residual Increment of Spruce of Mature 
Stands for Successive 20 year Periods and for Complete 

Periods Following Release.
Successive Periods Complete Periods

Period
Yrs.

Mean
In.

St’d
DeVn

In.

Coef.
Var’n‘

%
Coef.
Cor’n»

Period 
Yrs. ■

Mean
In.

St’d
Dev’n

In.

M V r M. Vs & Oi

0- 20 1.58 .81 51 .62 0- 20 1.58 .81
20- 40 1.99 .94 47 • .65 0- 40 . 3.57 1.57 ,
40- 60 2.03 .92 45 .62'’ 0- 60 5.60 2.28
60- 80 1.71 .73 43 .58 0- 80 7.31 2.76
80-100 1.61 .69 43 .54 0-100 8.92 3.21 '

100-120 ' 1.52 .68 45 — 0-120 10.44 3.62
■ n . ' Mean * 46 .60 ■

‘ Coefficient of variation, v =

. '’Coefficient of correlation, r =

100 (Tj
' M ■

2<ri uj
2.76®— (2.28®-t-.73®) _  

2 X 2.28 X .73



In Table 17 the mean, standard deviation and coefficient of variation are 
: shown for the native stand for successive 20 year periods after release. It

• . will be noted that the coefficient of variation is nearly constant over all periods
with a mean value of 46. The coefficient of variation in the cut-over stands 

- , may therefore be expected to increase from 39 in initial growth periods to
• ; '46 in mature growth periods. Values of the coefficient of variation for the 
V' cut-over stand in intermediate’ growth periods were estimated by drawing a

■ ' curve through the abscissa of 39 at the 1st 2 inch mean increment to become 
. ; ■ tangent to the 46 abscissa at the 5 th 2 inches of mean increment. The 
^ ' estimated values of the coefficient of variation for successive 2 inch mean 
■''i’ increments, together with the standard deviations calculated therefrom are 
, tabulated in Table 18.

TABLE 18
Statistics of the Residual Increment of Spruce of Cut-over 
Stands for Successive 2 inch Increments and for Complete 

Increments Following Release.

Successive Increments Complete Increments

Coef. of St’d
Period Var’n Dev’n» Coef. of Period St’d

In. % . In. . CoFn In. Dev’n‘>

V . <T2 r

0- 2 39 .78 .60 0- 2 .78
2 -4 42 .84 .60 0- 4 1.45
4- 6 44 .88 .60 0- 6 2.10»
6 -8 45 .90 .60 0- 8 2.73
8-10 46 .92 /■ , .60 0-10 3.36

10-12 46 .92 .60 0-12 3.97

<̂2 =
VM
100

(M == 2")

V  1.45” -f 
 ̂ ±  2.10

 ̂ -f (2 X  .60 X  1.45 X  . 8 8 )

It is the standard deviation of the sum of the successive 2 inch increment 
distributions that is sought, that is, the standard deviation of the distribution 
corresponding to 2, 4, 6, 8, 10, 12, etc. inches of mean increment. In order 
to estimate the. standard deviation of the stuns it is necessaiy- to evaluate the 
coefficient of correlation between the successive periodic distributions. Know
ing r, the coefficient of correlation, the standard deviation of the sum may
be calculated from the equation,

-f- <r” 4- 2 r cTi <t2<r”■



TABLE 16 (Cont’d.)
Frequency Distributions o f Residual Increment of Spruce in 
the Mature Stands at Complete Periods > Subsequent to Release.

Time After Release 
80 100 120

I.e. F. C.F.% I.C. F. C.F.% I.C. F. C.F.%

0.0- 0.9 1 0.3 1.0- 1.9
1.0- 1.9 6 2.4 2.0- 2.9 10 3.4
2.0- 2.9 13 6.8 3.0- 3.9 9 6.4
3.0- 3.9 13 11.2 4.0- 4.9 16 11.8
4.0- 4.9 28 20.6 5.0- 5.9 18 17.9
5.0- 5.9 31 31.1 6.0- 6.9 30 28.1
6.0- 6.9 36 43.2 7.0- 7.9 26 36.8,
7.0- 7.9 39 56.4 8.0- 8.9 38 49.7
8.0- 8.9 44 71.3 9.0- 9.9 82 60.5
9.0- 9.9 37 83.8 10.0-10.9 38 73.3

10.0-10.9 22 91.2 11.0-11.9 34 84.8
11.0-11.9 S 94.0 12.0-12.9 16 90.2
12.0-12.9 13 98.3 13.0-13.9 8 93.0
13.0-13.9 3 99.4 14.0-14.9 11 96.6
14.0-14.9 2 100.0 15.0-15.9 8 99.3

16.0-16.9 1 99.7
17.0-17.9 1 100.0

Sum 296 — - _  296 — — - 296 —

1.6- 2.5 1 0.3
2.6- 3.5 8 3.0
3.6- 4.5 5 4.7
4.6- 5.5 16 10.1
5.6- 6.5 11 13.8
6.6- 7.5 27 23.0
7.6- 8.5 20 29.8
8.6- 9.5 31 40.2
9.6-10.5 29 50.0

10.6-11.5 35 61.8
11,6-12.5 29 71.6
12.6-13.5 30 81.7
13.6-14.5 14 86.5
14.6-15.5 14 91.2
15.6-16.5 5 92.8
16.6-17.5 14 97.6
17.6-18.5 5 99.3
18.6-19.5 0 99.3
19.6-20.5 2 100.0

Similar data o f residual increment for the cut-over stands for a period of 
15 years after cutting are also plotted in the same figure. A  straight line 
fits the points in this case also indicating that this distribution is normal when 
confined above the zero limit. From the evidence at hand it seems reasonable 
to assume that the residual increment distributions of the cut-over stands will 
continue to be normal; so that, knowing the mean and the standard deviation 
of residual increment at any time subsequent to cutting, the frequencies of 
the distribution may be readily computed from normal probability tables.

