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A Fifteen Year History of the Virgin Spruce Balsam 

Type at Aleza Lake Experiment Station and Suggestions for Management

in 1928 a series of 13 permanent sample plots were established 
in well stocked stands on the Aleza Lake Forest Experiment Station* Each 
tree was numbered and its diameter recorded and sufficient heights were 
measured to prepare a d.b.h* total height curve for volume determination. 
The plots were examined periodically and the last examination was made 
in 1943. The gross volumes in Merchantable Board Feet B.C. Rule were 
determined for 1928 and 1943, This study is based on the history of the 
trees 8* and over in 1928 and does not include trees which came into the 
8" class since the plots were established* Since the 15 year periodic 
growth of spruce averaged 1,3 inches in d.b.h. and balsam 1,0 Inches, 
theee small trees would add little to the merchantable board foot volume. 
Volumes were also computed in cubic feet but only the board foot summaries 
are presented in this report*

The following table based on 13 plots containing 5.2 acres 
shows the nuinber and losses in spruce cmd balsam by diameter classes 
from 1928 to- 1943.

13J& of the spruce that were 8" and larger died between 1928 and 
1943, The correlation between mortality and d.b.h, is poort. There is 
some indication that the mortality is less in the very large trees, 42?6 
of the balsam have died during the 15 year period. The correlation be
tween 5̂ mortality and size fs,,"̂ po6r. However the mortality in the largest 
trees has been three times that of the 8" class.

Cutting to a 12* d.b.h, limit as now required will leave an 
average of 15 spruce and 28 balsam above 9" d.b.h* However the spruce 
will be from 9" to 11,5» d.b.h, while the balsam will be from 9" to 
20" d.b.h. Cutting in this stand trees above the 18" class would remove 
17 spruce per acre and leave 32 trees above 12,0" and 49 trees 9" and 
up. Cutting balsam to 10" would remove 34 trees per acre or about the 
same number as the spruce below the 19" d.b.h, class.

e?'.



Stand on 13 Fiilly Stocked Plots
(5.2 acres) in 1928 and 1943.

S p 1• u c e B a 1 s a m
b.b.H. Nimber Mortality Growth D.B.H. Number Mortality Growth b.B.H.
Class 1928 1943 NO. $ Inches 1943 1928 1943 NO. 56 Inches 1943
8 20 17 3 15 1.3 9.4 51 33 18 35 1.0 8.9
9 5- 27 22 5 18 1.4 10.4 36 24 12 33 1.0 10.0
10 ̂ 28 21 7 25 1.4 11.5 69 36 33 48 .8 10.9
11: i 24 20 4 17 1.2 12.2 41 26 15 37 1.0 12.1
12 ’ 39 37 2 5 1.4 13.5 48 29 19 40 1.1 13.2
13 28 25 3 11 1.1 14.2 37 17 20 54 1.0 14.1
14 45 37 8 18 1.3 15.3 25 16 9 36 .9 15.0
15 13. 33 31 2 6 1.1 16.1 18 13 5 28 1.3 16.516 iS 4- 27 22 5 18 1.3 17.3 10 4 6 60 1.7 17.6
17 27 25 24 1 4 1.4 18.4 10 4 6 60 1.0 17.8
18 22 21 1 5 1.1 19.2 2 1 1 50 1.4 19.4
19 'o 14 11 3 21 1.3 20.3 4 3 1 25 1.3 20.2
20 i - 19 17 2 10 1.4 21.5 1 1 0 0 .6 20.6
21 17 16 1 6 1.1 22.3 2 0 2 100 .0
22 8 7 1 13 1.5 23.7
23 6 5 1 17 1.3 24.5 1 0 1 100 .0
24 1- 4 3 1 25 1.3 25.3
25 ^ 3 3 0 0 .9 25.8
26 - 3 2 1 33 1.4 27.3
27 ^ 2 2 0 0 1.2 28.1
28 '
29 - 1 1 0 0 .7 29.8
30 ’ 1 1 0 0 1.0 31.2
31
32
33 ^ 2 2 0 0 .7 33.7

Total 398 347 51 13 1.3 355 207 148 42 1.1
Per acre 76 66 10 13 6 9 40 28 42

% 53 63 47 37 42
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The growth in diameter added to the D.B.H* class in 1928 does 
not give the D.B.H. in 1943 as the average of the trees in each D.B.h . 
class in 1928 is not always the exact inch.



The following table is from Griffith's report on the Natural 
Regeneration of Spruce combined with data collected in 1943.

