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. PREFACE 

Lodgepole pine (Pinus contotta) is potentially the most important pine 
species in the foothill and mountain regions of Alberta and British Columbia. 
The wide ecological amplitude of this two-needle pine permits it to occupy all 
but the most adverse mountain conditions, and while i,Js form may sometimes 
be distorted, it provides important watershed protection.or alpine areas denuded 
by fire. On the mosti\:>roductive sites this pine produces excellent trees of up to 
30 inches d.b.h. and 130 feet in height. 

. 

4 



TABLE OF CONTENTS 

Section 

INTRODUCTION .......................................... . 

1.  SILVICAL CHARACTERISTICS ............................ . 
1 . 1  Species Description .......................................... . 

1 . 11 Nomenclature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . .  . 
1 . 12 Morphology ........................................ . . 

1 . 13 Species Variation ................................... . 

1 . 14 Range and Occurrence ............................... . 

1 .  2 Species Characteristics ....................................... . 
1 . 21 Phenology . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . .  

1 . 22 Cone Characteristics . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . • , . 

1 . 23 Seeding Habits ............... -: . . . . . . . . . . . . . .  " . . ... .  . 
1 . 24 Germination and Seedbed Preferences . . . . . . . . . .  �. _ _  . . .  . 

1 .  25 Form of Bole and Crown ............ .- . , . . . . . . . . . . . . . . 

1 . 26 Root Systems .................................... .. . 
1 . 27 Seasonal Growth ................................... . 

2 .  ECOLOGy . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 . 1 Physiography of the Lodgepole Pine Forest . . .  ' "  . . . . . . . . . .  � . . . .  . 
2 . 1 1 Geology and Relief ................................ . . 

2 . 12 Climate . . . '.' � . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . 
2 . 13 Landform and Soils ....................... , . . . . . . . . .  . 

2 . 2  Stand History Effects . . .  � ..................................... . 
2 . 3  Cover Type Habitat Conditions .... : . . . . . . . . . . . . . . .  : . . . . . . . . . . . . 

2 . 4  Succession ..... : . . . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . 

2 . 5  Floristics . . . . .. . . . . . . . . . . f .................................. . 

2 . 6  Site Classification Methods ................................... . 

3 .  GROWTH AND yIELD .................................... . 

3 .  1 Individual Tree Growth ...................................... . 

3. 1 1  Diameter Growth .......... : . . . . . . . . . . .. . . . . . . . . . . . .  . 

3 . 12 Height Growth ... , . . . . .  : . . . . .  , . " . . . . . . . . . . . . . . . . . . . 

3 .  13 Crown Size ........................................ . 
3 . 14 Individual Tree Volume and Form .................... . 

3 . 15 Volume Tables for Lodgepole Pine in Canada .. ... ..... . 

3 ; 2 Yield Per Acre ... ........................................... . 
3 . 21 Number of Trees ................................... . 

3 . 22 Basal Area ......................................... . 

3 . 23 Volume Per Acre ................................... . 
3 . 24 Construction and Application of Yield Tables .......... . 

3 . 3  Growth After Partial Cutting ................................. . 

3 . 4  Stagnation ......................... -. . . . . " . . . . . . . . . . . . . . . .. . . . 
3 . 5  Rotation Age ......... , . . . . . . . . . . . . . . . . . . . . . . . . . . .  , .  -: . . .  : . . .  . 

4. DAMAGE AGENTS ........................................ . 

4 . 1  Insects Injurious to Lodgepole Pine in the Canadian Rocky Moun-
tain Region ................................................. . 

4. 1 1  The Bark Beetles ................................... . 

4 . 12 The Foliage Feeders ................................ . 

4 . 13 Twig and Terminal Insects ........................... . 

5 

Page 

9 

1 1  
1 1  
1 1  
1 1  
12  
14  
1 7  
1 7  
17  
21 
25 
26 
29 
31 " 

31  
32 
32 
33 
35 
38 
40 
43 
46 
49 

51 
,51 
52 
52 
58 
58· 
62 
63 
64 
69 
71 
71 
72 
73 
74 

77 

77 
77 
82 
84 



... 
TABLE OF CONTENTS-Concluded 

Section Page 

4 . 14 Sucking Insects..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
4 . 15 Root Feeders..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
4 . 16 Wood Borers... . . . .  ... . . ... . . . . .. .. . .  . .  . . . .  .. . . . .  . . . 86 

4.2 Forest Diseases of Lodgepole Pine in Alberta .. . . ·. . . . . . . . . . . . . .  . .  . 87 
4 . 21 Red Belt . . ..................................... , . . .  87 
4 . 22 Red Stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
4 . 23 Miscellaneous Decays and Stains. . . . . . . . . . . . . . . . . . . . . . 90 
4 . 24 Dwarf Mistletoe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
4 . 25 Atropellis Canker. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
4.26 Needle Cast. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 

4 . 3  Forest Fire Hazard in Lodgepole Pine. . . . . . . . . . . . . . . . . . . . . . . . . . . 95 

5. SILVICULTURE AND MANAGEMENT..................... 99 
.5.1 Regeneration Silviculture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 

5 . 1 1 Regeneration Surveys. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
5.12 Harvest Cutting Methods ... . ........................ / 1 00 
5.13 Slash Disposal and Scarification ..... . ............ . ...... 1 03 

5 . 2  Intermediate Cuttings ........................... . ..... " . . .... " 104 
5 . 3  Fire as a Silvicultural TooL.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  1 06 
5 . 4  Seeding and Planting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 107 
5 . 5  Management of the Lodgepole Pine Forest of Alberta. . . . . . . . . . . . . 109 

5.51 Estimate of Area and Volume. . . . . . . . . . . . . . . . . . . . . . . . .  1 09 
5 . 52 History of Utilization:.r ... . . . .  . .  . .  . .  . . . . . .  . .  . .. . .  . . . .  U3 
5 . 53 Importance of Forest Products .... . ..... , . . . . .. . . . .  '" 1 1 4  
5 . 54 Multiple-Use Management.... . . . . . . . . . . .  . . . . . .  . .  . . . . .  1 18 

6 .  RECOMMENDED SILVICULTURE AND MANAGEMENT . .. 120 
6 . 1  Silviculture and Management of the Subalpine Forest. . . . . . . . . . . .. 1 20 

6 . 11 Regeneration Silviculture in Pine Stands. . . . . . . . . . . . . . . .  121  
6 .12 High-Yield Silviculture i n  Pine Stands ..... . ..... . ... " 123 
6.13 Silviculture in Pine-Spruce Stands. . . . . . . . . . . . . . . . . . . .. 123 
6 . 14 Management of Pine in the Subalpine Forest ... ',' . . . .  . . .  124 

6.2 Silviculture and Management of Lodgepole Pine in The Boreal Region 125 
6.21 Regeneration Silviculture. . . . .. . .  . . . . .. . . . . . . . . . .. . . .. 1 25 
6 .  22 High-Yield Silviculture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
6.23 Management of Pine in the Boreal Forest..... . . . .. . . . . .  127 

6 . 3  Silviculture and Management of Denuded Lands. . . . . . . . . . . . . . . . .  1 28 
6 . 4  Forest Inventories. . . . . . . . . . . . . . .  .. . . .. . .  . . . . . . . .  . . . . . . . .. . . . .  128 

REFERENCES.. . . . . . .  . . . . . . . . . . . . . . .  . .  . . . . . . .. . . . . . . . .  . . . .. 129 

APPENDIX 
Volume Tables, I to VII. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 
Yield Tables, VIII to XXIV ... . ....... . .......... f • • • • • •  , • •  1 43 
Percentage Taper, Table XXV ........................... : . 151  
Ground Vegetation, Table XXVI.. .. . .  . . . . . . .. . . . . . .  . . . . . . .  1 52 

6 





LODGEPOLE PINE IN ALBERTA 
INTRODUCTION 

The ma�agement of any commercial tree species is based on the accumulation 
of a multitude of facts and ideas obtained by careful observation and controlled 
experimentation. The welding together of these individual items into a sound 
plan incorporating the significant economic and biological factors produces a 
framework within which it is possible to carry out the rational management of 
the forest. A great variety of information and ideas have been assembled during 
the past 50 years on lodgepole pirie (Pinus contorta). A detailed bibliography of 
this material has been prepared by Tackle and Crossley (1953) .  However, 
with regard to the management of this species in Alberta, very little has been 
done by way of assembling the available information into a pattern upon which 
the sound husbandry of the forest may be carried out. 

The purpose of this report, therefore, is to assemble these isolated facts 
concerning the behaviour of lodgepole pine in Alberta and to develop a ten­
tative system for managing the species. 

Insofar as possible the report is confined to data on lodgepole pine gathered 
by the various forest research organizations in the province of Alberta. Where 
ideas are corroborated by research elsewhere, such work is noted. Where in­
formation is lacking in Alberta but is available from other areas, detailed con­
clusions of these studies are presented and their applicability to Alberta conditions 
is discussed. 

In view of these considerations the report has been divided into six sections. 
The first five present summaries of observational studies and experimental 
research dealing with various phases of behaviour of lodgepole pine. The sixth 
section contains recommendations for the silviculture and management of lodge­
pole pine in Alberta. 

To indicate the scope of this report, a brief description of the various 
organizations engaged in the study of lodgepole pine in Alberta is necessary. 
These include the federal Department of Forestry, formerly the Forestry Branch, 
Department of Northern Affairs and National Resources; the former Division 
of Forest Biology of the Canada Department of Agriculture, now part of the 
federal Department of Forestry; the Eastern Rockies Forest Conservation 
Board and the Department of Lands and Forests, Province of Alberta; and the 
Department of Botany, University of Alberta. 

The Department of Forestry has been engaged in the study of lodgepole 
pine for about 40 years. During the early period, this department devoted it­
self to management and utilization, engaged in province-wide rate-of-growth 
studies, and prepared volume tables. Emphasis was also placed on silvicultural 
st.udies, particularly the thinning of dense pine stands. More recently, con­
sideration has been given to the preparation of yield tables, regeneration surveys, 
studies of silvical and ecological characteristics, and the development of im­
proved silvicultural practices, in particular harvest cutting methods. 

The former Forest Biology Division of the Canada Department of Agri­
culture concerned itself with the investigation of various damage agencies, 
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particularly fungi and insects, and the application of this information to the 
management of pine, and continues this work as part of the Department of 
Forestry. Both the Alberta Department of Lands and Forests and the Eastern 
Rockies Forest Conservation Board have carried out large-scale inventories of 
the forests of Alberta and have provided valuable information on the distribution 
of lodgepole pine in the province. The Department of Botany of the University 
of Alberta has confined its investigations to the study of ecology and plant 
associations of the lodgepole pine forest. 

• 

Miles 
Q 290 4,00 

Figure 1. The botanical range of lodgepole pine in North America. 
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1. SILVICAL CHARACTERISTICS 

1 . 1  SPECIES DESCRIPTION 
1 . 1 1 NOMENCLATURE 

Lodgepole pine, like many other common tree species, has a complicated 
nomenclatural history. Little (1953) has contributed the following information. 

The accepted scientific name is Pinus contorta Dougl. and the approved 
common name, lodgepole pine. Contorta was derived from the contorted, twisted 
crown of the typical shore or scrub pine, the coastal form of which was the 
first to be described. Other scientific names or synonyms are listed below in 
chronological precedence together with abbreviated citations: 

Pinus contorta Dougl. ex Loud. Arb. Frut. Brit. 4 :2292. 1838. 
Pinus murrayana Grev. & Balf. in A. Murr., Bot. 

Exped. Ore. (Rpt. No. 8) 2, 
No. 740. 1853. 

Pinus contorta var. latifolia Engelm. in S. Wats. in King, Rpt. 
U.S. Geol. Expl. 40th Par. 5:331 .  
1871. 

Pinus contorta var. murrayana (Grev. & Balf.) Engelm. in S .  Wats., 
Bot. Calif. 2 :126. 1879. 

Hybrid-Pinus x murray banksiana. Righter & Stockwell (P. banksiana 
x contorta) 

Little adds the following comments: "Some authors distinguish two varieties 
of which Pinus contorta var. contorta, shore pine, is a low scrubby tree of the 
Pacific coast from southeastern Alaska to northern California. Pinus contorta 
var. latifolia Engelm., lodgepole pine, is the taller, inland tree form of the moun­
tains from Yukon southeast to Colorado. However, the differences are largely 
in habit rather than in botanical characters." 

This report deals with the inland form, lodgepole pine, which is treated as 
a distinct variety for silvicultural purposes. 

1 . 12 MORPHOLOGY 
The morphological features of lodgepole pine make it readily distinguishable 

from most of its associates in Alberta. Only in the case 'of jack pine is there any 
degree of similarity. The leaves of lodgepole pine are needle-like, occurring 
usually in bundles of two; however, occasionally individual trees may be found 
bearing needles in bU'ldles of three. Customarily, the needles are 2 inches in 
length but vary from 1 to 3 inches long and from 1/16 to 1/8 inch in width. The 
needles are somewhat twisted, stiff and yellow-green in colour. In general, the 
needles are somewhat longer than those of jack pine and foliage density appears 
heavier; however, because of variations among individual trees, foliage cannot 
be employed as a distinguishing feature. 

Flowers of both sexes are borne on the same tree and become apparent 
during the month of May. Male flowers are reddish brown in colour, roughly 
cylindrical in shape, and are 0.3 to 0.4 inches in length and 0.2 inches in diameter. 
These flowers are borne in clusters at the base of the new shoot. Individual 
lodgepole pine (Crossley 1956a) have been recognized as consistently bearing 
heavy crops of male flowers. This characteristic imparts a distinctive whorled 
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I pearance to the foliage of lateral branches. The fruit appears as a greenish 
��rple conelet borne at the base as well as some distance up the new shoot. 
Cones at both these locations may be fertilized during the same year and require 
two years to mature. Seed borne in these cones are winged and are among the 
smallest of the pine seeds. 

The twigs of lodgepole pine are stout,· with leaders up to ! inch in  diameter 
not uncommon. Colour varies from orange brown to dark brown. Buds are 
ovoid, about i inch in  length and are resinous. Normal bud formation produces 
a terminal bud and 4 or 5 laterals, constituting a primary whorl of branches. 
During the season's growth, a secondary whorl of 3, 4 or 5 laterals may develop 
at roughly two-thirds of the distance between successive internodes. Secondary 
whorls occur usually on rapidly growing trees or during that part of the tree's 
life cycle which is associated with rapid growth. 

The bark of the main stem varies considerably in colour. New growth is 
orange brown and gradually changes toward a dark greyish brown as the bark 
matures. Individual mature trees, however, may show streaks of light reddish 
brown bark. In general the bark colouration of lodgepole pine in Alberta is  
considerably darker than in the southern portion of the species range and in  
this characteristic the Alberta trees more closely resemble jack pine. Lodgepol� 
pine is noted as a thin-barked species, its loosely scaled bark rarely exceeding 
! inch in thickness. The wood is relatively light, soft and straight-grained although 
spiral grain may occur in local areas. Colour of the wood varies from light yellow 
to white and the demarkation of annual rings is distinct but not heavy. 

1.13 SPECIES VARIATION 
The lodgepole pine forest in the Low Foothills Division of Alberta north 

and west of Edmonton is of particular interest to ecologists because within this 
area is an overlap of the natural ranges of two similar species, jack pine (Pinus 
banksiana Lamb.) and lodgepole pine, (Pinus contorta var. latifolia Engelm.).  
The ranges of these two species in Alberta (Moss 1949) are shown in Figure 2. 
In  accordance with criteria of natural hybridization (Allan 1937), Moss (1949) 
has reported the occurrence of what appear to be a number of hybrids of lodge­
pole and jack pines within the overlapping portion of their ranges. A number of 
phytogeographical explanations have been offered as a basis for the variation 
and location of this series of hybrid forms. The most tenable of these is that 
during interglacial times these two pines occurred as distinct species with over­
lapping ranges and formed hybrids as they now do. Under certain circumstances 
some of the forms were segregated by geographical barriers and survived in  
refugia, later migrating into the region. Such a theory might provide an ex­
planation for morphological jack pine hybrid types found in Manitoba. 

Various morphological features have been studied by Moss in  an attempt 
to define hybrid forms. Some features, such as branch habit, crown shape, 
bark, foliage, and staminate cones; while adequate for separating the true forms 
of the two species, cannot be relied upon to distinguish the hybrid series. Others, 
such as leaf anatomy and position of seed cones, are not even adequate for this 
purpose. However, the shape and appearance of the seed-bearing cones does 
provide a basis for distinguishing the hybrid series as well as specimens of the 
true species form. Moss describes the mature cones of lodgepole pine as spreading 
or reflexed, ovoid or conical in shape, the scales conspicuously umbonate, each 
scale armed with a minute recurved prickle. Jack pine cones are erect (directed 
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toward the apex of the shoot), strongly incurved or slightly spreading, the 
scales variously thickened (outer and lower, large, mammiform) and unarmed. 
Moss also describes the cone characteristics of a series of hybrid forms which 
includes eight typical cone types showing intermediate characteristics, some of 
these being more closely related to jack pine and some to lodgepole pine. Trees 
showing intermediate characteristics are most abundant in the central parts of 
the overlapping range, particularly in stands where both lodgepole and jack 
pine occur. Such trees are rare or absent near the range limits of each species 
and in stands of only one species. Figure 2 shows the occurrence of hybrid forms 
recorded by Moss (1949). 

A different approach to the identification of natural hybrids of lodgepole 
and jack pines has been made by Mirov (1956) who tested chemical and physical 
properties of turpentines collected from pure strains of each species, as well 
as from natural hybrids and artificial crosses between jack and lodgepole pines. 
Mirov's findings substantiate earlier conclusions based on morphological features, 
that natural hybrids between these two species do occur in Alberta. On the basis 
of these findings, it appears reasonable to expect some ecological differences 
between pines of this hybrid zone and those of the subalpine forests. 

For further details on geographic variations in  lodgepole pine, the reader 
is referred to Critchfield (1957). 

1 . 14 RANGE AND OCCURRENCE 

Lodgepole pine occurs in pure stands as well as in mixtures with a number of 
other species. However, for the purpose of this monograph the lodgepole pine 
type in Alberta is defined as including pure stands and also those mixtures in 
which it makes up 70 per cent of the volume. 

The main species occurring in mixture with lodgepole pine include Engel­
mann spruce (Picea engelmannii Parry) ; white spruce (Picea glauca (Moench) 
Voss), and black spruce (Picea mariana (Mill) BSP.); alpine fir (Abies lasio­
carpa (Hook) Nutt); balsam fir (Abies balsamea (L.) Mill) ; trembling aspen 
(Populus tremuloides Michx.) ;  poplar (Populus balsamifera L.) ; and to some 
extent Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco). 

The lodgepole pine type in Alberta occurs over a wide range of growing 
conditions and occupies a large area of the province. Reference to range maps 
for the species show that lodgepole pine in Alberta occurs in the western portion 
of the province, in a .band of varying width, from the international boundary 
to approximately the 59th parallel of latitude. This band includes the eastern 
slope of the Rocky Mountains as well as the foothills region of Alberta. In the 
south of the province, the species range is limited by the prairie grassland 
formation while further north it is bounded by the aspen grove condition of the 
plains. At the northeast extremity of its range it merges with the western ex­
tension of the jack pine range and a transition area is formed containing hybrid 
forms of these two pines. 

In Alberta, lodgepole pine has been broadly termed the dominant subclimax 
species in the subalpine and montane forests, and the Foothills Section of the 
boreal forest (Halliday 1937, Rowe 1959). A more detailed investigation has led 
to the recognition of four phytogeographic divisions within the lodgepole pine 
community of the province (Horton 1956). Their boundaries are shown in Figure 
3, together with several known outlying areas of lodgepole pine. Each of these 
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isolated outliers occurs on ranges of high hills. Raup (1934) and Halliday and 
Brown (1943) suggest that the species survived the Keewatin glaciation in refugia 
at these locations. However, other ecologists maintain that post-glacial mi­
gration, combined with subsequent competition from better adapted species, 
have served to isolate these eastern outliers of lodgepole pine. Regardless of 
which theory is correct, it is implied that much broader distribution of lodge­
pole pine existed at some previous date. A description of the distinguishing 
physiographic and vegetative features of the four divisions follows: 

Montane Division-This forest is localized in small sections of southwestern 
Alberta where i t  occupies an altitudinal zone between subalpine and prairie· 
conditions. It  is a northern extension of a type described by Larsen (1930) for 
the east slope of the Rockies in Montana. Douglas-fir is the characteristic species 
associated with lodgepole pine. Engelmann spruce, alpine fir and l imber pine 
form an admixture at higher elevations and stunted aspen and white spruce 
occur with lodgepole pine along the prairie fringe. 

Subalpine Division-This includes all of the Alberta portion of the Rocky 
Mountains, lying between the 4,5OO-foot elevation and timberline which is 
approximately at 6,500 feet. The characteristic tree is Engelmann spruce but 
subclimax stands of lodgepole pine predominate. White spruce replaces Engel­
mann in the lower valleys and these two spruces hybridize freely where their 
ranges overlap. Alpine fir is a frequent component, especially in older stands 
and higher altitudes. Black spruce, Douglas-fir and aspen are minor associated 
species of restricted distribution. 

High Foothills Division-The long, narrow strip of country typified by high, 
wooded hills and deep valleys, usually between the 4,000- and 6,OOO-foot ele­
vations, comprises this division. It closely resembles the subalpine forest. Lodge­
pole pine is preponderant and white and black spruce are the major associates. 
Alpine fir and aspen are localized and relatively unimportant. 

Low Foothills Division-As its name implies, this forest occupies the low hills 
and plateaux between the plains and the foothills proper. Toward the south 
the zone occurs between the altitudes of 3,000 and 4,000 feet but further north 
it extends to lower elevations. It is an ecotone between the boreal and subalpine 
forests, containing some elements of each but favouring the former. The out­
standing distinguishing feature is the prevalence of mixed wood types. Aspen, 
and to a much lesser extent balsam poplar, compete effectively with lodgepole 
pine as post-fire pioneers in this division only. White and black spruce and balsam 
fir are frequent but seldom abundant associates, and alpine fir is comparatively 
rare. 

Clarke and Cowan (1945) have aptly expressed the general status of lodge­
pole pine as a temporary fire type running through all forest divisions and not 
diagnostic of any. 

For descriptive purposes, where a less detailed subdivision of the lodgepole 
pine forest is required, the combined Subalpine, Montane and High Foothills 
Divisions will be referred to as the subalpine forest, while the Low Foothills 
Di vision will be termed

' 
the boreal forest. 
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Plate 1. Typical cone-bearing habit of lodgepole pine. 

Plate 2. Dense foliage habit of lodgepole pine. 

Photos for Plates 1 to 7 by P. Debnam, For. Ent. and Path. Lab •• Calgary, Alta. 
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It was also found that direct sunlight or reflected radiation from some nearby 
mass was necessary to raise temperatures to the rupture point. Frequently the 
upper faces of suspended cones in direct sunlight ruptured while the under sides 
remained sealed. The surface temperature of a cone rises very rapidlY upon 
exposure to direct sunlight and only a short period of such exposure is required 
to rupture the resin bond. It was demonstrated that the height of the cone above 
ground level was a significant factor in cone opening. Cone temperatures increased 
significantly as cone distance from ground level was decreased below 6.5 inches; 
whereas above this level there were no definite changes in cone temperature. 
Also at heights of more than approximately 7 inches from the ground or some 
other reflecting surface the cone temperatures were insufficient to rupture the 
resin bond. The effect of various ground surfaces as reflection media was studied. 
Although some difference was found in a comparison between charred conditions 
resulting from fire, bare mineral soil and undisturbed duff, these variations were 
not of sufficient magnitude to be limiting. 

In the same study Crossley investigated the variable pattern of the opening 
of slash-borne cones under various degrees of crown canopy. Although the 
differences were not great, it  was found that consistently higher temperatures 
were reached at both 3.5 feet and ground level under clear-cut conditions as 
compared with readings for various degrees of overstorey. As would therefore 
be expected, there was a higher percentage of cones rupturing their resin bond 
when overhead shade was at a minimum. In addition to rupturing the resin bond, 
the flexing of cone scales, termed cone opening, and the subsequent release of 
seed is of great importance. Here again the lightest degrees of overstorey pro­
duced the highest percentage of cone opening. Crossley attributed the higher, 
percentage of cone opening, on the light overstorey conditions, to the increased 
ventilation, which brought about more rapid drying of the cone scales. 

In the study it was also found that cone age had no effect on the ahility of 
the cone 

-
to open. The greatest percentage of slash-borne cones opened during 

the first year under optimum temperature conditions. Additional cones opened 
during the second year owing to sagging of the slash and removal of shade by 
foliage deterioration. During the third year there were very few additional 
openings, since there was no appreciable change in the temperature or ventil­
ation conditions. It has also been suggested in this study that local climate, 
particularly aspect, plays an important role in determining the maximum 
radiation temperatures. As would be expected, southerly aspects consistently 
produce higher temperatures than do northerly exposures. 

It was observed that individual trees showed distinct habits of bearing their 
cones closed, or open. That is to say, on some trees the resin bond remained 
intact and the closed cones remained on the trees for an indefinite period, whereas 
on others the cones opened naturally within a short time after they had matured. 
This observation resulted in a further study by Crossley ( 1956a), to investigate 
the cone-bearing habits with particular emphasis on the circumstances surround­
ing the bearing of serotinous and non-serotinous cones. Both stands and in­
dividual open grown trees of various ages under a variety of conditions were 
studied. The study included two-year-old cones, as well as cones up to 20 years 
of age. On a series of individual open grown trees every cone on each tree was 
inspected, its age determined and its state, either closed or open, was recorded. 
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Plate 3. Needles of lodgepole pine. 

Plat� 4. Comparison of 2-Yl'ar-old rone (left) and l-year-old cone (right) of lodgepole pine. 
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As a result of this study it was established that individual trees may be 
classified as bearing their cones serotinously, non-serotinously, or they may have 
intermediate tendencies, bearing some cones open and some closed. This habit, 
once set, remains in effect for at least 20 years. Notwithstanding this finding, 
it was noted that the majority of the trees in young stands were open-cone while 
the majority in mature and overmature stands were closed-cone. This reversal 
could not be related to differences in site or soil conditions, and therefore Crossley 
concluded that there was a general reversal of cone-bearing habit during the 
life of the stand. This conclusion is substantiated by Mason (1915) who states 
that on the Targhee Forest on trees less than 55 years of age, five-sixths of the 
cones opened at maturity -while on trees over 55 years, only one-fourth of the 
cones opened. Crossley (1956a) observed that cone-bearing became general in 
lodgepole pine at a very early age. In a 17-year-old stand 50 per cent of the trees 
were classed as cone-bearing and a total of 6,500 cones were borne by 7,300 trees 
on an individual acre. Since by far the largest proportion of these cones opened 
upon maturing, the residual seed supply in closed cones would be insufficient to 
restock the area in case of fire. Crossley also found that cone-bearing of young 
trees decreased at higher elevations in the subalpine forest; whereas 58 per cent 
of the y6ung trees bore cones at an altitude of 4,800 feet .. only 20 per cent were 
cone-bearing at elevations of 5,700 feet. 