It must be recognized however, that if the straight lines of Fig. 13 were 
extended to the left beyond the zero increment ordinate, small percentage 
values o f negative increment would be obtained. Negative increments are, 
of course, practically impossible, so that the distributions must be Hmited to 
zero. In calculating theoretical distributions for given means and given stan
dard deviations, any negative increments resulting must be thrown into the



lowest increment class above zero. Such occurrences, falling as they do at the 
extreme end of the distribution, would form such a small percentage of the 
whole distribution that their effect on the calculation of tree distributions 
and yields as made in this report would be negligible.

F  i g .  I 3 .

V e a r -s  Q-Ftei“ r e le a a e

release for the matufe stand and for a 15year period after 
cutting for the cut-over stand.

ikJ'- •



. A p p e n d ix !.

SIGNIFICANCE OF THE DIFFERENCE BETWEEN BASAL AREAS 
OF SAMPLE PLOTS IN. 1928 AND 1933

Table 15 shows the differences in per cent, between the basal areas of A e 
sample plots in 1928 and 1933. using the 1928 basal area as the base  ̂ The 
deviation o f each plot difference from the mean difference is oho tabulated 
and the standard deviation of the differences is calculated therefrom.

TABLE 15
Differences in Per cent, of the Sample Plot Basal AreM m 
1928 and 1933, and Calculation of the Significance of the 

Mean Difference.

Plot Difference Deviation from Mean
No. (per cent.) d a‘

102' +  1.4 +  0.2 0.0 ■ - ■ i'
103 +  3.3 +  2.1 4.4
105 +  0.1 — 1.1 1.2 ■
107 — 1.7 _  2.9 1 . 8-4 / , ,
108 +  2.7 +  1.5 ' 2.2
109 +  2.8 +  1.6 2.6 > '
110 — 5.8 —  7.0 49.0
111 —  0.8 — 2.0 4.0
112 +  12.2 +  11.0 121.0 , , i -
113 — 0.8 —  2.0 4.0
114 —• 0.2 — 1.4 . 1.9 -
115 —  4.5 — 5.7 32.5 

' 26.0 ,116 +  6.3 +  5.1

Sum +15.0 257.2

Mean diff. =  1.16% or l-2%-

St'd. dev’n of diff's =  -  - 4 ’63%-

4 63
st’d. error of mean of diff’ s — y  13 ■= ±1*28%.

The mean difference of 1.16 per cent, has a standard deviation of ±1.28%  
and the ratio o f the mean to its standard deviation is ^  —  .90, n or er to 

be absolutely certain of a real increase over the whole forest mean A ou 
be about 3 times its standard deviation. Under the
the chances are 10 against and 90 in favour of an increase in the 1933 basal 
area, and the difference therefore is of little significance.



A ppe n d ix  II.

THE NORMALITY OP THE RESIDUAL INCREMENT DISTRIBUTIONS 
OP SPRUCE

The distributions of residual increment of the mature stand for periods of 
20, 40, 60, 80, 100 and 120 years after release were expressed cumulatively 
starting at the lowest frequency represented in the distribution, and the 
cumulative values then converted to per cent, of the total frequencies. The 
cumulative percentage values as shown in Table 16 are plotted on arithmetic 
probability paper in Figure 13. A  straight line fits the plotted points of each 
distribution exceptionally well above their lowest plotted limit of about 2 per 
cent. This indicates that the original residual increment distributions may 
be considered normal above this Hmit.

TABLE 16
Frequency Distributions of Residual Increment of Spruce in 
the Mature Stands at Complete Periods Subsequent to Release.

I.C.*
20

F.b C.F.%0

Time After ! 
40

I.C. F.

Release

C.P.% I.e.
60

F. C.F.%

0.0-0.2 9 3.0 0.1-0.7 7 2.4 0.0- 0.9 1 0.3
0.3-0.5 11 6.8 0.8-1.4 14 7.1 1.0- 1.9 15 5.4
0.6-0.8 33 17.9 1.5-2.1 34 18.6 2.0- 2.9 17 11.1 .
0.9-1.1 33 29.1 2.2-2.S 41 32.4 3.0- 3.9 37 23.6
1.2-1.4 48 45,3 2.9-3.5 54 50.6 4.0- 4.9 42 37.8
1.5-1.7 42 59.5 3.6-4.2 36 ■62.8 5.0- 5.9 48 54.0
1.8-2.0 35 71.3 4.3-4.9 63 80.8 6.0- 6.9 48 70.3
2.1-2.3 34 82.7 5.0-5.6 ■ 30 91.0 7.0- 7.9 43 84.8
2.4-2.6 26 91.5 S.7-6.3 14 95.6 8.0- 8.9 26 - 93.5
2.7-2.9 9 94.5 6.4-7.0 6 97.6 9.0- 9.9 8 96.2
3.0-3.2 4 96.0 7.1-7.7 5 99.3 10.0-10.9 7 98.6
3.3-3.B 5 97.6 7.8-8.4 1 99.7 11.0-11.9 4 100.0
3.6-3.8 . 4 99.0' 8.5-9.1 1 100.0

■ 3.9-4.1 1 99.3 9.2-9.8
4.2-4.4 1 99.7
4.S-4.7 0 99.7
4.8-5.0 1 100.0

Sum 296 — — 296 — — - 296 —

»I.C.—Increment Class. 
iF,—Frequency.
«C.F.%— Cumulative frequency in per cent.



ages after cutting are readily computed and are shown in Table 14. The 
yield in board feet has been computed to a minimum d.b.h. of 11 inches, and 
in cubic feet to a minimum of 7 inches.

