
CANADA 

Department of Northern Affairs and National Resources 
FORESTRY BRANCH 

CHARACTERISTICS OF SUBALPINE SPRUCE 

IN ALBERTA 

70581-4-1 

by 

K. W. Horton 

Forest Research Division 

Technical Note No. 76 

1959 



Issued under the authority of 

the Honourable Alvin Hamilton, p.e., M.P., 

Minister of Northern Affairs and National Resources 

Ottawa, 1959 

THE QUEEN'S PRINTER AND CONTROLLER OF STATIONERY 
OTTAWA,1959 



CONTENTS 

PAGE 

I TRODUCTION.................................................... 5 

METHODS........................................................ 5 

DESCRIPTIVE COMPARISONS OF THE SPRuCE TyPES.... . . . . . . . . . . . . . . . 6 

Taxonomy and Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Stand Composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Tree Cover.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Reproduction .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 

Subordinate Vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 

Stand Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 

Age Structure .......................................... " 11 

Growth Trends . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 13 

ECOLOGICAL HIGHLIGHTS OF THE SPRUCE FOREST .................. " 13 

Origin and Development . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 

Growth . . . . . . .  .......... .. ............. . ................ ..... 15 
Natural Reproduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 

DISCUSSION OF SILVICULTURAL METHODS .......................... " 16 

Regeneration .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 

Cutting Methods. . . . . . . .  . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. 17 

SUMMARy........................................................ 19 

REFERENCES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19 

3 
70581-4-2 



, 
.'. 

\ 
., 

" 

B 

\., ..... 
\ 
\ 
ie 
.1 

.Josper 
• 

Rocky Mo untain Regi on 

sh owing ranges of 
Pieea g laue a ///// 

�"'" P. engelmann i 

4 

South West Section of 

ALBERTA 
$ howing 

Regions and Stands So mple d 
M - mou ntains - over 6000 ft. 

H - high foothills over 4000 ft. 

B 

G 

• 

boreal forest 

grasslands 

plat location 

I 
( 
, 

RED DEER 
• 

B ----

\ 

CALGARY 
• 

M 

, 
, 

-' 
I 

� \ ' ... 
\' i .. --, 

...... "', 
.. 

\ ,... � 
" \,'< .... .J -' -

,-" 
-, , '-

.... -' ..... 

G 

G 

.> \ , 
......... w�/erton 1"\ II \l._c � tl llW"-� 

_.-.-.-. __ . - .- u. s. A. 

Montana 

, 



Characteristics of Subalpine Spruce in Alberta 

by K. W. Horton* 

INTRODUCTION 
The spruce forests of the Canadian Rocky Mountain region are partic­

ularly interesting and particularly problematioal. They are interesting ecologic­
ally because they represent the most stable natural forest association, and inter­
esting commercially because they comprise the most important source of saw 
timber in the region. They are problematical in their taxonomy, involving a 
complex of two species, and in their silviculture, especially concerning cutting 
methods regarding which some controversy exists. 

It is the aim of this report to describe these forests as they are represented 
in western Alberta, to assess some of the practical features of their ecology, 
and to examine important silvicultural implications. 

The background is provided by ,a fairly extensive though largely disj ointed 
literature, particularly on silviculture of the spruce-fir type in the west, and by 
a study the writer made in 1955-56 on the taxonomy, distribution and general 
ecology of white spruce (Picea glauca (Moench) Voss) and Engelmann spruce 
(Picea engelmanni Parry) in Alberta. 

The front map shows the ,area involved, the east slope of the Rocky Moun­
tains in Alberta, including the adj oining high foothills. Spruce is the dominant 
tolerant forest species from the elevation of 4,000 feet at the edge of the p.lains 
to timberline at 6,500-7,000 feet. As the inset map indicates, the ranges of the 
two species, white and Engelmann spruce, overlap in the mountainous portion 
of this region. Generalizing, white is the typical spruce of the foothills at these 
1atitudes, Engelmann being confined to the higher ranges. However, previous 
observations ( Horton 1956b) pointed to some degree of altitudinal zonation of 
the two species within the mountains, white occupying the lower valley sites, 
Engelmann the upper slopes and a complex of the two between. 

METHODS 

This distribution suggested the field study approach-sampling stratified 
primarily on a taxonomic basis. Accordingly, discrete examples of white, Engel­
mann and intermedj,ate spruce stands were selected, the white generally from 
the high foothills and outer ranges, the Engelmann from the higher forested 
passes 'and the intermediate stands from intervening mountain areas. 

To facilitate comparison further, an effort was made to standardize site. 

Sampling was restricted to three easily definable extremes of site, considering 
local climate and soil drainage-hot and dry ( D), normal and fresh (N), cool 
and moist (M) . It is realized that there would be climatic differences asso­
ciated with the altitudinal zonation, so that a dry site in the white spruce zone 
might not be the same ,as in the Engelmann zone, but a relative comparison was 
the objective. 

tand history is another maj or variable requiring consideration in ecological 
comparisons, but in this case the problem was minimized. There is in this region 
a relatively straightforward succession from lodgepole pine ( Pinus contorta 
Doug!. var. latifolia Engelm.) to spruce-fir ( the fir being Abies lasiocarpa 
(Hook.) Nutt.) It was a simple matter to confine the sampling to undisturbed 

spruce-fir stands with this background, which were all more than 200 years 
of age. 