In investigating immature st.ands (55 years) and overmature stands (125 to 
250 years), it was found that not only was the number of cones borne per tree 
much higher than in young 17-year-old st.ands, but also the majority of the cones 
were serotinous and consequently in case of fire a larger seed supply would become 
available. In such stands there was no well defined relationship between size of 
cone crop and crown class of the individual tree. In the immature stands and, 
to a greater extent, in overmature stands, a number of the trees, usually inter­
mediate or co-dominant stems, were open-cone trees; however, since the number 
of these is not large, Crossley suggests that harvest cutting procedures dependent 
on residual stands for seed supply should be designed carefully to reserve these 
open-cone trees for annual seed production. 

Detailed examination of 20 years of cone crops on individual trees showed 
that while there is a variation in volumes of yearly crops there was no case during 
the 20-year period when a nil crop was recorded. 

1 . 23 SEEDING HABITS 

Because of the characteristics mentioned in the preceding section, it is 
necessary to consider the seeding habits of lodgepole pine under a variety of 
conditions, including stand age and nature of seedfall, whether fire-induced or 
natural from non-serotinous cones .. 

In young stands the majority of the seed is disseminated annually. Crossley 
(1956a) estimates a total cone crop of 6,600 cones per acre, of which roughly 

- 17 per cent are serotinous. At an average of 40 seeds per cone, as suggested by 
Bates (1930), this would indicate that roughly 45,000 seeds would be retained in 
serotinous cones and would be available only in case of fire. Crossley suggests 
that this seed supply might in some cases be inadequate to regenerate the stand 
in case of fire. 
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Plate 5. Flushed vegetative buds or lodgepole pine and the position or l-year-old cones. 

Plate 6. Position or male cluster on a lateral branch. 
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Plate 7. Partially opened lodgepole pine cone on a young pine. 

Seed supply in immature stands presents an entirely different picture. 
Crossley (1955c) carried out a study on annual seed supply of naturally released 
seed using seed traps and estimated the annual seed fall per acre at roughly 30,000, 
10,000 and 24,000 for the years 1952, 1953 and 1954 in a subalpine stand at 
Kananaskis, Alberta. However, since in this area 92 per cent of the trees fall 
into either the closed cone or intermediate elasses, it may be estimated t.hat. the 
total seed supply carried in both serotinous and non-serotinous cones would lie 
between 100,000 and 300,000 seeds per acre. This figure may be compared with 
those shown by Bates (1930) for the Medicine Bow area in Wyoming. In this 
area, based on accurate cone counts)rom felled trees, the average annual total 
crop including new and old cones over a 1O-year period was 253,699 seeds per 
acre with a range from roughly 26,000 to 536,000 in bad and good years. It is likely 
that additional records at Kananaskis will show an increase in yearly variability 
of seed crop. Crossley con

·
eludes that the seed crop borne in closed cones and 

released in case of fire would be adequate or even super abundant, while the 
annual crop available from non-serotinous cones might well be insufficient to 
adequately restock a cut-over area. 

In addition to investigating the amounts of lodgepole pine seed released 
annually, Crossley used seed traps to investigate the distance to which this seed 
was carried by prevailing winds. The resulting catch of seed showed that there 
were no significant differences in the seed catch between various distances, 
from 1 to 5 chains, to the lee of the stand. For the period 1952-54 the annual 
seedfall to the lee of the stand varied from 550 to 2,450 viable seeds per acre. 
However, the amount of seed caught directly under the stand was many times 
as great as the catches at various distances from the st.and. It was also found 
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that while small amounts of seed were released continuously through the year, 
the maximum seedfall occurred over a 4 to 5 week period which climaxed around 
the first of October. In  general, Crossley concluded that the annual seedfall 
from non-serotinous cones in mature stands would be inadequate to insure 
restocking of an area. The results of the seed trap catches have been checked by 
scarifying the area previously occupied by the seed traps and by tallying the 
weekly survival of lodgepole pine seedlings. The results of this study confirm 
Crossley's predictions in that a milacre stocking of 50 per cent was obtained at 
the edge of the seed source while stocking at 1 to 5 chains from seed source 
averaged only 8 per cent. 

Planting in Alberta has largely consisted of erosion control and windbreak 
establishment ; therefore, little attention has been given to planting of lodgepole 
pine or the associated problems of seed collection and extraction. However, in 
the northwestern United States considerable work has been done in the field. 
Bates (1930) found that the viable seed was borne in the upper half of the cone 
and that there was no object in attempting to spread the basal scales. While 
the average number of seeds per cone was considered to be 40, individual cones 
produced as few as one or two seeds. The normal number of cleaned seeds per 
pound was 100,000 and customary extraction methods yielded between one 
third and one half pound of seed per bushel of cones. It was found that the 
viability of seed from newly matured cones is generally greater and more regular 
in germination period than that of seed from old cones. Cone collection and cone 
storage methods for lodgepole pine vary little from that for other pine species. 
Squirrel caches are regarded as a simple and effective means of accumulating 
quantities of cones. The picking of cones from standing trees except for special 
experime�tal purposes is not regarded as economical, while the gathering of 
cones from logging operations is largely a matter of timing, although the serotin­
ous nature of the cones makes the timing factor less important than in other 
species. Cone storage prior to seed extraction is important only insofar as it is 
necessary to provide a relatively dry location with adequate ventilation. Bates 
suggests that the highest quality of seed is produced when a maximum amount of 
air drying is accomplished during storage prior to kiln drying of the cones. 

Seed extraction from lodgepole pine cones is a major problem since the 
serotinous character of the cones necessitates the application of considerable 
heat. Bates' work 'indicates that necessary extraction facilities include the 
provision of a steady supply of hot air with adequate c;irculation through cone 
trays each containing only a single layer of cones. The cone tray elevation in the 
kiln should be rotated to provide even heating of all trays and they should be 
shaken frequently to extract the seed. From a viewpoint of economy, the ex­
traction room should be adequately insulated against heat loss. Bates, however, 
notes that heat alone does not cause the opening of cones, and that air dryness 
is of maximum importance. Heat serves mainly to dry the air and the process 
is wholly ineffective in  warm moist air. 

The storage method recommended for lodgepole pine seed is sealed storage 
at temperatures ranging from 32° to 50° F. It is worthy of note, however, that 
lodgepole pine seed can remain enclosed in the cones on living trees up to 30 
years without serious loss of viability. 
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1 . 24 GERMINATION AND SEEDBED PREFERENCES 

Two aspects of the germination ability of lodgepole pine are of particular 
interest. The first is the germinative capacity of artificially extracted seed under 
known conditions. Information on this suhject is presented by Bates (1930) . 
In a series of 413 uniform tests each with a duration of 62 days under minimum 
temperature of 57° and a maximum of 83° F., at moisture contents between 6 
and 10  per cent, 41 days were required to bring about 80 per cent of capacity 
germination. Bates also predicts that no more than 75 per cent of capacity 
germination can be expected under ideal nursery conditions. Seed dormancy 
does not present a serious problem in this species; however, minor occurrence 
of what is probably embryo dormancy has been reported (Anon. 1948). 

Unfortunately, there is very little specific information on the behaviour 
of lodgepole pine under field conditions. This species has been noted for its ability , 
to regenerate following fire, which, in addition to releasing an abundance of 
seed, also creates a favourable seedbed by destroying litter accumulations, 
and reduces competition for both light and moisture to a low level. The fact 
that tallies of 500,000 established 5-year-old seedlings per acre have been re­
corded in the Cypress Hills area of Alberta provides some indication of how 
successful germination can be following some fires. Notwithstanding the spec­
tacular results in germination produced on some burned-over lands, there are 
also burned areas where pine reproduction, even with a seed supply available, 
has been a failure. No doubt special circumstances related to soil conditions or 
character of the fire brought about such failures. Detailed investigation of fire 
in relation to lodgepole pine germination would produce valuable silvicultural 
information. 

Studies of seedling establishment and stocking in subalpine lodgepole pine 
stands following fire were carried out by Horton (1953 and 1955). It was ob­
served that while most of the seedlings came in within three years following the 
fire, a substantial percentage became established during the subsequent three­
year period and some even later. Horton showed that stocking was poor on the 
steep slopes with southerly and south-westerly exposures and was densest on 
the northerly slopes. In general shallow, stony and dry soils showed low stocking 
while deep moist well-drained soils tended to over-stocking. Similar trends of 
stocking were noted by Stahelin (1943) on burned areas in  Colorado. Mason 
(1915) showed that 70 per cent of the lodgepole pine reproduction of sample 
areas came in within the first 5 years after the fire, 21 per cent more came in 
during the subsequent 5 years and the balance seeded in during the next 20 years. 

The basic factors affecting lodgepole pine germination and establishment 
include moisture, t.emperature, and light. Bates (1924) states that germination 
of lodgepole pine seed is best under wide diurnal temperat.ure fluctuations amount­
ing to 30° F. He points out that this species requires a high degree of insulation, 
the seedlings seldom being injured by direct heating. It is generally considered 
that temperature conditions in Alberta during the growing season are not limiting 
to the establishment of pine. Moisture conditions, however, may frequently be 
a critical factor for both germination and survival. In general, it has been ob­
served that pine seedlings germinate and become established on mineral soil 
whereas on deep litter accumulations, germination may take place, but survival 
is poor because of the rapid drying of litter in drought periods and the failure 
of the root system to become firmly established in a permanent moisture supply. 
Horton (1953) and !\fason (1915) both noted the t.endency toward heavier stock­
ing of lodgepole pine in burned areas on the cool moist ecoclimate of north and 
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northeastern exposure. On the other hand, excessive moisture also appears to 
deter abundant germination and survival. It has been frequently observed that 
high water table areas, occurring under muskeg conditions in northern Alberta 
after fire, produce sparsely stocked stands of lodgepole pine. Lack of aeration 
and limited rooting area appear to be the causes for the low survival of pine 
on such areas. 

While the light requirements for germination are low, the species is definitely 
intolerant and excessive shading may retard or prevent the subsequent growth 
of the seedling. The presence of overhead shade may help to reduce evaporation 
and thus increase moisture, but lodgepole pine must in general be regarded as a 
species adapted to reproducing on open dry conditions with an absence of 
vegetative competition. Bates ( l924) states that its slow rooting habit is adapted 
to conditions where vegetational competition is negligible and where surface 
moisture must be well utilized. 

Observations by Crossley (1952) suggest that germination and establishment 
of lodgepole pine seedlings are more readily obtained in cut-over stands in the 
northwestern region of the United States than in Alberta and he attributes this 
difference to the heavier accumulations of litter and more complete vegetative 
cover, particularly grasses, present in Alberta. It therefore appears that intensive 
study is required on the problems of germination and seedbed conditions for 
lodgepole pine in Alberta. ScoW established a replicated split plot experiment 
to investigate the effects of vegetation removal, trenching, duff removal, and 
burning, on the germination and survival of lodgepole pine. Reporting on this 
study, Ackerman (1957) concluded that none of the treatments produced 
significantly different results, although those treatments which increased avail­
able moisture caused somewhat better germination and survival. Since survival 
was good on all of the treatments, Ackerman suggests that the untreated area 
had adequate available moisture and consequently seedbed treatment did not 
significantly improve the results. 

1 . 25 FORM OF BOLE AND CROWN 

Lodgepole pine is notable for its variability in form of bole and crown, 
associated with differences in number of stems per acre and site quality. Age also 
plays an important role in the appearance of this tree. Relatively open-grown 
young trees have a fully foliaged, conical crown, and exhibit thrifty leaders up 
to two feet in length. The boles of such trees taper noticeably in  an almost 
conical form. On the other hand, in extremely dense stands of up to half a million 
stems per acre, the young trees show a mere tuft of chlorotic foliage and leaders 
are extremely short, usually only a few inches in length. The stem itself is whip­
like and hardly thicker at ground level than at the top. Surprisingly enough this 
general appearance is also exhibited in low-density stands where growing con­
ditions for pine are submarginal, such as in muskegs and other high-water-table 
conditions. 

In more mature stands, density again imparts a distinct appearance to 
lodgepole pine. In the highest density classes (10,000 stems per acre at 90 years) 
the individual trees are rarely over 20 feet in height and 3 inches in diameter. 
The crown consists of sparsely t ufted foliage and the st.em shows very little 
taper over its length. In medium densities (1,000 to 3,000 stems per acre) the 
crown is typically long and narrow and the tips of the branches are distinctly 

'D. R. M. Scott. formerly forest research officer. Forestry Branch. Dept. of Northern Affairs and National Resources. 
Calgary. Alberta. 
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Plate 8. Typical form of a thrifty 14-year-old lodgepole pine sapling. 

upswept. Such branches are usually fine, rarely over 3/4 of an inch in  diameter. 
Form class in such stands usually is high, averaging 70 to 75 per cent. In  low­
density stands ( 100 to 600 mature trees per acre) the crown form is distinctly 
triangular with a greater width in relation to its length than in medium-density 
stands. The individual trees of the low-density stands have of course a much 
greater crown area than is present in medium or high-density trees. The bole 
form in low-density stands shows considerably more taper and form class 
customarily runs between 65 and 70 per cent. Branches in low-density stands 
are relatively large in diameter, 1 or 2 inches, and show little, if any, tendency 
to be upswept at the ends. As would be expected, variation in crown form occurs 
within a stand depending on the degree of dominance of the individual tree. 
While intermediates and co-dominants of high-density stands have the typical 
tufted crown, the dominants in such stands have the longer narrO\v crown more 
typical of medium-density stands. 

Observation has indicated that there are some differences between the crown 
forms of lodgepole pine in the Subalpine and Boreal Regions of Alberta. While 
crowns in the Subalpine are typically long and narrow and consist of fine upswept 
branches, those of the Boreal are shorter, broader and composed of heavier, 
less upswept branches. It is difficult to say whether these crown differences are 
merely a reflection of lower density conditions which prevail in the boreal forest 
or whether they are also a result of genetic differences. It does appear likely, 
however, that the natural hybrids of lodgepole and jack pine may exhibit 
difference in crown form. 
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Plate 9. Bark habit o( mature lodgepole pine in Alberta. 

Plate 10. Crown (orm of an open-grown 85-year-old lodgepole pine in the Subalpine region. 
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While such crown differences are mainly of passing interest, they do affect 
thinning practice to some extent. In the Subalpine Region, in order to maintain 
the long, thrifty dominant crowns associated with vigourous growth, competing 
crowns must be separated quite widely. In the Boreal, however, the shorter, 
broader crowns may almost touch each other and still provide adequate space for 
rapid diameter growth. 

The most widely used classification of lodgepole pine vigour based on crown 
form is that developed by Taylor (1937). This classification was based on data 
from Colorado and Wyoming and was designed for use in selectively cut pine 
sta�ds. While it is doubtful if selective cutting will play an important role in 
pine silviculture in Alberta, it is possible that such a classification may be use­
ful in research and inventory work. Based on the crown diagrams shown by 
Taylor, it appears that he was dealing with lodgepole pine similar to that occurring 
in the Subalpine Region in Alberta, i.e., long narrow finely branched crowns. 
However, it is doubtful if such a classification would apply in the Boreal Region 
of Alberta where crowns are typically broader, shorter and more heavily branched. 

Maximum size of individual trees is a matter of only limited interest, since 
such trees are usually relics in a rapidly deteriorating over-mature stand. Horton 
( 1956) found some of the largest pine in Alberta in a stand bordering the high ' 
and low foothills (4,loo-foot elevation) on moist well-drained soiL The stand 
was 300 years old and lightly stocked. One of the largest trees in the stand was 
29 inches d.b.h. and 1 17 feet in height. In the mountains and high foothills 
Horton describes lodgepole pine as reaching diameters of 1 5  inches and heights 
of 75 feet. Tackle (1953) describes one of the best stands in the Intermountain 
Region of the United States which reached a height of 80 to 90 feet and diameters 
of 20 to 26 inches on good sites. Volume table data gathered in British Columbia 
show measurements of lodgepole pine up to 30 inches d.b.h. and heights of up 
to 130 feet. 

In Alberta, because of widespread fires; lodgepole pine stands rarely reach 
very great ages. Horton ( 1956) recorded a maximum breast height age of 375 
years in a high mountain valley. Tackle (1953) states that lodgepole pine grows 
in pure and mixed stands up to 350 years old in the Intermountain Region of the 
United States. 

1 . 26 ROOT SYSTEMS 

While lodgepole pine was previously regarded as a deep-rooted species 
with a well-developed tap root system suited to survival on dry soils, studies 
by Horton (1957) show that this species has a more \"ariable rooting characteristic 
than had hitherto been suspected. A series of open crown trees of various ages 
on different soil conditions were selected, and both their vertical and lateral 
root systems were excavated and studied. The primary problem studied was 
the relationship of root form to age but, as a secondary approacli, -an attempt 
was made to recognize simple differences in rooting habit associated with varia­
tions in the soil conditions. With regard to the primary problem Horton found 
that although root form varied widely from tree to tree, the tap root form is 
characteristic in seedlings and saplings on most soils. Maximum lateral extension 
of the roots occurs before the trees reach the pole wood stage, and the develop­
ment of a complex system of . sinkers from near the bases of the laterals results 
in a heart-shaped rooting tendency at the polewood stage. This heart-shaped 
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form persists until maturity. The maximum rooting depth found in any specimen 
was 12 feet. Horton also reported the presence of root grafts in lodgepole pine 
stands . .  

In studying root form in relation to soils it  was found that vertical rooting 
is restricted by either a desiccating layer of coarse soil, an impermeable layer, 
or a high water table ; under such conditions the roots become bent, convoluted, 
clubbed or dead. Rooting is more concentrated in the finer textured soil where 
both moisture and fertility are superior, and this is reflected in superior stem 
height growth. It is concluded that under normal soil conditions lodgepole pine 
should be classed as a windfirm species but abnormal soil layers which dis­
courage vertical root penetration subject it to windthrow. 

There is little doubt that a relationship exists between stand productivity 
and rooting habits of lodgepole pine and many of the problems of yield in 
relation to soil conditions may be explained through the study of root character­
istics. This work is, however, time-consuming and the full investigation of these 
conditions must rest with the future. 

1 . 27 SEASONAL GROWTH 

Certain aspects of seasonal growth of lodgepole pine have been already 
dealt with under the heading of phenology. However, additional information 
has been gathered in Alberta which is of some interest. Horton (1958), studying 
weekly height growth in  the Kananaskis watershed, found that there was no 
appreciable difference in weekly growth trends on various aspects at a single 
location ; however, on the southern aspect the commencement of growth was 
earlier. In the same study Horton suggests a relationship between weekly height 
growth and mean weekly temperature. However, it was further noted that a 
rapid decline in growth followed a mid-season decrease in temperature to below 
30°F. 

Studies of seasonal diameter growth of lodgepole pine were undertaken at 
Kananaskis in the Subalpine Division and at Strachan in the Low Foothills 
Division. Daily growth was measured using a dial gauge dendrometer. The 
study of average trends of 30 trees for 2 years at each of the two locations in­
dicated that inception and cessation of growth took place at roughly the same 
date at both locations in spite of a difference in elevation of 1 ,000 feet. Differences 
in  the length of growing period for individual trees were observed in this study. 
While trees of poor vigour had completed their diameter growth by the first 
of July, trees of good vigour continued their diameter growth, having completed 
only 75 per cent of their growth by July 1.  

2. ECOLOGY 
Forest ecology in the lodgepole pine region of Alberta has not, to date, been 

generally accepted as the basis for forest management ; however, as the emphasis 
changes from exploitation to growing of forest crops, the need for ecological 
information will become more evident. Forest management on an ecological 
basis demands a knowledge of cover type distribution, yield capacity and suc­
cessional trends. These factors depend on the interplay of habitat conditions, 
internal stand processes, silvical characteristics and stand history, 
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Research designed to describe environmental complex of the lodgepole 
pine area has been limited to date to broad reconnaissance studies such as those 
of Horton (1956), Moss (1953), and Halliday (1937). Research workers in other 
fields such as silviculture and mensuration have contributed some detailed 
information on certain of the factors involved, but such knowledge is incomplete 
and has never been tied together to form a clear picture of the lodgepole pine 
complex. The present requirements in this field of research are a detailed know­
ledge of the habitat features of the region and more specific information on the 
silvical characteristics of pine, particularly in the seedling stage. 

The previous section of this report dealt with existing knowledge of the 
silvical characteristics of lodgepole pine ; therefore this section is confined to a 
description of habitat conditions and stand history. On the basis of this limited 
information, current stand distribution, successional trends and stand productiv­
ity are discussed. 

2 .  1 PHYSIOGRAPHY OF THE LODGEPOLE PINE FOREST 

The four phytogeographic divisions described by Horton ( 1956) within the 
lodgepole pine area of Alberta together occupy approximately 50,000 square 
miles or about 20 'per cent of the province's total area of 255,285 square miles. 
The Low and High Foothills Divisions represent respectively 54 and 13 per 
cent of the lodgepole pine area. The remainder is made up of the Subalpine and 
Montane Divisions, the latter occupying less than two per cent of the lodgepole 
pine area. 

2 . 1 1  GEOLOGY AND Rl!:LIEF 

Allan (1943) states that with the exceptIon of a very small portion of the 
Rocky Mountains, the underlying bedrock in Alberta is of sedimentary origin, 
both marine and non-marine. Exposed rocks in the lodgepole pine area range 
from the oldest, hard, Precambrian to the youngest, soft, Tertiary strata. 
Exposed formations become younger, thinner and softer on going from west to 
east. Topography varies from the very precipitvus Rockies in the west to the · 
gently rolling, low foothills to the east. 

All the Alberta formations are found exposed in the Subalpine Division. 
Exposed rocks vary from marine to fresh water in origin. This division is charac­
terized by rocks much older and harder than those found in the other divisions. 
'Vhile sandstones, quartzites and shales occur frequently, the major rocks are 
either limestone or dolomite. According to Laycock (1955), extensive folding and 
faulting strongly influenced the topography. Glaciated, U-shaped valleys are 
surrounded by precipitous peaks often rising above 10,000 feet. The mountain 
valleys are the result of differential erosion of less resistant rock formations 
along lines of structural weakness. The hard dolomites and limestones form the 
peaks, sandstone the ridges, and shales are found in the valley floors. 

In that no interglacial beds ,,,ere formed (Anon. 1947), it is recognized that 
the Subalpine Region of Alberta 'was subjected to only one glaciation by the 
Cordilleran ice sheet. Glaciation was confined to the valleys and lower slopes. 
The resultant debris was deposited in the valley bottoms by melt water. Deposits 
were usually silts and sands. Finer materials were usually composed of rock 
flour rather than clay. 
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While still of marine and fresh water origin, the exposed rocks in the High 
Foothills Division are younger and softer than those in the Subalpine. These 
rocks, belonging to the Wapiti and Saunder Groups of the Upper Cretaceous, 
are mainly sandstones, shales, conglomerates, and coal. The topography is rough 
but the precipitous slopes and high, serrated peaks of the Subalpine Divisions 
are absent. Folding and faulting are still very evident. The area is characterized 
by high ridges and narrow valleys which tend to parallel the Rocky Mountains. 

Glaciation followed much the same course as in the Subalpine with the 
exception that almost the whole area was glaciated. Deposits which were much 
deeper and covered nearly the entire area were still light-textured in the main 
but appreciable amounts of clay were left. 

Exposed rocks in the Low Foothills Division belong to the Upper Cretaceous 
and are of fresh water origin. They are young and quite soft in that they are 
composed principally of sandstones. Argillaceous sandstones, sandy shales, and 
coal, are also found frequently. The Paskapoo formation contributes the main 
surface rocks as it occupies the large trough-like depre�sion known as the Alberta 
syncline which makes up a large portion of the Low Foothills Division. The 
Edmonton formation lies beneath the Paskapoo but is exposed in the rest of the 
area outside the syncline. The Edmonton differs from the Paskapoo formation 
in that it is older, and has no limestone, while the latter has many rocks of a 
siliceous limestone origin. The topography is rolling rather than hilly, and is 
characterized by the numerous rivers flowing to the east or northeast. These 
rivers have cut very deeply into the softer shales and argillaceous sandstones 
and have exposed very old strata. The ridges are usually found on the harder 
sandstones. 

Glacial history is much more difficult to determine in this division of the 
lodgepole pine area of Alberta than in the other divisions. Three stages and two 
interglacial periods of the Keewatin ice sheet have been identified by Collins 
and Swan ( 1955) . While the Cordilleran ice sheet played a part in the glaciation 
of this area, it must be pointed out that with the exception of the river valley 
floor gravels \"hich are of subalpine origin, the vast majority of the deposits 
are the result of the last Keewatin ice sheet or Wisconsin glacial stage. These 
deposits, while still fairly light-textured, differ from those -of the Subalpine and 
High Foothills Divisions, in that they may contain large amounts of clay and are 
usually several hundred feet in depth. The major deposit is in the form of an 
unconsolidated till mantle which covers the greater portion of the Low Foot-
hills Division. ' 

Figure 4 provides a broad picture of the changes in topography, climate 
and soil development found on an east-west transect of the range of lodgepole 
pine at approximately 53 degrees north latitude. Variations in the transect at 
other latitudes would include the progressive narrowing of the Low and High 
Foothills DiVIsions in the south of the province, and the disappearance of the 
Subalpine Region toward the north of Alberta. 

2 . 12 CLIMATE 

In general the climate of the lodgepole pine area in Alberta is characterized 
by short, moderately warm summers and long, relatively cold "Tinters. While 
precipitation is low it is on the whole effective owing to the fact that more than 
50 per cent of the year's precipitation falls during the short growing season. 
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Table 2 was compiled from "Climate Summaries" published by the Meteor­
ological Division, Department of Transport, Canada. As no climatic data are 
available for either the Montane or High Foothills Divisions, any discussion of 
climate in the lodgepf)le pine area of Alberta must of necessity be restricted to 
the Subalpine and Low Foothills Divisions. Observation . of the table indicates 
that, in general, precipitation increases with altitude but decreases with latitude. 
Temperatures become lower with an increased altitude. 

