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SELECTIVE LOGGING OF SPRUCE 
IN SUB-ALPINE A L B E R T A

Introduction

Spruce stands of the eastern slope of  the Canadian R ock ies  are a 
mixture of  four coniferous s p e c i e s ,  with western white spruce,  P i cea  
glauca (Moench)  V oss  var. albertiana (S. Brown) Sarg., predominating. 
In the southern part of  the province,  and particularly at higher e leva
t ions,  Engelmann spruce,  P i c e a  Engelmanni Parry, and alpine fir, 
A bies  lasiocarpa ( f iook. )  Nutt., enter the forest in large numbers. 
Engelmann spruce increases the value of  stands,  but alpine fir has 
little appreciable  ef fect ,  partly because  of  the poor quality of  its 
wood,  but mainly because  it seldom reaches merchantable s ize .  
Lodgepo le  pine, Pinus contorta Cougl.  var. lat i fo l ia  Engelm.', with 
its amazing reproduction response to past fires,  is plentiful in young 
but rather a minor part of  older stands. Spruce has always supplied 
the main cut and, to date, must be cons idered the most valuable 
element o f  the sub-alpine forest.  No separation of  Engelmann and 
white spruce is deemed necessa ry  for this paper and they will be 
referred to c o l l e c t i v e ly  as spruce.

Although not a high utilization area, the east  s lope  has supported 
a small permanent industry for more than fifty years.  Cuts, on o c c a s 
ion, have approached 50,000 f.b.m. per acre, but 6 ,000 - 10,000 f.b.m. 
is an adequate stand from the standpoint of  operation. Average y ie lds 
probably lie between 10,000 and 16,000 f.b.m. and are of considerable  
local  importance,  contributing a fair proportion of  the 400,000,000 
f.b.m. o f  timber which is about the annual production for the province.

The degree o f  uti lization varies . O c c as io n a l ly  ease  of  a c c e s s  
and presence o f  uniformly mature trees on good sites  has encouraged 
clear cutting, but for the most part econ om ic  sel ect ion  or cul ling has 
been the practice .  Relat ive ly  large areas are now devoid of  merchant
able trees, yet support residual stands of  varying density with a fair 
number o f  advance growth and reproduction seed l ings  in the under
story. On light cuts  made more than fifteen years ago,  a large number 
of  residuals  have grown into merchantable trees.  Today,  profitable 
relogging is proceeding in these stands, but po ss ib ly  too soon for 
best  real ization of  forest increm.ent.

Examination o f  mature uncut stands,  as w'ell as of  many cutover 
areas, has y ielded  some information regarding the position o f  reproduc
tion and residual  stands in an elementary scheme of  se lec t ive  manage
ment. A certain restraint in logging might ensure not only adequate 
regeneration but increased timber production through accelerated 
growth.



Data Co l le cted

Twenty-six  0.32 acre temporary plots  were tal l ied at random in 
spruce stands, and represent condit ions from clear cutting through 
heavy and light se lec t i on  to uncut mature spruce. Locat ions  were 
distributed from the Crowsnest  P a ss  in southern Alberta to the 
vic inity o f  Nordegg, something over 200 miles in a northerly direc
tion along the eastern slope of  the Kocky Mountains. Each plot 
measured 2.0 by 1.6 chains and contained 320 milacre quadrats. The 
tally on cutover areas con s is ted  o f  the complete recording o f  all 
stumps and residual  trees, but, in the c a s e  o f  advance growth and 
reproduction, only to a maximum o f  three seedl ings per quadrat. In 
uncut stands, com.plete counts were taken o f  merchantable trees over 
12 inches d.b.h. and potential  residual  trees under 12 inches d.b.h. 
Counts o f  advance growth and reproduction were again limited to a 
maximum o f  three seedl ings per quadrat. In the analysis  o f  data and 
development o f  tables,  total numbers o f  stumps, mature trees and 
residual  trees are given,  but reproduction and advance growth figures 
are for stocked  quadrats containing one or more seed l ings.  The 1/250  
acre quadrats used in presentation o f  some results were obtained 
by combining adjacent milacre quadrats, and all f igures have been 
adjusted to a per acre bas is .

