
Fo u r t e e n  years ago the first organized study of spruce regeneration in 
British Columbia was initiated by the Provincial Forest Service. Since
that time a number of studies have been completed and a substantial body 

of information gathered to form the basis for a sound management technique.' 
There is still much to be learned about the life history of this genus and the 
diversity of forest types does not facilitate matters. However, some definite 
conclusions have been reached, and it is the purpose of this paper to sum
marize these findings in addition to presenting some details of regeneration 
conditions as found in the process of making forest inventories.

The commercial spruce forests of the Province belong to three main groups, 
which may be described briefly as follows:

( 1 ) The North Central Interior type, which is represented by extensive 
areas of white spruce—^Alpine fir forests (P. Canadensis—A. lasiocarpa) in 
mixture with Engelmann spruce (P. Engelmannii); Western-birch (B. occi- 
dentalis); aspen (P. tremuloides); and black cottonwood (P. trichocarpa). 
These forests occupy, more or less completely, an area in excess of 30,000 
square miles extending from the Alberta Boundary west to Stuart Lake, and 
from the Peace River south to the Upper Fraser River Valley, approximately 
coinciding with the boundaries of the Prince George Forest District. It is 
estimated that there are nearly 8 J/2 billion board feet of accessible merchant
able timber in this region, of which 67%  is spruce.

This forest type, in general, falls within the Transition Section of the 
Montane Forest Region, but in the northern portion it extends into the 
Interior Sub-Alpine Section of the Sub-Alpine Forest Region.^

(2 ) The Engelmann spruce— Alpine fir type common to. the South Cen
tral part of the Interior Plateau and also found at the higher elevations above 
the ponderosa pine— Douglas fir (P. ponderosa—P. taxifolia) stands common 
to the Southern Interior. The principal species are Engelmann spruce and 
Alpine fir, in association with lodgepole pine (P. contorta), Douglas fir, and 
aspen. This type is also coincident with the southern extent of the Subalpine 
Forest Region in British Columbia.

(3) The Coast forest, where P. sitchensis is found concomitant with a 
number of other species including Western hemlock (T. heterophylla) ; W est
ern red cedar (T. plicata); and amabilis fir (A. amabilis) in the northern 
section; while in .the Central Coast Section where its distribution is. quite 
scattered, the associates include Douglas fir, and grand fir (A. grandis). On 
the Queen Charlotte Islands in the northern section, Sitka spruce reaches its 
optimum development and the characteristic stand is a mixture of this species 
with Western hemlock. Western red cedar, and yellow cedar.
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N o r t h e r n  I n t e r io r  F o r e s t  C o n d it io n s

The climate of the region is severe. Long, cold winters with heavy snow-- 
fall are followed by comparatively short summers whose long days and mod' 
erate temperatures provide favourable growing conditions. Vegetative growth 
is surprisingly rapid and heavy, and in general the area is forested with rela- 
tively dense, uniform stands of spruce and balsam.

The following table gives the details of the distribution of diameter classes 
in the merchantable forests:

D.B.H. Class 
(inches)

Number of Trees per Acre
—

Spruce Balsam Other Species (1) Total

" 8 7.1 . 4.2 0.4 11.7

10 ' 7.2 4.7 0.3 12.2

12 6.9 4.7 0.3 11.9

14 6.3 4.2 ' 0.2 10.7

16 5.5 3.4 0.2 9.1

18 4.6 2.5 0.1 ' ' 7.2

20 ■3.6 1.5 0.1 5.2

22 2.7 , 0.7 0.3 (3) • 3.7

24 1.9 0.4 2.3

26 ■ 1.2 0.2 (2) 1.4

28 0.7 0.7-

30 0.4 0.4

32 , • ■ 0.2 0.2

'■ , 34 + ■ 0.3 0.3

48.6 26.5 1.9 77.0 .

Basis: 383,640 trees tallied in the course of the McGregor River Cruise, 1924, 
and the Prince George Taxation Cruise, 1925 and 1926.

(1) Lodgepol% pine, Douglas fir, Birch and Cottonwood.
(2) Represents D.B.H. classes 26 to 50, inclusive.
(3) Represents D.B.H. classes 22 to 80, inclusive.