*Forestry Officer, Forest Research Division, Forestry Branch, Ottawa. 
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Sampling was thus carried out on three sites within historically comparable 
stands of the three taxonomic types. Sample plots varied in size from Yo to %0 
acre and were replicated in each condition. Within a plot the aim was to obtain 
a compJete picture of the gross characteristics of stand and site. All trees over 
I" d.b.h.  were tallied and bored to ascertain age and growth trends. Data on 
basal area and dominant height were obtained. A belt transect (1/100 acre) 
was established along the centre line of each plot for the assessment of repro­
duction and subordinate vegetation. The soil profile development, texture and 
moisture were described together with topographic and local climatic features 
influencing the site. 

DESCRIPTIVE COMPARISONS OF THE SPRUCE TYPES 

Taxonomy and Distribution 

The morphological complex of the two spruces has been problematical for 
many years. In recent years three comprehensive studies relating to the prob­
lem were carried out, more or less simultaneously. The most general is that 
of Wright (1955) which involved the phylogeny of the whole genus Picea. 
Wright proved by morphological and genetical evidence a close affinity between 
white and Engelmann spruce, and conduded that Picea glauca var. albertiana 
(S.  Brown) Sarg. was the product of their hybridization. 

Garman (1957) assessed the problem as it pertains throughout British 
Columbia. From 'a review of past minor studies made in that province, plus 
an extensive sample of the morphological variation, he presented a broad pic­
ture of the complex geographical distribution of the species. 

In Alberta the situation is probably more clear-cut than in British Colum­
bia owing to the more distinct altitudina.l, zonation from high mountains down 
to boreal pLains. A morphological appraisal by the writer (Horton 1956a) ,  
stressing the altitudinal variation, pointed to introgressive hybridization of the 
two spruces. White spruce was found to predominate in valleys generally below 
5,000 feet, Engelmann spruce above 6,000 feet, and a comp.lex gradient resem­
bling a hybrid swarm on the intervening slopes. There appears thus to be an 
ecotypic response, connected probably with climatic differences, with Engel­
mann spruce preferring the cooler, moister conditions, and white spruce the 
warmer, drier. 

Wright's ( 1 955) point that Picea glauca val'. albertiana is a result of this 
hybridization seems to have some j ustification. A comparison of an extensive 
sample of white spruce cones and foliage collected throughout its entire mnge 
failed to show any consistent diagnostic differences between northwestern speci­
mens and any others, except within the hybrid region. Most of the reported 
differences between the variety and the type form are characteristically inter­
mediate between P. glauca and P. engelmanni. These include more resinous 

terminal buds, longer needles �nd sterigmata, more pointed bracts, and a con­
flicting variety of shapes and margins of the cone scales (Horton 1956b) . The 
cones of the variety were described as shorter, broader and darker than those 
of typical P. glauca in Stewardson Brown's ( 1907) origina l  type description, but 
this distinction was not noted in this study either in a sample of white spruce 
specimens from the immediate area of the type specimen, or in an extensive 
comparison of western, eastern and far northern white spruce material at J.arge. 
There remain crown form; var. albertiana is described as having a characteris­
tically narrower form than P. glauca (as has P. engelmanni). In we tern Alberta 
both narrow and broad-crowned spruce can be seen growing together, although 
the former certainly predominate. Northwards in the Territories, however, far 
beyond the recorded range of Engelmann spruce, the white spruce is typically 
narrow. Thus there may be a western variety or form of white spruce but if 
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so the distinction is minor, and in the mountain region of Alberta the issue is 
certainly overshadowed by the fact of introgression between white and Enge.l­
mann spruce. 

In the process of introgressive hybridization there is repeated backcrossing 
of the hybrids to one or both parents (Anderson 1949) . In this case the indivi­
duals vary morphologically all the way from typical white to typical Engel­
mann. Each character will vary from the one extreme to the other and innu­
merable combinations of the characters of the respective taxa will occur. This 
makes categorizing of the hybrids difficult and arbitrary at best, but it  is none­
theless necessal:y in a comparison such as this. 

Fortunately the most useful diagnostic features of the two spruces ,are in 
the cone. There are differences in the flower, shoot and needle but those in the 
cone are most easily assessed. Five possible categories of cone scales found in 
western Alberta, progressing from typical Picea glauca ( G) to Picea engelmanni 
(E) with three intermediate (I) dasses are shown in Figure 1 .  The main cri­
teria used in differentiating the two extremes are in the cone scale. In G the 
widest part of the scale is -t (of the total length) back from the apex, which is 
either broadly rounded or truncated. In E the widest part is close to the 
middle and the apex is narrow and often wedge-shaped. Other differences: G 
has stiff entire scales whereas those of E are thin, wavy and erose of margin. 
In a proportion of samples E has acuminate-tipped bracts; acute or rounded 
bracts are not diagnostic. 