Resu l ts

(a) Distribution o f  trees in uncut stands

Typica l  distribution in the uncut forest  shows about 125 mer
chantable spruce over 12 inches d.b.h.  per acre. Approximately 100 
smaller  trees, hereafter ca l led  residuals ,  al so  reach into the canopy. 
Lnder the stand, suppressed but extremely tenac ious,  are 250-300 
seed l ings  in the form of advance growth. T h e se  develop very slowly 
until released  by the break up of  the old stand or by a major distur
bance such as logging.  Along with the spruce are sometimes found 
remnants of  l odgepole  pine — overmature and showing no tendency 
to reproduce — while below the main canopy,  e s p e c ia l l y  at higher 
altitudes, are found fairly large numbers of  alpine fir which seldom 
reach merchantable s i ze  either under stand condit ions or after re
le ase  by logging.  In Table 1, s ix  uncut areas show an average of  
126 merchantable spruce trees per acre, 95 below 12 inches d.b.h. ,  
and 273 in the advance growth c la ss .



DISTRIBUTION OF T REES IN UNCUT SPRUCE STANDS

(Number per acre)
Six 0.32 acre plots

Plot
Total

Merchantable
Trees

Total Non- 
Merchant able 

Trees

Total 
Merchantable 

And Non- 
Merchantable 

Trees

Total Stocked 
Mllacre Quad
rats, Advance 
Growth And 
Reproduction

L ocation No, Spruce
Other

Species Spruce
Other

Species Spruce
Other

Species Spruce
Other

Species

Crowsnest 

Banff 

Kan an as kis 

North Ghost 

Nordegg 

Nordegg

3

18

11

21

27

31

150

147

118

147

110

84

22

9

44

3

47

91

63

78

194

94

235

6

41

3

122

197

238

181

225

304

178

257

15

85

6

128

160

342

378

97

320

342

555

215

25

10

3

347

Total

Average

756 84 567 407 1,323 491 1,639 1,155

126 95 221 273

Note: “ Other S p e c i e s ”  under “ Merchantable T r e e s ”  
are mainly lodg epo le  pine, and under other cat 
egor ies  mainly alpine fir.

(b) The Ef fect  of Clear Cutting

Table  2 represents a ser ies  o f  s ix  plots  examined in relatively 
c lear-cut  areas;  all were eas i ly  a c c e s s ib l e .  L o c a l  demands al lowed 
uti lization to extremely small diam.eters, s ix  inches on the stump 
being not unusual. Many trees usually left in logg ing  were removed; 
wind-throw and exposure accounted for further reductions to the 
present average o f  17 trees per acre. Advance growth, which pre
sumably (T a b le s  1 and 3) approaches some 300 per acre in the uncut 
stand is reduced by c lear cutting to an average o f  25 for the series .  
Subsequent reproduction approaches fair to moderate stocking in 
only one plot and there only after thirty years.  None of  these plots 
could be cons idered adequately regenerated at present, nor could a 
merchantable stand be ex pected  under 150 years from logging with
out planting.



DISTRIBUTION OF TREES IN R E L A T I V E L Y  
C L E A R -C U T  STANDS 

(Number per Acre)

Plot
Years
Since

Logging
Stumps Residuals

Advance
Growth Reproductions

Location No. Spruce Others Spruce Others Spruce Others Spruce Others

Kananaskls 9 9 278 - - - 9 - 3 -

Kananaskis 10 9 272 - 41 6 41 - 6 9

Crowsnest 8 15 190 16 22 - 44 3 312 128

Crowsnest 6 20 104 16 3 - 28 312 19 60

Crowsnest 5 22 156 16 9 19 3 352 41 72
Nordegg 32 30 207 - 25 - 22 - 520 -

Total 1,207 48 100 25 147 667 901 269

Average 201 17 25 150

Note; Stumps other than spruce are lodg epo le  pine, trees 
other than spruce under other ca tegor ies  are alpine 
fir. A few lodgepole  pine may be present in the re
production.

(c )  Se lect ive  Lo gging  Le av e s  Stand in Better Condition

Table  3 represents a series o f  fourteen plots  examined in areas 
where logging was moderate. On the average,  143 merchantable trees 
per acre were removed, mostly to stump diameters between 12 and 
25 inches .  Fair residual  stands in most of  these plots  have survived 
relatively long periods and now average 113 trees per acre. Advance 
growth, which presumably approached 300 seed l ings per acre at l o g 
ging, shows exce l l ent  survival — still averaging 233 seedl ings — 
while numbers of  subsequent reproduction,  although varying from 
plot to plot, indicate a tendency to increase with years from logging.

Reproduction stocking as shown in Table  3 does not differ s ig 
nificantly from that occurring on the few plots used for Table  2, but 
in the se l e c t ive ly  logged  forest represents only a portion o f  total



DISTRIBUTION OF TREES IN SE L E C T IV E L Y  LOGGED STANDS
(Number per acre)

Fourteen 0.32 acre plots

Plot
Location

Nordegg

Crowsnest

Kananaskis

Kananaskis

North Ghost

Banff

North Ghost

North Ghost

Nordegg

Nordegg

Nordegg

Banff

Banff

Banff

No.