TABLE 13
Composite Stem Distributions of Spruce for Cut-over Stends 
of the Clay and Loam Soil Types at Given Ages After Cutting.

Clay Type Loam Type
40 60 80 100 120 

No. of Trees per AcreB.H. 40 60 80 100 120
lass No. of Trees per Acre

4 6.7 4.6 6.5 10.8 16.2
6 17.6 6.2 5.8 7.5 12.6
8 24.2 12.0 7.0 5.6 6.4

10 20.2 16.6 10.3 6.3 5.9 ’
12 12.8 16.0 12.0 7.7
14 7.3 12.2 11.4 8.6 7.1-
16 4.2 7.7. 9.0 8.3 7.4
18 2.0 4.4 ■5.7 6.7 6.7
20 .6 2.2 3.4 4.9 5.0
22 .9 1.8 3.0 3.4
24 .3 .8 1.6 2.1
26 .3 .7 1.1
28 ,3 .5
30 .2
32 .1

5.4 4.4
13.4 4.7
17.9 \ 8.9 

,17.4-,^12.6
15.7' 14.0
13.2 .13,1
8.5 ; 11.1
3.5 7.8
.8 4.3

• 1.7

■ :1

6.6 10.7 16.1
4.6 7.2 12.4
4.7 4.8 6.2
7.3 5.2 5.3
9.5 6.1 5.4

10.6 7.6 6.1
10.1 7.8 6.7

8.5 7.5 6.5
6.1 6.2 5.6
3.6 4.4 4.3
1.7 2.6 3.0
.6 1.3 1.9
.1 .5 1.0

.1 .4
.1

TABLE 14 '
Estimated Yields of Spruce in Board Feet and Cubic Feet 

of Cut-over Stands o f the Clay and Lo^m Soil Types. ,

Clay Type Loam Type
Age B.M.» Cu.M.» B.M,» Cu.M,»

40 4,600 1,600 7,600 , 2,150
60 8,500 2,230 11,800 , 2,900
80 10,500 2,500 13,800 . '; 3,100

100 11,600 • 2,650 , 14,100 •> 3,150
120 . 121400 2,780 14,300 ,, 3,150

•— B.M. Volume—By B.C. Log Rule. . -
b Cu. ft. Volume—Merchantable Vol. inside bark.

Mortality, being one of the important factors op which ultimate yields 
are dependent, could be estimated' only roughly from the data at hand, and 
it follows therefore that the final yield values may be considered only as 
approximations. Throughout the investigation however, wherever a choice 
was offered, the most conservative policy was always adopted and it is believed 
that the yields as calculated are more likely to underestimate, than over
estimate, actual development. ' ,



In any event, the results indicate that a satisfactory second crop may be 
matured from residual stands remadning after logging, and that although the 
original residual stand is predominantly balsam, it will develop into a pre
domination of spruce at maturity. These are important points in determining 
the management o f the spruce-balsam timber type, and the investigation will 
have fulfilled its main purpose if it does no more than indicate efficient methods 
o f handling these stands.

i-.,:

RECOMMENDATIONS FOR FURTHER INVESTIGATIONS
The investigation so far has covered only conditions as they exist at the 

' Aleza Lake Forest. From general observations it has been noticed that two 
types of mature forest may be recognized in the Upper Fraser district. One, 
to which the Aleza Lake forest belongs, has developed over a long period 
of time through successive stages of maturity. One or more generations of 
mature trees have already given way through decadence to the present genera
tion. This type is probably the more extensive and important one of the 
two. The other type has developed for only a long enough period to mature 
the first generation and can be distinguished readily by the remnants of hard
wood species under which the coniferous stand has developed. The first type 
represents the climax forest conditions, while the second is merely a temporary 
type, which, if untouched by man, will develop in another generation into 
the climax type.

The climax type usually carries a much heavier understory than the 
temporary first generation type and it is to the former that any management 
system which may develop out of these studies must apply.

Further investigations in regard to practical management problems are 
recommended' as follows:

1. Methods of brush disposal other than broadcast burning suited to the
preservation of the residual stand and to the reduction of fire hazard.

2. Posssibilities of improving the amount of spruce in the final crop of
the residual stand by sacrificing inferior species (balsam, and birch) which
in some cases hinder the development of smaller spruce situated beneath them.

3. Practical method's of baring the mineral soil in openings resulting from 
skid roads and log decking sites in order to favour the establishment of spruce

' reproduction thereon.
4. Extension of the investigations to cover a wider range of the type.



In a like manner the distributions tabulated for the other age classes, 
represent the diameters attained by trees under breast height at time of . 
release in the past 20, 40, 60, and 100 years. They may be regarded as a 
progression of distributions, each one of which develops into the one im
mediately above it in a 20 year period. The 40 year distribution develops 
into the 60 year distribution in the following 20 years, and into the 80 year 
distribution in the next 20 years. The distributions really represent condi
tions over the past 40, 60, . . .  . 120 years, rather than at the same intervals 
following release, and although some differences may develop in periods after 
release as compared with the same periods in the past, similarity will again 
be assumed in order to illustrate the form of the complete stem distributions 
at given periods after cutting. Few of these trees will have attained a mer
chantable size at the time a second crop has matured so that they will not 
affect the final volume calculations to any great extent. They are of interest 
only in indicating the form of the final stem distribution.