The balsam is mostly defective and of no commercial value unless utilized 
on a rotation not longer than 100 years". Current operations being in mature 
or over'mature stands, little or no use is made of the species and it is left 
to form a high proportion of the residual stand. Spruce, on the other hand,
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is characteristically sound, although its quality is only meium and yields not 
more than 3 to 4 per cent, clear lumber. All age classes are present with 
balsam ranging up to 250 years and spruce up to 350 years.

Two types of mature forest may be recognized. The first has developed 
over a long period of time through successive stages of maturity, and at least 
one generation of mature spruce has given way through decadence to the 
present population. The second type may be distinguished by the remnants 
of hardwood species under which the coniferous stand developed and no more 
than suflBcient time has elapsed to mature the first generation of spruce. An 
additional mark of distinction is the heavy stand of advance growth found 
under the second and third generation forest. Climax, conditions are repre- 
sented by the first type, whereas the second is temporary and, in the natural ' ■ V';[' 
course of events, will develop into the climax forest. • •

N o r t h e r n  I n t e r io r  I n v e s t ig a t io n s  ' •'

The understory in the climax Spruce-Balsam forests is composed of about 
80 per cent, balsam and only 20 per cent, spruce, although the latter species 
occupies the dominant position in the overstory. Spruce being the most valu
able species, the desirability of knowing the reasons for this relatively poor * 
stocking served to direct the first work to ascertaining the conditions favour
able to its germination and survival. - •

Barr\ Griffith^, and Garman® conducted detailed studies, both in the field - 
and laboratory, and their findings form the basis for our knowledge of the ' ,
ecological aspects of spruce regeneration in that locality,

I. Germination
The leaves and twigs which fall to the ground each year decompose very 

slowly and, as a result, a thick carpet of undecomposed material accumulates 
on the surface of the soil. A  thick growth of moss surmounts this litter, „ j  
producing a seedbed which is unfavourable to the development of spruce seed- ■ 
hngs. Barr* concluded that available moisture was the limiting factor since 
by the time temperature conditions under the mature forest had become favour- 
able for germination and seedling development, the moisture supply had fallen 
below the minimum. The organic material permits rapid percolation and(;.,' ^  
evaporation of water; furthermore, the relatively small amount not removed 
by these forces cannot be absorbed„by the seed in sufficient quantity for the ' 
physiological processes of germination to take place. Such moisture as might
1. Barr, P . M., 1930. The effect of Soil Moisture on the Eatabllshment of Spruce Reproduction 
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! be available has already been absorbed by the humus and litter, and the seed
" coat is either not in direct .contact with a continuous supply or does not have 

‘ sufficient absorptive powers to overcome the powers of retention exerted by
the vegetable matter.

On the other hand where mineral soil is exposed, and the seed comes 
i;- _ in contact with it, germination is active. This is in contrast to the conditions
I ’ found with humus and duff, and is explained in that clay retains part of the
v moisture as free water and part as films around the soil particles. Seed falling
I '  on such a medium immediately comes into contact with water, and even
j after rising temperatures have removed part of the free water, much is still
' held in the clay by the forces of colloidal action apd capillarity.

Experiments were conducted to show that natural regeneration of spruce 
can be secured under mature forests by artificially breaking up the layer of 

'4 raw humus and exposing the mineral soil. It was indicated that satisfactory
results might be obtained if the operation were carried out at a sufficient 
interval before logging to enable the seedlings to become established. In the 
case of cut'Over areas it was found that spruce reproduction soon became 
established on skid roads and around log decking sites where the mineral soil 
had been exposed. However, the number of seedlings could be substantially 
increased and further experiments should be started to work out practical 
methods of baring the mineral soil in openings resulting from logging.

II. Development of SeetUihgs 
Once germination has taken place, conditions beneath the cover of the 

mature forest are favourable for the survival and development of spruce 
'seedlings. The growth rate is slow but continuous, and as soon as the sup- 

‘ pressive effect of the overwood is removed, height growth recovers rapidly. • 
After logging, some of the larger openings are inclined to fill up rapidly with 
herbaceous and shrubby vegetation, which offers severe competition to the 
established natural regeneration. In these cases the small trees are as badly 
suppressed by the shrubs as they had been by the mature forest. The surface 
of the ground is shaded so completely that conditions of temperature and 
moisture differ very little from those under the forest. Consequently the 
seed from trees scattered over the area or from marginal timber may have 
little chance of germinating. Further observation is needed to determine 
whether a system of cutting whereby the canopy was little disturbed would 
prevent the influx of this heavy herbaceous growth but still provide release 
for the understory.

