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NATURAL REPRODUCTION FOLLOWING FIRES IN 
CENTRAL BRITISH COLUMBIA

E. H. G arman

INTRODUCTION
Considerable information has been offered in forestry literature of 

recent years on the silvicultural treatment of Spruce forests in both eastern 
North America and Europe, but the conditions governing regeneration of 
this type of forest have not received adequate attention. For this reason 
it may be timely to make brief observations pertaining to a survey of the 
natural reproduction occurring after forest fires in the upper Fraser River 
valley in British Columbia, where Spruce is an important commercial species.

This survey was carried out in 1926 as part o f the programme of the 
investigative work of the Provincial Forest Service, and formed one of the 
projects preliminary to an intensive study of regeneration in the Spruce 
region o f the central and northern Interior of the province. These repro
duction studies aim to find the technique of management that in practice 
will replace the existing mature stands, when they are cut, with young 
stands from natiiral reproduction composed of species that will remain 
healthy and be best suited to the land from the standpoint of yield and 
utihty. With this objective in view other reproduction studies are being 
carried forward on cut-over areas not burned; and intensive experiments 
are under way in the research-forest at Alexa Lake, where mature stands 
are composed of equal numbers of Spruce and Balsam (mainly Abies atna' 
bilis and Abies hsiocarpa), but with an understory of seedlings and saplings 
in the proportion of 80 per cent Balsam to 20 per cent Spruce. However, 
there are indications that the difference in the number of the two genera is 
greatly reduced with advance in age. An outline of these experiments and 
observations on the forest types in the vicinity of the station, which is in 
the center of the district now under disoission, were published in an article 
on the Alexa Lake Experiment Station by P. M. Barr in a recent issue of this 
journal (1). : r

In its various associations Spruce occupies a larger area in British Colum
bia than any other forest type. It is the important genus of the forest types 
of the central and northern Interior of the Province, and the common tree 
at the higher elevations in the southern Interior. It comprises forty per cent 
o f the volume of all commercial stands in British Columbia east of the Coast 
Mountains.

DESCRIPTION OP REGION.
That part o f the Spruce region in vtdiich the present study was made

(1) Bair, P. M.: The Aleza Lake Forest Experiment Station: Its Develop
ment and Purpose. Forestry Chronicle, VoL IV, No. 8, September, 1928. j(



extends for 200 miles along the valley of the Fraser River easterly from 
the town of Prince George, between the latitudes of 53* N and 54° 30 ’ N. 

The Fraser River enters the Rocky Mountain Trench from the east
’V* at Tete Jaune, the eastern end of the district, and runs between two par-

allel ranges of moxintains for 120 miles in a general northwesterly direction 
( to the Grand Canyon, where it breaks through the south-western wall and

traverses the Interior Plateau, an extensive upland area without regular 
; mountain ranges. The base elevation of this district is two thousand feet.

The trough which forms the upper portion of the district covered is 3 to 5 
•1..- ■ miles wide at the bottom, and about 10 miles wide between the peaks, which
■ • . range from an altitude of 7000 feet at the eastern end, near Tete Jaune, to

' .  . 4000 feet at the western end, near the Grand Canyon.
A  description by G. S. Malloch of the geologic features of the district 

• • may be foimd in the Summary Report of the Geological Survey for 1909 p.
’  p. 123-130. Most of the forest is either on river drift of recent origin, or
'  on one of the glacial drifts of the Quartemary period. The first of these

ice advances issued from the Rocky Mountain Trench upon the plateau 
' ■ - country from the east, later the ice advanced from the west, leaving till con-

'  taining fragments of volcanic and other younger rocks from the Coast Moun- 
.  tains. The latter drift overlaps that from the east near the eastern margin 

V f  of the plateau. These drifts are thickly overlain by the river drift throughout 
much of the district. Therefore, the soils are light and gravelly, and often 

; comparatively young. The mature soils are strongly podsolized over much
i of the district, especially where the glacial drift is exposed. On young bums
 ̂the top layer of the soil or “ A ”  horizon has been oxidized to a reddish color,
giving a surface aspect not unlike the podsolic reddish soils found in southern 

, British Columbia. Very little attention has been given to the soils of the 
n'district, but so far a hard-pan or Ortstein has not come to light.