The half-way intermediate (I ) presents a compromise in all or some of 
these characteristics, usually having a ,f,aidy broad scale with an ovate apex, 
more or less serrated and sometimes wavy. Then there are the intermediates 
inclined to G or to E, possessing some typical and some slightly hybrid features. 

On an individual tree all cones are similar in such qualitative characteris­
tics, so that one cone is' enough for this taxonornic assessment. To extend it to  
a stand basis, one has merely to coUect widely scattered cones from the ground, 
preferably dming the year after a good cone crop. This assumes that the ground 
sample would be representative of the tree distribution, a possible weakness but 
usually the only expedient approach. 

This procedme was carried out on the sample plots. A sample of 20-40 
cones was collected on each plot and categorized ,as above. Then, for a crude 
evaluation of the degree of hybridity of a plot, an index was devised by assign­
ing values to the 5 cone scale categories as follows: G=O, GI=l, 1=2, EI=3, 
E=4. The percentages of the total 'cone sample represented by each category were 
calcul,ated; these, weighted by the appropriate value and aggregated, gave the 
hybridity index for the plot. Pure G stands should, by this method, total 0, 
and E should total 400, with hybrid tands ranging anywhere between. How­
ever, with introgression occurring in the mountain region, consistently pure 
stands are difficult to find, some slight contamination being present even at the 
outskirts. Thus these eAi,reme values do not apply; still there are relatively 
typical stands, ,and the index is convenient for indicating these as welL as for 
differentiating the complex hybrid stands. 

To facilitate comparison the plots were grouped into five taxonomic types, 
the same as the cone scale categories. The range in hybridity index of each 
type i shown in Table 1, together with the corresponding altitudinal distri­
bution. 

The distribution pattern supports the previous description, the types occu­
pying overlapping altitudinal zones with intermediate hybrid stands commonest 
at intermediate elevations. 
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In any given type the plot hybridity indices ranged in value as widely 
within as between sites, so that no local ( soil moisture) site preferences can 
be shown for the different types. But, since different altitudinal zones are occu­
pied by the two extremes, ecological differences attributable to change in climate 
might be expected. 

In the succeeding comparisons the three intermediate types will be com­
bined for simplification and strengthening of the sample, and designated type 1. 

TABLE I.-SPRUCE TYPES-DEGREE OF HYBRIDITY AND ALTITUDINAL 
OCCURRENCE. 

Type 

Hybridity Index Range 
Theoretical Value 

Elevation Class (ft.)-

4000-4500 ... .. ... . .. ...... . 
4501-5000.. . . ... . .. . .  . 
5001-5500. 
5501-6000 .. 
6001-6500 ............ . . 
6501-7000 ........... .. . 

S tand Composition 
Tree Cover 

Glauca 
G 

0-40 
o 

5 
11 

1 

Intermediate Engelmann 
1------------------------- 1 E 

GI 

51-138 
100 

I 

171-245 
200 

EI 

264-320 
300 

Occurrence (No. of Plots) by Type 

2 
2 4 ....... . .. 
6 5 5 
3 3 2 

1 1 

328-384 
400 

8 
1 
2 

A generaL comparison of the quantitative stand features of the spruce taxo­
nomic types appears in Table 2. It involves only summaries of silviculturally 
significant points such as relative stocking, the proportions of spruce to fir and 
of large spruce to small. For more details the reader is referred to DeGrace 
(1950 a&b) who presents stand and stock tables and considerable growth data 
for compamhle spruce forests of the same region. 

TABLE 2.-STAND COMPOSITIONS-AVERAGE VALUES PER ACRE. ALL SITES. 

No. B.A. Per Cent No. No. Per Cent No. Per Cent 
Type of Total of Spruce Stems of Spruce of Fir 

Plots B.A. Spruce by B.A. 1'+DBH Spruce 9'+DBH Fir by No. 

G 17 184 168 91 .131 440 27 15 3 
I 34 224 198 88 652 390 38 235 36 
E 11 247 223 90 723 356 41 363 50 

Certain consistent differences between types are apparent. Considering the 
typical taxa, Engelmann spruce stands are more heavily stocked, having both 
a greater basal area and total number of trees. The latter is due to the far 
greater proportion of fir to be found in the E plots. There are, in fact, fewer 
numbers of spruce on the E plots than on the G, yet those fewer trees have a 
greater basal area. This points to larger trees in the E type, which is substan­
ti.ated in the column showing proportion of spruce over nine inches d.b.h. 

Thus a general picture of each type evolves. The G plots have a compara­
tively large number of spruce and few or no firs, whereas the E plots have 
fewer but bigger spruce trees and an abundance of small firs. The I plots are, 
accordingly, more or less intermediate in these respects. In all types the pro­
portion of spruce by basal area is about 90 per cent; other species are of minor 
importance. 
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Reproduction 

Table 3 is a summary of the status of natural reproduction in the different 
types. Data representing a complete tally of seedlings and advance growth 
under 6 feet high were obtained from 1/100-acre transects located within the 
larger plots. A standard of adequate stocking was arbitrarily set at 400 trees 
per acre.· On this basis spruce reproduction is inadequate in 'all three types, 
and is negligible in the E stands. Fir reproduction, on the other hand, is fre­
quently abundant, particularly in the higher I and E stands. It is often lacking 
in the G type, being replaced locally sometimes by black spruce. 