Tree Class
■ ■ ■' HbV 
Spruce

i>er Acre 
Balsam TotaT Spruce

Ht. under 4' 222 1996 2218 10
4! - 4'' d.b.h. 526 1350 1876 28
4.1 - 8" " 26 37 63 41gn _ iB» » 49 39 88 56

19"+ 17 1 18 94

Spruce forms about 6O56 of the total basal area, but only IO56
of the trees « e  under 4* in height and 28J& of the trees from 4' to 4"
d.b.h. It will be noted that spruce forms a larger percent of the 
species in the larger diameter classes. Spruce seems to be very 
sensitive to moisture during and after germination in the seedling 
stage. Later it shows less mortality than balsam.

The following table shows the volume of the trees which were
8" and larger in 1928 and the volume of the same trees in 1943.

Table III

The volumes are based on B.C. rule for 16' logs. No allow
ance has been made for defect or breakage. The gross increment on 
the trees above 18* d.b.h. in 1928 has been offset by mortality 
indicating that these trees are not earning and should be removed. 
Balsam in all the diameter classes except the 8" class has shown a 
decrease in volume for the 15 year period.

The following sximmary has been converted to an acre basis.



Volume on 13 Fully stocked Plots (5,2 acres) 
in 1928 and 1943 - Gross Merchantable Volume B,C, Rule

S p r u e  e
Annual Net

Change in 15 years________  Increment
tiet Per Acre 

Increment Mortality Increment F,B.M.

B a l s a m
D*B*H*
1928

Vol.
F *B*M*
1928

Vol. Change in 15 years
Annual Net 
Increment

F.B.M.
1928 Increment Mortality

Net
Increment

Per Acre 
F.B.M* ^

1479 528 522 +6 +0.1 +1620 528 540 -12 -0.2 -0.6
4830 864 2310 -1446 -18.6 -2.0
3977 910 1455 -545 -7.0 -0.9
6240 1160 2470 -1310 -16.8 -1.4
6105 629 3300 -2671 -34.2 -2.9
5075 554 1827 -1273 -16.3 -1.7
4356 754 1210 -456 -5.8 -0.7
2780 288 1668 -1380 -17.7 -3.3
3200 176 1920 -1744 -22.4 -3.5
740 78 370 -292 -3.7 -2.6

1680 180 420 -240 -3.1 -1.0
485 20 + 20 +0.3 +0.1
1070 1070 -1070 -13.7 -6.7
664 664 -664 -8.5 -5.7

8
9

10
11
12
13
14
15
16 
17
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33

586
1218
1803
2064
4368
3864
7380
6204
5967
6450
6556y
4620
6897
7055
3720
3102
2208
1791
2034
1448
898
980

2640

488 
657 
706 
640 

1332 
750 
1332 
1147 
1012 
1200 
798 
462 
1139 
800 
525 
315 
234 
159 
158 
186I
62

130

160

88 
225 
451 
344 I 
224 
414

+400 +5.1 +4.5
+432 +5,5 +2.2
+255 +3.3 +0,9
+296 +3.8 +0.9
+1108 +14.2 +1.7
+336 +4.3 + .6

1312\^es +20 + .3 + .01
376 +771 +9.9 +8.3
1105 -93 -1.2 - .1
258 +942 12.2 +1.0
298^ +500 +6.4 + ,̂5

♦̂3 3 O

+62
+130

+160

- 6,8
+5.3
+4.9
+0.8
- 2 .6
-4.1
+2.0
-6.7
+2.4
+0 .8
+1.7

-  .8  
+ .4 
+ .4 
+ .1 
- .4 
- 1.0 
+ .6

+ .9
+ .5
+ .9

+2.0 + .4
Sum 83,853 14,392 9,438 4,954 +63.5 0.4 44,301 6,669 -19,745 -13,077 -167.6 -2.0



Species Volume F.B.M*trfl*r«, Change in 15 yrs* Annual Change
1928 1945 F.B.M* % f *b .m *

Spruce
Balsam

16,125
8,519

17,078
6,005

+953
-2514

+5.9
-29.5

+63.5
-167.6

+0.4
-2.0

Total 24,644 23,083 -1561 -5.3 -104 -0.4

The annual net periodic increment of spruce per acre has been 
63*5 b.f* or 0*4% while the balsam has lost 167*6 b«f, or 2% annually*

The net Increment is made up of the increase in volume of the 
trees which survived to 1943 less the volume of trees which died between 
1928 and 1943* The following table shows the annual growth and mortality 
per acre.

Table V

Spruce 
F.B.M. %

Balsam
f .b *m . %

Annual Growth Per Acre 
" Mortality " 1

1928-1943n n 184.5 1.14 
121.0 0.75

85.5 1.00 
253.1 2.97

Net Increment " " It It 63*5 + 0*39 -167.6 -1.97

The volume of spruce which died is 2/3 of the gross increment 
for the 15 year period while loss from mortality in balsam is three 
times the increase due to growth. This indicates a very abnormal 
condition.