The chmate is continental. Frosts are experienced as early as August 
.  along the flats of the Fraser River, but at no time has a summer frost

reached the first bench, which is close to the river but 200 to 300 feet above 
it, and free from moisture-laden air. Precipitation during the growing season 
averages 11 per cent less in the western part of the district, and 20 per cent 

' less in the eastern part, than for a period of the same length based on the
f'',' average precipitation for the remainder of the year. On exposed light soils

?̂  this becomes an important factor in the reproduction of coniferous species.
. The lower or Interior Plateau portion of the area has an average annual pre-

* dpitation of 18 inches; in the upper or Rocky Mountain Trench part of the
. . area the average annual predpitation drops rapidly from 25 inches at the

' ‘ ' '3' western end to less than 17 inches farther east. All predpitation measure-
-^ments were made near the river. This difference in rainfall and snowfall 

permits a variation of the forests into two distinct types.
' The forests of the Interior Plateau area are of the Spruce-Balsam {Picea
■ f e -
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engelmantii'Abies spp.) type; the eastern portion of the district, in the 
mountain valleys, has a Cedar-Spruce (Thuja (>licata'Picea. engelmanni) type 
characteristic of the river benches, grading to Spruce-Fir (Picea engelmannu 
Pseudotsuga taxifolia) on the slopes and smaller tributary valleys.. Through
out the area Douglas Fir is scattered among the mature stands and the repro
duction, and there is evidence that it formed a much larger part of the Spruce- 
Balsam type in the past than it does now. As is common over a large part 
of the Spruce region of the Interior, Lodgepole Pine (Pinus contorta) tempor
arily tends to claim the dry benches on the poorer soils which have been 
heavily burned, but except on very sterile soils tlie more tolerant speaes 
finally encroach on the Pine when the building-up of the humus layer begins.

MDETHODS OF INVESTIGATION. -

Information gathered from official and local sources on the history of 
bums was substantiated by the record that can be read on rehabilitating 
bums. The year, and the season of the year, when a fire occurred was read 
from fire-scars on surviving trees of the previous stand, and from the total 
age of the dominant Aspen trees on burned areas; on areas burned more 
than once Aspen sprouts were often more reliable indicators of the age of 
bums than were seedhngs.

The bases for measurements were belt transects and sample plots.
The belt transects were 10 links wide and subdivided into units 2 

chains long. Individuals of all tree species were tallied by height or diam
eter. Each tally sheet carried five units or ten chains of transect, and notes 
on age, ground cover, soil etc. which were summarued at the end of each 
five units. By this method it was possible to make an accurate study of a 
profile of the vegetation related to topography over a fairly extensive area, 
and to secure with a minimum o f  effort more representative data on fre
quency and abundance of reproduction than could be obtained by the sample- 
plot method; also the effects of the physical factors of the sites could be more 
readily determined from an analysis of strip data than from an analysis of 
isolated plots. . t,

However, from the information gathered- on the transects, plots of a per
manent nature were established in suitable average locations for more detailed 
study of (1) the composition and density of the reproduction, or older stand, 
and its likelihood of developing into a satisfactory commercial stand, (2) the 
regeneration period, (3) the ground cover, (4) the effect of repeated bums, 
and (5) other factors indicating the steps necessary in the management of 
similar sites to ensure adequate regeneration'and proper development of future 
stands. These plots were square, and varied in size from 0.05 ac. to 0.25 
ac., depending on the size of the trees on the site. They were located so 
that in the aggregate they represented a variety of types and conditions govern



ing rc'establishment' following fires, and also the biologic and ecologic con
ditions of the site-type. The ground cover was studied within the plots, on 
quadrats of 25 sq. links (]/̂  milacre) to record the flora, so that by compari
son of the composition of the vegetation at present on the plots with the 

■ " composition existing in the future the changes caused by ecological conditions 
may be determined. The practical measurement of crown density on the

■ plots was difficult to accomplish without bringing in the personal element. 
;'A t first a method was used of estimating the horizontal projection of the 
: crown of each tree in the subdivided plot in square links and computing

the area of crown cover in each storey relative to the area of the plot. This 
procedure was superseded by a method which permitted a higher degree of 