TABLE 3.-NATURAL REPRODUCTION-FREQUENCY PER CENT OF ADEQUATELY 
STOCKED PLOTS. 

Type 

Site Spruce Fir 

G I E G I E 

D 25 25 0 25 43 75 
N 17 31 0 33 85 100 
M 33 15 0 14 77 50 

Subordinate Vegetation 

The ground flora often provides c lues useful in ecological comparisons. 
Certain limited descriptions of species associated with the spruce-fir cover types 
of Alberta have already been published and these have been synopsized by 
Moss (19 55) who suggested that a more comprehensive investigation is needed, 
particularly in the Engelmann spruce-alpine fir type. In Table 4 the species 
encountered on the sample strips of this study are listed accOl'ding to type, site 
and strata by frequency classes. Uncommon species, those found only once 
or twice, have been excluded. 

It is evident from Table 4 that there is more similarity than difference 
between the taxonomic types in floristic structure. The distribution of species 
into the various strata corresponds closely. There are many ubiquitous species, 
occurring sometimes with comparable frequency in all three types. There are 
some specific differences, but few are exclusive to either the G or the E types. 
Pmctically all the non-ubiquitous species frequent the I type as well as one 
or the other "typical" types. Thus certain subalpine shrubs are confined to the 
E and I types, i .e., Menziesia glabella, Vaccinium scopa1-iwrn and V. membra­
naceum. On the other hand, several, western boreal plants do not extend as high 
as the E type; these include Juniperus horizontalis, M ertensia panisulata, E qui­
setum sylvaticum, Delphinium brownii, and Galium boreale. 

Table 4 also shows the relative site indicator value of the species within a 
taxonomic type. This is particularly applicaMe here because of the uniformly 
contrasting nature of the sites sampled and the similarity in background of the 
stands. It is clear that most species are not confined to any particular site. Many 
occur on every site, some to different degrees. A few are reasonably reliable 
indicators of site extremes. On the dry side these include Arctostaphylos uva­
ursi, Juniperus horizontalis, Antennaria ,and Hedysarum spp.; on the moist, 
Betula glandulosa, Achillea and the wet mosses, Camptothecium, Aulacomnium 
and Sphagnum. Not considered are the rarer species which are more exact in 
their site requirements, hence in their indicator value. 
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S tand S tructure 
Age Structure 

The commonest way of representing stand structure is by size c1ass dis­
tribution. With a tolerant species such as spruce, however, every degree of 
suppression among individuals is likely to be encountered so that size bears no 
relation to age. In this study the age of every tree on each plot was deter­
mined, to provide as accurate information as possible on the age cl,ass distl'ibu­
tions of the different taxonomic types. Within a plot the trees were grouped 
for convenience into 20-year age classes. An appraisal of all plots showed that 
four age structure categories existed, as follows: 

Growth Trends 
Notes were made of the lifetime increment history of every tree on each 

plot to give information on the relative incidence, according to type and site, 
of the following features: 

1 .  Steady growth (uniformly well-spaced annual rings). 
2. uppression at any period after seedling stage (crowded rings). 
3 .  Extreme suppression at any time (requiring magnification to differen­

tiate rings). 
4. Recent release following suppression (increased outer ring spacing). 
5. Decadence (presence of butt rot). 

TABLE 4.-LESSER VEGETATIO OF THE SPRUCE-FIR COMMUNITY BY TYPE 
AND SITE. 

Site 

Dry Normal Moist 

G I E G I E G I E --------------'--- 1 -- ---------- -- -- --
TALL SHRUBS-

Rosa acicularis .... . ........... C C S F S C S S 
Ledum oroenlandicum .. . ..... . . . ... . F F S F S S C 
Shepherdia canadensis ....... . .. ..... . .... . F C S S S F 
M enziesia olabella. . . . . . . . . . . . S S S S 
Juniperus communis. C C F S S S S F 
Salix spp .. S F S S S C F C 
Alnus crispa ......... S S 
Lonicera involucrata ..... S S S F S 
Ribes lacust,.e .......... S S S S S F 
Vacciniu1n nternbranaceu1n . ............... 
V. scoparimn .. . . . . . . . . . . S C S C F C 