III. Development of Residual Stands Following Logging 
The experimental work described above is based on the assumption that 

the natural composition of the stand remaining after logging is inadequate for

iV  .
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the production of a subsequent crop of spruce and that some improvement 
of seedbed conditions is required to favour the species. Barnes^ approached 
the problem of the management of these stands from another angle and en-i 
deavoured to answer the question as to how the present mature stands de
veloped. His analysis of the growth history suggested a cyclic development 
of the stands. The dominant trees had developed to maturity and full crown 
cover at a rapid rate and at the same time suppressed the younger age 
classes. Maturity was marked by a comparatively short period of slow, 
constant growth, followed by rapid weakening and thinning by disease, wind- 
throw, or insects, resulting in an opening up of the stand and starting of 
the cycle again by the release of the understory. The length of the cycle 
appears to be 120 years. Harvesting of the merchantable spruce somewhat 
parallels the natural opening up of the canopy and Barnes’ study of residual 
stands enabled him to draw some interesting conclusions.

In logging the mature stand, all the merchantable trees are removed to a 
minimum diameter limit of 12 inches breast height and, although some of 
the smaller trees and reproduction are damaged or destroyed during the opera
tion, there is still a fair residual stand left on the ground. Most of the damage' 
occurs on the skid roads and sites of log decks, where the advance growth is - 
entirely destroyed. The results indicate that a satisfactory second crop may 
be matured from-the residual stands remaining after logging, and although 
the original residual stand is predominantly balsam, it will develop into a 
predomination of spruce at maturity. In other words, the expectation is that, 
even under present methods of cutting, if fire is kept out, the residual stands' 

s will yield in 120 years, as much spruce as was extracted in the first harvest.

IV . Management Recommendations 
TTie formation of spruce forests is a slow process and the reproduction of 

the genus will not always be achieved by a silvicultural method which is rela
tively simple in execution. The understory and its conservation appears t o , ‘ 
be the key to the problem.

In the case of the second and third generation stands this understory 
is well developed and it would not be difficult to revise logging practice so 
as to conserve many trees which are destroyed under present conditions. The 
situation with regard to first generation stands is not as promising and it is 
altogether probable that the technique would demand a light cut in com-  ̂
bination with some treatment whereby patches of mineral soil were bared 
so as to promote the establishment of spruce reproduction. In any event each 
logging unit is a problem in itself and should be handled accordingly. What

1. Barney G. H. Th« Development ot Unevenaged Stand, o f Engelmann Spruta and Probable
Development of Residual SUnds a fter Loggina:. For. Chron. September. 1937.



is applicable on one area may not be good practice on another, and no broad, I 
all-inclusive rules can be laid down. /

As is shown by the stand table presented earlier, the typical mature forest ' 
has a range of diameter classes easily adaptable to removal of only the larger 
trees. Present practice is to cut down to 12 inches breast high and on the | 
average remove 34 trees per acre, measuring 11,300 board feet (B.C. Log 
Rule). By raising the cutting limit to 18 inches, about 8,059 board feet per 
acre, or 71 per cent, of the stand would be removed in only 16 trees. Several 
advantages would accrue from this technique. First, the residual stand would 

' be greatly improved by leaving the 12-17 inch trees, the canopy would nd! 
be opened up as much and thus the windfall would be reduced, and the 
quantity of slash reduced. Second, the returns to the operator stand a good 
chance of being enhanced since he can extract a larger average size log and 
thereby reduce his handling costs.

The debris created by logging, for the most part, does not interfere with 
regeneration, but as a prophylactic measure its disposal presents a problem. 
The preservation of the residual stand precludes any. such measure as broad
cast burning, except on a very limited scale. Piling and burning, of course, 
is one solution, but under present economic conditions in the locality this 

: procedure is out of the question. In 1927 a series of plots were established 
on which the following methods of disposal were followed: (1) Lopped but 
not scattered, (2) Lopped and scattered, (3) Burned at time of sHdding, (4) 
Hied and burned, (5) Piled but not burned. A t the end of ten years only 

. the piles of unbumed slash could be said to carry any hazard, and that hazard
■ was very little higher than is found to exist in the average uncut mature 

stand. The plots where burning took place looked little different to those
, . which were lopped and there was certainly no difference in hazard. On the
• basis of these results it would appear necessary to do little more than lop the 

limbs and get all of the slash in contact with the ground surface. However, 
there will be a high hazard for the first eight years after cutting, and adequate

■ precautions will have to be taken, but after that the danger should be no
• greater than exists,in the mature forests.