Table VI
Coinposition of the Stand 

Board Foot Volume Per Acre

Year Spruce 
F.B.M. %

Balsam 
F*B.M. %

Total 
F *B.M*

1926
1943

16,125 65*4 
17,078 74*4

6dl9 34.6 
6005 26*0

S4,644
23,083

Spruce formed 65% of the volvme of the trees 8" and larger 
in 1928 and 74*4% in 1943*



Studies by various investigations show that both the spruce and 
balsam in the upper Fraser are unevenaged, the spruce having a maximum 
age of 300 and the balsam 250 years. The young trees are very badly 
suppressed, the balsam 1 foot in height averaging 14 years old and seedlings 
4.5 feet high average 36 years. The spruce is relatively sound and the 
balsam relatively defective. Balsam above 10" d.b.h. should cut out at 
least 50% of the gross volume B.C. scale. Balsam is a good wood,highly 
esteemed by European Foresters. At the present time no attempt is made 
to utilize this valuable species in our timber sales. We are simply 
exploiting the northern stands for greatest immediate revenue following 
the path of least resistance and drifting along as they did in Eastern 
Canada and U.S.A. fifty years ago. At present we are extracting $30,00 
to |40.00 per acre in stumpage and royalty and leaving the areas in a 
"hell of a mess".

The worstAepidemic in history is sweeping through the forests 
of Eastern Canada and is estimated to cover 200,000 square miles.
Epidemics are followed by bark beetle attacks but these are usu£d.ly 
considered secondary. I believe that the high mortality in both spruce 
and balsam in the upper Fraser is due to this or some similar agency. 
Removal of the mature and overmature balsam and the creation of a young 
vigorous stand less susceptible to spruce bud worm attack is considered 
by entomologists as essential for control. We are creating the type of 
stand in which bud worm develops most rapidly.

I believe our problem bolls down to -
(1) Cutting the balsam to the lowest possible limit which will yield 

a merchantable log. A tree 10" d.b.h. should yield a 16* log
to a 8" top. All the balsam should be felled and bucked to 
determine merchantable logs as defect is difficxilt or impossible 
to determine in standing trees.

(2) Yarding all balsam logs which are merchantable so as to salvage 
their labour producing value.

(3) Cut spruce to flexible 18" diameter limit so as to remove not 
more than 50% of the stand including balsam.

(4) Where all the trees are matiore, cut spruce to the lowest 
diameter which will yield a merchantable log.
Cutting to a rigid diameter limit has seldom worked out 

satisfactorily in any forest region in the past and will not be satis
factory for the upper Fraser.

Most experiments in the spruce-balsam type similar to that in 
B.C. have been conducted at elevations of 7,000 to 10,000 feet in the 
U.S.A. Their wind velocities may be different from that of regions at 
2,000 feet. Experience in the U.S. indicates that not more than 40% of 
the stand above 10" d.b.h. should be removed. We certainly shouldn't 
cut more than 50% in selective logging. It is desirable to cut the



mature and oyermature trees and all the balsam down to 10 Inches 
and retain the thrifty spruce regardless of size.

Under this,method of management the operator can 
harvest about half th^Volume per acre he is getting now but 
the spruce will consist of larger logs. He should net about 
6 U board feet, 32 foot log scale*, of spruce and 2 to 3 M 
balsam.

Since balsam is estimated to net half of its gross 
scale B.C. rule the cost of felling and bucking this species 
will be twice that of spruce. This extra cost will probably 
be more than the present difference between spruce and balsam 
stumpage. The balsam logs will be smaller than the spruce and 
it is doubtful if relatively short time operators would volun
tarily remove the balsam. Any losses incurred in removing the 
balsam will have to be carried by the spruce.

I don't think it makes a great deal of difference 
whether the next crop is spruce or balsam. Progressive fbresters 
in the east are not worrying about the composition of the con
iferous stands and pulp manufacturers claim that balsam makes 
a good pulp although the jrield per cord is not as high as spruce. 
However, at the same age as spruce the yield per acre may be more 
than spruce.

Dickson found that there is little loss in balsam from 
decay for rotations under 120 years. Entomologists don't consider 
young vigorous stands of balsam an abnoznal hazard from budworm.