PINAL STEM DISTRIBUTIONS AND ESTIMATED YIELDS OP SPRUCE , 
O f the total number of spruce trees over breast height present in the cut

over stand immediately after logging, the number surviving at any one period 
in the future may be determined from the survival expectancies of Table 11. 
This number may then be segregated into diameter classes by the percentage 
values tabulated for diameter classes in Table 7. Thus, from Table 11, it is 
found that 39 spruce trees will survive at 120 years after cutting; and from 
Table 7, it is found that, 0.4 per cent, of the 39 trees will be 4 inch trees;
1.5 per cent. 6 inch trees;' 3.1 per cent. 8\iiich trees; and so on to 0.3 per cent. 
32 inch trees. ’

When the distributions of trees have been so determined for periods of 
40, 60, 80, 100 and 120 years after logging, the distributions of new trees 
entering the stand over similar periods as tabulated in Table 12 may be 
added. The sum of the two distributions gives the final stem distribution per 
acre, and the results are tabulated in Table 13. The composite distributions 
at 120 years after cutting are shown graphically in Figures 11 and 12 for 
the clay and loam soil types.

It is interesting to note that at maturity, these distributions have the same 
bimodal characteristic common to the present mature stands as shown in 
Figure 2. As previously noted, this is due to the fact that the. final distribu
tion is composed of trees already in the stand at time of logging, together 
with new trees entering after logging. The new trees entering after cutting 
consist to a small extent of trees under breast height at this time, but mainly 
of trees germinating subsequent to cutting.



F i ^ .  1 2 .

Showing the final co m p o site  s t e m  d is tr ib u t io n  o f  
S p r u c e  by 2inch D .B .H .c la sse s  f o r  t h e  loam-type 
c u t - o v e r  s t a n d s  a t  120 y e a r s  a f t e r  cutting.

. Having obtained the final stem distributions as in Table 13 heights were 
assigned from a diameter height curve to each diameter class represented. The 
heights of trees of the same diameter classes were practically the same on both 
the clay and the loam soil types; so the same height curve was used for both 
types. By reference to a volume table the total volumes for the different



NEW TREES ENTERING THE STAND AFTER CUTTING , \
So far we have dealt only with increment produced by trees of the 

residual stand above breast height, that is with trees having a breast height 
diameter. As the stand develops, additional trees will attain this class 
through growth and will eventually become an important source of addi
tional increment. These new entrants will consist at first entirely of those 
trees present at time of cutting but below 4.5 feet in height, and later of 
individuals germinating subsequent to cutting.

The entry of these additional trees does not seriously effect the final 
merchantable yield of the cut-over stand as relatively few of them will have 
attained a merchantable size before a second crop has matured. It does 
effect the final distribution of the smaller diameter classes in the stand 
however, and accounts for the bimodal distribution of mature stands which 
has been previously mentioned.

In making the increment measurements of the mature stand, the breast- 
height ages of all trees over 4 inches on the plots were incidentally re
corded. This made it possible to classify all trees of the virgin stand by 
diameter-age classes, and from this classification it was possible to determine 
the diameter distribution of the total number of trees entering the stand 
above a 4 inch minimum diameter over any given period of time subsequent 
to release.

Table 12 shows the distribution per acre by diameter classes of the total 
number of trees below given breast-height ages now existing in the mature 
stands. The last column of the table shows the distribution of trees which 
have attained a diameter of 4 inches or more over the past 120 years. 
Since these trees are 120 years or less of age, and since it has been assumed 
that the stands were released about 120 years ago by a natural thinning, 
it follows that these same trees were of breast height or less at the time of 
thinning, and have since attained diameters as tabulated.

TABLE 12
Number of Spruce Trees Under Breast Height at Time of Cutting 
Entering the Stand 4 Inches and Over at Stated Intervals Subsequent 

tcy Cuttine. bv D.B.H. Classes.
D.B.H. Number of Years After Cutting i 

: Class 40 60 80 100 120
4 .5 3.2 6.0 10.5 16.0

. ^  ■ 6 .8 " 3.0 ‘ 6.4 12.0
8 ■ -i .V  ^ .8 3.0 5.2

10 ,: .2 1.5 3.3
' 12 .4 2.0

14 ; . .2 - 1.4
16 1.1
18 - .7
20 .3 ■



Approximately the same conditions may be expected to exist in the 
cut-over stands at 120 years after cutting. If this. distribution is added to 

■ the distribution formed by the growth of trees above breast height at time 
of cutting a composite distribution is derived of both of them. (See 
Figure 11).

at 120 years after cutting.



Table 9 shows the mortality of spruce and balsam in the residual im
mature stands on cut over land for a period of 8 years. It is apparent here 
also that the mortality of spruce is practically constant with diameter.

For balsam, again, there appears to be an increase in mortality with 
diameter. The average mortality of spruce for the 8 year period amounts 
to 5.1 per cent, and for balsam 5.6 per cent. For a 10 year period these 
values are equal to 6.4 and 7.0 per cent, respectively, leaving a survival per 
cent, of 93.6 and 93.0 for the 10 year period, immediately following release.