In any discussion of climate in relation to soil development and the tree 
growth thereon it should be pointed out that local climate may be of much 
greater importance than regional climate. While the effect of local climate 
should be considered throughout the lodgepole pine area, its importance is 
greatly magnified in the Subalpine Division because of the pronounced relief. 
The weather stations of the Subalpine as indicated in Table 2 are not repre­
sentative of the true climate. These stations are all in river valleys and lie at 
altitudes far below the average for the region. At altitudes over 7,000 feet, 
snowfalls of more than 30 feet are not uncommon. 

' 

2 .  13 LANDFORM AND SOILS 

Throughout the lodgepole ' pine region of Alberta glaciation has been the 
dominant process of erosion and deposition. The landforms and soils occurring 
in  the region are therefore typically of glacial or glacio-fluvial origin. A brief 
attempt is made to point out major differences in soil and landform between the 
main phytogeographic divisions rather than to describe in detail the individual 
landforms and soils of each division. 

To date relatively few investigations of forest soils have been carried out 
in Alberta. Exceptions are the work of Crossley (1951 )  and Laycock (1955), 
concentrated in th� Subalpine Region, and reconnaissance surveys of the Alberta 
Research Council in the Boreal Region. Currently, the Alberta Depart.ment of 
Lands and Forests is conducting management inventories on a basis of landform 
and forest site descriptions. However, the results of this information are not as 
yet available. 

The broad differences in landform material in the various lodgepole pine 
divisions of Alberta may be summed up as follows. The depth of depositional 
material increases progressively from the Subalpine to the Low Foot.hills Division, 
while stoniness decreases. The texture of typical dumped till materials in t.he 
Subalpine Division is heavier than that of the Foothills Division. However, the 
occurrence of large areas of heavy-textured lacustrine and shoved lacust.rine 
materials in the Low Foothills Division would indicate a somewhat heavier 
texture on the average in the latter area. The presence of thcse heavy textures 
in poorly drained dcpressions has resulted in a greater abundance of organic 
soils in the low foothills. The frequency of occurrence of wind-deposited materials 
appears higher in the Foothills Divisions than in the Subalpine. While the 
majority of the parent materials in all divisions are calcareous, this tendency 
is more pronounced in the Subalpine Region. Soil profile development varies 
from the typical grey wooded soil of the low foothills, through a podsolized grey 
wooded in the high foothills, to a brown or grey podsolic soil in the Subalpine 
Division. Soil profiles are in general better developed in the low foothills. It 
would appear that quality of the forest soils in the lodgepole pine region of 
Alberta mitigates the effects on tree growth of a rainfall deficiency which is 
characteristic of most of the area. 
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TABLE 2. CLIMATIC SUMMARY FOR SUBALPINE AND LOW FOOTHILLS DIVISIONS 
-------�-� 

Subalpine 
--

Lake 
Nordegg I SUbalpine Rocky 

13anff Jasper Mtn. 
Louise Mean House 

Years of Observation . . . . . . . . . . . . . . . . . . . . .  21 49 24 22 - 22 
Altitude (feet} . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5, 000 4, 538 4, 471  3, 472 - 3, 260 
Latitude (degrees) . . . . . . . . . . . . . . . . . . . . . . . .  52 5 1  52 5.1 - 52 

Total Precipitation (inches) 
Growing Season! . . . . . . . . . . . . . . . . . . . . . .  7 . 4  9 . 0  12 . 1 5 . 9  8 . 6  1 0 . 4  
Annual. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23. 8  1 9 . 2  21 . 0  13 . 1 1 9 . 3  19 . 1 

Snowfall (inches) 
Growing Season . . . . . . . . . . . . . . . . . . . . . . .  4. 8 6. 3 7. 2 1 . 9  5. 0 2. 7 
Annual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  139. 7 78. 1  78 . 2  40. 3  84. 1 55. 7  

Daily Mean Temperature OF 
G rowing Season . . . . . . . . . . . . . . . . . . . . . . .  49 53 50 54 51 53 
Annual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1  36 34 37 34 34 

Daily Maximum Temperature OF 
Growing Season . . . . . . . . . . . . . . . . . . . . . . .  65 66 63 68 65 68 
Annual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 47 45 48 46 48 

Daily Minimum Temperature OF 

I G rowing Season . . . . . . . . . . . . . . . . . . . . . . .  33 39 37 4 1  37 38 
Annual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  24 22 26 22 I 20 

lStation located in British Columbia but still in lodgepole pine region of foothills of Rocky Mountains. 
SMonths of May to August inclusive. 

Low Foothills 

Beaver- Hudson 
Low 

Edson Foothills 
lodge Hopei Mean 

22 3 1  23 -

2, 885 2, 500 1 , 606 -

53 55 56 -

10 .8  7 .8  7. 6 9. 1 
18. 6 17. 2 15. 8 17. 7 

1 . 8  3 . 0  0. 6 20. 1 
57 . 3  70. 1 58. 9 60.5 

55 56 55 55 
36 35 34 35 

70 67 70 69 
49 46 47 47 

I 40 43 40 40 
22 25 21 22 

- -�-.------.-.--.. ---------



Plate 12. Topography associated with lodgepole pine in the high foothills section of Alberta. 

Plate 13. Topography asso('iau'd with lodgepole pine in the sUbalpine r<'gion of Alberta. 
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2 . 2  STAND HI8TOHY EFFBCTS2 

While both silvical characteristics and site  requirements  play a sigllificant 
role in detcrmining spccics distribution, ne\"crtlwless stand history in t he form 
of yarious natural and human disturbances has l)('cn the major i l lfluence on the 
occurrence of lodgepole pine stands in Alberta. 

In Alberta one historic event stands out as all-important in forest develop­
ment-fire ! Other events have been of secondary, or at any rate, of localized 
importance in Alberta's pine stands. Logging has been influential only in the 
Low Foothills Division where considerable partial cutting for pine ties and poles 
has been carried out i n  the more accessible mixed wood stands. The main effect 
of logging has been simply a depletion of the pine content, since the poplar was 
left untouched i n  practically every casco Neither windfall, destructive forest 
insects, nor pathogens have inflicted serious or extensive damage to lodgepole 
pine stands in Alberta within traceable history. Virtually all of the existing pine 
stands in Alberta are of fire origin. 

The intensity of fire varies considerably, a fact which greatly influences 
the forest composition. In the denser pine stands it is usual for a fire to "crown", 
travelling rapidly and scorching all vegetation in  its path. Broad comparison 
(Horton 1956) of successive pine stands affected by such intensive burning 
suggests that pine stocking tends to increase after each fire, providing the interval 
between fires is neither very short nor very long. The burning of immature and 
overmature pine stands will result in great variations i n  the regeneration stock­
ing ; instability of seed production usually exists in young stands owing to wide 
density variations, and in old stands because of a variable rate of succession to 
climax species. 

Light ground fires occur i nfrequently in the three higher pine divisions but 
are very common in the low foothills, where the less combustible poplar is usually 
an abundant component of the forest cover. The effect of the ground fires is  
haphazard, some areas i n  a stand oeing untouched, some scarred in  varying 
degrees and others completely denuded. 

The importance of fire in  the genesis of lodgepole pine stands i s  apparent 
from the consideration of the species' silvical traits. The serotinou8 cones aBow 
seed to survive fire. They are, in fact, so adapted that only high temperatures 
will free t he seed. Thus a great seed flight directly follows a fire. However, there 
is also considerable evidence that an appreciable amount of seed remains in  
semi-open cones to be  d isseminated periodically for several years afterward 
according to flll(�tuating weather conditions. Regenerated pine stands therefore 
usually have an age range of several years, though for practical purposes they 
may be called even-aged. The abundance of stored s0ed which is freed and the 
ideal germinating conditions for pine in recent burns account for the high density 
leyels which so often exist. 

There is a condition in which the age range of pine regeneration i s  liable to 
extend oyer many years, namely, when a light ground fire occurs, leaving a 
variable coyer of residual trees. The result is generally termed a "two-aged 
stand".  In actuality, the pine understorey is not even-aged but develops yearly 
or irregularly until the canopy is complete. In large openings this may involve 
up to 40 years. "Three-aged stands" resulting from two light fires since the 
original establishment also oceur. Again, each "age" is represented by a variable 

>The sections on stand history and sllcc<>ssion of lodgepole pine were prepared by K. W. Horton, Research Officer, Forest 
Research Branch, formerly at Calgary, Alberta. 

. 

38 



Plate 14. Two-aged stand of lodgepole pine resulting from a light ground fire. 

Plate 15. Heavy white spruce understorey beneath an i m mature lodgepole pine stand. 
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range of years. The abundance and vigour of the understorey in these cases 
relates directly to the density of the residuals. The denser the residuals, the 
poorer the regeneration in both stocking and size. 

Occasionally a pine understorey may be found which did not originate 
from fire but through natural reproduction. Such stands are never extensive, 
apparently requiring two conditions, an abundance of light and a dearth of 
vegetative competition. Thus they are confined to open-stocked conditions on 
dry sites. This natural understorey differs from the fire-regenerated understorey 
in age distribution, generally occurring i n  two and three age concentrations. 
The explanation for this may be that the proper natural conditions for ger­
mination are likely to occur only once i n  many years. It was previously noted 
that a certain amount of seed is available annually from trees with non-serotinous 
cones, which explains the source of the natural reproduction. Competition from 
the parent trees usually results in suppression of the understorey and hence a 
high mortality rate. 

Fire has influenced the development of lodgepole pine stands in another and 
more indirect way, through its effect on the distribution of associated species. 
Aspen, through its ability for prolific root suckering, is even better adapted 
than pine to regenerate in burns and, once established in an area, will multiply 
rapidly after each fire, except in the case of very inten�e fires which destroy the 
roots. The spruces and firs, not possessing the hard serotinous type of cone like 
pine, must rely on wind dispersal of seed from residual trees in order to spread 
i nto burned areas. Refugia for seed trees are common i n  the rough terrain of the 
mountains and high foothills, but are often scarce in the low foothills. Douglas­
fir, when older, is capable of withstanding light ground fires by virtue of its 
exceptionally thick bark. As a result, residual Douglas-fir surrounded by irregular­
aged fir reproduction may locally be found emerging above even-aged, younger 
pine. 

2 . 3  COVER TYPE HABITAT CONDITIONS 

While fire history has been the main factor influencing lodgepole pine 
distribution in Alberta, there is nevertheless evidence of site preferences which 
cause variations in cover type. Table 3 shows a broad scheme of cover type 
distribution in relation to landform material and moisture conditions i n  the 
Subalpine Division. This scheme indicates only the most prevalent condition 
and considerable variation in cover type and density can be expected within 
each physiographic condition. 

In the Subalpine Division the most important landform-materials on an 
area basis are dumped tills. Moisture conditions on this heavy-textured stony 
till vary from arid to wet, depending upon slope, external drainage, aspect and 
exposure, and local climate. The three driest conditions are equally represented, 
while the moist and wet conditions are confined to local hangmoors. 

The second most prevalent material of this region is a stony washed till of 
somewhat coarser texture. This material is commonly found on moderate slopes 
to flats. It is not uncommon to find washed till overlain by a cap of ponded silt 
and fine sand. The depth of this cap results in variations in the moisture regime. 
An uncapped washed till is  classed as "arid", \\"hile a cap up to 18 inches in depth 
is regarded a& " dry". Thicker caps result in a "fresh" condition. 

Roughly stratified glacio-fluvial materials occur sporadically through the 
area. Exposed slopes on this material are termed "arid", while protected slopes 
are "dry". 
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Alluvial soils vary from coarse stony gravel deposits to loamy fine sands. 
Texture is the main factor distinguishing the arid, dry and fresh conditions ; 
however, the presence of a water table frequently modifies the moisture regime. 

Ponded materials usually consisting of stratified silt and fine sand also 
occur frequently in the Subalpine Region. Such materials are usually located 
in gently sloping or flat areas. Moisture regime on this material varies from 
"dry" to "moist", depending upon drainage and water table occurrence. 

Talus soils occur at higher elevations in the subalpine forest. These are 
usu,ally "arid" as a result of slope and stoniness. 

Organic soils occur in the area in the form of beaver meadows, which may 
be classed as "moist" or "wet", depending on depth to water table. 

TABLE 3. COVER TYPE HABITAT CHART, SUBALPINE DIVISION 

Landform 
Material 

Dumped till 

Washed till 

Ponded 

Alluvial 

Roughly 

stratified 

Talus 

Organic 

Arid Dry Fresh 

Pure pine or pine 

with scattered 

Moist 

spruce pine 
mixture. 

Wet 

spruce with 
occasional 
pine. 

spruce'; moderate to heavy stocking; 

spruce-fir understorey usually 

present. \ 
Spruce with scattered 

pine. 

'SpruC'e refers t<> either Engelmann or white spruce or hybrid forms, depending upon elevation. 

Table 3 indicates the typical species habitat conditions of lodgepole pine 
in the subalpine forest. The pattern is one of even-aged lodgepole pine with 
varying intensit�es of spruce-fir understorey. This understorey i s  lightest on the 
arid and dry conditions and becomes progressively heavier as moisture increases. 
The density of the understorey and soil moisture influence rate of development 
toward a spruce-fir-pine forest . 

. In  the �lontane forest of southern Alberta, which is a warm-dry variant of 
subalpine conditions, it is not uncommon to find even-aged lodgepole pine 
containing overmature relics of a previous stand of Douglas-fir, particularly 
on the arid and dry conditions. Under some conditions reproduction of Douglas­
fir occurs follo""ing the fire disturbance and results in an uneven-aged stand of 
lodgepole pine - Douglas-fir. This tendency appears to be more pronounced on 
the dry to fresh conditions. 

Site conditions in the High Foothills are transit ional between those of the 
Subalpine and Low Foothills Divisions. The influence of slope and drainage is 
similar to that of the Subalpine ; however, the effects of aspect and local climate 
are less pronounced. The landform materials in this division include most of 
those present i n  the other two divisions. Talus soils are, however, absent and 

. 
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aeolian materials typical of the low foothills begin to assume i mportance in  the 
high foothills. The net effect of the various factors would suggest a closer 
resemblance to subalpine conditions than to those of the low foothills. 

TABLE 4. COVER TYPE HABITAT CHART, HIG H  FOOTHILLS DIVISION 

Landform 
Material 

Dumped till 

Ponded 

A lluvial 

Washed t ill 

Roughly 

stratified 

A eolian 

, Organic 

Arid 

Pure pine, 

usually 

low density; 

occasional 

spruce 

understory . 

Dry Fresh Moist Wet 

Dense pine I Blaf'k spruce 
with b. spruce ,,:ith oeeasional 

Pure pine predominating. understorey. pme. 
variable density; L.'::===========t-------' 
scattered white & black 

spruce & alpine fir 

understorey. 
Pine-white spruce r 
m ixtures with scattered 

I 

white & black spruce 

and alpine fir 

understorey. 

White spruce or black spruce 
with occasional pine. 

Cover type distribution in the High Foothills Division appears to be similar 
to that of the Subalpine with the exception that white spruce takes the place of 
Engelmann spruce and black spruce is frequently present, particularly in the 
northern portion of the division. Table 4 indicates a broad pattern of cover 
type dis1tribution in relation to soil and moisture conditions i n  the High Foot­
hills Division. 

While aspect and exposure play a minor role in determining site conditions 
in the Low Foothills Division, the major emphasis is  upon internal and external 
drainage. Table 5 shows the general conditions of cover type habitat distribution 
in the Low Foothills Division. Dumped tills in the Low Foothills Section are 
relatively stone-free, and the texture of the material varies from sandy loam to 
loam. Moisture regime on this material varies from "dry" to " wet" depending on 
slope position and degree of slope. 

Lacustrine materials are prevalent on flat to gently sloping topography. 
These heavy-textured, clay loam to clay materials result i n  sites which vary from 
"dry" to "wet" depending on slope position. These materials frequently support 
lateral movement of moisture on gentle slopes and create " moist" to "wet" 
conditions owing to minor undulations in the topography. 

Aeolian materials i n  the form of sand dunes occur frequently i n  the area. 
Moisture conditions may be either "arid" or "dry", depending upon slope and 
exposure. 

Roughly stratified glacio-fluvial materials oeeur sporadically throughout 
t he area. These are relatively stony and somewhat coarse i n  texture, sandy to 
sandy loam. l\1'oisture regime on these materials "aries from "arid"  to "dry" 
owing to slope position and stoniness. 
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Alluvial materials varying from gravelly sands to sandy loams occur through­
out the area in the form of terraces, flood plain deposits and old stream beds. 
l\Ioisture conditions vary from "arid" to " moist" depending on stoniness, position 
of water table and slope position. 

Ponded materials occur locally throughout the low foothills in minor 
depressions in the till plain. These deposits vary from fine sand to loam and are 
frequently stratified fine sand and silt. Moisture conditions are generally "fresh" ; 
however, conditions may become "moist" in  depressions. 

Organic materials varying in depth from 3 to 10 feet are encountered i n  
depressions i n  old lake beds. The edges of such depressions are classed as " moist", 
while the centers of these muskeg areas are termed, "wet". 

TABLE 5. COVER TYPE HABITAT CHART, LOW FOOTHILLS DIVISION 

Landform 
Material 

Dumped till 

Lacustrine 

Ponded 

Alluvial 

H oughly stratified 

Aeolian 

Organic 

Arid 

Pure pine or 
pine-aspen, 
low density; 
occasional 
spruce 
understorey. 

Dry Fresh Moist Wet 

Pure pine or pine-aspen; Pine, hilth Black spruce, 
scattered 
pine. scattered white spruce 

density; heavy 
black spruce 

with 

spruce-

fir 

understorey. 

Pure pine 
or 

pine-aspen. 

understorey. 

Pine-aspen white spruce 
with white spruce-balsam 
fir understorey. 

! 
Black spruce, occasional 

pine. 

In the Low Foothills Division trembling aspen and, to a lesser extent, 
balsam poplar, become of major importance in the pine cover types. Table 5 
indicates that pine-aspen mixtures are the most prevalent cover type and may 
occur on practically any site except the wettest conditions. A second cover type 
of major importance in  the Low Foothills Division is the pine - black spruce 
mixture on moist tills and lacustrine materials. Such stands occur on very gentle 
slopes or poorly drained flats. Density of both pine and black spruce on such sites 
is usually excessive. 

Stand development in the various cover types involves the interplay of 
silvical characteristics of the component species within the limitations i mposed 
by site conditions. These factors are discussed under the heading of succession. 

2 . 4  SUCCESSION 

Several references to forest succession in connection with lodgepole pine 
may be found in  the literature. Bloomberg ( 1950) and Cormack ( 1 953) have 
recognized a general trend on the east slope of the Rockies from lodgepole pine, 
established after fire, to a spruce-fir climax. In the northern part of the low 
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foothills, succession is less dearly evident but a trend from pine and aspen to 
white spruce is indieated (Moss 1 953) .  Haup (1934) found a suggestion of suc­
cession from lodgepole pine to black spruce in the Caribou Mountains, an outlier 
of pine in the far north of the province. 

Horton ( 1956) made a broad investigation of stand development, emphasiz­
ing the specific reactions which cause succession, and found that the situation 
in the Low Foothills Division differs from that of the three higher divisions. 
In the low foothills, where pine-aspen mixtures prevail, few stands have in the 
past escaped fire for more than 1 00 years and stands over 150 years old are rare 
indeed. This means that succession is a question of academic, not practical 
interest here. Following the destruction by fire of a mixed wood stand, pine and 
aspen regeneration compete as pioneers. The aspen suckers usually become 
established one or more years before the pine seedlings and are capable of much 
more rapid height growth. Thus aspen has an initial advantage over pine but 
this does not hold for long. Pine overtakes the aspen within 50 years and the 
two species compete equally to the point where aspen decadence becomes effective, 
about 1 20 years. At this time aspen mortality may be replaced to some extent 
by new sucker growth. Meanwhile, if the stand contains black or white spruce, 
many of the latter especially will have attained a position of d ominance. Figure 
5 shows the typical relative height growth trends of dominant lodgepole pine, 
aspen and white spruce competing together in an average mixedwood stand. 

This trend applies on the majority of sites in the low foothills, those ranging 
between fairly moist and dry. Aspen is usually absent on the moister sites and is  
less vigorous than pine on very dry conditions. Any disturbance such as light 
ground fires or partial cutting greatly en'courages fresh aspen suckering, whereas 
pine reproduction is sporadic or absent in such cases. The combined effects of 
fire and axe have thus led to an increase in aspen at the expense of pine in this 
division as a whole. 

In the Subalpine, Montane and High Foothills Divisions, lodgepole pine 
has expanded to general dominance through the frequent recurrence of fire 
but the rougher topography has often provided local refugia where enough 
stands have attained advanced ages to give evidence of the course of succession. 
These also are seed sources for the dispersal of spruce and fir into adjoining young 
pine stands. As a result, there are few pine stands which lack some degree of a 
spruce, and to a lesser extent, an alpine fir understorey. Often it is merely an 
occasional seedling or sapling but rarely is it completely absent. 

Most of the spruce will become established over an age range of som� 10 
to 40 years following the fire. Tlte abundance and age variation of  the understorey 
will decrease as the distance from the seed source increases. As the stand de\-clops, 
the self thinning of the overstorey of pine will encourage scattercd spruce seed­
lings to become established. Most of these will be confined to rotten wood seed­
beds owing to the development of a dense feathermoss mat which discourages 
germination else,,'here. The spruce occurs as a suppressed understorey in young 
pine stands because it is init ially slower in growth and often younger than the 
pine. However, as the pine approaches maturity its growth rate rapidly declines, 
whereas that of spruce remains steady. Thus there comes a poin t  ",hen the domi­
nant spruce reach the pine canopy. This is a milestone in succession. It takes on 
the average about 1 25 years but ranges from 70 to 1 60 years. After this point, 
spruce waxes and pine wanes in a successional sense, As natural mortality 
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gradually diminiHheH the pine canopy, an increaRing number of Hpruce and fir 
trees are released to speed up the successional process. This could be called t he 
near-climax stage in succession, consisting of a few remllant decadent pine, a 
dominant spruce overstorey of approximately the same age as the pine, and a 
spruce-fir understorey of uneven age, height and abundance. 

The spruce referred to above could be either Engelmann or white, or hybrid .  
The successional development of  both species in relation to  lodgepole pine 
appears to be similar. This applies as 'well to Douglas-fir in the Montane Division. 
Black spruce, which is abundant in the foothills, has a much slower growth rate 
and hence is usually suppressed beneath pine and, later, white spruce through­
out its lifespan. Once established in a stand, however) black spruce will per­
petuate itself idefinitely by means of layers. Layering is also an important 
attribute, of alpine fir; thls, combined with its great tolerance and ability to 
reproduce by seed on a wide variety of natural seedbeds, makes fir the most 
abundant component of older stands. Despite this fecundity, alpine fir's relatively 
slow growth rate and high sUHceptibility to game browsing, insect attack and 
disease, generally prevent it attaining the position of dominance that white 
or Engelmann spruce holds i n  the overmature forest association. 

Since competition from tolerant Hpecies is a major factor i n  the decline of 
lodgepole pine, the more abundant and vigorous the spruce and fir, the faster 
will be the rate of succession. Pine, therefore, will persist longer in stands where 
the original spruce seed sources were scarce. Moreover, such adverse conditions 
for spruce development as extremely high initial pine densities, and dry exposed 
sites, will retard succession. Examinations of old stands in the Subalpine and 
High Foothills Divisions indicate that succession from pine is usually complete 
by 300 years. It varies from about 225 to 375 years, the widest variation occurring 
in the Subalpine where conditions are more diverse. History has disclosed that 
long before the climax stand can become fully. developed the chances are that 
fire will strike. Pine regeneration then evolves from seed sources in adjoining 
younger stands or from individual trees which have persisted locally within the 
spruce-fir community, and the cycle begins anew. 

To summarize the foregoing discussion on the interplay of stand origin and 
site with the resulting successional trends, a series of representative pictographs 
are presented for the Low Foothills (Figure 6) and Subalpine Divisions (Figure 
7) .  The latter can apply equally well to the Montane Division with the incluHion 
of Douglas-fir, and to the High Foothills, with the substitution of white spruce 
for Engelmann and the addition of black spruce. 

2 . 5  FLORISTICS 

Table XXVI of the Appendix lists and e\'aluates the importance of the 
lesser flora of the lodgepole pine community by divisions (Horton 1956). These 
lists are similar to t hose compiled by Cormack (1953) for the southern part 
of the Subalpine Division, and by Raup (1934) and Moss ( 1953) for lodge­
pole pine associations in the Peace River region. A comparison bet\Yeen the 
divisions reveals a strong similarity in broad floristic structure and composition. 
Thus a general lodgepole pine association might be derived, considering the most 
important genera in each strata, as follows : Pinus-Picea-Vaccinium-Elymus­
Linnaea-Feather "}..10ss-Pelt1:gera. Certain species are more characteristic of, and 
in some cases even exclusive to, certain divisions. 

. 
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Within each division the composition of the ground vegetation varies 
widely with site, density of the pine overstorey and stand age. Preliminary study 
suggests that the variations caused by stand density are as important or more 
so than those caused by site differences. Cormack (1953) describes the radical 
changes wrought on the lesser flora by long-term succession of the overstorey. 
The combinations of species resulting from these variables are so numerous as 
to defy further classification into associations on a practical level. Rather, the 
concept ' of a vegetational continuum would seem to apply. This envisages a 
continually varying series of species occurring on an environmental gradient 
mainly controlled by the reactions of the vegetation. In the lodgepole pine 
community the most significant react ion is succession which is primarily depend­
ent on fire. 

2 . 6  SITE CLASSIFICATION M ETHODS 

A great variety of methods have been employed in attempting to classify 
site quality of lodgepole pine stands, but none of those tested to date can be 
regarded as completely successful. In order to be completeJy acceptable, a site 
classification method must shO\" strong correlations with productivity and at 
the same time must distinguish sites from the standpoint of successional trends 
and reproductive capacities. In addition to being sufficiently simple to apply 
i n  the field, the system must lend itself to mapping both on the ground and from 
aerial photographs. Finally, a successful method of classification must provide 
for easy breakdown into sensitive classes for use i n  research work and also for 
grouping into broad classes suitable for large-scale management operations. 
I n  the case of lodgepole pine, none of the methods tested t o  date satisfactorily 
fill all of these requirements. 