Potentilia jruticosa. S S S 
Betula olandulosa ... F F 

GROUND LAYER-
Vaccinium vitis-idaea. F S S F S S F S S 
V. caespitosum ...... S C S C F C 
Juniperus horizontalis ... .............. C S 
Arctostaphylos ulla-ursi ... S F S 
Empetrum niormn .. S S S S C 
Linnaea borealis ....... C C C C C F C C F 
Mitella nuda ........ . . . . . . . . . . . . S F F S C C S 
Equisetum scirpoides .. S F F F C C C 
Hylocomium splendens .. C C C C C F F C C 
Callieoonella schreberi ......... F C C F C C C C C 
H ypnum c)·ista-castrensis. . . ........ . .... . C S S F C F C C F 
Thuidium abietinum. S S F S S S 
Rhytidiadelphus sp .. . . . . . . .... F S S S 
Timmia austriaca. . . . . . . . . . . S S S S S S 
Dicranum spp ..  . . . . . . . . . . . . . . . . . . C C C F F F S C C 
Polytrichum juniperinum ... S S F S S F S S 
Mnium spp .......... . . . . . . . . . . . . . . . S S F C C 
Aulacomnium palustre. . . . . . . . . . . F F F 
Camptothecium nitens. ............... S F S C 
Sphaonum spp ... S S F 
Fire mosses ..... S S F S S 
Peltioera apthosa ... C C C F C C F C C 
Cladonia spp ........ ............ ... . .. . ... C C C S C F F F 
Leafy liverworts ... . ..... . ... S S S F S F S 

(Cont'd.) 
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TABLE 4 cont'd. 

Site 

Dry Normal Moist 

G I E G E G E 
-- -- -- -- -- -- -- --

TALL HERBS-
Epilobillm anOllstifolillm .. .......... Ii' Ii' Ii' C S S Ii' Ii' 
Aster conspicuus. ............. . . .. . Ii' C Ii' S S S 
A. cilio/atus .. . . . . . . . . . . . . . . . . S S S F 
H edysarum sulphurescens. S S 
Mertellsia panicll[ata. . . . . . . . . . . . . . . . . . . . . . . S S S C S 
Stenallthium occidentale .. . . . . . . . . . . . . . Ii' S S S S S S F 
Zyoadenus eleoans. .. . ...... . . . . . .  F F S 

HERBS-
Elymus innovatus .. . . . . .... . .. C C Ii' C Ii' F C Ii' S 
Catamaorostis spp .. S S S S 
Other grasses .. . . . . . . . . . . . . . S S s 
em'nus canadensis .. F S C C C F F C C 
Arnica cordifolia. F F F F F C S S F 
Petasites palmatus. ...... . . . . ..... S Ii' S C F F 
Fraoaria oZauca ... S Ii' F F S S S S Ii' 
Pyrola secunda. . . . . . . . . . . . . S C C F C F F Ii' F 
P. asarifolia ..... . . . . . . . . . . . Ii' F S F S F 
Achillea millefolium. F S S 
Senecio indecoT1ts. ......... . . . . . . .  S S S F 
Pedicularis bracteosa ...... S S S S F 
P. labradorica .. . . . . . . . . . . . . . . . . . S S 
Galium boreale ....... C S S S S 
Rubus pllbescens ...... S F 
Habellaria spp ... S S S S 
Osmorhiza obtusata. S S S S 
Delphinium brownil. S F S 
An emolle parviflora ... . . . . . . . . . . . S S F 
Listera borealis ... . . . . . . . . . . . . . . S S S 
A ntennaria spp .. S S S 
Lycopodium annotillum. S S 
Equisetmn sylvaticum ... . . . . . . . . . . S S S 
E. pratense .. . . . . . . . . . . S S S S F F 
E. arvense .. . . . . . . . . . . . . . . . . S S F 
Carex spp .. S C S S Ii' F C C C 

Frequency scale: C common, 67-100% 

F frequent, 34-66% 

S scattered,0-33%. 

No attempt is made to compare the taxonomic types as to growth features such 
as dominant height because of the restricted, selective nature of the sample and 
hecause individual trees measured in hybrid stands do not necessarily match 
their plots taxonomically. 

It was ascertained from preliminary tabulations of the data that absolute 
stand age did not apparently affect the amount of suppression or release in the 
senses j ust described. The plots having the largest proportion of "suppressed" 
trees and those containing the highest incidence of "released" trees occurred 
through the whole range of absolute stand age, from 200 to more than 400 years. 
Comparisons of growth trends between sites within each type showed no con­
sistent relations. Thus the way was clear to compare in these respects the types 
themselves, as is done in Figure 2 .  

The differences between the types in the e growth features are not pro­
nounced, particularly in the E and I types. The G type is to some extent 
superior in that extreme suppression is less frequent and response to release 
more common ; a reflection, likely, of its somewhat less dense stocking as shown 
in Table 2 .  
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Of chief interest is the reasonably high frequency of released growth m 
these stands where natural mortal,ity provides the only disturbance. 

Category Term 
Average 

Age Remarks 
Range 

A even-aged 40 years Maximum of 20% of total age range represented. 

B broadly 120 years Maximum of 50% of total age range, but large majority of trees 
even-aged in oldest classes. 

C two-aged Two distinct age ranges present, each in A or B category. 

D uneven-aged practically Single age classes may be absent and the youngest classes re-
whole range presented by advance growth, often suppressed. 