SURVIVAL EXPECTANCY OF SPRUCE
The naturally released mature stands have reached their present mature 

condition in approximately 120 years after release occurred, to it may be 
expected that the cut-over stands will also reach maturity in about the same 
period. It may therefore be expected that the present 10 year periodic 
survival per cent, of 93.6 will constantly decrease to a value of 87.2 per 
cent, in the twelfth .decade. If the difference is equally distributed over 
the 12 decades, period survival percentages may be calculated which are 
shown in Table 10.

TABLE 10
Periodic Survival Percentages for Successive 

Decades Following Release.

Decade
After

Release

Periodic 
Survival 
Per Cent.

Decade
After

Release

Periodic 
Survival 
Per Cent.

0 100 7 • 90.1
1 93.6 - 8 ' 89.5
2 93.0 9 89.0
3 92.3 10 88.3
4 91.8 11 87.8
5 91.3 12 87.2

. 6 90.7

From these periodic values, the survival percentage for a complete period 
of rimo after cutting may be calculated. For instance, at 10 years after 
cutting the survival per cent, is,

93.6 X 1 =
at 20 years, 93.0 x 93.6 x 1 =
at 30 years, 92.3 x 93.0 x 93.6 x 1 =
at 120 years, 87.2 x 87.8 x 88.3—

93.6 per cent. 
87.0 per cent. 
80.3 per cent. 

X  1==29.6 per cent.
The values so calculated are summarized in Table 11 for 20 year age 

classes after release.



SURVIVAL EXPECTANCY OF BALSAM.
On the same basis of reasoning the periodic survival per cent, for balsam 

will reduce from 93.0 in the first decade after cutting to 63.8 at maturity in 
the twelfth decade. Again, distributing the difference equally over the 12 
decades, the survival percentages may be calculated as they were for the 
spruce for complete periods after cutting. The final values are given in 
Table 11 together with the values for the spruce.

COMPOSITION OF STANDS MATURING AFTER CUTTING
In both of the cut-over stands examined there were 130 spruce trees 

per acre between 0.5 and 12.5 inches in diameter. In Table 11 it is esti
mated that about 30 per cent, of them will survive in 120 years, leaving 39. 
There were 394 balsam on the clay soil type and 351 on the loam type of 
which only 8 per cent., or 32 and 28 trees respectively will remain at 120 
years after cutting. The merchantable trees of the mature stand will con
sist mainly of these remnants of the original cut-over stand, as few trees 
entering subsequent to cutting will have attained a merchantable size at 
this time. It appears therefore that the merchantable stand at maturity 
will consist of trees about equally divided in number between the two 
species. The mortality of balsam occurs predominantly among the larger 
diameter classes, while in spruce it is evenly distributed over the diameter 
classes. A  greater proportion of the surviving spruce will therefore attain 
maximum diameters than of the balsam. Furthermore, the surviving bal
sam of the second crop is likely to be just as heavily infected with heart 
rot as the mature stand of to-day. It is thus evident that spruce is likely 
to far outweigh the balsam by net merchantable volume in the second crop.

The number of original trees of over 0.5 inches in diameter present in 
the, cut-over stands, expected to survive at different ages after cutting are 
shown in Table 11.

TABLE 11
Survival Expectancy of Spruce and Balsam Cut-over 

Stands at Given Periods After Cutting.
' No. of

 ̂ Years Survival Percent. Survival, Number of Trees per A.
After Spruce Balsam Spruce Balsam

Cutting Clay Loam Clay Loam
0 100.0 100.0 130 130 394 351

10 93.6 93.0 122 122 366 326
20 87.0 84.0 113 113 331 294
40 73.7 62.5 96 96 246 219
60 61.0 41.0 79 ■ 79 162 144
80 49.2 23.4 64 64 92 82

100 38.7 13.2 50 50 52 46
120 29.6 7.6 39 39 30 27



The stem distributions were computed in a similar manner for both the 
clay type and loam type cut-over stands at periods of 40, 60, 80, 100 and 
120 years after logging. The essential statistics required for the computa
tions are shown in Table 6, and the final distributions derived, in Table 7.

TABLE 6.
Essential Statistics Required in Determining the Stem Distribution of 
Spruce of the Residual Stand of the Clay and Loam Soil Types at Given 

Intervals Subsequent to Logging.

Statistics
40

Clay Type 
60 80 100 120 40

Mean Gross Incr.....................  6.2
Mean Correlated Incr............  1.2
Mean Residual Incr. ( I r ) . . .  5.0
Standard Dev’n. of Ir .......... 1.8

8.7 10.6 12.2 13.6 6.2
1.4 1.4 1.4 1.4 1.4
7.3 9.2 10.8 12.2 4.8
2.5 3.2 3.6 4.0 1.7

Loam Type 
60 80 100 120

8.7 10.6 12.2 13.6
1.5 1.5 1.5 1.5 
7.2 9.1 10.7 12.1
2.5 3.1 3.5 4.0

TABLE 7.
Distribution of Spruce Trees of Residual Stands by 
Diameter Classes on Clay and Loam Soil Types at 
Given Intervals Subsequent to Logging. (Stated as 

Per Cent, of Total Number).

D.B.H.
Class
(in.)