30

4

14 

13

23

19 

22

20 

28 

25

24 

16 

17

15

Years
Since

Logging

3

3

6

9

18

20

23

24

25 

30 

32 

38 

56 

56

Stumps
Spruce

112

112

203

131

154

168

122

194

106

97

119

106

147

230

Others

6

19

6

22

58

3

16

98

110

Aeslduals
Spruce

78

47

91

69

280

162

147

140

106

100

134

44

53

131

Others

68

44

9

28

9

38

16

3

Advance
Growth

Spruce

296

144

316

310

184

160

300

208

318

84

138

238

131

430

Others

325

472

75

38

22

34

156

19

Reproductions
Spruce

56

150

116

144

87

72

272

582

335

242

310

290

Others

35

9

9

47

28

315

103

Total 2,001 338 1,582 215 3,257 1,141 2,659 546

Average 143 113 233 190

Note: Average spruce reproduction in plots 20 or more 
years from logging is 259 trees per acre.

Stumps other than spruce are lodgepole  pine, 
trees other than spruce under other categories  
are alpine fir. A few lodgepole  pine may be 
present in reproduction.



stocking.  One hundred or more residual trees plus numerous advance 
growth seedl ings and subsequent reproduction spell  a regenerated 
forest in a very few years after logging,  while regenerated c lear-cut  
areas were not found except  on burned si tes  within easy  a c c e s s  o f  
seed  sources.  Relat ive ly  meagre data do not justi fy  definite c o n c lu 
sions,  but the remarkably uniform superiority of  results in se lec t ive ly  
l ogged  areas to those c lear-cut is suggest ive .  For management pur
p o s e s ,  spruce, in the sub-alpine region, is  apparently a sp e c ie s  which 
lends i t se l f  to s e le c t ive  logging,  and under that form of  treatment is 
capab le of  reproducing, for the most part, without cultural aid and 
without an e x c e s s i v e ly  long regeneration period.

For the 26 plots used in Tables 1, 2, and 3, the sum of  merchant
able and residual trees numbered on the average 239 per acre. There
fore 250 well distributed trees and seed l ings o f  the residual  stand 
should form the bas is  for future forest comparable to those already 
uti lized.  The 1 /250  acre quadrat b ecom es  a reasonable unit for sam
pling tree distribution and the per cent o c cu p ied  a good  est imate of  
stocking condit ions in se le c t ive ly  logged  spruce.  Table 4, prepared 
from ten plots o f  Table  3 logged more than ten years prior to examina
tion, indicates the degree to which satis factory stocking is actual ly 
ach ieved  on such areas. The modif ied total count under “ Number o f  
Trees per A cre ”  shows a good prevai ling minimum density,  as well 
as a high per cent o f  stocked quadrats, which should take care of  
quality development.

T A B L E  4

SPRUCE STOCKING ON AREAS SE L E C T IV E L Y  LOGGED 
MORE THAN 10 YEARS PRIOR TO SAMPLING 

(Ten 0.32 acre plots)

Plot Percentage of Stocking
Number of Trees 

per acre’'
Location No. By 1/250 

Acre Quadrats
By Milacre 
Quadrats

North Ghost 23 90 50 770
Banff 19 87 42 630
North Ghost 22 83 44 700
North Ghost 20 78 37 560
Nordegg 28 94 63 1060
Nordegg 25 99 76 1580
Nordegg 24 98 53 870
Banff 16 83 41 760
Banff 17 89 45 620
Banff 15 93 61 1370

^These f igures are conservative  as only 3 seed l ings 
per milacre in advance growth and reproduction 
c l a s s e s  were tal lied. Figures include residual  trees, 
advance growth, and reproduction.



Some Growth A sp ec ts  of  Se lect ive  Logging

In spite o f  the three-way div ision o f  trees in mature spruce stands 
it might be argued that uti lization to small diameters and sacr i f i ce  
o f  advance growth and remaining residuals  is an economic  necess ity .  
Such a point o f  view is scarce ly  tenable. Small diameter logs  seldom 
pay; often it is o f f i c ia l  local  enforcement aimed at fire protection and 
waste prevention which forces the operator to use them — a po l i cy  
apparently based  on a be l ie f  that the spruce type is only adapted to 
c lear cutting. Winter horse skidding,  general ly  practised,  is admirably 
suited to se lect ion,  and present timber sale procedure demands no 
payment for uncut trees. Util ization does not require maintenance of  
expensive  transportation systems,  as roads deteriorate so s l ow ly  that 
only a minimum o f  reconstruction is necessa ry  even after twenty or 
more years of non-use.