Data from other studies by this writer were available to supplement this 
and the combined analysis (Table 5) shows the current age structure categories 
of plots representing different types and sites scattered throughout the region. 
Although category C, the two-aged stand, was occasionally encountered, it is 
not included in this frequency table beoause disturbed conditions, the usual 
cause of this structure, were avoided whenever recognizabe in the sampling. 

The signiiicant feature is that the even-aged stands outnumber the uneven 
3 to 1, irrespective of type or site. The reasons for and silvicultural implica­
tions of this finding are discussed later. 

TABLE 5.-FREQUENCY OF STAND AGE STRUCTURES. 

o. of Plots by Type No. of Plots by Site 
Age Structure Category (all sites) (all types) 

G I E D N M 

Even-aged - A  .. . . . .  . . .  . ... . .. . . .  9 11 7 11 13 3 
Broadly even - B. . . . . . . . . . . ... . . . . 19 26 10 12 22 21 
Uneven-aged - D 12 11 5 9 12 7 

D in %  .. . . . . . . . . . . . . . . . 30 23 23 28 26 23 

Discussion 

There are differences in the spruce taxonomic types distinct enough to 
affect silvicultural treatmentr--differences such as the higher proportions of fir 
in the E type, and its paucity of spruce reproduction. As would be expected, 
the taxonomic intermediate stands show intermediacy through the whole beha­
vioural pattern. Yet there are many general similarities 'among the three types, 
similarities in structure and growth which j ustify their grouping for the broad 
eco�ogical and silvicultural considerations which follow. 

ECOLOGICAL HIGHLIGHTS OF THE SPRUCE FOREST 

The emphasis of this study has been mainly on description. Undisturbed 
stands provided the material, the obj ect being to probe natural tendencies. 
Though there were no organized investigations of basic ecological processes or 
of practical silvicultural effects, some of the factual findings do have 'a bearing 
in these respects. It seems appropriate to examine these findings in the light 
of pertinent literature. A brief review of existing silvicultura1 information and 
its ecological background, together with a discussion of possible applications in 
the region under study, follows. 
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Origin and Development 

Concerning stand origin and development, fire is the keynote. Three 
variously detailed accounts of its role in this region exist: B loomberg (1950), 
Cormack (1935) , and Horton (1956) . Following fire a dense stand of lodge­
pole pine will become established. This takes ten or more years, during which 
time spruce will seed in, providing a seed source is reasonably close. After 
this only occasional individuals will germinate and survive. If the site is 
adverse, spruce seedlings will evolve only in rare year when conditions are 
optimum. After about 150 years the spruce will begin to replace the pine as 
dominants. Thus in an old spruce stand there is usually an overstorey which 
is to all intents even-aged (Bloomberg found that it comprised more than 80 
per cent of the trees) ,  with smaller size classes being composed mainly of old 
trees suppressed to varying degrees. Even adv,ance growth was often found 
to be well over 100 years old. Hence, appearances may well be deceiving, 
seeminglY uneven-aged stands actually being preponderantly old. This is the 
explanation for the maj ority of practically even-aged stands. 

The uneven-aged stands that were found probably originated in under­
stocked conditions with a ready seed source from scattered residua l  trees. 
Barnes (1937) described the structure of an uneven-aged Engelmann spruce 
cover type in central British Columbia which was apparently virgin (fire 
excluded ) .  He suggested a cy'clic development resulting in the uneven-aged 
condition. Older age classes develop rapidly, suppressing the younger. Maturity 
is marked by a short period of slow but constant growth, followed by decadence, 
which opens up the stand to release the understorey and renew the cycle. 
Oosting and Reed (1 952) found that extreme unevenness of ages and sizes of 
P. engelmanni and A. lasiocarpa with numerous standing dead trees, character­
ized virgin forests in Wyoming. This condition, which implies great stand age, 
would be exceptional in Alberta according to the present survey. 
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Growth 

Growth in these forests is relatively slow because of the rigorous subalpine 
conditions. Dominant height at overmaturity average around 90 feet. The 
general diameter growth trend of dominant trees is shown in Figure 3,  the 
curve representing the average of close to 200 samples. The outstanding fea­
ture here is the persistence of reasonable growth ,at advanced ages. This con­
curs with a report by Lebarron and Jemison (1953) on Engelmann spruce 
farther south. 

The ability to recover after long periods of suppression is  a well recognized 
trait of spruce and, in some cases, fir ( Hodson and Foster 1910, Pearson 1931, 
Betts 1945, Pogue 1946, DeGrace 1950 a&b, Oosting and Reed 1952, Horton 
1956b). There was no evidence in this study that the response to release de­
creased with age. It was encountered in some of the oldest trees-almost 400 
years of age, and it was found in trees of all sizes. However, some recent 
workers have suggested that it cannot be relied upon in older trees (Smith 1955, 
Alexander 1956). 

The total amount of suppression in old spruce stands may seem discouraging 
but the proclivity tow,ards release compensates and often ensures the continua­
tion of the species in stands where natural reproduction is scarce. 
Natural Reproduction 

Conditions in the fully developed spruce-fir stand do not encourage natural 
reproduction of spruce. The origin and seedbed medium of all the reproduction 
sampled in the present study was assessed, with the following resuj,ts: 

TABLE 6.-SEEDBED ORIGIN OF REPRODUCTION. 