Some claim that where present steuads are clear cut 
they will develop into the same composition as the virgin stands. 
This is probably true where the stands are left for 850 to 300 
years. However, with 120 year rotations to expect stands similar 
to our virgin stands is simply wishful thinking. Also it would 
be foolish to claim that selective logging in the upper Fraser 
would yield in the long run twice the volume of clear cut stands 
promptly stocked. The maximum difference will not be more than 
the volume of trees which are lost frcMH mortality which are 
salvaged in European thinnings. In coniferous stands on 120 
year rotations this amounts to about 1/3 of the gross returns.
The added risk from windfall and fire in carrying partially cut 
stands should be considered when comparing clear and selection 
methods of cutting.



I think we must get away from the policy of 
extracting the greatest immediate stumpage returns from the 
forest because it is not in the books to get the greatest 
immediate return and the greatest return in the long run.
We should adopt a policy of stand improvement building up 
the forests and protecting them so that they will give the 
greatest return in the future consistent with utilizing the 
greatest labour producing value from the virgin forests.
This will require vision and the professional courage of the 
founders of forestry in America.
Sninmwry

(1) This study is based on 13 plots of 0,4 acres each
established at Aleza Lake Experiment Station in
1928 and re-examined in 1943, The volumes of all 
trees 8 inches and larger has been calculated in 
gross merchantable board feet for 16 foot logs 
B.C. Scale,

(2) There are about 4 thousand spruce and balsam under
8 inches d.b.h. per acre about half of these are
over 4 feet in height.

(3) Spruce attains a maximum diameter of about 33 inches 
d.b.h. while there are few balsam over 23 inches 
d.b.h.

(4) The stands are unevenaged varying in ages up to 
300 years,

(5) Spruce is relatively sound, 60% of the balsam has 
some defect the total amounting to 18% of the cubic 
foot volume, 63% of the balsam above 10 inches d.b.h, 
has less than 25% defect calculated in cubic feet or 
33% calculated in board feet B.C. Scale, Cutiing all 
trees with more than 33% defect the remaining trees 
should net 50% of the gross volume of all the balsam 
above 10 inches d.b.h.

(6) The loss from spruce trees dying has been 2/3 of the 
gross growth on the residual trees leaving a net 
increment per acre of 63,5 board feet per year for 
the 15 year period. The loss from balsam dying has 
been 3 times the gross increment leaving a net annual 
loss of 167,6 board feet.



(7) The high losses from trees dying indicates a
very abnormal disturbance which is probably caused 
by budworm and secondary insects.

(8) Our present policy of leaving the balsam probably 
increases the intensity of budworm attack,

(9) The best method of combating budworm loss is to 
remove the mature and overmature balsam and create 
a young vigorous forest.

(10) All balsam down to 10 inches d.b.h. should be felled 
and bucked (a 10 inch tree should yield a 16 foot 
log to a 8 inch top) and all merchantable logs ex
tracted for their tixrter producing value.

(11) All mature and overmature spruce which will yield 
merchantable logs to a 8 inch top should be cut. 
Vigorous young trees regardless of size should be 
left provided they form at least 50^ of the volume 
of the spruce and balsam in the virgin stand. Where 
these trees do not form 509̂  of the stand they should 
cut so as to remove all merchantable material.

(12) Leaving spruce trees 18 inches and under at Aleza 
Lake would leave about half the stand and allow a cut 
of about 6 M spruce. This would be supplemented by
2 - 3 M balsam when cutting this species to 10 inches 
d.b.h.

(13) Selective logging might give a ZOfo increase in yield 
in the long run over clear cutting,

(14) Balsam is a good wood and the yield is probably greater 
for balsam than spruce on a 120 year rotation. It 
also makes good pulp. I don*t think that we should 
look upon balsam now as the pioneers did in Eastern 
Canada 50 years ago,

(15) Where tree selection is to be adopted all trees to 
be removed should be marked, A rigid diameter limit 
will not work out. This operation requires highly 
trained technical men to achieve satisfactory results,

(16) With our present staff we can improve the forests by 
felling all the balsam down to 10 inches d.b.h. and 
all the spruce which will yield merchantable logs.



(17) Present stands are yielding $30,00 to $40,00 
per acre from stumpage and royalty. We are 
spending nothing on improvement leaving the cut
over areas in a deplorable condition. Any losses 
Incurred in removing the balsam should be written 
off against the spruce stumpage in the same manner 
in idiich snag falling is written off against 
stump^e on coast timber sales.

(18) Slash disposal is a problem to be solved by some 
means other than broadcast burning which would 
destroy the advance reproduction. Partial burning 
might be the solution,

(19) My opinion based on these investigations an^ the 
experiences in Eastern Canada is that the budworms 
or similar defoliators make it imperative that 
the mature and overmature balsam be cut on all 
timber shies in the spruce-balsam type. This 
should be adopted as a rigid policy.

J.L. Alexander. 
April 23, 1945.