40
Clay ’Type Loam Type

60 80 100 120 40 60 80
Number of Trees as Per Cent, of Total Number

.100 120

ii 2 .9 .7
4 6.5 1.8 .8 .6 .4 5.1 1.5 .9 .4 .2

i- 6 18.3 6.8 4.4 2.2 1.5 14.0 5.0 2.5 1.5 1.0
J, 8 25.2 15.1 9.7 ■ 5.1 3.1 18.6 11.2 6.1 3.7 2.5
1, ■ 10 21.1 21.0 . 15.8 9.7 6.6 18.1, 16.0 11.1 7.4 5.2
l! 12 ■ ■ 13.3 20.3 18.8 14.5 11.1 16.4 17.7 '  14.9 11.5 8.6

il! 14 7.6 15.4 17.8 16.8 T4.5 13.8 16.6 16.5 14.7 12.1
16 ■ 4.4 9.7 14.0 16.6 16.1 . 8.9 14.0 15.8 , 15.7 14.3

1? 18 , 2.1 5.6 9.0 13.4 15.2 3.6 9.9' , 13.2 15.0 15.0
20 .6 2.8 . 5.3 9.9 12.1 .8 5.4 9.5 12.3 13.5
22 r 1.1 2.8 5.9 8.7 2.1 5.6 8.7 . 11.1

!■! 24 .4 1.2 ; 3.2 5.5 •5 2.7 5.3 7.8
1
j1 26 .4 '' 1.5 2.9 .1 1.0 2.6 4.8
1]i • 28 ' ■'''. ■ ■ ■ -6 1.4 - ,■ .2 1.0 2.5
1
I 30 ■ • v"' .6 - .2 1.1

. 1ij . 32 .3 .
.3

h;
i/ Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0



MORTALITY
The mortahty records for both the mature and the cut-over stands cover 

such a short span of time that the values derived from them may be con
sidered only as rough approximations.

TABLE 8
Mortality of Spruce and Balsam in Mature 

Virgin Stands for a Period of 5 Years, 1928-1933.

D.B.H.
Class

Spruce 
No. of Trees 

Living Dead 
1928 ’28-’33

Mortality D.B.H. 
Per Cent. Class

Balsam
No. of Trees Mortality 

Living Dead Per Cent. 
1928 ’28-’33

3-7‘ 177 . 13 7.8 ' 4-6 157 17 10.8
8-12 139 • 10 ■ 7.2 7-9 122 22 18.0

13-17 157 10 . 6.4 10-12 150 38 25.3
18-22 80 2 2.5 ' 13-15 1 78 16 20.5

Over 22 22 2 . 9-1 Over 15 29 4 13.8

Sum’ 575 37 6.4 Sum 536 97 18.1

Table 8 shows the mortality by diameter classes for both spruce and 
balsam on the 13 plots in the mature stands over a period of 5 years. From 
an examination of this table it will be noted that the mortality of spruce 
appears to be practically constant for all diameter classes, with an average 
of 6.4 per cent., while for balsam there appears to be some increase with 
diameter. The average mortality for balsam of 18.1 per cent, is much 
greater than for the spruce. These mortality values of 6.4 and 18.1 per 
cent, for a 5 year period are equivalent to 12.8 and 36.2 per cent, for a- 
10 year period leaving a survival per cent, of 87.2 and 63.8 for spruce and 
balsam respectively over the 10 year period, 110-120 years since release.

TABLE 9
Mortality of Spruce and Balsam in Cut-over 

Stands for a Period of 8 years, 1926-1934.
Spruce Balsam

D.B.H. No. of Trees Per Cent. No. of Trees Mortality
Class Living Dead Mortality Living Dead Per Cent.

1926 ’26-’34 1926 ’26-’34

1.0-2.5 141 9 6.4 297 6
2.6-4.5 61 1 1.6 117 2
4.6-6.5 35 1 2.9 33 0
6.6-S.5 15 1 6.7 27 3
8.6-10.5 12 2 16.7)

)9.1
15 5

10.6 & over 10 0 0.0) 32 13

Sum 274 14 5.1 521 29

2.0
1.7
0.0

11.1
33.3

40.6
5.6

Mortality estimated for a period of 10 years, Spruce 6.4%. Balsam 7.0%.



TABLE 4
Distribution in Spruce of (D -j-I ) of Clay Soil Type,

o d
and of Ir for a period of 120 Years After Cutting.

Distribution of (D + 1 1  
o  d

Distribution of I

Classes
(in.)

Frequency 
(per 100)

Classes
(in.)

Frequency 
(per 100)

1
3
5
7
9
11
13

21 
31 
20 
15 
7 

' 4 
2

3
5
7
9

11
13
15
17
19
21

2
4
7

16
19
19
16
10
4
3

Sum 100 100

The second distribution states the chances each tree represented in the 
first distribution has of growing a given amount. The second distribution 
is a movable table applicable in turn to each diameter class in the first 
distribution. Thus 2%  of the 21 trees in the 1 inch class of the first dis
tribution will add 3 inches of increment, 4% — 5 inches, 7% — 7 inches, and 
so on. Similarly 2%  of the 31 trees in the 3 inch class will add 3 inches, 
4% — 5 inches, and 7% — 7 inches. Multiplying through by th6 percentage
values as recorded gives—
2%  o f 21— 1 inch trees— .42 trees will grow 3 inches— .44— 4 inch trees, 
4%  of 21— 1 inch trees— .84 trees will grow 5 inches—  ,84— 6 inch trees.
7%  of 21— 1 inch trees— 1.47 trees will grow 7 inches— 1.47— 8 inch trees. 
Similarly: v
2%  of 31-^3. inch trees— .62 trees will grow 3 inches— .62— 6 inch trees. 
4%  of 31— 3 inch trees— 1.24— 8 inch trees.