‘ accuracy in measuring the cover density but necessitated the choice of a sub- 
plot one-half chain square that had average crown density. Oh the crown 
cover plot the average diameter of the estimated crown projection of each 

'^vtree was measured, and the area of a circle having the same diameter as the
■ crown projection was recorded by species. Finally, the density of each species 
' in the overwood and underwood. Where both occurred, was expressed as a

percentage of the total area o f the quadrat.
Base maps on a scale of one inch to the mile were used in the field. As 

the work progressed the transects and plots were plotted on the field map; the 
< location and extent of bums, the age of bums, the composition of present 
' stands on bums, and the types and ages of adjacent timber stands were all 
'  added to the field map as soon as ascertained.

RESULTS OF MEASUREMENTS AND OBSERVATIONS. 
ŷ . Regeneration of Tree Species.
. ' The study was based on 17 plots and 39 transects, the latter totalling
‘ ‘  over twelve'miles in length. The plots and transects had a combined area 
• of 12.11 acres, and comprised 31 areas differing in either condition or location, 
f" all burned the last time between four and seventy-five years ago.

Along the Upper Fraser River all logging has been done within the past 
twelve years, therefore this discussion applies largely to bums resulting from 
fires in standing timber. There is no doubt that many of the old burns are 
due to the activities of Indians. Extensive fires occurred in 1912 during the 
construction of the transcontinental railway through the district. Some are 
of recent date. Lightning is of minor importance as a cause.
■ “ • Over most of the bums Aspen (Populus tremuloides) early forms a 

valuable cover, sometimes replacing fireweed {Epilobium angustifolium) and 
often associated with willow and birch (Betula occidentalis, less commonly 
Betula fontinaJis); but on some sites, especially those having dry, light and
gravelly soils, the replacement has been by Lodgcpole Pine. The direct effect 
o f heating seems less injurious to Lodgepole Pine than to Engelmann Spmce 
or Douglas Fir, its other associates, because its roots grow very slowly



and for many years its root system is very small, but stout. . This enables 
. Lodgepole Pine to withstand rapid temperature changes in surface layers of 

the soil, and is doubtless one of the factors that permits its establishment on 
these soils. Under natural conditions, at least one generation of Lodgepole 
Pine matures before there is sufficient building of the soil to permit the 
invasion of other, and perhaps more desirable, species on this kind of site. 
Scattered seedlings of°T<oxits brevifolia (Western Yew) and a few sprawling 
bushes of Juniperus communis were found on bums in the early stages of 
recovery in the Cedar-Spruce type.

. From the data of this study there does not appear to be any correlationy' 
f  between the age of a bum and the degree of restocking. There is a tend

ency for both Spruce and Douglas Fir to become established at intervals of 
several years, whereas numerous seedlings of Cedar germinate each year over 
a considerable period of regeneration, with a fair number surviving. This 
condition is probably directly related to supply of seed, rather than to the 
climatic variations which are discussed later.

According to careful observation and judgment based on the yield table
for the same stands, it is found that of the 31 areas measured, only 5 are
satisfactorily stocked and 4 are fairly stocked, as shown in the following table:

•

S e e d u n g  D e n s it y

Satisfactory Fair
Spruce-Balsam Cedar-Spruce Spruce-Balsam Cedar-Spruce

Type Type • Type Type
Stand Av. Age Stand Av. Age Stand Av. Age Stand Av. Age 

per acre years per acre years per acre years per acre years 
4140 31 13,220 10 1209 26 ̂  4124 9