During the early years of exploitation in Alberta's forests, it was assumed 
that the simple relationship of dominant height at an index age might be success­
fully employed to define yield sites for lodgepole pine. Detailed study of the 
problem by Holman and Parker (1932) and Parker (1942) showed that variations 
in number of stems per acre exerted so much influence on the customary site 
index, dominant height, that its use for site classification purposes was limited. 
In the same study, Holman and Parker studied the effects of stocking on a site 
classification system based on vegetational associations. They concluded that 
vegetational associations in lodgepole pine stands were suited only to a very 
broad site cla�sification and that stocking influenced the vegetation pattern as 
much as or more than did site quality. Parker (1942) attempted to develop an 
adjusted dominant height index through multiple correlation techniques using 
number of t.rees per acre as a correction factor. However, this approach met with 
only limited success and the index was not suitable for sensitive evaluations 
required for research purposes. 

Systems of site classi fieation have been reeently developed based on physio­
graphic, biological and cultural features (Hills 1952 ; Bro\\n,  Bedell and :McLean 
1954) . The physiographic features serve as the frame of reference but this does 
not imply that they are all-important. The basic physiographic features empha­
sized are parent material, soil moisture and local elimate. 

Using physiographic site as the basis for elassifieation, Smithers ( 1955) 
studied productivity of 90-year-old lodgepole pine stands in the subalpine 
forest. It was found that both dominant height and total volume were strongly 
influenced by variations in number of stems ppr acre on a single site. Basal area 
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per acre showed the greatest stability and closest correlation with site quality. 
In dense mature lodgepole pine stands, dominant height could not be used as a 
valid measure of site quality nor as a measure of potential productivity. When 
dominant height was adjusted for variation in number of stems per acr<', the 
results were still unsatisfactory. However, since both volume and d ominant 
height are affected to a similar degree by the combined influences of stocking and 
site quality, the correlation between dominant height and current volume yield 
of lodgepole pine stands is moderately high. Consequently for simple yield table 
construction designed to determine future yields of stands which will not be 
subject to change i n  stocking owing to thinning and where the present stocking 
in terms of number of stems per acre can be established, dominant height may 
be regarded as a useful index of the combined effects of stocking and site. 

From the standpoint of developing a measure of true site quality i ncluding 
potential productivity, regeneration capacity and successional trend, the "total 
site" concept appears to be the only method which indicates any possibility of 
success. This technique has been applied on only a limited basis in the pine stands 
of Alberta and considerably more research work is required before the method 
can be used for management i n  this area. 

While detailed studies designed to subdivide lodgepole pine stands i n  
Alberta i nto a series o f  site classes which represent productive capacity have 
not been carried out, it is possible on the basis of general observation to allocate 
representative physiographic conditions i nto broad preliminary productivity 
classes. This allocation has been based on the hypothesis that optimum moisture 
is the over-riding faetor which determines lodgepole pine growth i n  Alberta. 
Limited investigations (Smithers 1955) tend to confirm this hypothesis. A similar 
trend i n  the relationship between productivity and moisture has been noted by 
Illingsworth (191)8) . The productivity range of lodgepole pine stands has been 
subdivided into four broad classes, "good", "medium", "poor" and "unmer­
chantable",  which are designated as productivity class 1. II,  III and IV, re 
spectively. For reasons mentioned previously, in particular the effect of stocking, 
it was necessary to select that grm\ th function which exhibited the least i nfluence 
from variable stocking; therefore, basal area in square feet per acre at stand ages 
between 75 and 100 years was selected. Basal area ranges have been assigned 
arbitrarily to the four productivity classes as follows : Class I - 160 square feet 
and up, Class II - 120-1 60 square feet, Class III -- 80-120 square feet, Class 
IV - less than 80 square feet. Based on general observation and limited sampling 
of fully stocked lodgepole pine stands in the Subalpine and Foothills Divisions, 
the more important physiographic conditions have been assigned to productivity 
classes as shown i n  Table 6 .  

The classes I to III represent yield of lodgepole pine i n  pure fully stocked 
stands, i .e .  75 per cent by volume ; however, class IV is either a swamp condition 
supporting black spruce with scattered lodgepole pine or a lithosol with occasional 
pine. 

While yields in terms of basal area per acre are similar on related physio­
graphic conditions i n  the Subalpine and Foothills Divisions, stocking is usually 
heavier in the subalpine forest ; therefore merchantable volume yields will be 
lower in the Subalpine Division. 

It must be re-emphasized that the tables showing relationships between 
stand composition, yield and physiographic conditions are based' upon limited 
sampling and will be subject to revision when further data become available. 
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TABLE 6. SITE PRODUCTIVITY CHART, LODGEPOLE PINE IN ALL 
FOREST DIVISIONS OF ALBERTA 

Landform 
Material 

Lacustrine 

Dumped till 

Pond ed 

A lluvial 

Washed till 

Roughly 
stratified 

Aeolian 

Talus 

Arid Dry Fresh Moist 

III 

I 

II 
III 

III to IV 

Wet 

Organie ,--_11_1 _-,I I '-__ IV_---' 

3. GROWTH AND YIELD 
The study of growth and yield covers two main fields ;  the investigation of 

i ndividual tree grmvth, and the determination of per acre yields. I n  the case of 
lodgepole pine, which grows in even-aged stands and produces a large number 
of small-sized trees, yield per acre is of primary interest. However, a knowledge 
of individual tree growth is essential to the development of thinning practice 
and also proves useful as a mensurational tool for determining yield per acre. 

3 . 1  INDIVIDUAL TREE GROWTH 

While various expressions of individual tree growth may be of i mportance to 
the forester, greatest interest is usually centred about the three variables, 
diameter, height and volume. These growth expressions are i n  turn dependent 
upon a variety of factors, those most generally accepted as important being age, 
density, and site quality. While certain grO\dh expressions are primarily df'pend­
ent upon a single independent variable (e.g. diameter growth is mainly in­
fluenced by density) , none of the relationships are simple correlations �nd the 
effects of many independent variables can influence diameter, height, and volume 
growth. One of the most important phases of individual tree growth in pine i s  
the study of the relative importance of site, age and density. 
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3 . 1 1 DlAM BTBR GHOWTH 

Because of its response to ehanges in density, diameter growth has been 
widely employed in thinning studies to measure the degree of release following 
treatment. Studies of this type are currently under way in lodgepole pine stands 
in Alberta and have been reported by Smithers (1957). The use of index diameter 
growth (Dwight 193 1 )  as a means of measuring change in density in yield table 
construction is also being investigated but no reports have been prepared to 
date on this aspect of lodgepole pine growth. While lodgepole pine is generally 
regarded as a slow-growing tree in terms of diameter increment,  such slow growth 
is mainly the result of excessive number of stems. A comparison of the diameter 
growth of the 1 00 largest trees per acre (Smithers 1957) shows that free-growing 
lodgepole pine in Alberta grow at the same rate as comparable red pine in Eastern 
Canada. 

The effect of density at various ages on the average diameter of the 100 
largest lodgepole pine per acre is illustrated in Figure 8. This graph is based on 
growth charts constructed from stem analysis data of 15  trees per plot from 25 
sample plots of lodgepole pine stands in Alberta. These stands were on a uniform 
physiographic site consisting of a dry stony gravel, which resulted in a generally 
low level of diameter growth. Stand densities were based on number of stems 
per acre at 1 00 years of age and cover a range from 250 to 5,000 stems. Average 
diameter at various ages for the 100 largest trees was determined from growth 
eharts (Smithers 1948) constructed for individual stem analysis plots. Figure 8 
illustrates the wide range in maximum diameter which may be expected in stands 
of varying density on a single site condition. 

While the effects of density upon diameter growth of . lodgepole pine  are 
well documented, there is little data which )ndicates the effect of site quality 
upon diameter growth. In one investigation at Kananaskis Forest Experiment 
Station the writer found that the average diameter of the 50 largest trees per 
acre in a stand of 1 ,000 stems per acre on a rich well-drained loam was 8.5 inches 
at 90 years. In comparison, the average diameter of the 50 largest trees in a 
stand of the same density on a dry gravelly soil was only 7.5 inches at 90 years. 
The difference of one inch would indicate the capacity of the better soil to pro­
duce larger trees and more rapid diameter growth under similar density condit ions. 
Smithers ( 1957) presents data which indicate more rapid diameter growth of the 
200 largest trees per acre on good sites than upon poor sites in stands of com­
parable density which varied in age from 5 to 75 years. 

While the effects of site quality upon diameter growth are less significant 
than those of density, there is, however, a need for additional study in both 
of these fields. Further research should attempt to define dearly the rates of 
diameter growth under variolls conditions of density, age and site quality. 

3 . 1 2 H EIGHT G ROWTH 

Height growth of individual trees has ahmys been of great interest to forest­
ers from a silvicult ural as well as a mensurational standpoint. The silvicult urist 
has usually aimed for the production of tall fast-growing trees providing maximum 
dear length and has sought to utilize strains capable of rapid height growth. 
The mensurationist's interest in height growth has st<>mmed primarily from the 
relationship between site quality and height of dominant trees at an index 
age. 

52 



12 

I 
10L 

.: 
.<: 

rr ... .0 
.... o 4 
... Q) -<II E 
" 
is 

2 

o 10 20 30 40 
Totol 

50 
A g e  

6 0  
in  Ye o r s  

./ 

70 

� ",oy 

./"" 

� 
� 

80 90 100 

Figure 8. Average d iameter of the 100 largest trees in lodgepole pine stands of varying density. (Based on 350 stem analysis trees from 25 sample plots.) 

.. ... 
" 
.. .... 

0 
0 

.. " 
.. ... u 

c:( "-
.. E <II 
u; 
c: 

� •• c • 
0 



In the case of lodgepole pine, the validity of the site index relationship was 
questioned by Bates ( 1 9 1 8) .  Subsequently, Parker ( 1 942) a ttempted an adjust­
ment to site index variations in stem density in order to provide a more accurate 
index. Smithers ( 1955) , in studying produdivity of i-iuhalpine lodgepole pine 
stands, found that site index did not conform with physiographic site conditions 
and that variations in stem density produced a substantial influence on the site 
index. In this investigation it was shown that per acre volume was also in­
fluenced by the effect of density on the average height of the stand. Subsequent 
studies by the writer in lower density pine stands in Alberta indicate that the 
influence of density on dominant height extends to stands containing as few as 
200 trees per acre at 1 00 years of age. Figure 9 i llustrates the serious effect of 
density, as expressed by number of stems per acre at 90 years of age, on the 
dominant heights for a single physiographic site. This site consisted of a flat 
gravel bench which was excessively dry and contained a high percentage of 
stones. A total of 25 single examination sample plots distributed through the 
range of density conditions were employed to sample this site. It is also of 
interest to note that on this site, basal area per acre remained relatively constant, 
ranging between 90 and 1 1 5  square feet per acre, and average height of the stand 
followed a parallel trend to the dominant height data ; consequently, volume per 
acre, particularly merchantable volume, increased as density decreased. 

The changes in dominant height associated with age are illustrated in 
Figure 10 which contains three dominant height/age curves for lodgepole pine. 
The Alberta curve was based on stem analysis of dominant trees cheeked by 
roughly 150 sample plot values. The Oregon curve was derived similarly but at 
a lower sampling intensity. The British Columbia curve originated for single 
examination plot averages of the height of both codominant and dominant 
trees. All curves \vere adjusted to the same index value of 60 feet at 80 years, 
which represented roughly the mean site index value of the data. Up to an age 
of 100 years, the Alberta and B.C.  curves show a similar trend ; however, beyond. 
100 years the Alberta curve is appreciably higher. It is probable that the two 
curves are not significantly different and that reduced sampling in the advanced. 
age classes has caused the apparent discrepancy. In spite of the effects of density, 
site quality exerts a measurable influence upon the height growth of dominant 
trees. Smithers (1955) found that after the effects of density had been eliminated, 
the dominant heights of 90-year-old lodgepole pine stands varied from 50 to 
65 feet in response to variations in site quality. Further studies in the Boreal 
Region have shown that in 90-year-old lodgepole pine stands, site quality 
alone produced a range i n  dominant height index from 70 to 85 feet. The total 
range of dominant height values at 90 years was 55 to 85 feet. Roughly 50 per 
cent of this range was associated with the effects of density while the balance 
was attributed to site quality. 

It might be inferred from these investigations that, in the ease 'Of lodgepole 
pine, dominant height does not constitute a valid site index upon which to 
develop yield tables. However, since volume per acre, particularly merchantable 
volume, is affected by density in a similar fa",hion to the dominant height values, 
site index can be employed as a produetivity rat ing for yipld table purposes. 
The site index will, however, be a combined nwasure of si te quality and density. 
Consequently, lodgepole pine yield tables construeted on such a basis will not 
describe the potential productivity of a site nor can they be employed to predict 
yield of stands in which density may be radically changed by thinlJing. 
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Plate 16. Young mixedwood stand in the low foothills with aspen initially overtopping lodgepole pine. 

Plate 17. :l\('ar elimax Engelmann spruc('-alpin(' fi r  stand with a remnant of lodg('pole pine. 
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3 . 1 3 CHOWN S I � E  

GClwral descriptions of the typical erown form of lodgepole pine have been 
given under the heading of sih-ical characteristics. To date no extensive studies 
of the relationship of crown size to indi\,idual tree growth have been carried 
out. A limited :,;ample of 1 60 crown mea:,;urements has been made by stem analysis 
in 90 year-old stands in the subalpine and boreal regions. Figure 1 1 , which 
shows the relationship of crown surface area to diameter breast height, has been 
prepared from these data. 

Plate 18. Typic-al degree of crown closure in fully stocked 85-year-old lodgepolc pine stands. 

3 . 14 l::>;DIYl DCAL TR]<;E Y OLl)�1 E  A:\,D FOHM3 
Growing under stand conditions, lodgepole pine exhibits a mllllmum of 

butt swell, a high form-dass, and an extremely straight bole. These character­
istics haye favoured the use of the species up to the present time for such prod­
ucts as railway ties, poles, piling, posts, and building logs. With t he foreseeable 
enlargement of the use of lodgepole pine for pulp, the aforementioned form 
eharacteristics, especially the high form-class, are important in regard to mer­
chant,able cellulose content of individual trees. 

'Sections dealing with volume and form of lodgepole pine were prepared by A. W. Blyth, Res""r,,!. Officer, Forest 
RCS<'arch Branch, formerly at Calgary, Alberta. 

-
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Plate 19. Burned-over thi" ket stand or lodgepole pine. 

The average form-class of lodgepole pine is cOIl"iderably higher t han that 
of most of t he coniferous sprcies wit h "'hich it is commonly as,.;ociated. Figure 
12 sho\\"s pine form-class correlated with diameter ill comparison to t he same 
relationship for white spruce in two forest rrgions of Alberta where pine occurs. 
Throughout its diame ter range, pine averages about eight form-class units 
higher than white  spruce in the boreal region. Interpreted in trrms of merchant­
able volume, t his means that the average pine tree contains from 10 to 25 per 
cent more cellulose than t he average spruce tree of the same d .b.h. and height .  
The same is  true, but  to a lesser extent, when pine is compared to  subalpine 
spruce. It should be noted that while most of the volume difference is attribut­
able to form-class, some of the higher pine volume is also due to the very thin 
bark characteristic of this species. 

Recently the Bri t ish Columbia Forest Sen-ice prepared new standard 
tables for most of t he coniferous species found in  the province. A study of these 
tables shows that lodgepole pine has a higher cubic volume for each diameter 
and height class than any other species with the possible exception of western 
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hemlock. The high volume is again attributable to the high form-class and to 
the thin bark. It is of  interest to note the influence of  form-class on per acre 
yields as well as on individual tree volumes. It is quite possible to find pure 
stands of white spruce and lodgepole pine with almost idcl ltieal stand strueture 
in  regard to basal area, average diameter, and height, but the pine stand under 
such conditions will exhibit a merchantable volume 15 to 20 per cent higher 
than that of the spruce. 

3 . 15 VOLUM E  TABLES l<'OR LODGI'�POLE PINE I N  CANADA 

Currently there are three sets of siandard volume tables in usc for lodge­
pole pine in Canada. In order that the reader may decide which is the most 
applicable for a particular area or purpose, each is described below. 

A .  Form-Class Volume Tables 

These were prepared by the Dominion Forest Scrvice in 1930 from taper 
measurements taken on 243 trees in British Columbia and Alberta. Average. 
taper curves were constructed for form-classes 60, 65 and 70 and theoretical 
volumes were calculated from these curves for each diameter and height-class. 
Tables were prepared for total cubic feet, merchantable cubic feet, lineal feet 
of mine props, and board feet according to the Britif'h Columbia, Scribner, and 
iN International Log Rules. 

B. Standard Volume Tables for Lodgepole Pine in Alberta 

These tables were prepared by the Federal Forestry Branch (Blyth 1955), 
and are based on the meatmrement of 676 trees in the province of Alberta. 
Total and merchantable cubic foot tables were prepared by the method of 
harmonized curves, and board foot tables for the Scribner and i" International 
Log Rules by the volume-diameter ratio method. In 1956 the Province of Alberta 
adopted the 5/1 6" International Log Rule and a further table "'as prepared to 
this specification. 

C. British Columbia Cubic Fool V olilme Table for I n/erior and Coast 
Lodgepole Pine, A ll Ages 

This table was prepared by the British Columbia Forest Service in 1 955 
from measurements t aken on 1 ,870 trees throughout the province. The table 
gives volumes in total cubic feet ; however, convert ing factors for merchantable 
volumes are also given for three degrees of utilizat ion. The table was prepared 
from a least squares solution of the basic data expressed in logarithmic form. 

The Alberta and British Columbia volume tables as detailed in B and C 
above are presented in the appendix to this publication. (See List of Tables, 
page 134.)  

In any discus�ion of the use of pine volume tahles for the preparation of 
stand estimates, it is of interest to not.e that a shorteut method of merchantable 
volume determination can be employed. This method will work " ith  several 
species but is especially suit.ed to pine owing to the uniformity i n  distribution 
of diameters and heights. Th(' following is an example ()f the application of the 
method. 
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A Rtandard cruise of a pille st and yi<'ldpd t he follo\\ ing information : 
Trees per acre 4 "  + = 563 
B.a. per acre 4" + = ] 20 sq. ft. 
Average d.b.h. = 6.3" 

1\1erch. volume per acre 4" + = 2,7RO cu. ft. 

To determine the volume per acre as above it was necessary to prepare a 
stand height/diameter curve, then a Rtand local volume table, and finally to 
accumulate the volumes by individual diameter c lasses. Using the short-cut 
method, the average diameter is calculated in t he field and the height of this 
average tree is found by measuring 3 or 4 trees of the same diameter, Reference 
is then made to a st andard volume' table and t.he volume of the average tree is 
determined. This volume is then multiplied by the number of treeR per acre to 
determine the stand volume. The following are the results obtained by the short­
cut method. 

Trees pf'r acre 
B.a. per acre 
Average d.b.h. 

H t. of a vel'age tree 
Vol. of average tree 
1\1erch. volume per acre 

·1" + = 563 
4" + 1 20 sq. ft. 

6.3" 

= 53' 
= 4.9 cu. ft. 

4" + = 563 (4,9) = 2,759 cu. ft. 

Comparing the volumes obt.ained by the standard and short-cut methods, 
one finds that the difference amounts to only (2,780 - 2,759) X (100) = 0.8%. 

2,780 

In genf'ral, it has been found that in lodgepole pine this short-cut method of 
merchantable volume estimation will yield results within +4% of those obtained 
from standard procedures. 

-

All of the evidence indicates that the behaviour of individual tree growth 
and yield per acre, owing to wide variations in density, are far from typical 
when compared with those of other native speeies. It will  therefore be necessary 
to continue the investigation of individual tree growth and to describe with 
greater clarity the effects of density upon the growth of trees and stands. 

3 . 2  YIELD PER A CRE 

Lodgepole pine is a species which lends itself t.o even-aged management. 
Foresters are vitally eoneerned, t.herefore, with i t.s growth and yield in t.erms 
of per acre prod uction. Such production figures i nelude number of stems, basal 
area, and volume per aere, as affected by age, densit.y and site qualit.y. Infor­
mation on t.he per acre yields of lodgepole pine stands in Alberta has eome from 
a variety of sources which include rat.e of growth surveys and large-s�ale i n­
vent.ories as ,yel l  as detailed st.udies of productivity relationships. Within i ts 
Calladian range several yield tables for lodgepole pine are available. One of these, 
prepared by t.he British Columbia Department of Lands and Forest.s, is a normal 
yield table based 

'
on a site index which is an avemge of dominant. and co-dominant 

heights. A number of empirical tables have also beC'J1 prepared to fit local con­
ditions in various regions of British Columbia. These h:1Ve been published i n  a 
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report on the Continu0u;,; Forest I llvelltory oi British Columbia (initial phase 
1957) . The Alberta yield table st udy has heen designed to incorporate a change 
in density factor based on renwasurement of permanent f'ample plots and will 
subsequently make usc of a physiographic site classification. Since sufficient 
remcasurerr,ent data were not available to complete the final analysis at this 
date, a temporary table was constructed on a site index basis. In  this table the 
site index is the average of the prcdominant (Craib 1933) or tn11est tl'ees on the 
plot. A merchantable cubic foot yield table for Alberta has not been prepared 
to date. It is apparent tliat because of differences in the site indices which \\ ere 
employed, there can be no direct comparisons of yield data from the two tables. 
A check of individual Alberta plot data against the British Columbia yield table 
using an adjusted site index, indicates similarity in the yield valuc� above 80 
years. Below this age. inadequacies in  the sample of Alberta data have caused 
some discrepancy. It is therefore recommended that the British Columbia table 
be employed in Alberta lodgepole pine stands in the horeal l'egion. Copies of the 
British Columbia table and the temporary Alberta table are included in the 
Appendix. 

Only a very limited amount of yield data is available for the subalpine 
forest. On comparable site conditions basal area yields in the subalpine forest 
appear to be the same as those of the boreal forest. However, hecause of the 
higher average number of stems per acre in subalpine stands, the merchantable 
cubic foot volumes are appreciably lower than those of the boreal. So important 
i s  the effect of stocking in the subalpine forest, that a preliminary yield table 
of merchantable volume might well be constructed using number of stems, or 
preferably average diameter and a.ge, as the independent variable. 

3 . 21  N UlII BER OF TREES 

The most outstanding characteristic of lodgepole pine stands is the extreme 
variation in number of stems per acre which may be encountered at any age. 
Several attempts have been made in Alberta to investigate the relal ionship of 
stocking to site quality. Horton (1953) found that while ini tial stocking was 
generally low on dry sites, particularly south and south,Yest exposures on steep 
slopes, wide variations in stocking may occur on any site. Such variat ions appear 
to be connected with differences in fire intensity and seedbed condit ion, previous 
stand density and age, and available seed supply. On dry sites where litter 
accumulations are low, light fires may result in an excellent seedbed and heavy 
stocking, while hotter fires may impoverish the soil and decrease the water­
holding capacity so that stocking is low. On moist or wet sites light fires are 
unable to recluce litter accumulations, thereby providing a poor seedbed and low 
stocking, while hotter fires may result i n  excellent seedbeds and heavy stoekillg. 
Young stands which carry many non-serotinous cones may lack a sufficient seed 
supply, while more mature stands bearing numerous serotinous cones usually 
provide an abundance of seed. Dense stands which are disturbed by fire may lack 
a sufficient seed supply, while the fully crowned trees of low-density stands 
provide an excellent se�d source. The variations in stoeking which may result 
from combinations of the aforementioned conditions seem to obliterate 
completely any natural tendencies toward a correlation between site quality 
and number of stems per acre. ,� 
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Plate 20. A large lodgepole pine 27 inches d .b.h., 107 feet tall, at 275 years or age. 

Plate 21. B utt section of a large lodgepole pine. 
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Plate 22. A dense stand or 14-year-old lodgepole pine with more than one-quarter or a million stems per 
acre. 

Plate 23. A dense 90-year-old stand or lodgepole pine with 5,000 stems per acre. 
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Table 7 shows the ranges in diameter distribution which were sampled i n  
90-year-old stands. All 25 samples were from similar physiographic site con­
ditiolls and contained roughly the same basal area per acre. While stands rang­
ing i n  stocking from 250 to 500 stems per acre show excellent possibilities of 
yielding poles, ties, lumber and pulp, it is equally apparent that stands of more 
than 2,000 stems per acre at 90 years are never likely to provide a reasonable 
merchantable yield. 

TABLE 7. DIAMETER DISTRIBUTION I N  90-YEA R-OLD LODGEPOLE PI NE 

Diam. 

1 .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
5 . . . . . . . . . . . . . . . . . . . . . . . . .  , . . 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

to . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
11 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
12 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
14 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
15 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
16 . . . . . . . . . . . . . . . . . . . . . . . . .  " . . 
17 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3,Oto 

85 
325 

1 , 800 
550 
240 

10 

Number of Stems Per Acre 

2,020 

95 
225 
550 
670 
330 
110 

40 

975 

30 
70 

125 
290 
190 
130 
100 

20 
8 
7 
5 

515 

15 
25 
55 
85 
60 
90 
85 
55 
30 
15 

255 

5 
10 
30 
25 
55 
40 
35 
30 

5 
5 
5 
5 
5 

The subalpine and foothills habitats of lodgepole pine show an appreciable 
difference in stocking. While a great range in stocking can be found in both areas, 
the average number of stems per acre is noticeably lower in the foothills and 
crown differentiation is better. The reason for such differences are obscure. 
It has been suggested. that soil differences may greatly affect stocki l lg. The 
subalpine stands occur mainly on soils derived from limestones, while many of 
the foothills stands occur on limey sandstones. Species composition, in particular 
the abundance of poplar in the foothills pine stands, accounts for lower stocking 
in some cases. Genetic differences may t.o some extent account for the more 
rapid crown differentiation and subsequent lower stocking in the boreal region. 
This situation requires further study. 

Reduction in number of stems per aere as stan d development progresses 
appears to be governed largely by the initial stocking. Very heavy m ortality 
may occur in dense stands  even at advanced ages. Permanent sam ple plot data 
show a mortality of 4,500 stems pel' acre during an l l-year period in a dense 
75-year-old stand. Smithers (1957) suggests that the percentage decrease i n  
number of lodgepole pine per acre i s  similar to that of ot.her intolerant pine 
species. 'Vhile the normal yield table concept of increased competition, more 
rapid crown differentiation, and faster natural thinning on areas of high site 
quality is applicable to a limited extent in lodgepole pine Btands, nevertheless 
the effects of initial high stocking are modified only slightly by subsequent 
mortality. Dense stands tend to remain dense regardless of the site qualit.y. 
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Plate 24. A low-depsity stand of 90-year-old lodgepole pine with 800 stems per acre. 