With such seeming advantages to the se lec t ion  method, there is 
the further necessary  consideration of  the residual  stand. How' fast 
does it grow? What is its quality?  The hundred or more trees per acre 
which in many c a s e s  are left after logg ing have never been examined 
cr it ica l ly .  They  did reach into the canopy  of  the original stand, many 
are in the neighbourhood of  s ix  to ten inches  in diameter, and most 
are as well  pruned as those uti lized. Operators have undoubtedly left 
all c rooked  and d iseased  trees,  a disadvantage to future development,  
and in some areas residual stands are in poor condition as the result 
o f  this cul l ing process .  However,  throughout the region, too small a 
value has been placed on the residual stand as it is,  and no con s id 
eration has been given to what it might become under regulated cut- 
ing.

Examination o f  the data is indicative at least  o f  the value of  
residual  trees.  On each of a series  of  8 plots,  two or three residuals,  
chosen at random, were cut and analyzed for height and diameter 
increment. Table  5 presents the results of  this study. Average diam
eter increment for all trees examined was 1.82 inches and average 
height increment 5.51 feet  per decade .  Th is  is good  growth.

At'  Nordegg, a 52—year stand, which deve loped  after a fire on a 
presumably medium site,  was examined in some detail ,  and presents 
an interesting comparison ingrowth character ist ics  to residual stands. 
It is 96 per cent s tocked  on a bas is  of 1 /250  acre quadrats, contains 
990 trees with dominants averaging 9 inches  in diameter and 49 feet 
in height. The stand is even, branches still  bear green needles below 
five feet  from the ground, and there is little suggest ion  of  stagnation 
or suppression o f  individuals.  Yet diameter growth of  dominants is 
low — le ss  than one inch in the last ten years at breast height. Ex
perience suggests  that little im.provement in rate o f  diameter increment 
is to be expected ,  and that 60 years at least  will  probably elapse



before larger trees will e x c e e d  15 inches d.b.h.  or 100 trees e x c e ed  
12 inches  d.b.h.  Table 6 records distribution o f  trees and stumps on 
two areas in the same district  which were lightly logged .  Some 50 
trees per acre on each were removed and at a con servat ive ly  est imated 
average diameter o f  15 inches,  and a height of  80 feet, y ie lded  a 
volume o f  9,000 f.b.m. However,  15 and 16 years after logging,  there 
are on each  area approximately 50 more trees per acre over 10 inches 
d.b.h.

Potential  saw-timber values of  the three stands support the con 
ception of  se le c t ive  management. Dominant trees in the even-aged 
stand have reduced diameter increment for the past f ifteen years and 
development towards economic  maturity is s lowing  down (Figure 1). 
Dominant residual  trees in the se l e c t iv e ly  logged  stands are adding 
diameter growth at an acce lera ted  rate (Figure 2), with 50 trees per acre 
having already passed  the lower limits o f  ec onom ic  uti lization. At 
52 years the even-aged stand is inferior in both diameter increment 
and merchantable growing stock.  Fifteen or sixteen years after a 
moderate cut, the se le c t ive ly  logged stands are nearing volume and 
stem distribution which will  support further cutting, had  these stands 
been clear-cut ,  due al lowance being made for site variation and the 
remote poss ib i l i ty  of  immediate regeneration being conceded ,  it is 
dif f icult  to c o n c e iv e  o f  progress much more favorable than that o f  the 
even-aged stand. Removal  of  saw-timber is improbable under 120 years 
from the date o f  logging. Under sample condit ions it would appear 
that either se l e c t iv e ly  logged stand might well  support a commercial  
recut 20-40 years from original logging.

TABLE 5

GROWTH OF INDIVIDUAL SPRUCE TREES AFTER RELEASE BY LOGGING
(8 plots -  20 trees)

Plot Years Since 
Logging

Diameter at 
Logging

Diameter at 
Examination

Height at
Logging

Height at 
Examination

Average Dleimeter 
Increment 
per Decade

Average Height 
Increment 
per DecadeLocation No.