• 1360. 44 8,550 8 . ^ , : 5 3 5  65 3561 11
5,750 8 ,

Comparison showed that probably 30 per cent of the area of all the burned 
sites in the region is carrying average good stands of young growth. Of the 
actual area studied on the various sites, 12 per cent has been burned over 
twice and 2 per cent has been burned three times. On practically all these 
re-bums the recovery has been slow, often due to the poor seed beds which 
result from hot fires, and the recurrence of ground fires severe enough to 
completely remove the standing timber. An analysis of the regeneration 
by spcdes is shown in Table I. A  generally unsatisfactory condition is indi
cated, especially for Spruce, which has less than 800 seedlings per acre 
in the best group. Douglas Fir apparently cannot maintain itself in com
petition with Spruce and Cedar in this region. In the Spruce Balsam type it 
has a frequency o f 32 per cent in the young group, but drops to half that 
distribution in the older group. In the Cedar-Spruce type it drops from a 
frequency of 67 per cent in the younger stands to 25 per cent in the older 
group. Cedar is not present in the Spruce-Balsam type. . It comprises 46 per
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cent of the young repnxluction of the Cedar-Spruce type but with a stand of 
only 18'59 per acre; the rather inadequate figures for the older class indicate 
that Cedar has a higher mortality rate than Spruce and Douglas Fir. A l
though there is much less basic data for the older age-group in the Cedar- 
Spruce type than for the other classes, it is averaged for four different sites. 
Aspen has a relatively uniform density in young stands. The density is 
usually sufficient to have a beneficial effect by shading young seedlings on 
sites otherwise subject to severe insolation. The reduction in the number of 
Aspen and Birch with advancing age does not appear in the table, because 

, the process of natural thinning does not come into play to any extent until 
after the stands themselves become fifty years old. The summarized analysis, 

■ which gives the relative density of the stand of any species to any other 
species, or to any age-group, is as follows:—

, T A B L E  1
STANDS AFTER FIRE 

BY FOREST-TYPES AN D AGE-GROUPS

S pecies S p r u c e -B a l s a m C e d a r -S p r u c e

Burned Burned Burned Burned Burned BurnedJ 4 to 22 37 to 75 4 to 75 4 to 22 37 to 75 4 to 75
years years years years years years

ago ago ago ago ago ago
Number per acre Number per acre

Engelmann Spruce 221 755 ■ 472 425 78 279
Balsam 39 254 140 96 2 79

d. ■ Lodgepole Pine 49 23 37 55 1 45
i Douglas Fir 43 2 23 47 32 44

• - • Western Red Cedar 0 0 0 1864 5 1500
, Western Hemlock 0 0 0 41 0 33

ALL CONIFERS 352 1034 672 2428 118 1980
Black Cottonwood 23 0 12 145 28 120

. Aspen 1335 1151 1248 1007 1020 1010
Birch 160 30 100 487 204 430f. ■•"ALL HARDWOODS 1518 1181 1360 1639 1252 1560

(•
;  ALL SPECIES 1870 2215 2032 4067 1370 3'540

■ TOTAL AREA of
Acres Acres

* Plots and Transects 
AVERAGE AGE of

3.54. ' - 3.14 6.68 4.38 1.05 5.43

•i. ..j Stands 8 ■ 43 23 7 28 11

Two conditions exist which prevent the establishment of reproduction ,
 ̂ — exposed mineral soil subject to excessive evaporation, and dense herbaceous \''! 

and shrubby vegetation, which usurps all the available moisture and keeps V'̂  
the surface-of the soil cold under its shade. Fortunately, the first condition



persists only on sites debilitated by repeated bums, and the second condition 
is not frequent. Available soil moisture is an essential factor in the estab
lishment of Spruce and Cedar reproduction, but poor drainage is detri
mental. High moisture content seems to make some sites too cold for these 
species. The presence of moss or grass is not unfavourable to the germination 
and growth of seedlings, on the northern aspects at least. Thick layer of 
moss and add humus are unfavourable for the early growth of Spruce.^ 
Shallow humus and mild humus make good seed beds, and the results appear 
to substantiate the claim that grass humus is a favorable medium for the 
development of the mycorrhizal root-system of Spruce<^Sometimes condi
tions indicating direct insolation and also excessive exposure to wind are no 
deterrent to the estabUshment of good Spruce reproduction, if the supply 
of available moisture and other factors are favourable. The x:Qpaceous foli
age seems to enable Spruce to withstand excessive temperatures that would 
be fatal to Douglas Fir or Cedar. Vegetation is often rank on lightly burned 
sites during the early stages of succession, because the add humus, common to 
the region on all areas not burned, has been mostly burned off without 
serious damage to the soil, thereby improving conditions for the establishment 
of a desirable cover. There are many stands 50 to 70 years old which are 
of the Aspen-Spruce or Spruce-Aspen type. In the eastern part of the 
district these stands followed Cedar of an older class destroyed by fire, but 
recent bums on similar sites are again restocking with Cedar. The supply of 
seed during these different periods may have influenced the types of stands 
which were reproduced, and caused the variations, or they may be due to
differences in moisture conditions. Severe moisture conditions created by a