Completing this process for all combinations of the two distributions 
and summing all trees of the same final diameter classes gives the final 
stem distribution of the cut-over stand at 120 years after cutting in per cent. 
Table 5 shows the systematic computations of the operation described above 
and the stem distribution derived from it.
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then be about 12.0 inches, and of each successive tree, the mean of the inter'~̂  ̂
vals between which it falls, i.e., 11.2, 10.5 and the 100th 0.55 inches. By 
following the entire curve in this manner 100 representative stand diameters 
may be determined. If retallied by diameter classes the same distribution 
would be obtained as in the third column , of table 3, the original stem dis
tribution on which the curve is based.

Fig. 10.
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' t a b l e  3.
Conversion o f Stand Table in Actual Number of Trees per Acre to a

Cumulative Stand Table in Per Cent.
Clay soil type cut-over distribution.

Lower
No. of Spruce Trees per Acre Limit

D.B.H. Per Cent. Per Cent. D.B.H.
Class Actual in Class Cumulative Class

1 36.0 27.5 100.0 0.6
2 30.0 22.9 72.5 1.6
3 22.0 16.8 ■ ■ 49.6 2.G
4 15.0 11.5 > 32.8 3.6
5 9.1 7.0 21.3 ' 4.6
6 5.2 4.0 14.3 5.G
7 3.2 2.5 10.3 6.G
8 2.6 2.0 , 7.8 7.6
9 2.3 1.8 5.8 8.6

10 2.0 1.5 4.0 9.6
11 1.8 1.4 2.5 10.6
12 1.5 - 1.1 .. 1.1 11.6

Sum 130.7 100.0 — —

The mean gross increment 120 years after release amounts to 13.6 inches 
(Figure 7). The mean o f the correlated increments added to the original 
diameters amounts to 1.4 inches.® The mean residual increment therefore 
equals 12.2 inches.

The standard deviation of residual increment corresponding to a mean 
of 12.2 inches is ±4.0 inches, (Figure 9) and the distribution of residual 
increment having a mean and standard deviation equal to these values is 
readily determined from normal probability tables.

The sums of the individual tree diameters and correlated increments 
are now tallied into classes, and the distribution resulting, together with 
the "distribution of residual increment determined from probability tables, 
is tabulated in Table 4. For convenience in tabulating the following sym
bols are used—

=  Original tree diameter at time of cutting.
I =  The increment correlated with original diameter of the tree, 
d for the period under consideration.

I =  Residual increment for the period under consideration.
m  4-1 ■i=The sum of the original tree diameter and the increment 
'  o d'̂  correlated with it for the period under consideration.

oFrom  the upper curve o f  F igure 6 average o f  the correlated incremente o f  the 100 trees.



inches, from which it is evident that some difference exists between the 
distributions o f the two types. Although this difference is present in the 
cut-over distribution for the first 15 years since cutting it seems logical to 
expect that as the cut-over stand approaches complete stocking, the standard 
deviation of periodic increments will approach the standard deviation of 
periodic increments of the uncut stand. For instance, the standard devia
tion for a 2 inch mean residual increment in the virgin stand at the present 
time (maturity) amounts to ±.92 inches, and when the cut-over stand, 
reaches maturity the same standard deviation may be expected for the same 
2 inch increment. The standard deviation of a 2 inch mean increment in 
the cut-over stand at present amounts to ±.78® inches and at maturity it 
may be expected to reach a value of ±.92 inches. The trend of the 
standard deviation in the cut-over stand for total mean residual increments 
corresponding to periods of time since logging, may be worked out by 
summing the standard deviations of the successive 2 inch mean residual 
increments. The process of this summation is of a technical statistical 
nature and is outlined in appendix iii. The curve derived from the sum
mation is shown in Figure 9, and from this may be estimated the standard 
deviation o f residual increment corresponding to a mean residual increment 
realized over any period of time.

In the preceding paragraphs it has been shown in what manner each 
of the 4 characteristics in cut-over stands, may be expected to vary from 
measured results in the uncut type. The ^expected trend of the charac
teristics for cut-over stands have been presented graphically, and from these 
charts the values may be estimated for any period of time after cutting has 
released the residual stand. An example will now be given to show in a 
more concrete form how the stem distribution of a known cut-over residual 
stand, may be determined at a given period after cutting. ,

5. Determination of Stem Distribution of Residual Trees, of 0.6 Inches 
and over, at 120 Tears After Cutting:— If the trees of the residual cut-over 
stand are expressed by diameter classes in per cent, of the total number, 
instead of in actual numbers of trees per acre as in Figure 3, a cumulative 
percentage stand table can be constructed by summing these percentage 
values consecutively from the largest diameter class represented to the low
est. This operation is shown in Table 3 for the stem distribution of the 
clay soil type. The second column of this table states the actual number 
of trees per acre as read from the curve of Figure 3. The third column 
states the percentage o f the total number of trees in each diameter class,

BCalcnlated as fo llow s 2.10 la. =  ±  .82 in.
fo r  2.00 in. =  ± ' ~ ~ ~  ~
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and the fourth is the sum of the successive values of column 3, starting with 
the highest diameter dass and summing down to the lowest. Each entry 
of the fourth column shows the percentage of the total number of trees 
occurring above the lower limit of each diameter class. For example, the 
first entry of the column indicates that 100 per cent, of the trees lie above
0.6 inches, the lower limit of the 1 inch diameter class. Similarly in turn
72.5 per cent, lie above 1.6 inches, and 1.1 per cent, above 11.6 inches. 
The lower limits of each' diameter class are given in the fifth column.