Plate 25. A low-density stand of lSO-year-old lodgcpoll) pine. 
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3 . 22 BASAL A R EA 
Basal area per acre of lodgepole pine and the factors which influence it, 

namely age, site and density, have been the subjects of several studies in Alberta. 
The basal area curns of fully stocked stands (Smithers 1957) based on per­
manent sample plot data, rise rapidly at ages up to 60 years ; the eurve then 
reaches a maximum level and, while minor fluctuations occur periodically, the 
basal area remains fairly constant until the stand begins to break up owing to 
over-maturity. This curve shape is consistent with those of comparable species, 
including red pine (Smithers 1 954), ponderosa pine (Meyer 1 938), and loblolly 
pine (Chapman and Demerrit 1 932) . The curve is, however, representative of 
the trend only in fully stocked stands. In understocked stands the basal area 
,vill continue to rise until such time as the carrying capacity of the site has been 
reached. 

In contrast to pcrmanent sample plot data, yield table basal area curves 
from British Columbia (Figure 1 3 )  indicate a slower increase in basal area at 
younger ages and a continuation of the increase to more advanced ages. These 
curves are, howeycr, based on a site index which is subject to the effects of density and 
consequently they l"ould not sho,,, the same form as those based on a physio­
graphic measure of site quality. It is of interest to note that, for comparable 
site index values, the basal areas of mature stands in the Alberta and British 
Columbia yield tables are quite similar. However, in the younger age classes 
the Alberta yield table curves show lower values. It is believed that these dif­
ferences can be attribut.ed to inadequate sampling of some site conditions. 
Additional sampling will be undertaken to strengthen the data and revise the 
basal area age curves. 

In t.he relationship of basal area to site qualit.y, normal yield tables based 
on a sit.e index customarily show a relatively narrow range of basal area. How­
ever, variation within a sit.e class is relatively high. This trend is true of both 
the British Columbia and Alberta yield t ables for lodgepole pine. In contrast 
an investigation by Smithers (J 956) shows a strong correlation between physio­
graphic site quality and basal area and indicates a much wider range in basal 
area due to variation in physiographic sit.e. The relative ranges of thc two sets 
of information are shown in Fignre 13 .  This apparcnt contradiction is explained 
by the difference in method of site classification. Since dominant height i s  
affected b y  both site quality and density, the basal area for a given site index 
" ill be an average of combillations of good and poor sites and high and low 
densities. Variability of basal area in relation to site index will therefore be 
increased and t he overall spread of the basal area curves wj]} be decreased. 
This wide di vergence of basal arca agc cunes, apparcntly due to differences i n  
the method of si te classification, poses a prohlem for the reader i n  attempt ing 
to seleet suitable growth information. It would appear that for purposes of forest 
regulation on large areas, yield data derived from tables base"ct on site index 
are acceptable. However, for the more accurate assessments of growth demanded 
by intensive high-yield silviculture, it will be necessary to carry out more de­
tailed investigations employing an ecological concept of stand development 
rather than a mathematical one. 

It has been frequently assumed that basal area per acre is very sensitive 
to stocking. Smithers (1956) provides an illustration of the effect of stocking 
on basal area in 90-year-old lodgepole pine stands on a good site. The stands 
sho,Ycd remarkably little variation in basal are:; through a range from 800 to 
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3,000 stems per acre. Data gathered subsequently in Alberta i n  a 90-year-old 
stand on a dry, poor site showed a range of only plus or minus 10 square feet 
even though the stocking varied from 230 to 5,000 stems per acre. In  stands of 
less than 230 stems per acre a definite decline in basal area was found. 

In general, basal area per acre appears to be a relatively predictable variable 
which is well correlated with age and physiographic site quality, and i n  badly 
understocked stands it is a useful expression of density. 

3 . 23 VOLUME PER ACRE 

Regardless of the value of any intermediate steps, volume per acre is the 
ultimate objective of any yield prediction. In Alberta, volume i n  terms of mer­
chantable cubic feet is of greatest importance, while total cubic foot volume i s  
of  rather academic interest in  view of the current merchantability conditions. 
Board foot volume is of only minor concern since lodgepole pine is not primarily 
a sawtimber species. 

Studies of total cubic foot volume per acre in the subalpine forest of Alberta 
(Smithers 1 956) show that the volume in lodgepole pine stands varies appreciably 
O\ving to the effect of number of stems per acre. In spite of consistent physio­
graphic site conditions, increases in number of stems per acre reduce total 
volume per acre in densely stocked stands. While the study did not i nclude 
merchantable cubic foot volumes, it is apparent that the effects of change in 
number of stems per acre on merchantable volume would be even more drastic 
since the number of trees above a given merchantable limit in fully stocked 
stands is i nversely related to the total number of trees at any particular age. 

The general situation regarding growth and yield studies i n  lodgepole 
pine stands presents a somewhat confused picture. Depending on the form of 
site classification employed, either physiographic or dominant height index, 
the form of the basic yield relationships may vary considerably. While it is not 
within the scope of this monograph to resolve these basic cfiff�rences, it can be 
j ustifiably recommended that further study should be devoted to the problem. 
Currently, a large number of permanent sample plots in the lodgepole pine 
type in Alberta are being remeasured and these plots will be classified as to both 
site index and physiographic site quality. An analysis of these data should do 
much to clarify the growth and yield situation. 

3 . 24 COXSTRUCTION AND APPLICATION OF YI ELD TABLES 

Two courses of action in the construction of yield t ables are available. 
If physiographic site classes arc employed, it will be necessary to include an 
additional independent variable, number of trees per acre. Such a yield table 
should provide maximum accuracy but will require additib-nal data. One draw­
back of such a method will be the difficulty of determining number of trees per 
acre from air photos. In  view of improvements i n  air photo technique, however, 
this may not be a serious problem. Alternatively, one may ignore the theoretical 
objections to the use of site index and continue to use normal yield t ables. In 
these tables it may be assumed that both the" site index and the merchantable 
volume i n  cubic feet are both affected in much the same way by variations in 
number of stems per acre. Although the index values ,vill represent combinations 
of site quality and density, the yield predictions will be fairly satisfactory. Such 
yield tables 'will of course give little indication of potential yield under optimum 
stocking conditions. 
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It has already been recommended that the British Columbia yield table 
may be applied to Alberta lodgepole pine stands with certain limitations. In 
applying most normal yield tables, recommendations allowing for an increase 
i n  basal area owing to a gradual progress toward normal stocking are made. 
In the case of lodgepole pine stands in Alberta, it  is believed that the majority 
are fully stocked and require no adjustment. Basal areas belo"" those of the 
normal yield tables will be encountered. But no allowance for increase i n  stock­
ing should be m ade, and volume values proportional to the current basal area 
should be employed in predicting growth. 

While yield tables show the natural yield trends of the type, i t  i s  frequently 
of interest to record maximum yields encountered in the field. In lodgepole pine 
stands the highest total cubic foot volume recorded on a sample plot in Alberta 
was 8,400 cubic feet. This stand had a dominant height index of 81,  a basal 
area of 202 square feet, 252 stems per acre, and an average diameter of 1 2. 1 1  
inches at a n  age of 150 years. A 1 I5-year-old stand of height index 81  had a 
volume of 8,160 cubic feet. The average diameter of the latter plot was 10.2 
i nches and 

'
the number of stems was 380. 

It i s  of interest to note that lodgepole pine yield tables show somewhat 
higher volumes per acre than do tables for comparable species such as red pine. 
In this regard it is well to remember that the high average form class of lodge­
pole pine stands may result i n  higher yields for a given age and site index. 

3 . 3  GROWTH AFTER PARTIAL CUTTING 

It is essential that a clear distinction be made between partial cutting as 
practised in Alberta and intermediate cutting or thinning which is discussed 
under the heading of silvicultural practices. The basic difference ,,-hich must 
be observed is that thinning aims at stand i mprovement combined with the 
salvage of m ortality, while partial cutting is  a harvesting method aimed at i n­
creased production and regeneration of the stand. In Alberta partial cutting 
has been widely practised in the lodgepole pine stands of the foothills area ,,,here 
the primary products consist of ties and poles. Since there ,,-as no market for 
small-sized trees, i t  was economically adyantageous to remoye only that portion 
of the stand which exceeded a diameter limit of roughly 12 inches_ Since there 
was little motive for stand improvement, defective trees even of the larger 
sizes were not cut. 

Partial cutting of this type can be justified only on one of t,,-o grounds. 
Either such a treatment must be essential to the satisfactory regeneration of the 
stand, or the residual stand must show a reSpOl�qe to release, and gross volume 
i ncrement after cutting must continue at full capacity of the site_ Although 
stands of most speeies are capable of maxill1Um increment with residual stocking 
of roughly 50 per cent, this is true only when the residual trees include a high 
proportion of fully crowned trees capable of rapid response. In the case of lodge­
pole pine i n  Alberta, the trees that would respond most vigorously following 
release are the very trees ,yhich are removed by partial cutting while the inter­
mediate and suppressed stems are left. 

Blyth (1957) has carried out a detailed investigation of partial cutting in  
pine i n  Alberta. All of the stands studied were of low density and were between 
50 and 1 10 years of age at date of logging. The period of growth after logging 
ranged from 1 1  to 30 years. Blyth concluded from his study t hat diameter 
growth of residual stems Ims not stimulated. Volume increment, despite limited 
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windfall and mortality, was appreciably less than that of fully stocked i'tands. 
At the same time, lodgepole pine regeneration was unsatisfactory. 

In the United States, observations of partial cuts by Lebarron (1952) 
have brought about similar conclusions. However, he suggests that partial cuts 
may be satisfactory in some stands because of special considerations such as 
age structure. It appears, h0'vever, that the present methods of partial cutting 
of lodgepole pine in Alberta will neither increase yield nor regenerate the stand 
sa tisf actorily. 

3 . 4  STAGNATION 

The term "stagnated stand" has been applied more frequently to lodgepole 
pine than to any other commercial tree species-and with justification-for 
it is doubtful if any other species can demonstrate such high levels of stocking. 
Descriptions of individual stands supporting half a million 5-year-old stems 
per acre (Smithers 1 957) or 1 00,000 live stems in a 70-year-old stand (Mason 
1915) convey very little to a forester who has never encountered such conditions 
in the field. Even if we imagine a two-foot-tall sapling on every piece of ground 
three and one-half inches square, it i s  difficult to grasp the staggering density of 
such a stand. 

Stagnation to many foresters, however, implies much more than a mere 
excess of trees. The term "locked stands" conjures up an image of a forest in  
which increment even on a per acre basis has almost ceased. 

Studies in Alberta based on permanent sample plot data and stem analysis 
have produced some interesting facts on stagnation. It can be readily shown that 
both diameter and height growth of individual trees are drastically reduced by 
over-stocking, and in  some of the more dense stands, annual rings may be only 
hyo or three cells i n  width. In spite of this reduction in growth, i t  has been 
demonstrated (Mason 1915, Smithers 1957) that release in both diameter and 
height growth can be obtained following thinning even in older stands. An 
interesting comparison is provided by two adjacent stands in the subalpine 
region of Alberta. Stand No. 1 ,  of fire origin, contained 9,000 stems per acre at 
an age of 75 years, and had an average diameter of 1 .8  inches with a dominant 
height of 33 feet. Stand No. 2 was 60 years of age and had originated from a 
second fire which burned over part of the area. It had 860 stems per acre, an 
average diameter of 6.0 inches and a dominant height of 58 feet. Basal area and 
volume for the two sta:·lds were as follows : 

Stand 1 :  161  square feet/acre, 1 ,757 total cubic feet/acre 
Stand 2 :  167 square feet/acre, 4,440 total cubic feet/acre 
Both plots 'were located on a Bat bench, within 200 feet of each other. 

Soil pits showed no differences in soil profile or texture which ,,"ould indicate 
a uniform site. These two stands illustrate "'ith great clarity the basic effects 
of stagnation in lodgepole pine. In stand No. 1 both height and diameter growth 
have been drastically reduced ; hence total volume, inBuenced by the height 
factor, is low. Xevertheless, basal areas of the two plots are almost identical, 
and remeasurement data show that there has been no increase in net basal area 
during the past decade. 

To complete the comparison a third st.and, comparable to stand No. 1 ,  
was thinned 15  years ago b y  removing 80 per cent of the basal area and 9 0  per 
cent of the stems. Diameter growth on the residual trees has approximately 
doubled, yet gross increment in yolume and basal area has been almost identical 
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to that of stand No. 1 .  l\fortality i n  stand No. 1 equalled 100 per cent of the 
basal area increment and 30 per cent of the volume increment while on st and 
No. 3 it was 2 per cent of the basal area increment and 1 per cent of the volume 
increment. Mortality in number of stems during an 1 1-year period on stand No. 
1 plot was 50 per cent. 

From these data it is possible to outline in general terms the main effects 
of stagnation. Diameter and height growth of individual trees may be reduced 
to an almost non-existent level, yet release by thinning from below can bring 
about a substantial response in both of these factors. In contrast, hasal area 
carrying capacity is dictated by the site conditions and is re]ath'ely unaffected 
by the stagnation. Gross i ncrement i n  basal area is also unaffected. Volume, 
because of its dependence on average height, is greatly reduced by stagnation. 
Percentage mortality in number of stems per acre in  comparison with yield table 
figures is normal. A comparison of cubic foot volume mortality data from per­
manent sample plots in dense lodgepole pine with figures for ponderosa pine, 
and red and eastern white pine, (Smithers 1957), shows that mortality in cubic 
foot volume is normal. In fact, the whole study of stagnated lodgepole pine 
stands does not indicate any exceptional behaviour but merely the natural 
development of extremely dense stands. However, regardless of whether stag­
nation is a normal development or not, such a growing condition is definitely 
not desirable. In order to provide a solution one of two courses must be followed. 
Either the stands must be thinned at an early age, which is economically un­
feasible ; or control must be exercised i n  the harvest cutting stage to ensure 
that extremely dense stands do not occur. It has been suggested by Crossley 
( 1955a) that intensity of scarification may be one medium through which density 
may be controlled. Certainly the elimination of fire from both uncut and cut­
over stands will do much to prevent excessive densities. 

3 . 5  ROTATION AGE 

The average rotation age suitable for the management of a sppcies i s  un­
fortunately not a simple mathematical concept. Rather it i s  a compromise 
between many factors, biological, economic and mensurational, \yhich must 
be weighed to determine the correct balance between the yarious considerations. 
Rotation age is therefore an ayerage value lying between an upper limit based 
on the physical rotation and a lower limit involving maximum rate of wood 
production per acre. Fortunately these limits are reasonably \yell defined. The 
physical rotation for lodgepole pine stands is roughly 150 years, and while 
individual trees may remain sound for much longer, mortality among the largest 
trees causes the stand to decline rapidly beyond this age. The lower limit of 
rotation age coincides with the point at which mean annual increment in total 
cubic foot volume culminates and, according to available yield tables, occurs 
at roughly 70 years. Rotation age therefore lies between these limits and shifts 
up or down on economic considerations. 

Figures 14 and 15 show the mean annual and current annual increment 
curves for total cubic foot and merchantable cubic foot volumes for trees 6 

inches plus. These cun'es have been determined from the British Columbia 
yield table data, and are applicable to lodgepole pine in the Low Foothills 
Division of Alberta. If a four-ineh merchantable limit is accepted as a standard 
for pulpwood utilization, it may be inferred from Figures 14 and 15 that a pulp­
wood rotation age of 90 years, including a regeneration period of 10 years, i s  
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acceptable. Cutting ages for individual stands would vary from 70 to 100 years, 
reflecting the effects of site quality and density upon stand maturity. 

If a minimum diameter limit of 8 inches is specified for larger products 
such as poles, ties and lumber, then rotation age would increase to roughly 130 
years, with a range of cutting ages of from 100 to 140 years depending on stand 
density and site quality. 

Rotation age in  the subalpine region will be somewhat greater than those 
of the boreal because of higher stocking. This increase in rotation age will, 
however, not be great since the products of this area wj}} be mainly pulp, posts 
and poles. It is estimated that a rotation age of 120 years will be suitable for the 
majority of subalpine stands. 

4. DAl\1AGE AGENTS 
4 . 1  INSECTS INJURIOUS TO LODGEPOLE PINE IN THE CANADIAN ROCKY MOUN­

TAIN REGION4 

Insect damage to lodgepole pine has been more extensive than to most other 
species of conifer in this region. The insects are discussed under six groups accord­
ing to the type of feeding and the part of the tree attacked. These groups are 
the bark beetles, the foliage feeders, tlvig and terminal insects, sucking insects, 
root feeders, and wood borers. Lodgepole pine cone insects are not of economic 
importance. In each group, the more important species are mentioned, followed 
by a m ore detailed discussion of each, the outbreaks recorded, and control 
methods. As the title indicates, the information contained herein applies to the 
Canadian Rocky Mountain region unless otherwise stated .  

4 . 1 1 T H E  BARK B EETLES 

The mountain pine beetle, Dcndroctonus monticolae Hopk.,  is by far the 
most destructive species. Outbreaks sometimes cover many thousands of acres, 
and u nless control measures are taken in time, 80 to 90 per cent f)f the mer­
chantable stand is killed. Two other species of Dendroctonus (valens Lee. and 
murrayanae H opk.Y attack the bases of trees weakened from other causes. They 
have not been primary tree killers. Outbreaks of the pine engraver, Ips pini 
Say, occasionally occur in the vicinity of logging operations but usually these 
are of short duration and cover small areas. Ips perroti Sw. has similar habits to I. 
pini but is of lesser economic importance. Many other bark beetle species play 
secondary roles, attacking suppressed and weakened trees, windfalls, fresh slash, 
and stumps. At times, some of them may be beneficial by killing the suppressed 
and weakened trees, resulting in a natural thinning of the stand. 

The mountain pine beetle is a stout, black, cylindrical bark beetle about 
3/16 of an inch in lengt.h, having a broad head without a frontal groove and 
with the prothorax slightly narrowed toward the head. 

Adults emerge from infested "material in mid-summer, the time varying 
considerably with weather conditions. They attack green standing trees during 
outbreaks, or windfalls and freshly cut logs during endemic periods. The female 
bores through the bark and excavates a fairly straight egg gallery up the tree 
between the inner bark and the sapwood. It is sometimes two feet or more in  
length. A mixture of  resin and boring dust is pushed Olit of  the entrance hole and 

-This section w as  prepared and submitted i n  1958 by G. R. Hopping 01 the Forest Entomology a n d  Pathology Laborat<lry at Calgary. Alberta. 
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Plate 26. Mountain pine beetle gallery showing adults, larvae or pupae. 

Plate 27. Mountain pine beetle da mage in Kootenay Park. 

Photos for Plates 26 to 32 by P. Debnam, For. Ent. and Path. Lab., Calgary, Alta. 
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aceumulates on the outside of the hark to form a reddish brown piteh tube. 
On heavily attacked trees these pitch tubes are so numerous that they can be 
seen from a distance of 100 feet or more. In late attacks when the resin is not 
flowing to any extent , piteh tubes may not be formC'd and the only evidence of 
att ack is the boring dust in bark crevices and around the base of the t ree. The 
male usually enters the gallery shortly after it is started and he assists in the 
expulsion Df the resin and boring dust. The eggs are laid in niC'hes along each 
side of the main gallery. The larvae feed laterally from the main gallery between 
the i nner bark and sapwood. By late fall they have become full-grown or some 
may have transformed to pupae within cells excavated at the ends of the larval 
mines. In the following spring larvae transform to pupae and pupae to adults, 
ready to emerge and attack fresh material in mid-summer. 

After completing the first galleries many females emerge toward the latter 
part of summer or early fall and excavate second galleries, thus establishing two 
broods i n  one season. The larvae of the second brood overwinter i n  a fairly 
young stage reaching the adult form in late summer or early fall of the next 
year when they emerge and attack fresh material . Thus adults of two groups 
take part in the late attack, one composed of adults excavating first galleries 
and the other of those making second galleries. 

The mountain pine beetle causes severe losses of white, sugar, ponderosa, 
and lodgepole pines in western North America. Losses have been particularly 
severe in mature to overmature lodgepole pine. Between 1920 and 1 940, there 
were three outbreaks in lodgepole pine stands in British Columbia, each cover­
ing more than 100 square miles. No accurate damage appraisals were feasible 
but an educated guess would be at least one billion board feet destroyed. 

An outbreak in Kootenay National Park start�d __ ab9ut_ 1930 and continued 
to 1942- (Hoppfng -a,1-;cl Mathers 1945) . In the main core of the i nfestatj"o-ri�- ­
sample plot data indicated that 400 million board feet were destroyed on 50,000 
acres. The extreme outer margins of the outbreak enclosed a much greater area. 
l\o control was attempted. An outbreak in the Bow Valley and tributaries near 
Banff started in 1940. Fortunately, control measures were commenced in 1941  
and continued to 1943. These were successful, probably aided by inereased 
moist ure condit ions. The number of trees treated was 30,000 on an area of 1 5,000 
aeres. No other serious outbreaks have occurred in Alberta during the life of 
present stands. 

The causes of outbreaks of the mountain pine beetle are imperfeetly known 
but eertain factors appear to exert a marked influence on infestations. It is 
known, for instance, that all of the large outbreaks between 1920 and 1945 
occurred during, or i mmediately following, a long drought period. This could 
haye contributed to the i llerease of the bark beetle in two ways. The growth 
rate of lodgepole pine was appreeiably reduced in all age classes during the dry 
period and presumably tree vigour also declined. This may have prevented the 
trees from producing the amount of piteh necessary to drown the attacking 
beetles. Also the long dry seasons provided favourable conditions for egg laying 
and brood development over a longer period during the second or late summer and 
early fall attacks. 

Outbreaks of the m ountain pine beetle seldom develop in lodgepole pine 
stands under 80 to 90 years of age. This may be the reason why no serious i n­
festations have occurred on the eastern slope of the Canadian Rocky Mountai ns 
where most of the pine stands are in this age class or younger. 
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It has often been stated that pure stands are partieularly susceptible to 
insect outbreaks (Doane, Van Dyke et al. 1936, Prebble 1951 ,  Graham 1952, 
Keen 19.52) . This is  substantiated by the fact that mountain pine beetle out­
breaks seldom originate in mixed stands. Windthro\Vl1 trees and logging and road 
slash often cause a sufficient build-up of bark beetle populations to eause out­
breaks i n  the surrounding timber. 

Hopping and Beall ( 1948) have shown that few trees of diameters 6 inehes 
and under are attacked, and that there is a rise of 4 to 5 per cent infestation 
with each one-inch diameter increase. This probably varies considerably with the 
level of the beetle population and the number of available trees. On njne plots 
aggregating 8.5 acres in the severe Kootenay outbreak there were 763 trees of 
8 inches d.b.h. and under. Of these, 60 per cent was attacked, mainly in the 8-
inch class, but 20 per cent of the attacked trees recovered, with a tot al survival 
(unattacked and recovered trees) of 51 per cent at the end of the outbreak. 
There were 7 1 4  trees of 10 inches d.b.h. and over, of which 90 per cent were 
attacked. Of the attacked trees, 9 1  per cent were killed with a total survival of 
only 12 per cent at the end of the outbreak, mainly in the 10 and 12-inch classes. 
These data suggest a preference on the part of the beetle for trees of the larger 
diameter classes. The higher recovery of the smaller trees was due to light 
attack, indicating that they were less attractive to the beetle than the larger 
trees. 

Many types of direct control have been tried on bark beetle outbreaks i n  
lodgepole pine. These have been described by Keen ( 1952) . Two of the methods 
seem to be more successful than others. They are ( 1 )  cutting, decking and burn­
ing infested trees, and (2) treating infested trees, either standing or felled, with 
penetrating oil sprays. A third method, the salvage control operation, can be 
used effectively to stop small outbreaks in  the vicinity of logging operations. 
In national parks, when salvage i s  not feasible, the decking and burning method 
is recommended because it maintains the aesthetic values as well as eliminating 
fire hazard from felled trees or standing snags. In commercial t imber, t reating 
with chemicals would probably be cheaper. 

There are three main steps in a major control operation. The first is an 
examination of the infested area to determine \yhether the outbreak is increa:;.:ing 
or decreasing. It can be done by a qualified man traversing the area and finding 
the ratio of green infested trees to red-topped trees attacked the previous year. 
The best time i s  in late fall after the fresh attacks on green trees have been 
completed. 

If results show a rising infestation and control is decided upon, the second 
step is to make a 1 to 2 per cent cruise recording all green infested trees on the 
strips. I t  i s  advisable to record trees of the previous years attack (red tops) 
as well, because this will give the rate of increase more accurately thim in t he · 
preliminary examination. The most i mportant function of this cruise, however, 
is to provide data for the estimation of control costs. 

The third step is the actual spotting, marking, and treating of the infested 
trees. On large outbreaks this may require 150 men or more. Cruising parties 
of three to four men each must first make a 100 per cent cruise of the infested 
area, marking and plotting every infested tree or group of trees. This enables 
the treating crews to locate them \vith ease (Hopping 1946). 

The cost of control varies considerably with economic ronditions, size of 
trees and intensity of infestation. In lodgepole pine, it has been done at a rost 
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of from 50 cents to $1 .00 per treated tree, using the decking and burning 
met hod (Keen 1952) . 

Several management practices can be suggested to reduce the stand sus­
cept ibility to moulltain pine beetle outbreaks. 

1. The older stands containing the larger diameters should be given cutting 
priority on extensive timber licenses no matter what the cutting system may be. 

2. The age of stands should be kept to 80 years or under, or as low as pos­
sible commensurate with the wood product requirements and economics of the 
operation. For instance, on pulpwood leases this should be entirely feasible as 
soon as the older stands are converted to young growth. After that there should 
be little trouble from the mountain pine beetle. 

3. Where a selection cut is silviculturally desirable and where there is an 
understorey of spruce it would probably reduce the bark beetle hazard to con­
vert the stand to mixed pine and spruce. This is recommended particularly 
in national parks where the bulk of the m ature and overmature pine stands are 
now situated. Although this may take considerable time, it offers the only per­
m anent solution to reduce bark beetle outbreaks in the future and at the same 
time maintain aesthetic values. In the meanwhile bark beetle outbreaks must be 
controlled by direct methods whenever they occur in extensively used recreational 
areas . .  