le develooment of an Asoen-Somce tvoe.hot fire would probably result in the development of an Aspen-Spmce type, 
whereas a light bum, or good moisture supply, would favor the Cedar type.
The open nature of the forest often found in the first generation after fire 
indicates that eventually there will be an unevenaged forest, as a result of j
the filling in process which will follow the elimination of Aspen and Birch 
by Spruce, but as the stands become older the age differences will become ' 
less obvious. ^

In mixed stands over sixty years old the natural elimination of Aspen - ,
^  becomes rapid, but at that age there are 2000 cubic feet per acre, merchant- ’ 

able volume over six inches d.b.h., of this species, (See Figure 6). In the 
not distant future the Aspen in mixed stands of this age will furnish an 
appreciable amount o f the pulpwood that will be used, thus avoiding the (
present total loss of this species. Incidentally, the removal of the Aspen will 
improve the quality, and increase the rate of growth, of the Spruce and 
Balsam, which amounts to about 1200 cubic feet per acre over six inches 
d.b.h., and is often too small in such stands for economical conversion to 
pulpwood. ’

The development of young stands may sometimes be affected by various
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Figure 1. Spru«4"Balsain type, British Columbia. Looking across the valley 
of the Fraser River towards the Interior Plateau. Shows, from front to 
back, Aspen-Birch, 35 years old, after a fire 45 years ago; Engelmann Spruce, 
70 years old; Willow flats; and Cottonwood-Spruce association on river bottom.
Figure 2. Ten years after fire. Willow-Birch, over Spruce-Fir running 700 
per acre, with fireweed, thimbleberry, and other herbaceous species on dry 

site. Spruce-Balsam type of Central British Columbia.



conditions interfering with the normal functions of the seedlings. The seed
lings in this district do not appear to suffer from wind browning after they 
have become well established, and the damage caused by frost is inconsider- . 
able, compared to the general and extensive damage to seedlings caused by 
animals. Moose browse freely on the young tips of seedlings and the foliage 
o f the lower branches of saplings of Spruce, Balsam, and Fir, but not Cedar. 
Rabbits girdle young trees by chewing off the bark at the level of the snow, 
and porcupines cause similar damage. In 1926 there was an epidemic of the 
tent caterpillar, and also a marked infesUtion of aphids. TTre tent cater
pillars entirely defoliated young Aspens over large areas, and then went into 
the pupal stage on Lodgepole pine trees. In some cases these white cocoons 
covered four-fifths of the surface of trees twenty feet high. On a warm, 
sunny day (July 8), the moths were observed emerging in great numbers 
and soon were laying their eggs on the pine needles. Wooly aphids were 
common on the new shoots of Aspen and around the root collar of young 
spruce seedlings, where they often received the protection of ants; the same 
or similar species were also frequently found on the needles of Spruce. 
Spruce gall-aphid was found on a few young trees, but was not common.
The northern latitudes do not seem to prevent the growth of Votncs igniarius;' 
it is very common on Aspen, and with it is associated Lenzites sepiaria on 
dead Aspen. As a whole, the stands on burns are too young to be affected 
with fungous diseases.

,yi-

The extreme effect of aspect was illustrated on two sides of a small stream; j.y, 
the soil was not noticeably different on either side, and the slopes were both 
about 35 per cent. On the northern aspect there was a heavy stand of ‘ 
black spruce 15 feet high, with a growth of moss on the forest floor, but on 
the southern aspect there was a heavy stand of Engelmann Spruce, 10 feet . 
high, and of Aspen, 3 feet high, with fireweed, twinberry (Lonicera involu' 
cratum), roses, and other species in the lower layers. The effect of aspect 
as a physical factor in regeneration is often masked by other influences, 
and in any case is rarely as pronounced as in the above instance.