The cumulative percentage tables thus derived for both the clay and 
loa.m soil types are shown graphically in Figure 10, and from these curves 
the diameters of representative trees of the residual stand may be read for 
each type. For example, by following along the curve representing the 
clay soil type it is seen that the largest tree lies above 11.6 inches, the 
second largest between 11.6 and 10.9, the third between 10.9 and 10.2, and 
the 100th between 0.6 and 0.5 inches. The diameter of the largest tree will



same as the average for the cut-over type, and it seems logical to assume 
that subsequent periodic increments in the cut-over stand will follow the 
same trend in the future as indicated by the periodic increment curve of 
these 84 faster growing trees which is shown by the upper curve o f Figure 6.

When the periodic values of this ciirve are summed cumulatively, and 
plotted over time since release, the curve of Figure 7 is derived, which 
shows the average gross increment to be expected in a cut-over stand at 
any time after release. '

Fig. 7

with t i m e  su bse iqu en t to  re lease .

2. The Amount of Increment Correlated with Original Diameter:— T̂he 
mean gross increment o f the cut-over stands over the 15-year period since 
cutting amounted to 2.3 inches and a similar curvilinear tendency was 
evident between a part of this gross and the original tree diameter, to 
that shown for the released virgin stands. When correlated increment 
values for a gross increment of 2.3 inches, as interpolated from Figure 5, 
were subtracted from the gross increment of the individual trees of the cut
over stand, and the residuals averaged by original diameter classes were 
plotted, a horizontal straight line was found to fit the plotted averages 
reasonably well as shown in Figure 8. This indicates that when the mean 
gross increments are the same the amount of increment dependent on 
diameter is the same in both the released cut-over stand and the naturally 
released mature stand.
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3. The Mean of Residual Increment:— If the trees of the cut-over stand 
are tabulated in the form of a stand table, i.e. in diameter classes, the total 
correlated increment for each diameter class may be obtained by multiplying 
the correlated increment value for each diameter class by the number of 
trees in the class. The sum of these diameter totals divided by the total 
number of trees will give the mean correlated increment added, per tree. 
The gross increment for the period, minus this mean correlated increment, 
will give the mean residual increment for the stand in question. The 
mean of residual increment is required in determining the probability of 
random variation around the mean.

4. The Standard Deviation of Residual Increment:— The distribution of 
residual increment for the 15-year period since logging was determined 
in the cut-over stand by subtracting from the gross increment of each 
sample tree the amount correlated with diameter. This is the same pro
cedure as followed in determining the distribution of random increment 
in the virgin stands. This distribution also proved to be practically normal.

Figure 9 shows the standard deviation of residual increment in the 
virgin stands plotted over the mean of the distribution at 20, 40 . . . .  120 
years after release. The standard deviation of random increment for the 
15-year period since logging in the cut-over stands amounted to ±.82 inches 
for a mean of 2.10 inches. The standard deviation for the same mean in 
the uncut stands as read from the curve of Figure 9 ,amounts to ±1.00
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I n c r e m e n t  in  C u t -over Stands  Sin ce  C u t t in g  
The increment in the cut-over stands for a period of 15 years following 

cutting shows the same characteristics, a small amount of the gross incre
ment being dependent on diameter at the time of cutting, and a relatively 
large amount remaining open to wide variation.

Release of the understory in logging, however, is probably more 
thorough than it was in the mature stands from natural thinning, and for 
this reason some differences may be expected in the increment values of 
the two types for equal periods of time. If these differences can be deter
mined for the 15 year period for which increment data relative to the 
cut-over type is available, and if similar differences can be expected to apply 
in the future; then from the data of increment in the uncut stands it will 
be possible to derive probable increment of the cut-over stands at future 
periods of time.

The different factors which enter into the determination of increment 
in the virgin stands for any period are:

1. The mean of gross increment.
2. The amount of increment correlated with the original diameter of 

the trees.
3. The mean of residual increment. , ’ ;
4. The standard deviation of residual increment.

It is therefore necessary to determine these factors for the cut-over stand 
over the 15-year period for which data is available and compare them 
with the same factors for a similar period following release in the mature 
stand.



1. The Mean of Gross Increm ent;—For the 15 year period since cutting 
the gross increment in the cut-over stand has amounted to 2.3 inches which 
is equivalent to 3.U inches in 20 years. The gross increment in the m a ^ e  
stand for 20 years immediately following thinning amounts to 2.0 inches. 
It is evident then that the increment in the cut-over stands is considerably 
greater than it was in the mature stands.
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In the mature stands the periodic increment increased for the first 40 
years after thinning and then continually decreased for the next 80 years 
as indicated by the lower curve of Figure 6. The increment in ^he cut_ 
over stands however may reach a maximum earlier and begin to fall off 
earlier, due to the fact that in the cut-over stands release was effected 
abruptly over a comparatively short period of a year; while in the mature 
stands release was probably effected much more slowly, perhaps over a 
period of 20 or even 40 years. It is therefore difficult to determine the
future trend of periodic increment in the cut-over stands by comparison
with the trend in the mature stands.

In order to arrive at an acceptable indication of the probable trend
of increment in cut-over stands, the average gross periodic increments were
calculated for trees of the virgin stand which had attained an increment 
of 2.5 inches or more at 20 years after release. The average gross incre
ment of these trees for the first 20-year period amounted to 3.1 inches, the

^  2 8 
4Calculated by proportion as fo llo w s: - j^ x 2 0  =  8.1 Inches.