The pine engraver Ips pini i s  a small black bark beetle, about i of an 
inch long, with four teeth on the margin at each side of the elytral dedivity. 
The second suture of the antennal dub is angled at the middle. 

Adults emerge during the first warm days in May and attack fresh material; 
usually slash or windfalls. After boring through the bark a small chamber is 
excavated beh\'een the inner bark and sapwood. From this, three to five galleries 
are cxeavated, sometimes arranged in a radial pattern, sometimes with a few 
galleries extending up and a few d own the tree. The species is polygamous and 
three to five females and a male may be found in the same gallery system. The 
f'ggs are laid along these radiating galleries and the larvae feed out laterally 
from them excavating cells in which they pupate. The pupal stage lasts only 
a week or ten days and the adult stage is reached during August and September. 
Many of the new adults emerge and oyenyinter in the duff. The parent adults 
often emerge and excavate second galleries produeing a seeond brood in the same 
season. This brood overwinters in the galleries as larvae, pupae, and some as 
young adults (Reid 1953). 

This beetle occurs in all pines and in some spruces from eastern Canada and 
the United States to Alberta and British Columbia. It does not eause \yidespread 
outbreaks. A few small outbreaks have occurred in Alberta in the vieinity of 
logging or road slash, but these lasted one or two years and covered only a few 
acres. 

I. perroti is similar in appearance to pini, a little smaller, and the sutures 
of the antennal club are straight or nearly so. The life history is about the same 
but adults emerge a little later in the spring. There is one important difference 
in the gallery pattern caused by a difference in larval behaviour. The larvae of 
perroti do not feed out laterally from the main gallery but excavate cells right 
beside it. The entire larval development takes place in these cells (Reid 1955) . 

Little is known of its distribution since i t  was found in only two places in 
eastern Canada before it was discovered in central Alberta in 1952. No outbreaks 
have been found in Alberta but, potentially it could cause flash outbreaks similar 
to those of pini. 
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4 . 1 2 TH E FOLIAGE FEEDERS 
The lodgepole needle miner, Recurvaria slarki, Free ., is the most import ant 

defoliator. A large outbreak occurred in  the Roeky 2\Iountain �ational Parks 
from at least 1942 until 1950. Although no appreciahle tree mortality resultC'd, 
the growth rate of trees was drastically red uced. A elosely relatC'd speeiC's, 
Recurvaria rnilleri Busck, has caused heavy mortality to lodgepole pine in  
Yosemite National Park, California. One other needle feeder, the grey pine 
looper, Caripeta angustiorata Wlk. ,  occasionally causes noticeable damage over 
small areas but has never been known to kill trees in Alberta forests. 

The lodgepole needle miner adult is a small, narrow, grey moth about 
i'ff inch long, with a wing expanse of half an inch. The front of the head i s  
white t o  silvery grey, the thorax usually grey. The fore-wings are extremely 
variable from pale to dark grey. The hind wings are creamy white. The legs are 
\vhite, annulated with black. 

The life cycle covers approximately 24 months, of which 21 are spent in the 
larval stage. Adults normally appear i n  the even-numbered years, i .e. 1952, 
1954. Moth emergence begins i n  the first week of July and is generally completed 
by the first week i n  August. Copulation begins soon after emergence and eggs 
are found to the latter part of August. They are usually laid within the previous 
needle mine, but sometimes on the outside at the base of the needle or on t.he 
sheath. They hatch in about 15 days i n  good weather. From this time until the 
early summer of the next even year, only larvae are present i n  the needles. 
Pupation begins early in June of the even-numbered year and is completed by 
June 30th. Pupation takes place in the mine and the moth emerges through an 
exit hole prepared by the last instar larvae (Stark 1954). 

Tree-ring studies have shown that the current outbreak is the only one of 
such severity that has occurred during the life of the present pine stands. It 
was first noticed in  June 1942 on an area of 50 square miles between l\1t. Eisen­
hower and Vermilion Pass i n  Banff National Park. Subsequently, the outbreak 
spread into Yoho and Kootenay National Parks. A small, short-lived outbreak 
developed i n  Jasper which was separated from the southern one by a eonsiderable 
distance o"'ing to intervening high country where there \yas no lodgepole pine. 
At one time the southern outbreak covered 450 square miles. (The heaviest 
infestation is believed to have occurred behyeen 1 940 and 1944,) Since 19;)0 
outbreak conditions have deelined until at the present time none exist . .  

·Weather seems to be the most important factor i n  the development and 
decline of needle miner outbreaks. rnusually low temperatures in  two separate 
winters caused_ a very high mortality of larvae at the lower levels in the Bow 
Valley. This suggests that a sueces"ion of mild winters could permit a great 
increase in the miner population. An examination of the ,,'eather records for 
Banff, Allthracite and Lake Louise shows that there was, in faet, a successicn 
of relati\'ely mild winters prior to the present outbreak. 

There is small promise of direet control of the needle miner by the appli­
cation of sprays, The larvae are protected within the mined needles throughout 
nearly all of their deyelopment. Although all ages and sizes of trees are sus­
ceptible to attack, there i s  a possibility of minimizing the damage through 
silvicultural practices. There i s  some evidence that pine mixed with spruce does 
not have such high populations of larvae per tree as contiguous stands of pure 
pine of comparable size. However, definite conclusions must have more sup­
porting evidence. Thus far eyidence indicates that natural control of the neC'dle 
miner by insect parasites, predators, and disease has not been very effective. 
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Plate 28. Needles of lodgepole pine minl'd by Recurvaria. 

Plate 29. Terminal shoot of lodgepole pine killed by Pissodcs lerminalis. 
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The grey pine looper adults fly and lay pggs in July. These hat ch in a short 
time and the larvae beeome full grown and pupate in one season. The wi nter 
is spent in the pupal stage, probably in the duff. ::\0 widespread outbreaks have 
occurred but i n  1949 defoliation was not i('eable on small areas in the ::'.I iette and 
Athabasca Valleys near Jasper. 

4 . 13 TWIG AND TERMINAL INSECTS 

Only a few insects cause serious injury to the twigs and terminals of lodge­
pole pine. Perhaps the most important of these are the pitch nodule moths, 
Pelrova spp. They are much more pre\'alent in plantations than in natural forests. 
The lodgepole terminal weevil, Piss odes lerminalis Hopp.,  kills the tops of young 
pines. The damage is sometimes severe over small areas, causing malformed 
trees. 

There are at least three species of pitch nodule moths, Pelrova albicapilana 
(Busck) , P. luculentana (Heinr. ) ,  and P. melallica (Busck). The moths have a 
wing expanse of about i inch and are speckled with brown or grey markings. 

The eggs are laid in June at the base of the needle sheaths. The larvae bore 
into the new and old growth of pine twigs, branches, and stems. Their work is 
characterized by a nodule or round lump of pitch and frass formed over the 
feeding site. B ranches are often killed by girdling and breakage is sometimes 
caused in the main :.:;tem. The life cycle is two years in length (Turnock 1953) . 
No extensive damage is known in Alberta but there are numerous small patches 
of lodgepole pine where the nodules are quite plentiful. 

The lodgepole terminal weevil is an oyal-shaped beetle about t inch i n  
length, light t o  dark brown i n  colour with grey bands o r  mottling. There i s  a 
prominent curved beak on the front of the head. In  late spring or early summer 
the adults feed on the t ender bark of the terminal shoots and the females lay 
eggs in small punctures made with their beaks. The larvae, which are white 
legless grubs, m ine up and down through the pitch and parts of the ,,"ood. When 
fully grown, they pupate in cells exeavated in the pitch. There i s  probably only 
one generation per year. One area was found in 1949 ,,,here young pine was rather 
heavily infested. This was a strip about i mile long by t mile wide near 
�lercoal, Alberta. 

4 . 14 SUCKING I�SECTS 

Two insects in this group are of economic importance, the pine needle seale, 
Phenacaspis pinifoliae (Fitch), and the bla<.-k lodgepole aphid, Cinara sp. They 
occasionally cause noticeable damage o\,er small areas but seldom kill trees in  
Alberta forests. The former somet imes kills t rees i n  plantations and shelter­
belts. 

The pine needle scale female is wingless and is stationary on the needle for 
most of its life ,,,ith stylets imbedded in the needle tissue. The insect is covered 
by an elongate scale formed by a '''axy secretion. The males are winged. Winter 
is passed in the egg stage beneath the mother seales. The number of eggs per 
female varies from a few to 90. Hatching may take place any time bet ween May 
26 and June 26 depending on weather conditions. The newly hatched young are 
minute, reddish pink, oval insects. They crawl from beneath the scale and dis­
perse over the needles. When they find suitable feeding sites they become station­
ary with mouth-parts thrust into the needle tissues. In contrast to t he stationary 
females, the males eventually develop wings and fly about to fertilize t he females. 

84 



Plate 30. Pitch nodule formed by nodule moth. 

Egg laying begins about mid-August and, unless cold weather sets in ,  may 
continue until late October (Peterson 1950). 

During the past seven years only one heavy infestation has been found i n  
the pine stands of this region. The area was first noted i n  1955 near Hilkrest 
in the Crowsnest Pass district. It was 3 miles long by t mile wide. Such out­
breaks seldom occur in forests and are generally in stands on the poorer sites. 

The black lodgepole aphid is  a fairly large dark brown to black plant louse 
about f i nch long. Little is known of the life history of this particular :::peeies 
but other members of the genus Cillam spend their entire life on one host. The 
'winter is passed in the egg stage. The first few generations in  t he spring are apter­
ous, viyiparous females. ,Yinged females oeeur later and finally winged or ,ying­
less males and oviparious females. They occur in dense eo}onies on the small 
limbs and twigs, feeding by insf'rting the style1,s into the plant tissue. Near 
Nordegg, in 1952, young lodgepole pine on several hundred acres was seyerely 
damaged, \'o'i1,h some t op killing. 

4 . 15 ROOT FEEDERS 
There is only one i mportant root feeder, the large pine weevil, lfylobiu8 

warreni, Wood. The adult i s  a robust oval beetle about t inch long ,,,ith a 
prominent stout beak. The body is black with the wing covers flecked with grey. 
The larva is a legless white grub. 
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Details of the life history have not heen fully determined, but they are 
currently under investigation.  The life cycle extellds over more than one year. 
Adults, larvae, and pupae can be found during the summer, but the bulk of the 
population appears to overwinter in various larval stages. Some adults probably 
hibernate i n  the duff. 

This insect occurs in the timbered sections of the Prairie Provinces, Bri tish 
Columbia, and the N ort.hwest Territories, as ,yell as in  Eastern Canada. It is  
not common in  the subalpine regions, but high populations have been found in  
several places i n  the boreal forest of  the Alberta foothills. These are at  Strachan 
near Rocky Mountain House, near Lesser Slave Lake, north of Peace River, 
near Robb, and in Water Valley north of Morley. A high population of active 
larvae was found at Strachan where more than 95 per cent of an 85-year­
old stand had sustained varying degrees of root damage. The more severe in­
festations were found on heavily timbered sites where there was a fairly deep 
layer of moss or duff. Root damage was seldom found in more open stands on 
dry or sandy sites. 

The larval feeding results in a girdling or engraving action on the lateral 
roots and tap roots and on the trunk to the upper level of the duff. The feeding 
is confined to the bark and cambium layer. Large masses of pitch, soil, and duff 
accumulate adjacent to the feeding site. I.arvae feed along roots for distanees 
up to several feet, even into the mineral soil. Examination of stumps with known 
cutting dates indicates t.hat the Strachan infest.ation has been i n  progress for at 
least 10 years. Damage occurs in all age classes from 16 years to maturity but 
it is most severe in the more vigorous trees in the dominant, co-dominant, and 
intermediate classes (Reid 1952) . • 

4 . 16 W OOD BORERS 
There are four i mportant groups of wood borers. The round-headed borers 

(Ceramliycidae) and the flat-headed borers (Bupreslidae) are beetles in the adult 
stage, as are the ambrosia beetles (Scolytidae) .  The horntaijs or wood wasps 
(Siricidae) form another important group. 

The round-headed borer, J1f onochamus oregonesis Lee. ,  is an elongate black 
beetle an inch or more in length with antennae about t"'ice the body length. 
The larvae are white and grub-like, 1 to l! inches IOJlg. They bore large holes in  
scorched, inj ured, or  recently felled lodgepole pine, Douglas-fir, or  true firs. 
Logs left too long in the woods or in decks may be riddled by t hese borers. Other 
round-headed borers of lesser importance are A semum alrum Esch.,  A rhopalus 
productus (Lee. ) ,  and Spolldylis uPlformis Mann. 

The flat-headed borers are usually not so destructive to the \yood as the 
round-headed borers. The adults are flat, boat-shaped beetles, black or brilliant 
metallic green, or with coppery tints. There are no species of economic i mportance 
infesting lodgepole pine in Alberta. 

The ambrosia beetles cause only minor damage to lodgepole pine. The main 
species belong to the genera Trupodelldron and Gnatholrichus. Adults of the 
former are small, very shining, dark-coloured beetles often with yellowish 
longitudinal strips on the 'ring coyers. They project hranehing galleries through 
the wood of dying trees and logs and the larvae devdop in eradles excayated 
off the main tunnels. The galkries become blaekened by the fungus upon \yhich 
the insects  live. Gnathotriclws is rare in Alberta. 
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The horntails or \yood \\"aSps infest dead and dying trees and arc particularly 
attracted to recently fire-killed timber. Adult females are cylindrical wasps 
with thick waists, dark metallic blue or black, and some with yellow bands or 
markings on the body. There are two pairs of membraneous wings and a horn­
like ovipositor extending back from the tip of the abdomen. This is inserted 
deeply into the wood where the egg is deposited. The larvae make perfectly 
circular holes through t he wood, packing the boring dust in the galleries behind 
them. 

Although attacks on sawlogs by borers may be minimized by the appli­
c ation of certain sprays, the best means of preventing loss is to utilize the logs 
before the damage can become serious. Logs and trees scorched by fire should 
be salvaged before the following spring. Logs cut in the winter should be hauled 
to the mill and utilized before June. Logs cut in the summer before August 1 
should be utilized within two months of cutting. If they are cut after August 1 
they can be sawn any time before the following June (Simpson 1951).  

4 . 2  FOREST DISEASES OF LODGEPOLE PINE IN ALBERTA' 

Lodgepole pine is subject to diseases from the seed to the time of harvest. 
These diseases are non-infectious or i nfectious, or they may be the result of inter­
relationships of both these categories. 

N on-infectious diseases i nclude damage caused by unfavourable soil conditions, 
water deficiency or water excess, climatological disturbances, lind by fire, animal s  
a n d  logging. Infectious diseases are those c aused b y  pathogenic agencies such 
as fungi and parasitic flowering plants. 

The m ost i mportant diseases affecting lodgepole pine in Alberta are dis­
cussed i n  this presentation. For additional information the reader is referred 
to the references that deal with the pathology of lodgepole pine and to the books 
by Boyce (1948), Baxter ( 1952) , Cartwright and Findlay (1946), and H ubert 
(1931) .  

4 . 21 R E D  B ELT 

Red belt is a foliage disease of climatological origin which develops in late 
winter and early spring. \Varm winds, called "Chinooks", move along \yell­
defined belts following contours of the south and west slopes, causing rapid 
warming and dryillg. Apparently the disease is caused by the alternate chilling 
and warming by the cold valley air and the "Chinook" (Henson 1952). 

The fluctuation of warm and cold air, combined with factors of low relative 
humidity and high solar radiation, predispose the trees to excessive transpiration 
when frost in the ground prevents the uptake of compensating moisture. The 
needles become desiccated and progressively turn from green to red, to reddish­
brown, to brown. Most of t he affected needles are cast by late summer. 

The disease derives its name from the red-brown foliage occurring on trees 
in generally well-defined altitudinal belts of 200 or more feet. In the Bow R iver 
Valley, red belt occurs between 5,800 to 6,200 feet (Henson 1952). 

Aesthetically, red belt is frequently a significant factor in  the National 
Parks particularly where affected forest cover surrounds townsites and recre­
ational areas. Trees may appear unsightly and those severely injured may become 
deformed and deyelop dead tops. Mortality is rare. Of the "red-belted "  trees 

�This section was prepan·d and submitted in 1958 by Dr. V. J. Nordin, A�sociate Director, Forest Entomology and ' 
Pathology Branch (forest pathology), Ottawa. 
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examined oyer a three-year period at the Kananaskis Forest Experiment Station 
(Blyth 1 953), only one tree died ; 95 per cent of the crown had been affeded. 
This disease, hO\yever, may increase mortality in stands affected by A tropellis 
piniphila (Weir) Lohman & Cash. In the third year following "red belting" at 
Robb, relatively heavy tree mortality resulted in stands with a high incidence 
of A tropellis canker. This mort ality did not occur in adjacent cankered stands 
unaffected by red belt (Bourchier 1 953). 

Blyth (1953) found that three years following inj ury, the loss in  tree growth 
is considerable and is dosely proportional to the amount of crown damaged. 
There was little eyidence of growth recovery up to three years following the 
initial damage and many trees sustained permanent inj ury through dead and 
deformed tops. 

Under certain conditions salvage operations are advisable i n  severely affected 
stands. 

4 . 22 R ED STAI N  

R ed stain i s  an ineipient or early firm stage of decay that has been found 
associated with a number of fungi (Denyer 1 953 ; Nordin 1953, 1954, 1 955, 1 956, 
1 957, and 1 958). The fungi associated wi th red stain, i n  alphabetical order, are 
Fomes pini (Thore ex Fr.) Karst. (see Plate 3 1 ,  no. 2), Polyporus anceps Pk., 
Polyporus tomentosus Fr.,s Stereum pini (Schleich. ex Fr.) Fr. (no. 1),  and 
Slereum sanguinolentum Alb. & Schw. ex. Fr. (no. 3) .  Previously, red stain was 
attributed predominantly to Fomes pini (C.S.A. 1 956) . 

In  a study of 133 lodgepole pines (even-aged, 85 years old) distributed i n  
three localities (Nordegg, Strachan, and Water Valley) i n  Alberta (Xordin, 
Heming and Blyth 1955), at least 80 per cent of the trees had one or more in­
fections of red stain and 237 of a total of 265 infections were red stain. Of the 
red stain infections identified with four principal fungi, the incidence of in­
fection was, Stereum pini, 86 per cent ; Fomes pini, 7 per eent ; Polyporus ancc:ps, 
4 per cent;  and Stereum sanguinolentum, 3 per cent. A similar incidence of red 
stain resulted from a study of 157 trees i n  the region of .:\farlborough (X OJ'din 
and Carmichael 1 957). 

The predominance of Slereurn pini is significant because the deyelopment of 
standards for poles and ties exhibiting red stains (C.S . A. 1 956) are ba:sed on 
experimental results ,,,ith Fomes pini (AhreU 1 948). At present ,  yery little is  
known about S. pini in liying trees and its effect on t he strength (Eades and 
Roff 1 959) and durability of various forest products i n  sen ice s11('h as poles, 
t ies, lumber, and pulp. The firm reddish-brown stage of S. pini in the heartwood 
of lodgepole pine has been described (Denyer 1952; Nordin, Hemi ng, and Blyth 
1955), and laboratory inoculations of wood blocks with S. pini han produced 
red ::;tain \"ith the subsequent re-isolation of the organism from the discolored 
blocks (Xordin, Heming, and Blyth 1955) . The advanced stage of decay has 
not been obselTed or described in nature, but Nobles (1956) has reported that 
wood blocks inoculated wit.h S. pini were discolored a reddish-brown and, 'ritbin 
a one-year period, a decay resulted which was deseribed as a "yellow fine st ringy 
rot". 

The major fungi associated ,,,ith red stain enter the tree mostly through 
branch stubs but entrance points in crotches and in sears caused by fire (X ordin 
1958) and falling trees sometimes occur. 

epolllporu8 tomentosus is synonymous with Poll/porus circinatu8 Fr. Yar. duolis Pk. 
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Plate 3 1 .  
I .  Red ,tain caused by Stercum pini. Characteristic rays extend from the ("ent ral eore of  l ight redd ish-

brown stain. 
2. Cross-sectional view of advan("('d decay caused by F. pini with attached fruit ing body. 
3. Cross-sectional view of the r .. ddish-brown ray stain caused by Sterrum sanguino/cnlum. 
<t. Brown (:ubical decay ("aused uy Coniophora i'u/calla originating through a basal fire sear. 
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4 . 23 M I SC E LLA:\ EOL'S D ECAYS A :\ D  STA I l';'S 

The occurrence of decay in lodg('pole pine reported in the lJ nited Stutes and 
elsewhere has been reviewed in a recent rt'port (Xordin, Heming, and Blyth 
1955). 

During a study of decay of spruce in the yieinity of the Kananaskis Forest 
Experiment Station (Denyer and Riley 1953), 13 oYermature lodgepole pines 
'were dissected and the following fungi assoeiated with decay : Fornes pini, 
Flarnrnula connissans Fr., Polyporus circinatus Fr. yar. dualis Pk. (P. [omenlosus), 
Stel'eum pini, and Stereurn sanguinolentum. 

A rmillaria meUea (Vahl ex Fr. )  Quel. ,  the cause of the mushroom root-rot, 
has been detected causing mortality in dense regeneration i n  t he Robb area 
(Bourchier 1953). Regeneration from two to five feet high exhibit typical symp­
toms and signs of the disease including chlorosis of the foliage, mycelial fans 
under the bark, resinosis, and rhizomorphs associated with decayed roots. 

In addition to the fungi already discussed that were associated with red 
stain, studies at Nordegg, Strachan, Water Valley (Nordin, Heming, and Blyth 
1955) , and Marlborough (NOI'din and Carmichael 1957), have disclosed the 
occurrence of other fungi. 

Brown cubical decay and white pitted dccay were associated respectively 
with Coniophora puteana. (Schum. ex Fr.) Karst. (Plate 31 ,  no. 4) and Polyporus 
abietinus Dicks. ex Fr. Polyporus abielinus primarily eauses a sap rot of logging 
slash, windfalls, and cull logs. However, this fungus may occur i n  l iving trees 
attacking wood exposed by wounds such as basal fire scars (Nordin 1 958). 

Blue stain enters mainly through branch stubs and scars caused by fire 
and falling trees. Oidiodendron fuscum Robak has been isolated from blue stain 
in l iving trees, and i ts ability to cause blue stain has been corroborated by labo­
ratory tests. Species of Cephalosporium and Cytospora have also been associated 
with blue stain (Nordin, Heming, and Blyth 1955). 

4 . 24 D WARF M ISTLETOE 

Dwarf mistletoe (A rceuthobium americanum Nutt. ex Engelm. )  is one of 
the most destructive diseases of lodgepole pine of all sizes in the Alherta region. 

The disease is  distributed sporadically throughout the range of lodgepole 
pine in the Banff, Jasper, and Waterton Lakes Xational Parks and on the east 
slopes of the Rocky :;\fountains from the area of Edson south to the lJnited 
States-Canadian border. The oeeurrenee of d,,-arf mistletoe on lodgepole pine 
north of Edson and Jasper has not been determined. The parasite is also present 
in the Cypress Hills of southeastern Alberta (Bourehier 1 9.'53) .  Centers of heavy 
infection are frequent ;  in  Jasper to\Yl1site, for example, i t  is difficult t o  find a 
tree that is not infected to some degree. 

The presence of the yello\\'-green male and female plants of the parasite 
on the branches and stems of the host (Plate 32, no. 1) constitutes the main signs 
of the disease. Visible host reactions or symptoms may include chlorosis of the 
foliage, fusiform swellings of the branches and stems, elongation of infected 
branches, resinosis, \vitches' brooms (no. 2), and spike tops. 

In very dense stands \\'here infeetiol1 may be heavy, the presence of numerous 
shoots of the parasite may be the only obvious eyidence of infection. 'Witches' 
brooms, hO\\'ever, are pronounced on open-gro\Yn trees or on re::;iduals of thinned 
stands. Opening of stands through select ive logging appears t o  aeeelerate the 
growth of the parasite on the remaining i1lfected t rees, resulting in an increase 
i n  the incidence and size of brooms. 
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Plate 32. 
1 .  Male plants of the dwarf mistletoe parasite, Arccuthobium "meTicanum (photo by Dr. J. Kuijt). 
2. A lodgepole pin., severely affected by A. a merican ,wl . Note the n umerous witches' brooms (photo 

by Dr. J. Kuijt). 
3. Canker of the main stem caused by AtTopel/is pilliphi/.a . Note the apparent origin of the canker at 

a braneh whorl. 
4. A cross sectional view of a canker ('au sed by A .  pilliph ila showing the characteristic blue-black stain 

underlying the canker. 
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D\\'arf mist letoe is damaging to lodgepole pine of all ages, In comm('reial 
st ands this damage t ak('s the form of loss in  yigor and growth, mortality, markC'd 
decrease in t he strength and grade of timber, and seyerely infected stands may 
serve as breeding centres for bark beetles and other insects. In the Rocky 
2\lountain National Parks and similar areas of high recreational Yalue, dead, 
dyil}g and deformed trees consitute a significant aesthetic loss. 

There are serious gaps in our knowledge of the life history of A rccutlwbill1n 
americanum. The following account, ho\\,e\'er, i s  based on obs('l'vat ions in  
Alberta and from the literature (Boyce 1948, Dowding 1929, Gill ] 935, 1{uij t 
195.5). 

The yello\\'-green to green, male and female shoots occur singly or in dusters 
and range from about 35 to 1 50 millimeters or more i n  length. The Ehoots flower 
in spring and early summer and a bright yellow pollen is produced. The pollen 
is disseminated mainly by insects to the female flowers where fert ili zation takes 
place a few days following pollination.  The olive green "seed" m atures in late 
autumn of the following year when it is forcibly ejected up to distances of 30 
feet or more. The "seed" has a m ucilaginous material whieh enables it to adhere 
to the host. Germination may be i mmediate but is usually delayed until the 
follo\\'ing spring. The parasite may successfully penetrate the bark of stems up to 
58 years old (lJawks\\'orth 1954) .  The radicle grows along the bark surface unti l 
it reaches an obstruction. At the obstruction a "foot" or "holdfast" is formed 
which sends down the primary haustorium, This  initiates the endophytic system 
consisting of t wo types of strud ure, cortical st rands and "sinkers". The endo­
phytic system develops in the l iving host and, following an unknown period, 
depending possibly upon faetors such as bark thickness and exposure to light, 
the male and f('male a(,l'ial shoots are again produced to complete the life cycle. 