It was not possible to determine the effect on regeneration of the phy
sical factors, of site, or the effect of distance from seed trees. After all dis
turbing factors had been eliminated the material of this study did not leave 
enough quantitative data to show any trends that may have been present.

Interesting fluctuations appeared when graphs were drawn, for each 
speaes, to relate the ages of trees and the ages of the bums on which they 
occurred. These graphs were based on 514 sample trees selected on 31 
different areas. The curves for each species, as well as for all species com
bined, indicated that the causes of the fluctuations were independent of 
species.

vt .i, ■
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Figr. 3. FlnctuatioTUj in the rate of establishment of seedlings following fire.
Each point represents the average age of the individuals of the species

measured on one plot.

The curves for the two main species (Figure 3) cover a period too 
short to prove cyclic fluctuations, but there is a striking tendency to rhythmi
cal changes described by a compound cycle probably composed of a 50-year 
cycle with a secondary cycle of 20 years. This longer cycle is evidenced 
between 27 and approximately. 77 years ago, and the shorter between 
7''years and 27 years ago. Lack of data for bums between forty and sixty 
years old prevents any secondary fluctuation asserting itself during this 
period. The tendency toward a 20-year period is more strongly shown in 
tne curve based on all species combined (Figure 4) which exhibits three- 
cycles, each having a 20-year period occurring at the same time as those 
shown in the previous figure, with depressions at 21 years, 41 years and 61 
years respectively, and shows the tendency toward a 50-year cycle. A  re
duction in numbers in the older stands as a result of suppression would tend 
to raise the average age of the stands and could conceivably be a factor iir



the seeming upward accentuation of the fluctuation in the curve on sites 
burned more than seventy years ago; but it is evident that the upward trend 
of the curve is normal, if the estimate of a 50-year cycle is nearly correct, 
and if the points on the curve are projected with reference to the diagonal 
axis as a horizontal axis, i.e. if the ordinates between any one of the curves 
and the diagonal axis of the figure are plotted with the diagonal axis as a 
horizontal axis the fluctuations in the curve are accentuated, and the true 
form of the curve is well expressed. Also, if suppression was active enough 
in natural stands fifty years old to be a factor affecting the fluctuations of 
the curves, we would expect that it would be more pronounced for Aspen 
than for Spruce; the curves do not show a tendency to bear out this premise.

Kidson (1), studying periodicity of meteorological factors in the atmos
phere over Melbourne, Australia, found a rainfall fluctuation having a period 
of eleven years and very closely correlated with the sun-spot cycle of the 
same length. A  cycle of sun-spot intensity approximating eleven years 
between maxima and minima has been well established by workers in this 
field of study. It is interesting to note, also, that Moore (2) evolved a high 
correlation between a rhythmical expansion and contraction of crop yields 
in the United States and two rainfall cycles of 33 years and 8 years respect
ively, and concludes that the cyclic movement of the weather conditions rep
resented by rainfall is the fundamental, persistent cause of the cycles of yield 
o f field crops. Depressions occurring at intervals of fifty years in the rate of 
growth of Engelmann Spruce in the Upper Fraser River region have recently 
been disclosed by a study of diameter-growth increment (3). This periodi
city is not fully established, but each series of diameter-growth curves shows 
a constant trend for the past one hundred and fifty years which indicated 
that we arc at present in the trough of a cycle of growth, and that the 
previous low points were about 50, 100, and 150 years ago. These fluctua
tions are somewhat in accord with figure 3 which shows a depression 52 
to 60 years ago in the cycle of factors affecting the establishment of repro
duction. Other things being equal, the variations noted would be mostly 
due to climatic factors; of these, rainfall during the growing season is im
portant. Variations in the seasonal rainfall would tend to create similar 
variations in both diameter growth of trees and rate of re-establishment of 
seedlings, if rainfall .„was the controlling climatic factor in that region. It 
appears that further study would reveal that varying climatic factors may be

(1) Kidson, E.: The Circulation of the Atmosphere above Melbourne. Quar
terly Joum&k of the Royal Meteorological Society. . Vol. 54, No. 225, 