Inches inches feet feet inches feet
Nordegg 24 32 1.25 5.60 12 35 1.36 7.20
Nordegg 24 32 1.50 6.50 12 32 1.56 6.25
Nordegg 24 32 2.60 6.60 18 40 1.25 6.90
Nordegg 28 25 3.00 8.50 34 49 2.20 6.00
Nordegg 24 32 3.50 8.60 22 45 1.59 7.20
Banff 20 24 4.2-5 9.00 37 47 1.98 4.18
Nordegg 25 30 4.25 9.75 35 56 1.83 7.00
Nordegg 34 16 4.25 10-.25 30 44 3.75 8.75
Nordegg 34 16 4.25 9.75 32 49 3.44 10.60
Nordegg 25 30 4.75 9.00 28 45 1.41 5.70
Banff 20 24 5.25 9.00 41 48 1.56 2.92
North Ghost 23 18 5.40 8.40 41 44 1.66 1.66
North Ghost 22 23 5.50 10.00 43 54 1.96 4.80
Nordegg 26 30 5.50 8.50 46 54 1.00 2,67
Nordegg 25 30 5.50 9.75 40 60 1.41 6.70
Nordegg 28 25 5.90 11.75 44 62 2.34 7.20
North Ghost 22 23 6.00 8.50 50 52 1.08 0.89
Nordegg 26 30 6.10 10.10 44 54 1.33 3.33
Nordegg 34 16 7.50 11.25 55 67 ! 2.35 7.50
North Ghost 23 18 7.80 10.30 43 48 1.39 2.78

Total 36.45 110.23
Average 1.82 5.51



DISTRIBUTION OF TR EES IN TWO LIGHTLY 
LOGGED SPRUCE STANDS

(per acre)

Plot No.
Years Since 

Logging Stumps
Merch.
Residuals

Non-merch.
Residuals

Advance
Growth Regeneration

34

33

16

15

50

53

44

59

175

155

162

128

196

76

Discuss ion

Theoretical ly  there is little reason for e x c e s s i v e  variation in total 
return between clear-cut and se l e c t iv e ly  logged  areas over several  
rotations,  but in the region under d i s cu s s io n  a number of  factors 
operate to separate the two methods e f fe c t ive ly .  Clear cutting with 
uti lization of  small low profit l ogs  and subsequent l o s s  o f  remaining 
residuals  and reproduction through exposure el iminates the bas is  of  
su ccee d in g  cuts.  Trees  which have developed adequate root systems,  
relatively c lear stems, and a fair s ize  are cut for negl ig ible  return 
when a relatively short period wdth com,petition reduced would increase 
their merchantable volume tremendously.  Under se le c t ive  logging 
this waste doe s  not occur. Res iduals  can develop with a minimum of 
mortality, while reproduction is practical ly  assured. One method is 
liquidation w'hile the other, adapted to the nature of  the stand, ex 
ploits  fully the growth character ist ics  o f  the sp e c ie s .

Con c lus ion s  are based on only a small amount o f  data which are 
probably not completely representative o f  actual condit ions,  yet ev i 
dence all points to the superiority of  s e l e c t iv e  logging  over c lear 
cutting. Before regulation can be recommended it is necessa ry  to 
estab l ish facts .  Benef ic ial  ef fect  o f  a healthy residual  stand on 
regeneration is fairly c lear and results from the few plots used are 
so uniform that the probabil ity o f  additional data bearing them out is 
high. Growth data, however,  are not suff ic ient ,  and to a s s e s s  the true 
value o f  residual  stands a comprehensive study is essentia l .

For management through se le c t ive  cutt ing it is  of  primary im
portance to establ ish with reasonable accuracy not only regeneration 
tendencies  but grow'th rates of  residuals  under re lease condit ions.  
The amount and quality of  reserve stand has a bearing on subsequent 
mortality, volume increment, and length o f  cutting cy c l e .  The data 
and observat ions at hand are suggest ive ,  but the major contribution 
o f  forest  management research would seem to be the bas ic  growth 
information required for formulation o f  uti lization po l i cy.



Summary
Spruce supplies  the main timber cut o f  the Alberta east  s lope 

region. Virgin stands c o n s is t  o f  just over 100 trees in a merchantable 
c la ss ,  about as m.any more in the main canopy but below 12 inches 
d.b.h. ,  and nearly 300 advance growth stems which form a low under
story.

Clear cutting tends to destroy advance growth, and the regeneration 
period even with seed  source avai lable  is at least  30 years.

Se lect ive  logging preserves most o f  the advance growth as well  as 
leaving a residual  stand capable o f  increased growth.

Comparison o f  a young even-aged stand with two se l e c t ive ly  logged  
stands suggests  that the potential value o f  a residual  stand can 
e x ce e d  that o f  a wel l -developed  50-year old even-aged stand.

Research  in forest management is a pressing need in the Rocky  
Mountain area.

Figure 1

Photograph i llustrates reduction in diameter increment o f  a dominant 
8-inch tree from a 52-year old even-aged  stand.



A

Rapid increase  in diameter growth is  iRustrated in this 8-inch 
tree. Section was photographed 16 years after logg ing  and white 
marks indicate point o f  re lease.