There have been three principal considerations for the control of dwarf 
mistletoes : natural biological control, the application of selective herbicides, 
and the utilization of various procedures in forest management . .  

Various insects, birds, mammals, and fungi effect some local control of the 
parasite but none of these show promise of general application. N'atural control 
in some instances, however, appears t o  have occurred as the result of ecological 
conditions favouring high populations of b\'o fungus hyperparasi t es, Scptoglocwn 
gillii Ellis and 11'dllrothiella arceuthobii (Pk.)  Sacco For example, i n  1953 at the 
Kananaskis Forest Experiment Stat ion, the incidence of S. gillii ,,'as so frequent 
that it was difficult to locate healthy mistletoe plants for the t est ing of sdeet ive 
herbicides (Bourehier 1 954).  Previously, 11' allroth iella o rcwlhobii has been con­
sidered of lit tle consequence in nat ural control beeause of its apparcllt re:-:trid ion 
to wet habitats (Gill 1935). Recently, however, various o1>sen'ers (Kuijt 1 955, 
Thomas 1954) have noted the occurrence of this fungus in very dry loealit ies 
in  WeEtcrn Canada and the role of this fungus i ll natural control, therefore, may 
have been under-rated. 

In the Rocky l\Iountain Parks in Alberta, the serious in('i dc'nce of d\\'arf 
mistletoe on lodgepole pine present.s a problem because the eradication of in­
fected trees is  frequently impract ical. This situat ion has resulted in  an attempt 
to discover a selective herbicide which might prove toxic to the parasite without 
short-term (killing) or long-term (genetic injury) ac1\'erse effect s on the host. 
Of six chemical eompounds tested in Albert a  (Bourchier 1 954), 2\I-C-P E'odium 

I 
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salt and " Endothal"7 initially gave encouragi ng results killing up t o  90 t o  1 00 
per cent of the aerial shoots with only light to moderate damage to the foliage . 
The endophytic system, ho\\"e\'(:,r, was not killed and re-�prouti lJg occurred . 
Si milar results have been obt ained i n  the United States.8 

Although i nitial studies have n ot provided a satisfactory chemical spray 
or injectant, this approach ,  because of i ts potential value i n  dwarf m istletoe 
control i n  recreational areas, deserves further i n vestigat.ion.  Fundamental 
studies on the physiology of the parasite and host may reveal clues essential to a 
successful systematic evaluation of chemical compounds. 

Under certain conditions, an interi m  solu tion may be the development of an 
i nexpensive herbicide which would kill 1 00 per cent of the aerial shoots for one 
year. Periodic or annual applications of t hi s  chemical would give effective 
control. 

Very little work in dwarf mistletoe c ontrol through forest management has 
been att empted in Alberta. In 1 937, Parker ( 1 942b) established two trial 
eradications as follows : 

(i) " A  three-acre tract of i nfected pine was clear-cut. For three con­
secutive years all mistletoe observed at the edges of the tract was 
removed by pruning or felli ng." 

(ii) "A twelve-acre block was i solated from supposedly uninfected timber 
by clear-cutting around it a strip 25 feet in width. For three con­
secutive years all mistletoe observed at the edges of the clear-cut 
strip across from the 1 2-acre block was removed in the same manner 
as in tract 1." , 

He-examination i n  1941  revealed "much m istletoe was present at the edges 
of each clear-cutting operation" and the eradications, therefore, were u nsuccess­
ful. It was concluded that "examination from the ground was inadequate" 
and t hat it was i mpractical to eradicate or control d warf m istletoe through prun­
ing of observed infected branches. 

An examinatio n  of unpublished project notes9 has revealed the results of 
extensions of the foregoing work for the period of 1 9 4 1  to 1 952. On a i-acre 
plot, careful annual examinations were m ade and i nfected branches were pruned 
and trees with stem i nfections were felled. Despite this t reatment a high n umber 
of infected trees were observed annually which provides furt.her evidence on the 
di fficulty of pruning as a method for eradicating dwarf m istletoe on lodgepole 
pine. However, in areas of high aesthetic value i n  the Rocky ::\fountain Xational 
Parks and t owl1sites, pruning may i mprove the general appearanee and c ondit ion 
of infected individuals or  infect ed stands. 

Except for the eradication of i nfected treei'l, there have been n o  extensive 
programmes to cont rol dwarf mistletoe in speci fic areas. I n  the Ja::;pcr to\\"llsite, 
sani tatio n  cuttings in 1 95.5 and 1 95610 removed the most severely infected 
t rees exhibiting dead branches and tops. 

The lack of success in the control of dwarf mistletoe through forest manage­
ment points to the need for fundamen t al k nowledge on the rate of development 
u nd the characteristics of growth of the e ndophytic system of t he parasite. 

'''Endothal'' was first tested by Dr. J. L. Mielke. U.S. Forest Service, Logan, Utah, who recommended the compound 
to the Calgary Laboratory for evaluation in this region. 

8Personal communication from Dr. J. I.... Mielke. 
'Provided by the Forest Research Branch. Department of Forestry, Calgary. Alberta. 
10Personal communication from S. Kun, Forest Engineer. Department of Northern A ffairs and National Re.squrces. 

National Parks Branch, Jasper National Park. Jasper. Alberta. 
' 
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4 . 25 ATHOPELLIS CA :\" K ER 

The most i mportant canker dispasp of lodgepole pine i ll .\l I)('rt a is (":l U �ed 
by A tropcllis pin iphila ('Y(>ir) Lohm:1n :1 ll d  Cash. At ropell is  canker occurs 
generally throughout the range of the host and is serious in a number of loe-ali t ips. 
Detailed surveys have revealed a disease incideJ1ee of not less t han  70 per cent 
over an area of 1 25 square miles in the  H obb-Coalspur region of '\'est -('pnt ra l  
Alberta, and over an area of  six square mi les in the Blakiston Brook Val ley of 
the 'Vaterton Lakes :'\ational Park (Bourehier 1 956) . A high i ncidence of canker 
has also been observed else where in  the vicinity of the  Clearwater TI llllger S t a t i on ,  
the  Kananaskis  Forest Experi ment Stat ion,  Sunda nce Callyon, and t he Cast le­
mount R anger St ation. 

The dispase i s  eharacieri zed by perennial hra neh and t runk cankers t hat. 
t end to become depressed and elongated. Indi\'idual eankers ean exceed 10 feet 
i n  length. Resin flow is frequently copious and may accumulate in lumps. Minut e ,  
short-stalked, dark-brown t o  black apotheeia (fruiting bodies) from two t o  
five mil l imet ers i n  diameter, are eventually produced o n  the ean kered hark 
(Plate 32, no.  3 ) .  Another host symptom, depending upon the l ocation, number, 
and size of cankers, may be the  ehlorotic appearance of the fol iage of individual 
branches or parts of the crown. 

In the underlying wood of the canker there i s  a blue-black zone (no. 4 )  
from which cultures similar to  single ascospores cultures o f  A .  piniphila have 
been obtained. Surrounding this zone there may be an  incipient reddish-brown 
zone about two to three mi l l imeters i n  width which is virtually free of a patho­
gen ic  agency (Hopkins 1957) . Weir (192 1 )  has attributed the  blue-black d is­
coloration of the wood to the dark-brown mycel ium of A .  piniphila '\'hi ch  pen­
etrates the tissue of t h e  medul lary rays. 

It is presumed that mat.ure ascospores arc '\'i nd-borne to t h e  h ost where, 
under suitable conditions of temperature and moisture, t hey germinate and 
i nitiate new infect ions generally at branch 1\·horls. Hecent i n\'C:;t igations by 
Hopkins ( 1 957) indicate t hat most infections occur at nodes. lIe found 78 per 
cent of 80 t runk cankers originated at nodes and 22 per ('ent at. in t ernodes. 
S ixty-three per cent of 1 65 branch ("Hnkers were traced to nodes. The exaet 
mode and most l ikely period of infect ion and the age of t he cankers before 
ascospores are produced are unknown. H esearch currently in progress at t h e  
Forest Entomol ogy a n d  Pathology Laboratory a t  Calgary has been designed t o  
clarify t hese and o ther e t i ologieal quest ions. 

The chief damage to the  t ree is t he malformat ion of the stem and ret ardat ion 
in  growth ; the extent  of the la t ter has not yet beC'll determined. The oecurrence 
of mul t iple stern and braneh rankers oft (>n renders t rees unmerchantable. The 
part of the bole oceupied by a eanker is reduced in \'nlne because of the associated 
sta in  and st ern malful'Tnat ion .  

Difficul ties may result i n  a t tempt ing to  ('ut through ('nnkers i n  mil l ing for 
lumber and in deha rking for \\"oodpulp. Further, t he blue-black discolora t i o n  
associated \\' i th t he ta nkers \yi l l  degrade lumher n n d  mny increase bIPnching 
custs in t h e  processi ng of pulp. H odents ",i l l  someti mes chew the re'Sin-imprf'g­
nated cankers. I n  Rri t i ",h Columbia, ?\lolnar ( 954) has reported the apparen t  
suseeptibil ity o f  cnnkered trf'es t o  secondary attaek b y  bark beetles a n d  Armi l­
laria root rot. Losses may also result  from \yind-bre:1kage at sect ions i n  the  stem 
weakened by c anker. 
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Alt hough no critical evaluation of m ortality has been madp, dead trees occur 
whieh apppar to haw hecn k i lled by t he disease. In reeent examinat ions of sample 
plots near Robb, Bourehier ( 1 9.57) has recorded a l imited mortality of fi ve out 
of 60 eankered trees over a period of two years. In the same area, however, 
heavy tree mortality oecurred in cankered stands two years following "red­
belting". In eankered stands affected by red-belt, therefore, appropriate con­
sideration should be given when assessing damage. 

Boyce ( 1948) states that the removal of incipient cankers early in the l i fe 
of a st and could resul t in  trees reasonably free of eanker. This suggestion has 
merit but unfortunately it i s  impractical in Alberta under present st andards 
of management and uti lization. Control m ay be feasible in pulpwood operat ions 
where the application of clear cutting procedures may check the d istribut ion 
of the eanker and, in some instances, l argely eliminate the disease. A more 
detailed diseussion of cutting methods for disease control in lodgepole pine i s  
recorded in  a previous paper (Nordin 1 954). 

4 . 26 N E EDLE CAST 

Needle cast i s  the most serious foliage disease affecting lodgepole pine i n  
Alberta. Fungi causing this type o f  disease i nelude Elytroderma deformans (Weir) 
Darker, Hypodermella concolor (Dearn.)  Darker, Hypodermella medusa Dearn . ,  
Hypodermella montana Darker, a n d  Hypodermella moni£vaga (Petrak . )  D earn. 
Of these, H. mont£vaga is the only fungus that has been reported i n  epidemic 
proportions (Stark and Bourchier 1 956). Epidemic i nfect ions occurred in 1 954 
and 1955 i n  various locations i n  the Banff and Jasper National Parks (Stark and 
Bourchier 1956). 

Very l ittle i s  known of the l ife h istory of Hypodermella montivaga but i t  
possibly has a one-year cycle a s  D arker ( 1 932) has described for a similar fungus, 
H. concolor. The youngest needles are i nfected by H. concolor in July but no 
discoloration or other symptoms develop until t.he following spring ,,·hen the 
needles begin to turn brown. The fru i ting bodies (hysterothecia) m ature and 
cast spores by July. The ascospores of  H. rnontil'aga probably are wind-dissemin­
ated in  m id-August from adhering need les (St ark and Bourehier 1 956). 

:.'Ifortal ity cau�ed by needle cast fungi is rare ; the prineipal damage to stands 
i s  the loss in annual increment (as yet unas�essed) result ing from epidemics. 

4 . 3  FOR EST F I R E  HA Z A H D  I ",  L O D G E POLE PI � Ell 

Although conduci" e  t.o the l'('generat ion of lodgepole pine, fire i s  also i t s  
\yorst enemy. Practically all lodgepole pine forests i n  Albert a may be traced to 
fire origins. Horton ( 1 956) found few lodgepole pine stands more than 1 00 years 
old i ll the most accessible Low Foothills Division. Considering such a demon­
strated degree of susceptibil ity to fire, in tensive protection Ilwasures are re­
quired i f  thi s  species i s  to be successfully grown to merchantable sizes. 

The follo,,-ing dis(�ussion is based on studies originally m ade for the de\'elop­
ment of forest fire danger and hazard tables for Alherta (Beall 1946, A non.  
1 959). The term "fire hazard" refers t o  the probability of fires st arting and 
spreading i n  specific fuel  types and to the probable degree of  di fficulty to be 
encountered in controlling such fires. The numerical seale of the fire hazard 
tables developed by t.he Department of Forestry and used throughout Canada i s  
divided into five elasses : Ni l  (0) ; L o w  ( 1-4) ; l\foderate (5--8) ; High (9-1 2) ; 

HThis section Was prepared by J. S. :Mactavish, Forestry Officer, Forest R�earch Bran('h, Department of FOr('stry, 
Ottawa. 
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Ext rpme ( 13-16) .  In some i nst ances the tprm " test fire hazard" i s  substit u t ed 
for "fire hazard" i n  thpse remarks. Test fire i l ldexes relate t o  the ease wi th ,yhieh 
fires start and spread i ll t he :-::urface fuels of specific fuel types, and i ne1udes some 
eonsiderat ion of difficulty of cont ro l .  These indexes are determined from t he 
obsen'ations of small-scale experimental fires. 

l-nder given weather conditions the de'\elopment of fire ha zard in a speeific 
timber type depends upon the kinds, amounts, and arrangements of fuels present, 
their state of decay, and their abi l ities to shed water and dry quickly fol lo,,-illg 
preeipitation. The needles of lodgepole pine form a loose well-aeratpd l i tter layer 
on the forest fl oor. E\"(�n the F layer tends to remain uncompacted. Beeause of 
this arrnngement pine duff t ends to hold relatively less moisture from a ginn 
amount of rai n than do the duffs of most other species. I t  drys quiekly to moisture 
lewIs of 25 to 30 per ('('n t ,  at \\"hieh it becomes readily inflammable. 

In cont rast to  pine, the duffs of spruce a lld fir lie in compact layers, and tend 
to retain a greater proportion of prcc'ipita t ion, other factors being equal, t han 
does lodgepole pine duff. In t he most hazardous part of t he day the moisture 
levels of these surface fuels are usually higher i n  spruce and fi r  than i n  lodge­
pole pine stands. 

Because of the widespread distribution of mixed pine and aspen stands, 
aspen l itter often represents a signifieant fuel in the lodgepole pine region. The 
m oisture content of aspen l i tter u sually remains higher than that of lodgepole 
pine, but the relationship varies considerably from season to season. Studies 
made in  the Subalpine Division i ndicate that aspen stands maintain their highest 
relative l i tter m oisture contents in the fal l .  (As described below, however, fuel 
m oisture is only one of the variables affeeting t he combustion of forest fuels. ) 
Aspen leaves have a relatively high m oisture content when freshly-fallen and 
have a characteristic abi l ity to catch rain fn small pools and store i t  for some t i me. 
The lack of eanopy in the fall  permits rapid cooling of smface fueb at night and 
the consequent formation of dew. The short length of day and t he lllore obl ique 
angle of the sun's rays tend to i nhibit subsequent drying. 

Although a leaf canopy is also poorly de\'eloped during the spring period, 
the effect of n ight weather is usually gone by t he f ollo\\-illg afternoon. Average 
mininum l'elati \'e humidi t ies t end to be 10\\"('1' in spring and, consequently, the 
aspen duff usually reaches 10\\"er moist ure leyels t hen than d uring fall .  I t  i s  
u sually driest relat ive t o  lodgepole p ine during the spring period.  

D\ll'ing the 8ummer mon ths  the compact ed and deC'ayecl eond i t ion of a .�pen 
l itter is  conducive t o  aclc;orp t iol1 amI retent ion of moi"ture.  At t he same t i me ,  
t h e  fully den:,loped ,-('get at ion l'eduees t h e  drying infiuences o f  i nsolat ion and 
wind. ':\ Iid-aft ('f]loon ll1oi"t ure eontent le'\('ls of aspen duff usually range bet  \\"C(,11 
th08e of spring and fall \\"hen related to l odgepole pine moist.ure leyels. 

The degree of compaction of surface fuels affects forest fire hazard in two 
\mys. A_s described above, i t  influences t he adsorption of moisture and sub:-equent 
dryi l lg of t he fuels and,  consequently, the del'elopment of fire haza rd .  Comp:,et ion 
of fuels also affects fire intensity through its i nfluence on amounts of oxygen 
available for combustion. Loose well-aerated l itter with a high rati o  of surfaee 
area to fuel volume, typical of l odgepole pine stands, is much m ore readi ly 
ignited ,,,ith small heat sources, sueh as matehes and small campfire'S, than i s  the  
well-compacted l itter of  spruce stands. 
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The previollsly u llPublished rpsul ts  of expprimental  fire obsprnlt iol1s madp 
i ll t hp duff of a hyhrid lodgepole pillP st flnd indicate that autumn leaf faJ l  may 
result  in an increase of 1 . .5 to 2 fire hazard i ndex uni t s  compared to t he duff of 
the same st and and at t he same moist ure content levels during t he summer 
months. A maj or portion of t hi s  hazard increase i s  thought to result from the 
abundance of oxygen ayailable to support combust ion i n  the loosely lying leaves. 
It is not thought to be a result of a higher cOl1('entration of volati le oils i ll t he 
freshly fallen l itter (Bea11 1 934). 

Besides the characteristics of the leaf l itters of i ndiyidual species, the 
kinds and amounts of plant cover such as mosses, herbs, and shrubs are i mportant 
considerations in  relating fire hazard ratings among stands. General i zations are 
d ifficult to make since t here are wide vari ations found among stands of even 
one species. However, the lesser flora of pine stands, often i ncluding species of 
vaccin ium and eladonia and shallow growths of feather mosses, are usually more 
i nflammable than the frequently deep and poorly drai lled mosses of spruce stands 
or the herbaceous coyer of aspen stands. 

Figure 16 depicts the relat ionship of test fire hazard among neighbouring 
nearly-mature stands of trembling aspen, white spruce, and hybrid lodgepole 
pine ncar the edge of t he Low Foothills Diyision. On the average, the trembling 
aspen stand maintained a hazard J1('arly as high as the pine in  spring and fall 
throughout the range of weat her and fuel moisture cond i t ions encountered during 
a four-year period. 'Vhen examining t hese curves it m ust be borne in mind that 
only t he hazard of surface fires has been eOllsidered . Inclusion of t he ("ro,,"11 fire 
hazard that denlops on oceasion in pine and spruce stands \Hillld ("ha nge t he 
relat ionships among the !;pecies con"iderably. Unfort unately, insuffir· ient data 
are anli lable to permit inclu!;ion of fhi" faefor. 

Ullder gi \"en \yeather condition;; t he hazard in the pine yaried rela t i n'ly 
l itt le from sea!;on to season. The hazard in the moss and li tter of t h e  " pruce 
stand proved t o  be very low throughout the fire season, exeept on a fe\\' days 
\yhen winds were high. The low relative hazard of t he aspen sifl.lld d uring the 
summer resulted from the presence of a leaf and herb canopy together \\"ith 
decay and compaction of the surface l itter. 

Fahnestock ( 1960) has reported on controlled experiments comparing t he 
i ll flammabil ities of logging slash i n  northern Idaho.  'Vhen equal weights of "lash 
of lotal coniferous species ,,"ere burned, he found that species had l i ttle infl uence 
on the rate of �pread i n  fre::;h slash, but d id have an i mportant bearing on one­
year-old slash inflammability. Thus t he quantity of logging slash i s  t he prime 
factor affecting relative rate of spread during t he year of cutting. Because of 
d ifferences i n  the rates of needle fall and slash decomposit ion,  speeies affects 
i n flammability thereafter. 

Under typieal conditions to be found in t he field, Fahnest ock ( 1960) suggests 
t ha t  fresh lodgepole pine sla"h is i n  the most i l l fl n mmahle class together with that, 
of ,,"estern \\"hi te pine, western red eedar, Douglas-fir, western hemlock, and 
grand  fir. The seeond most infla mmnble elass incl uded one-yeflr-old l odgepole 
pi ne, fre�h pondrl'osa pine and Eng{'lmann ;-;pru('e, ollc-yenr-old western white 
pine a n d  western red c('dar. 
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One ,Ycar aft er logging, t he 1 I ('('(1 Ies of DOllglus-fir, west em heml o(-k, gralld 
fir, western lareh, and Engel mann spruce have been s}wd, rC'Jl(leri ng the lush 
of t hese speeies mueh less i n flam mable. The decrease in inflammabil ity i n  one 
year was found t o  be m ost !-ipeet ular i n  we!-itern Iarc-h, grand fir, and DOllglas­
fir. Apparently t he greatest deerease i n  i n fl ammabil i ty of lodgepole pine slash 
does not oecur u n t i l  t he third year after logging. Although Fahnestocks' work \YaS 
confined to Idaho, he suggested methods whereby the relat i \'e i nflam mability of 
species may be determined for other areas. 

To sum up, the degree of fire hazard i n  lodgepole pine stands usually changes 
l ittle from season t o  season for the same weather conditions. The surface fuels 
usually drain and dry rapidly and the fi re hazard may reach the " l\f oderate" 
dass in as l itt le as two d ays followi ng rai ns of more than 0.50 ineh. The shallow 
organic layer, typieal of lodgepole pine st a nds, dries suffici ently in j ust a few 
days follo\\'ing rai n to sustai n a high level of persistent smoulderi ng. Crown fires, 
espeeially in young stands, tend to develop readily with moderate winds. Fire 
hazard i n  lodgepole pine usually exceeds that i n  sim ilar stands of other species 
growing in t h e  same vi cinity. 

5. SILVI CULTURE AND l\IANAGEMENT 

5 . 1  R J<�GE1-a:RATIOX SILVICUl,TURE 

The reeognized harvest cutt.ing methods, i .e .  dear cutting, seed tree, shelter­
wood, and seleetion euts and their modifications, have been the subject of 
l i m i ted research i n  Alberta, but by far the greatest amount of commercial 
cutting has been done u nder a pure exploitation system i nvolvi ng economic 
clear cuts to minimum merehalltability standards and selective high-gradi ng. 
Si nce the primary purpose of harvest eutting is to secure adequate regenerat ion,  
t hi s  aspect ,,"ill 1'c('el\'e the grea t est stress in the discussion of si lvi c u l t ural 
prac t i ces. 

5 . 1 1  Jn�GE:-; EHATIOX b J;l{YEYS 

Candy ( 1 95 1 )  ('olldllded rcgel lPra t i ol1 Hll'\'eys i n  AILerta and reported o n  
c Olld i ti ons foIlmri ng logging, loggi ng and fi re, and fire. Table 8 h a s  b e e n  pre­
pared from data copceted on t hese sun"eys. 

The areas "ampled for reproduct ion foI IO\\"i l lg dist urbance (Table 8) i n  
t he "ubal pine regio n  originally support ed al most pure lodgl'pole pine stands, 
but i l l  the boreal region most of the origillal "t a l lds of lodgepole pine c on tained 
a n  appreeiahlp admixture of spruee and a>'ppl1 . Fol 1o\\' ing l ogging, reproduction 
is generally poor with fai l ures usual in t he boreal region and underst ocking com­
m o n  in the subalpine areas. After l ogging and fire, reprod uct ion i s  adequate 
in both regions but t he cl umped distribution oft e n  result s  in an excessive n u mber 
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TABLE 8. H EPHODUCTIOX IX LODG E POLE 1'1;\' E  FOnESI' 

FOLLO\\'I�G mSTURBASCE 

M ilacrc Stocking 
Class For(>st l\umber (per cent) 

of Hegion of 
Disturbance Quadrats Lodgepole All 

Pine Speeies 

Logging . . . . . . . . . . . . . SUbalpine 5, 300 22 54 
Boreal (B.19) 4 , 140 6 32 

Logging and :Fire . . . .  Subalpine 1 , 800 60 82 
Boreal 1 , 480 68 88 

Fire . . . . . . . . . . . . . . . . .  Subalpine 400 81 85 
Boreal - - -

S('edling� per At' re 
(nu mber) 

Lodgepole AI  
Pine Spc(' ies - .- -...... . -

\l50 
100 

7, 400 
1 0 , 500 

8 , GOQ  -

3 , 000 
60 G 

9 , 0  
14 ,4  

9 , 0  -
--_. 

00 
00 

00 

of stems per acre i n  some areas. Following fire alone, results are similar to logging 
and fire but stocking and number of stems tend to be more variable. Species 
composition i n  the reproduction stands which follow disturbance reflects the 
composition of the original stands, with those in the boreal forest normally con­
taining a h igher proportion of aspen and spruce t han those i n  the subalpine 
region. 

The problem areas from a management standpoint  are principally the 
inadequately stocked c ut-over areas in  the boreal region and the extremes of 
stocking whic h  may oceur i n  the subalpine region following fire. 

Blyth ( 1954) studied regenerat ion i n  boreal areas logged for pine poles and 
ties during the past 20 years. The logging method in this ease consi sted of a 
selective h igh-grading. Blyth cOJleluded from this study that partia l  cutting of 
pine stands did not produce satidactory pine reproduction i n  the  foothills area 
and that continued application of such a form of ('utt ing \nmld result i n  the  
ret rogression of  the present p ine  stands into a brush-aspen type. Bloombprg 
( 1952) substantiates this finding and states that "pine rpgeJlerat ion "'a:s Ilegligible 
after logging" in part ially ('ut  stands. 

5 . 12 HARV EST CCTTIKG :\l ETllODS 

Harvest cutting experiments follo\\'ing the recognized sih' ieu1t ural cutt ing 
systems  have been tested to  a l imited degree in Alberta by Cro:ssley ( 1 952, 
1 955a and 1 955d) and Ackerman ( 1 955) . Crossley ( 1952) described a strip cutting 
experiment in a 73-year-old residual stand of lodgepole pine "'hieh had suffered 
a l ight ground fire i n  1936. In 1 942 the stand was clear cut i n  t wo-chain strips 
leaving a oue-chain strip uncut. A generation survey in 1951  sho\\'cd an  average 
stocking to lodgepole pine of 60 per ceut on the cut strips and 16 per cent on t he 
u nc ut.  Stocking to all species on the cutover was 80 per cent, t h e  difference 
being made up of advance-growth spruce and poplar regenerat ion.  Pine ages 
varied from 2 to 1 3  years but the bulk of the new crop I:'eeded in 2, 3 and 4 years 
after cutting. Crossley suggests that the  droughty soil conditiolls of the  area 
which l imited l itter accumulat ions and vegetation den:sity \\,ere to some extent 
responsible for the succesl:' of the treatment. 