* p. 35, January, 1928.
<2) Moore, Henry L.: Economic Cycles: 'nieir Law and Cause. New York, 

1914.
<3) Elley, P. W .: Rato of Growth of Unevenaged Stands of Spruce and Bal

sam. Unpublished Manuscript, 1929.
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Fig. 4. Fluctuations in the rate of establishment of seedlings following fire. 
Each point represents the average age of all the individuals measured on one

plot.

varying critical conditions that govern the rate of re-establishment and the 
rate of growth of tree species in that region somewhat in the same manner 
as varying climatic conditions caused the cycles of growth in the trees 
studied by Douglass (1) in California, Arizona, and other places. Douglass 
found several cycles in tree growth, the most persistent being an 11-year 
period correlated with the sun-spot record, and, in Arizona especially, a very 
definite 21-year period.

(1) Douglas, A. E.: Qimatic Cycles and Tree-Growth. Vol. II. Publication, 
289. Camegpe Institution of Washingrton, 1928.



HERBACEOUS AND WOODY GROUND COVER.
The sixteen ground cover plots aggregated milacres on which mosses 

covered an average of 30 per cent, grasses 7 per cent, and all other plants, 45 
per cent of the area, an average of 82 per cent of the area-occupied by 
plants. On all the plots there were 1645 plants representing 53 species in 
addition to mosses and grasses. When the plots were segregated into two 
age-groups, those less than twenty-two years old and those over thirty-seven 
years old (no areas between these ages were measured), the number of indi
viduals of all species per plot was about the same in each group.

The number of individuals of each of the most numerous species that 
compose the lower layers of each group is expressed as a percentage of the 
total number of all species in each age-group in Table 2.

TABLE 2.

ABUNDANCE OF UNDERGROWTH SPECIES 

Contrasted in Two Age-classes

Based on 10 plots
Total Area 3.25 milacres or

Based on 6 plots
Total Area 1.5 milacres or

141.57 sq. feet 65.34 sq. feet

In stands 
4 to 22 years 
after fire

In stands 
37 to 75 years 
after fire

Species Abundance Species 
Per Cent

Abundance 
Per Cent

Comus canadensis 46
—  Rubus pubescens Comus canadertsis 35

** parvifloris. - . - .

—  ** spectabilis " 10
 ̂ “  strigosus spiraea lucida i 9
A ster lindleycTui ■ . “  douglasii

Aster lindleyana -Iv.
— Vflccinium caespitosum 

Clintonia uniflora '
I Achillea multiflora I, < 7 , Unnaea borealis . , ,
£pilobium angustifolium , 5
Spiraea lucida S • 4

8
7
7
6

, douglasii

The uniformity of distribution of a species or allied species in the under
storeys within each group is shown based on an index of 10, which is also 
equal to the number of plots in the younger age-group, in the following table:

.. .. .  — ■ .k'!.,
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TABLE 3.
UNDERGROWTH SPECIES HAVING THE GREATEST 

1 FREQUENCY OF OCCURRENCE

In T wo A ge-Classes

Based on 10 plots Based on 6 plots
Total area 3.25 milacres or Total Area 1.50 milacres or
141.57 sq. feet • 65.34 sq. feet __________

In Stands In Stands
4 to 22 years 37 to 75 years
after fire after fire

Species Frequency Species Frequency
Index InJex

Rubus pubescens 10 Comus canadensis 10
parvifbrus

“  spectabilis
strigosus Vacdnium caespitosum 8

Comus canadensis 8 Spiraea lucida 8
“  douglosii 

Rosa nutĴ ana 8
Epibbium angustifoJium 7 Aster lindleyana 7
Spiraea ludda " 7 Linnaea borealis 7

douglosii
Mosses 7 Mosses
Clintonia unifbra 6
Linnaea borealis 6

It will be noted that there is a better distribution of the plants, i.e., the 
frequencies are higher, in the stands of the older age-group; the number per 

- plot in each of the two groups happens to be equal. It is also apparent that 
" ‘ bunchberry (Comus canadensis) makes up in numbers what it lacks in size, 

and has a very uniform distribution. As might be expected, fireweed (Epi- 
l.i f..C lobiutn angustifolium) is fairly abundant and very frequent on the younger 

. areas, but practically disappears as the cover changes with age. Twinflower 
(Linnaea borealis) is found scattered through both groups, but is much more 
abundant on the older plots, where it is associated with QueenVcup (Clin- 
tonia uniflora). Mosses are not included in the table of abundance, because 
they were estimated on a basis of area, but on the basis of the total area of 

^  the plots they rank next to bunchberry in abundance.