Relative Per Cent-All Types and Sites 
Species 

Rotten Wood Moss Duff Needle Duff Mineral Soil Unknown 

Spruce .... .. . .. . .... . . . .. . . 64 16 3 6 11 
Fir .... ...... .. .. . . .... . ...... 41 23 25 4 7 
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Figure 3. Average radial growth curve of dominant spruce, all types and sites. 
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Two-thirds of the spruce seedlings originated on rotten wood, an occur­
rence which has frequently been noted elsewhere in spruce stands and has been 
described in detail by McCullough ( 1 948) for Engelmann spruce and by Rowe 
( 1955) for white spruce. 

Fir reproduction well outnumbers spruce in all taxonomic types except the 
G, where it is often entirely lacking, being replaced sometimes by black spruce. 
Almost one-half (44 per cent) of all fir reproduction originated as layers ( a  
conservative estimate considering that only one member o f  each layer clone 
was tallied) .  Moreover, fir seedlings appear better adapted to establishment 
on moss and needle duff than spruce. Thus fir exhibits more reproductive ver­
satility and a wider tolerance for seedbed conditions than spruce, both distinct 
ecological advantages. 

The data of Table 6 concur with the findings from an intensive survey 
of the spruce-fir understorey in a hybrid spruce stand at Kananaskis, Alberta 
( Horton 1 956b) . They also agree, in effect, with Smith's ( 1955 ) figures for 
an Engelmann spruce-alpine fir forest in interior British Columbia, although in 
that case all spruce seedlings were confined to Totten wood and mineral soil 
seedbeds. Opinion is virtually unanimous that these two media provide the 
best natural seedbed for spruce in both Engelmann and white spruce types. 
Exposed mineral soil is rare in the undisturbed forest but invari,ably supports 
both spruce and fir reproduction. Humus, of both moss and litter origin , is 
usually too thick to be penetrated by spruce seedil,ing roots before the upper 
layers dry. Fir seedlings, however, by virtue of their fast initial root grO\\"th , 
can survive on this medium (Hodson and Foster 1 9 10, Lowdermilk 1925, West­
veld 1 93 1 , Long 1 947, Place 1953, Smith 1955) . 

A large numerical superiority of fir over spruce in natural reproduction 
and advance growth appears to be characteristic of overmature spruce-fir stands. 
The fir understorey content apparently increases with stand age (Bloomberg 
1 950, Horton 1956b) . According to Oosting and Reed ( 1 952 ) , relatively few 
Engelmann spruce seedlings become established but their survival rate is high, 
whereas the reverse is true with fir. In western white spruce stands the amount 
of reproduction is somewhat greater than in Engelmann spruce by the present 
sample, but not necessarily to the extent of satisfactorily perpetuating the 
spruce content as DeGrace ( 1 950 a&b) indicated . 

DISCUSSION OF SILVICU LTU RAL METHODS 

Regeneration 

The usual inadequacy of natural reproduction of spruce in the old stands 
is attributed to its inability to germinate and survive satisfactorily on moss 
and .litter seedbeds. Some form of seedbed improvement is necessary to obtain 
acceptable stocking in regeneration when these stands are logged. Both broad­
cast burning and mechanical ground scarification have ,been advocated for this 
pUr] ose by workers in v,arious regions throughout the ranges of white and Engel­
mann spruce. Because of the hazard of burning, scarification is favoured in 
Alberta, and several trials have been initiated to develop efficient techniques 
(Crossley 1 952, Quaite 1956, and Ackerman 1 958) . Scarification may, as Smith 
( 1955 ) points out, be the simplest way of favouring spruce over fir by syn­
chronizing the operation with a bumper seed crop of spruce and a poor one of fir. 

Fir is at present considered a weed species in this region. Since it thrives 
on practically all seedbed conditions in the Engelmann and intermediate types, 
it may be necessary to undertake cleaning operations to favour the spruce. 
However, fir is valuable locally in parks and for protecting watersheds. Some 
day, also, it may acquire the marketability of it counterpart in the east . Thus 
it should not be discounted, particulm1ly in view of its high regenerative capacity 
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even on extreme sites. It may be that a combination of methods-natural regen­
eration of fir plus selective planting of spruce-is the most efficient way to 
regenerate some cut-over conditions. 

In any case, if planting of spruce is visualized, attention should be paid 
to the genetical variation in the region-the introgression pattern of the two 
species. Progeny tests should be carried out to determine the best suitability 
of spruce type (specie or hybrid) to habitat. 

In certain stands, mainly more open-stocked, often disturbed by a light 
patchy ground fire, spruce reproduction was observed sometimes in abundance. 
DeGrace ( 1 950a) reports satisfactory reproduction in partiruJ.ly logged stands 
in the region a.fter some years, although his staudard of adequacy, about 300 
trees per ,acre, seems low. The point is that there will be some stands where 
present advance growth is already acceptable for restocking the area ; in such 
cases harvesting should be planned so as to conserve it. 