Several plots have been established to determine the efficacy of stand 
improvement measures by way of girdling inferior species. Frequently indi
vidual balsam or birch hinder the development of the smaller spruce and 
girdling appears to be an efficient method of release. Sufficient time has not 
elapsed for conclusions to "be drawn, but it has been noted that whereas 
balsam is killed within two seasons, an additional one or two are required 
for the birch to succumb.



S o u t h e r n  I n t e r io r  S p r u c e  F o r e s t s

The outstanding feature of the merchantable spruce types in the Southern 
Interior region is that they are commonly first generation spruce forests. In 
most cases they apparently developed under an overstory of lodgepole pine 
and only within the past few decades assumed dominance. This has resulted / 
in the stands being relatively even-aged and the understory of spruce very 
scant indeed.

Management of these stands presents a similar problem to the first genera- ' 
tion spruce forests of the Northern Interior. The answer may very well be 
a light cut in combination with exposure of patches of mineral soil, but experi
mentation and observation will be necessary to indicate the most desirable 
practice. Investigations to date have consisted of reproduction surveys on 
cut-over lands, the results of which indicate that the present practice of 
cutting to a 12 or 14 inch diameter limit does not favour the regeneration 
of spruce. Utilization of these types has been on a limited scale to date, 
but with the depletion of the yellow pine stands, attention is being directed 
more and more towards the spruce forests. Consequently one of our urgent 
problems is the development of a sound management system for the spruce 
types of the Southern Interior.

S it k a  S p r u c e  F o r e s t s

This type grows along the North Pacific Coast where the climate is char
acterized by heavy rainfall, fogs, and moderate temperatures. Soil and mois
ture conditions are such that vegetative growth is, particularly luxuriant—  
tree growth attains large dimensions and the herbaceous growth of salmon- 
berry, (R. spectabilis), salal (G. shallon), and Devil’s club (F. horrida) is 
very large and dense. The type is, in general, highly productive, but pnly 
the most meagre information is available concerning the silvical requirements 
and rate of growth of the associated species.

Phillips" in his report remarks that “cut-over lands apparently restock in 
inverse proportion to the density of slash and brush growth, provided that a ■ 
seed supply is satisfactory.” These observations would; indicate that some 
study of slash disposal methods is required if adequate regeneration is to be 
obtained within a reasonable time after logging. Hall® noted that while 82%  
of the logged and burned areas in the 6-10 and 11-20 year age classes are 
now satisfactorily stocked, only 50% of the unbumed logged areas for the 
same clases have restocked satisfactorily. This survey was not intensive enough

1. Phillips, W . C. 19M. Survsy and Prelim inary Management Plan of the Graham Forest.
Unpublished report Of the B .C . Forest Service.
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to establish any definite relationship between burning and not burning; never
theless the indications are that burning may have a beneficial effect in remov
ing much of the heavy debris following logging.

Study of the data gathered on the cut-over areas tends to show that 
regeneration is very slow during the first five years following logging, but 
over a period of years a satisfactory stand becomes established. The follow
ing table illustrates this point:

Age of logging
Per cent, of area satisfactorily 

restocked^
Area of type

1- 5 years 10,900 acres

6-10 “ 29% 2,910 “

11-20 “ 66% 5,060 “

21-40 “ 88% 260 “

Nearly all the logging up to the present has been confined to small areas 
containing high grade spruce associated with hemlock and cedar. This has 
resulted in small, scattered, clear-cut areas with marginal timber for seed trees 
and individual or clumps of seed trees scattered throughout. In only a few 
cases have the logged areas been extensive enough to be outside the range 
of seed trees. The trend is to log on a larger scale and more extensive areas 
of cut-over land will be created. The seed supply will also be less satis
factory, and if proper regeneration is to be obtained, some form of cutting 
regulations should be instituted.

1. The following schedule of stems per acre was used as a criterion In estimating stocking 
and includes all species:

Age Class 1-10 11-20 21-40 41-60 61-80 81-100 100-f

No. of trees 
per acre

1.000 750 600 800 200 150 100