In both groups the same three families are most abundant, Comoceoc, 
Compositae, and Rosaceae respectively in the younger vegetation; Comoceoc, 

V Rosaceae, and Compositae respectively under the older vegetation. Of these 
the representative genera and species of Comaceae and Rosaceae are dis- 

-X ,.;. tributed with a high degree of uniformity. The possibility of wild red rasp-

K .:



Figure 6. Typical mature stand in Engelmann Spruce- 
Balsam t y ^  of Central Interior, British Columhia.

Figure 6. This young stand of Aspen, Birch, and Lodge-' 
pole Pine, 66 feet high, over Spruce and Balsam, 45 feet 
high, is 65 years old, and seeded in after a fire 75 years 
ago in a Spruce stand 90 years old. Present merchant
able volume over 6 in. d.b.h.. Aspen and Birch, 3,500 cu. 
feet per acre; Spruce and Bidsam 1,200 cu. feet per acre. 
The axe is stuck into a large mature Aspen, Central 

British Columbia.



berry (Rubus strigosus) being a plant indicator was noted, as it was found..
- in depressions, usually on the better soils and associated with a luxuriant vege' 

tation of Thimbleberry, Willow, Vine Maple, Gooseberries, etc., which ex-
. eluded tree species. These conditions are of interest in view of the theory 

that raspberry indicates the presence of nitrogenous compounds in the soil.

SUMMARY
A  study of regeneration after forest fires was made along the upper 

Fraser River in the Spruce region of the interior of British Columbia, where 
the two main forest types are Spruce-Balsam and Cedar-Spruce.

Data were obtained on 17 plots and 37 transects, comprising 12.11 acres.
Aspen, associated with willow and birch, was found to form the first 

tree-cover, replacing fireweed in the rehabilitation of these bums.
Reproduction was found to be unsatisfactory, often due to delayed 

regeneration on the poor seed-beds which resulted from hot fires. Probably 
75 per cent of the area of all burned sites in the region was considerably 
understocked. Spruce averaged less than 800 seedlings per acre in both 
forest'types; Cedar was not represented in the Spruce-Balsam type, and aver
aged only 1500 per acre in the Cedar-Spruce type (Table 1.).

The density and species of the reproduction were found to be often 
*• governed by soil-moisture conditions after fire and by the abundance of the 

seed produced during seasons adjacent to the year when a bum occurred.
; There was no correlation between the degree of restocking and the age of
, a bum.

Reproduction was not established on exposed mineral soil subject to 
excessive evaporation on severe bums, or under the dense herbaceous and 
shrubby vegetation sometimes found on good soils; both conditions probably 

'  limited the available soil-moisture.
In mixed stands over 60 to 70 years old Aspen begins to rapidly decay,

,; but in stands of this age it amounted to 2,000 cubic feet per acre, merchant-
able volume over six inches d.b.h. If Aspen could be cut at this age for

-  pulpwood, the present loss of this species would be avoided, and the remain- 
V ing Spruce and Balsam would increase in rate of growth.

" The most prevalent damage to young stands, though not of a serious 
, : nature, was caused by moose and smaller animals feeding on foliage or bark 

of the trees.
Rhythmic fluctuations were found to occur in the rate of re-establish- 

ment. These appeared to be caused by influences independent of species, 
possibly by fluctuations in the average rainfall of the growing seasons.

.̂1 The herbaceous and shrubby vegetation of the lower layers was measured 
“ on sixteen quadrats with an aggregate of milacres. Eighty-two per cent 
\ of this area was covered by plants; 45 per cent by 1645 individuals repre

senting 53 species, and 37 per cent by mosses and grasses. Under the stands