Cutting Methods 

Considerable controversy has developed in the west concerning the most 
suitable cutting system for the spruce-fir cover type, both clear and selection 
cutting being advocated. The disagreement has arisen large:I'Y because of actual 
differences in age class structure, between regions and between stands. There 
are many factors involved but age is primary, since most spruce-fir stands are 
over 200 years old and, according to a study by Etheridge ( 1956 ) ,  the incidence 
of decay in spruce after 1 00 years increases rapidly, particularly on the moist 
sites. Considering the potential loss from decay and from windfall incurred 
by decay, it is evident that some fonn of clear cutting is required for the 75 per 
cent of stands in western Alberta which are essentialtly even-aged. 

Lebarron and Jemison ( 1953) made this contention for Engelmann spruce­
fir stands in the United States, pointing out other ,advantages of clear cutting 
over partial cutting, i .e. , that it results in simultaneous treatments for slash, un­
wanted alpine fir advance growth , and seedbed conditions by enabling the effi­
cient use of heavy machinery such as crawler tractors. 

Flexibility may be ,achieved through partial oloear cutting, using various 
techniques suited to different conditious of stand distribution and size, terrain, 
wind su ceptibility and so forth. Irregular clear cut blocks of about 40 acres 
are recommended by Lebarron and Jemison ( 1 953) for the Northwest States, 
together with seedbed scarification for natural regeneration, or planting or 
seeding if necessary. In the Color.ado Rockies, the group selection method, 
removing 50 per cent of the merchantable volume in clear cut areas of about 
one chain in diameter, has produced good results in that windfall damage was 
low and spruce regeneration exceeded that of fir (Love and Dunford 1952 ) , but 
logging costs and damage to residuals proved to be high. Alternate clear cutting 
in strips of one chain width is .favoured over group selection and single-tree 
selection when all factors are considered (Alexander 1956) . Logging damage 
to residual trees is the main silviculturaiv objection to selection systems, partic­
ularly in this era of heavy mechanization. 

For all-,aged stands the single tree selection method of harvesting is gen­
erally advocated. Adequate advance growth and protection against windfall 
are prerequisites to this system. The reproduction aspect of Alberta's east slope 
forests has aJ'ready been dealt with ; as to windf,all, according to DeGrace ( 1950 
a&b) it is not a serious problem if a reasonable residu al stand is left. 

DeGrace maintains that selection cutting is admirably adapted to stand 
conditions and logging economics in the region. His arguments are not appli­
cable to the even-aged stands but they hold well for the uneven or more irregular­
aged stands. A full description of the implementation of a true silvicultunal 
selection method is contained in DeGrace's papers, and further details on mark­
ing techniques for pruce stands may be found in DeGrace, Robinson and 
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Smith ( 1 952) . The approach was designed to supplant the economIC selective 
cutting based on a diameter limit which has been a general practice in the 
spruce forestry of Alberta and British Columbia. 

In order to decide on the most suitable silviculture for any spruce stand it 
is essential that the stand be judged on its individual characteristics. Smith 
( 1955) , in discussing the relative applicability of dear and partial cutting, 
gives some helpful criteria for choosing between them through size class distri­
bution. He states that even-,aged stands more than 150 years of age should 
be clear cut because in British Columbia few of the smaller trees of that age 
respond well to release. Age structure certainly seems to be the primary con id­
eration in the question of clear versus selection cutting in Alberta. Before 
the decision on actual cutting technique for any particular stand is reached, 
however, a balance must be struck between all local considerations, the eco­
nomics of logging and regeneration, the protection of residual timber against 
wind, fire, insects, and disease. Then, reference to experience is required-to 
past cutting experience in the looality, and to the .experiments of others in 
similar conditions elsewhere, such as those outlined above. 

Figure 4. Interior of o\'ermature hybrid spruce-alpine fir stand, showing abundant fir 

reproduction. 

18 



SUMMARY 

The spruce forests of the Alberta Rocky Mountain regIOn are examined 
as to taxonomy, ecology and silviculture. 

Introgressive hybridization apparently exists, with white spruce occupying 
lower elevations, Engelmann upper, and a hybrid swarm (intermediate) be­
tween. A method of ,assessing the degree of hybridity of any sample is shown, 
an index based on cone morphology. 

Typical and intermediate spruce types are compared by standardized 
samples and are shown to be generally similar in such points as age structure 
and growth. Differences include ·a higher incidence of fir and scarcer spruce 
reproduction in the Engelmann stands. 

Ecological and silvicultural highlights of the spruce-fir type in generaI are 
reviewed. In structure, 75 per cent of stands are thought to be largely even­
aged ; for these, some form of clear cutting is considered most suitable. Uneven­
aged stands are best suited to the single tree selection system on which refer­
ences are given. Spruce natural reproduction is shown to be inadequate in 
most undisturbed stands; the .advantages of scarification as a remedy are 
discussed in brief. 

The emphasis is on treating each stand according to its individual charac­
teristics, avoiding generalization. 
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