A second study at Strachan, Alberta, employing prescarification and strip 
clear cutt i ng was designed to show t h e  effect of seedbed preparat i on on pine 
regeneration and to indicate the i mportance of margillal and :slash-horne seed 
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sources. Crossley ( 1 9;j6a) , n'port ing 011 1 his ;-,:l udy, states that f'ome form of 
presearifieation \\"as the only t reat ment produ(' ing satisfactory lodgepole pine 
regeneration . Howeyer, t he experi ment did not defil l i t ely establish the d ifferences 
hetween 8lash-borne and re;;iduul-stand 8ced sources. Two years after the strip 
cutting, average stocking on the scari fipd arpas was 90 per cent, wi th  an e8timated 
frequency of 7,000 seedlings per acre. Crossley suggests that the int ensity of 
scarificatio n  may be varied to regenerate the st and to the desired number of 
stems per acre, thus avoiding t he necessity for i n termediate cuttings. He also 
points out that protect ive measures against fire, diBcase and i nBects may be 
accompli shed by windrowing and burning the slaBh i n  conj unction with the 
scarification treatment. A further experiment (Crossley 1 955d) was eBtablished 
i n  t he same area to investigate the results of various harvest cutting methods 
without the be�1efit of speeial seedl)('d preparation.  The cutting methods tested 
i ncluded elear cut, seedtree, uniform shelter\\"ood, group selection, d iameter 
l imit, and various forms of part ial cutting ineluding thinning, sani tation, and 
conversion cuts. The n'gel leration resulting from t hese harvest euts was re­
measured i n  1 9.56 and i s  shoml in Table 9. 

TABLj<� 9. HEGEX EHATIOX 5 YEARS A FTER HARVEST CUTTL'\G IN AN 

85-YEAR-OLD LODG EPOLE PIXE STA N D  

Tr .. atrnent Stocking Per Cent! 

Species 

_ �)l_, _ ____ S_w ___ II�� _ �-,_�_w __ 
1 . 2  I 0 &eo Tree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9. 2 

Ckar ('ut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . .  , . .  19. 4 
Group selc('tion . . . , . ,  . .  , . . . .  , . ,  . .  " . . .  " . .  , . . .  , . .  , . . .  0 
Conversion cut , . . . . .  " . . . . . . . . . . . . .  , . . .  , . ' . . . . .  , , . . . . .5. 2 

. 4 
o 
o 

. 4 

3 . .5 I 1 2  . .5 
0 , 0 

[3 . 4 ! 0 

'Based on milacre quad rats. 
,!'I1ote:··-PI = lodgepole pine; Sw = white spruce; Po = trembling aspen : Bw = wh ite birch. 

Table 9 indicates that without seurificlltion none of t he harn�st eutt i llg 
methods resulted in sat isfactory regenerat ion .  The apparent sup"riori ty of the 
dear-cut area has resulted from the degree of 8eedbed preparation brought about 
by m ore intensive logging and the accompanying d isturbance of the  seedbed. 
It is worthy of note, howe\"('r, that remarkably l ittle windthrow and no sunscald 
have occurred five years after the cutt ing. Sueh windthrow as did oceur could 
be definitely t raced to ;.:peeial ;.:oi l  condit ions \\"hieh inhibited vert ical rooting, 
part i cul arly :::hallow soils, eoarse droughty eondi t ions, or i mpermeable horizons. 

A further experi ment (Aekerman 1 955) \\"as esiabli;.:hed in the B. 1 9  sect ion 
of Alberta Mar Carrot Creek, to test the effed s of ;.:t ri p e]Par c lllt i ng in mature 
l odgepole pine, eombined \vi th  \"iuious met hods of ;.:la;.:h disposal a nd seedbed 
t reat ment. 

Three eombinat ions of BC'cdlwd a lJd slash d i ;.:posal \\'ere t e;.:t ed in a repli-
eated experi ment. These i ll dude : 

(a) Seedbed ul ldisturbed - slash n' ll1o\'('d alld  piled 
(b) Seedbed undisturbed ;.:lash lopped and seat t ered 
(c) Seedbed scarified --slash windn)\\'ed 
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A t ally of rpgp]}('rat ion one year a ft N  t r( 'a t me l l t  c:howcd t he foll owi ng 
rec:ult s : 

TABLE 10. IUX iE:\ EHATIO:\ O:\E YEAH AFTER THEA'L\l E :\ T  

Per Cent Stocking ::\'umber 01 Seedlings Per A ere 
Treat mE"nt 

1'1 

Seedbed undiRturbed . . . . . . . . . . . . . . . .  . . . 7. 5 
Slash removed 

Seedbed und isturhed . .  . . . . . . . . . . . . . . . . . 9. 5 
Slash lopped 

Seedbed scari fied . . . . . . . . . . . .  . . . . . . .  . . 29. 0  
Slash remoV('d 

---- ._' .. _ . .  --._ --. ' - ' ''-._ .. _ . 

Sw PI + Sw i-'-'-" . -
0. 5 8. 0 

l . S  1 1 . 0  

1 0 . 0  .35. 0 

PI Sw PI + Sw 
,._- - _. 

1 :55 5 1 40 

.310 20 330 

805 140 945 

� --� -�-... - - -

A further breakdown (Table 1 1 ) of  t he regenerat i on result i n g  on i llCl i vi dual 
plots in t he scarified area i l ldieates t he i mpor t a nce of seedbed preparation. 

TABLE 1 1 .  HEGE:-iEH ATIO:\ O:\E YEAR AFTER TREATME�T 
(Scarified Seedbed, Sb$h Removed) 

Pcr Cent Slo(·king Nu mber of Seedlings 
Per Cent M ineral 

Soil Exposed 
PI 

M ilane Quadrats 

Sw PI + Sw 

Per Acre - ----�------.---"--

PI S,,· 1'1 + Sw 
---- --- ----- ---.-- · __ .. _--+------- 1 .. - ---.. --1-----·_-/--·_-
95 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 52 24 64 1 260 340 WOO 
60 . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 34 1 4  44 920 200 1 1 20 
40 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 1 8  0 1 8  560 0 560 
30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 2  2 1 4  480 20 500 

The author concludes that ;;cari fication has produced a si gni fic a n tly more 
reeeptiye seedbed and that the degree of scari fieation, as expresspd by per­
centage of m i n eral soil exposed, has had a d i rect effect on t he est a blic:hment of 
reproduction. Hc)\yeyer, t he general leyels of st oeki llg cannot be i n t npretcd as 
indi eatiye of what m ay be expeded under opti mum sil \' i ('ult ural t reat ment ;,;in('e 
the \yindrc)\\'i ng of ;,;Iash pre\'el lted to some ext ent t he d is;,;e m i n a t i o ll of slash­
bome seed.  I n  order to obt ai n c:ome i nd i c a t i o n  of t he s(,cding p o t e n t ial  of t he 
m argin al st a nd,  seed t raps \\'ere set out for a n i ne-moll t h  pniod i n  1 954 -55. This 
period, howe\"er, did not i llcl ude t he t i me of maxi m u m  s('cd d i sperc:al ,  t he months 
of Augu;,;t n nd Scp t ember. I t  i s  of i l l t erest t o not e t ha t \"hi le  9,000 c:pru('e seed 
"'ere t rapped per ae1'e, not a si ngle pille s('ed a ppeared in the t ra ps. As a furt her 
i l l Clicat ion of t he i neffiei clley of margi nal ;.;ccd ,",u pply, a st udy was made of t he 
relat i \'e  stocking at \'arious distances from t he margi nal seed souree. Si u('e t here 
was only a c:li gh t  red uct ion in stoeki ng at maxim u m  di;,;tances from t h e  ma rg i nal 
stand it \\'a s  coneluded that thi s  seed source played only a small role i n  restoek­
i n g  t he a rpa to pine. Thi s  study further subst ant i a t es the i mportnl1ce of a slash­
borne seed c:upply. 

Harvest cutti ng methods for lodgepole pine haye l)('en t he :-uhj ect of m any 
i nyestigations i n  the north \\'estern portion of t he United S t a tes.  Cro:-sley, 
following a yisi t  to yarious national forests in the Xorth "\Vest, reports that 
natural regenerati on of lodgepole pine in the Uni ted St ates was more readily 
obtained t han in Alberta, without t he necessity for i n tensive seedhed prepa­
ration. He attri,buted t hilS to t he lightC'f aceu mubt i ons of l itter a n d  lelSS vigorous 
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competi t ion from herh and shrub st ra t a  O(' ( 'UITi llg i l l  HlP lodgepole pine forests 
of the rni t ed St ates. He suggest s that lodgpj)ole pine in t he C'nited St a tes i s  
more preyulent on t Il(' drier sit es whi('h arc more readily l'('p}'odu(;pd , wher£'as i n  
Canada t his pine co\'('n; a great er mng£' o f  gro\\'ing condit ion;.; and reprod ud ion 
i s  more difficult to  obta in .  

Tackle ( 1953) has summarized the i n vest igat ions 011 harvest ('utting of 
lodgepole pine i n  the ::\ortlmestern United Stat es. In ('oming to the ('onclusion 
t hat some form of clear cutting is best suited to the management of t his species, 
he cites the ,york of Lebarron ( 1952) and Lexen ( 1 949) . 

I n  contrast, Baker ( 1 934) described current silvicultural practice on the 
nat ional forests and, although admitt ing that even-aged m anagement on a 
1 50-year rotation probably produces maximum yields, he advances a l lumber of 
points in the favour of a seleetion sy;.;((:m ,,·i t h  ('uttillg cyeles of 20 years. With 
regard, however, to harvest ing of o\,prmat.ure � ta llds, Baker suggests that t hey 
must be elear cut t o  pre\'ellt ('xeessive (keay and deterioration of th(' forest. 

::\fost of the eyidell(,c I-'PC lllS to indi('at.e t hat I-'ome form of dear eutting wi l l  
he the most sat i l-'fad ory I-'Yl-'tem of  harye:-;t ing 10dgepoJe pine i n  :\.lberta. Kot 
only does elear ('uHing lend i tself to s('ari fication whieh appears to be a pre� 
requisite for regeneration of this speeies, but i t  abo fulfils the requirements of 
t he species for abundant l ight. The many Yariatiolls of sueh a system,  including 
strip dear ('ulting and patch cuts, pro" ide reasonable security from wind dam­
age and for ,yatershed control. Last but not least, the system lends i tself to the 
natural stand dewlopment of the species which is typically even-aged.  It must 
be remembered that lodgepole pine is essentially a pioneer species following 
fire,  and in order to perpetuate this st age in the ;.;uccel)sional development, it  
"'i l l  be necessary to resort to drastic d istnrbanee of the forest. 

5 . 13 SLASH DI SPOSAL AXD SCARIFICATION 

Slash disposal also ('onst i tutes an i mportant pha�e of �iny hal'Yest ('u tting 
system, particularly in extensive clear ('uts \\'here slash \'ol\lmes \\'i l l  be hpavy. 
Two aspects of this proble m  m ust be eonsidered ·· slash disposal in rela t i on to 
seed supply, and sla�h disposal i n  relat ioll to fi re hazard. Wit h  rpga nl to :"eed 
I-'upply, Crossley ( 1 955c and 1 95Gb) i ndica t es that  t he amount of seed from open­
('oned residual  t rees m ay wpll be i nsuffi('i(,llt to }'c:-;tock cut-OWl' areas. It has 
also been demonstrated (Crol-'sley 1 9;')ob) t hat lla t ural ('one opening is gn'atpr 
i n  slash whieh i s  \\' i th in se\'en inches of t he ground . I t  might then·fore he i nff'lTpd 
that slash should be lopped and scat t preu to "('eme maxi mum ('one opening and 
that  ;.;lash mu�t not be pikd and burned un t i l such t ime as the ('Ol leS ha\'e l)('en 
opened and the !:'(' C'd d issf'lllinatpd . 

. \ l t hough data are Hot a\'aila ble t o  sl lh"t au t iate the folhming eondu"ion, 
it appears from obsprnl l i on t hat slash \'olumes in el('ar-cut lodgepole pil le st ands 
are lower t ha n  those of ma llY other speeies. In i ntells i\'ely Il1Qllaged fore:;ts 
lopped and s('at t ered sla�h does not appear to represent a serious firp hazard. 

Experi mpntal data on regeneration foll owing yarious forms of sla sh disposal 
are a\'ailable from t he United States. Roe ( 1951 )  i ndieates that on dear-cut 
areas slash handled i n  thl'ep methods; con('entrnted, piled and burned, and lint mal 
concentrations burned, prodl1eed a stocking below 50 ppr cent ;  \\·he)'(,':.s t hree 
other methods, l10 slash treatment, scari fication with dozpr piling, lopping and 
scattering, gave a s toeking of 75 pCI' eellt or bet ter ,,·ith approxima tely 9,000 
:"ecdlings per acre, one ypar after ('u tling. 
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I n  grlH'ral, i t  appears t hat slash disposal m ust be a compromi se het \H'PIJ 
t he requi rement s  of sped supply and firp h azard . From t he st andpoi nt of s('pd 
dis:::eminat i on ,  loppi ng and seatteri n g  of slash app<,ars to he required, hut fire 
ha zard eondi t i on s  may neeessitate pil ing and hurnillg of t he sla"h. The cOllflict 
between these two faetors can, h owever, be partially resolved by eonsiekra t i on 
of a third essential fador of harvest cutting, namely searifieation.  

Studies to date indicate that some form of  "earificat ion i s  essential to the 
successful regeneration of the richer l odgepole pine sites i n  Alberta. The most 
successful method of carrying out this seedbed preparation appears t o  be t hrough 
the u se of a caterpillar t ractor equipped with a special toothed scarifying blade. 
Although detailed studies have not been cond ucted on the relatiYe cffieieney 
of various types of equipment, it is apparent t hat the conventional  hulldozer 
blade accumulates excessive piles of slash and dirt .  In comparison, a blade \yj t h  
heavy scarifier teeth lacks this obj ecti onable qual i ty. 

From the standpoin t  of regeneration, pre-scarification and post-"carifica t i on 
appear to be equally successful .  However, the physieal d i fficulties of pre­
scarifying in dense pulpwood stands seem to render this  method un applicable. 
The method of scari ficati on bears a direct relation to slash disposal . Provided 
that it is first l opped, the process of scarifying wi th a coarsely toothed blade will 
d i stribute the slash. Coarse slash components such as lopped tops, felled snags, 
etc.,  ean be piled by t he blade, while the fi ner eone-bearing slash will pass bet ween 
t he teet h and will be distributed so that the seed can be released i n  a uniform 
pattern. The aecumulations of eoarse slash can then be burned to satisfy the 
requirements of fire protect i o n .  

5 . 2  I1\'TER?I EDIATE Cl'TTI1\'GS 

Yarious forms of t hi n ning and i ntcrllwdiate ('u t ti n g  i n  lodgepole p i ne stands 
have becn t he subject of considerable researeh in Alberta. ::\lore than 13 experi­
ments, many of \\"hich ha\"e hc('n remeasured for 1 8  years, have been established. 
These studies eowr bot h l�alluaG_'1nd���!ni('allhi ll ni ng. treatments, a n d  i n cl ude 
stands of yarious �JIl addit i on,  a wide range i n  i n t e nsity of t r('atment has 
15Cen-rcS1�esults  to date i ll t h i s  field of resC'arch haye beC'11 ,"ummari zcd 
by Crossley ( 1 95.5), Quai t e  ( 1 947) ,  and S m i t hprs ( 1 957).  

With one exc:ept i on t hese C'XQ('rim('l)J§Jl�_ye shown a defill i te response i l l  
diamet;J. gro\rt h .  ::\laxi ln ll I�ula t i on has be��l -sho-\\:rl- b'y }�;)�;-l;g-�tilJ;ds, -alla 
the-oestim:lJy](]ual t ree grO\d h has been on t he most t hrifty t rees. The degree 
of growth release has been roughly proport i o n al to the i nt ensity of thi nning. 
In t he one experiment (Crossley 1 955) which failed to sho\\' response, the t reat­
ment c:onsi sted of thinning by means of burning or ehemic:al spraying in a 1 9-
year-old st a n d  \\"hieh was badly stagnated. Whet her failure to respond "'as due 
to the treatment or to the exc:essive stagnation,  or whether recovery is merely 
delayed, i s  n ot yet definite .  It i s  h oped tha t  further remea 03urement \yi l l  darify 
t hi s  "ituat ion.  

In studying diameter gro\yth of thinned l odgepole pine st ands, Smithers 
( 1 957) makes a c:omparison of growth rat e  \"i t h  t hi nned red and Eastern whi t e  
pine, a n d  ponderosa pine. I n  c: omparable stands th inned t o  t he sa me i n t ensi t y, 
the growt h st imulat ion of lodgepole pine i s  rqual t o  that of t hesc other :'pe("ies. 

The i nformation on sti mulat ion of hright growt h in ]"esp011se to t hi l l l l ing 
i s  le:,s c:onclusiyc. Ho\yeyer, the data from young t n'atecl stands, and abo fwm 
st udies of height growth in relation to st oeking (Smi thers 1 955), i ndicate t ha t  
i mpro\"C'cl height growt h  c a n  be expeeted i ll thinned lodgepole p i n e  st ands. 
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Experime'lIt;.: i ll  A lhert a  1Ia ve covered a widC' range' i n  i lJ t e l lsi ty of t h i n l l ing. 
Tn·a t mPl I t ;.: rem O\' i l lg approximatclyjJQ_PS'��yf _��� _t�t.:.�L�i5��I:!ll]LJllll­
(j (·I l ;.:i ty st ands appC'ar to bC' most de'si rable from the' ;.:ta nd poin t of adlieving 
maxi m u m  grcnd h per t ree wit hout sacri fici n g p<'r atre i l lcrement. Trea t ments 
removi ng u p  to 80 per cent of t he basal area have h('en pmployed wi t h  ;':l1('e('ss i n  
ext remely overst ocked :;:iands but t hese appear to h e  too heavy for gCl leral 
applieation i n  stands of modC'rate stocking. 

The m e thod of t h i nn i ng also sho,,"s a dC'fill i te pfTect on the r(,sponse of l odge­
pole pine. High thi l lnings rC'mo"ing dominant t.rees are un,'<uccessfu l .  Both uni­
form low thi n n in gs and crop tree t h i nni ngs seem to provide abou t the same degree 
of stimulation ; ho\\"ever, from an economi c  standpoi nt the crop tree t hi nning 
provides a maxi m u m  return, since a higher proportion of merchant able trees i s 
removed. Following crop t ree t h i n n i ngs removing 50 per eent of the basal area 
alld leaving a minimum of 300 thrifty future erop stems, i t  appears that a period 
of roughly 25 years is re(jwrcafO:-r('pla"CeTIl(� growi ng stock and rei urn the 
s t a n d  to a full-densi ty ('olld i t ion.  

A ppreciating t he (Oxcessin cost of manual  t hi nni ng i ll very young stagnated 
"t ands, Crossley ( 1 9;')5) studied the C'fTeets of applyi llg chemi cal sprays to lodge­
pol e pine with a yie\\" to u;.:i llg such a met hod for t h i nn i ng. A variety of sprays 
was teste� i n  Yari olls concent rat i ons and dosages on repliC'ated m i Juere plots. 
It was found t hat an applicat i on of 2 gal lons of 2, 4 - D  i n  an o i l-water emulsi on 
c onsist i ng of 25 gallons of d iesel fuel and 75 gal lons of \\"ater per aere \\"as the 
most effective and effieient spray. T hree years after t reat ment, m ort ali ty of pine 
'\'as 96 per cent and although the balance of t he seedlings had been slightly 
damaged they had reeo\'ered and appeared to be in healthy condition .  O}wi ously 
t h e  l i miting fae/or i n  t he broad applieation of sueh a techni que for t hinning 
t n:a t m ents l i es i n  t h e  large amount of spray ( 1 02 gallons) required per acre. It 
i s  d oubtful if  any form of appl ieat ion from the ground would proye su('ce;.:sful, 
a nd t he prae t i eabil i ty of ai rcraft spraying of :;:ueh large yol u mei' of ma terial 
is al"o some\\"hat d ubious. Definite statement" on the feasi b i l i ty of aeri al  ::;praying 
m u st  a wait f urt  her research to det erm i ne \\"he t  her t he per-ane a m ou n t s  of spray 
can be red uced . 

H egard less of t h e  met hod or i n t ellsi t y, pconomiC' faefors i mpose l i m i t a t ion s Oil 
t he a ppl i ea hi l i ty of t h i )) lling t rea t mcnts i ll Alberta .  Lodgepole pine has ) )e\"er 
const i t u t ed a major >'ouree of l ll ml)('l' i n t his  pro \'i ncc, !lor is i t  expeet('d to do 
so i ll t h e  i m med ia t e  fut ure, The larger pine have be(,1l u>'ed to a l i m i t e d  df'gree 
for t ie>', pok>' and pi l i ll g ;  hO\\"e\"er, t he local market for t he::;e prod uct s has ne\'er 
been extensi \"e and the demalld ran 1)(' met for some t i me by t he I latura l  low­
densi t y stan d :;  of t he foot hi l ls area. Should the requirements for t hi s  type of 
produet i n c rease greatly in t he future, i t  may be necessary to cOll:-:ider t he t hin­
n i ng of oYCl'stocked stands. A l i m i t ed appli cation of thinning m i ght be n ecessary 
t o  sti m ulate pole a n d  t i e production i n  t he yi ci n ity of established proeessi ng 
plants.  In order to produce pole and tie si zed t imber from oyerstoeked p i ne stands 
i ll a m i n i m u m  rot at ion,  it  i s  reC'om mended that the i ll i t i al t hi nning be carried 
out in "t an d s  of 5 to :W years of age to aehie\"e a m a xi m u m  s t i m u l a t i on ,  The 
fi rst t h i n ni ng should red uce t he st and to rou ghly 1 , ;')00 st ems per a cre \\" i ih a 
uniform spaci ng . ::\0 mereha nt ahle m aterial \\'i l l  be produced by thi:; t rea t men t. 
A ;.:eeond t h i n n i n g  at 40 to 60 years remoyi ng 50 per cent of t h e  gro\\"i ng st oek 
may be required. This !E('a t n�nt�nJ2iQ(hl££-L()gghly 15 cord" of merehant able l�od per a('��\11 gro\\'i ng stoek \\"i l l  be repla ced by the t i me t he :-;tand 
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has reached 100 ye'ar� of age'. Since t he rot a t i on a ge required t o  prod uee poles 
in a dense unt reat ed ;::tand i;:: roughly 1 7;") Ye':ns, t he' rotat io l l  wiJ l  haye been 
redueed by 75 years. 

The seeond form of thinll i ng \,"hieh may proye feu"ible in "petial 10eatiol1s 
i s  one de�igned to i nerease per-acre produetion through the "alnlge of mortality, 
with no particular regard for the stimulation of i lld iyid uul t ree growth. Such a 
treatment would be applieahle only i n  high-yield "i tes e1o;::e t o  pulp mil ls  or in  
locations ,,"here pulpwood is  the primary product. L;llder "ueh eircumstances, 
treatment should be delayed until  the  thi nnings ,dll cOl l ta in  a high proportion 
of merchantable pulpwood. This means that the first th inning wil l  not. occur 
until the stand has reached an age of 50 years or more. A 1, this t i me 50 per cent 
of the growing stock in heayily stoeked stands may be remoyed by a combined 
crop tree release and t hinning from below in which the thinnil lgs will consist of 
a high proportion of co-dominant and intermediate stems plus some suppressed 
trees and dominants whieh are competing ,,·i th crop trees. The yield should 
amount to between 10 and 15 cords per acre. The period required to replace t he 
growing stock should be roughly 25 years ; therefore successive th innings of a 
similar i ntensity could take place at ages of.75 and 1 00 years with a final harvest 
cut at age 125 years. �� EIII�"·Oo<LPJ!!J2()�e�zJ:!gweYfrJ-.t� st::l:!!_(L§I"l()_\lld � 
no time be reduced below 300 stemS��! l1kr�...... .. 

---h\:'(iii-lil--puTp\\:o-oa-al:eas-;iH:hthinl l ings are just ified only when incrpased 
mill  demallds rise above t he prodllctin capacity of the unmanaged forest or, 
alternatively, to increase produdion temporarily when a scarcity of mature and 
overmature stands exists. I n  t hi s  manner prod uetion may be sustained without 
clear {'utting immature "tands and degrading t he forest. With  the exception of 
some local areas there appears to he a sufficient "upply of pine pulpwood i n  
Alberta and therefore there "hould b e  l ittle ncees"i ty for thinning a t  t h e  pre"ent 
t ime.  The drmand for large quan t i t ies of small t l"(':1t('d lodgepole pine fenee 
posts in Alberta has result cd i ll l i mited t rials of a pract ical thinning treatment. 
The detailed "pecifications for "wh t h innings in stands of various df'llsities have 
open described by Smithers ( 1 958). In essence, t hese t reatments are designed 
to remo\·e roughly half of the basal area of stands between 45 and 80 years of 
age, leavi l lg the 2;30 largest ,,-ell-spaced trees per acre, plus all stems which \ri l l  
not  produce a merchantable fenee post of 6-foot length to a min imum t op diam­
et er of 3 inches. The treat mellt i s  designed to st imulate production of pole 
and tie "ized material i n  a rot ation of 1 00 to 1 20 years plus t h e  salnging of 
m ortal i ty. 

Al though the thinning of lodgepole pine stands in the rni ted St ates has 
been extensive, Tackle ( 1 933) reports that much of the i nformat ion has not been 
analyzed or reported. I n  his general summary of the  situat ion ,  T:wklc supports 
t he findings in Alberta \\"ith  regard to the capacity of l od gepole pill e  to respond 
to t reatment and the necessity for relat ively heavy thinning". Taekle also stresses 
t he danger of windfall riJter lwavy t hinnings i n  pole "tands and  suggests the  
necessity for  modification of  t reatment to red l lf'e \yind risk . H o\\·ever, in  nOlle 
of the thi nning studies carripd out i n  Albc'rta has t here been any serions wi nd 
damage and it  i s  doubtful i f  any "pe('ial prC'f'a ut ions are requi red i f  JO\\· t hinnings 
of suggested intensi t ies arc employed. 

5 . 3  FIRE AS A SILY ICULTCRAL TOOL 
Because of the usual fire origin of lodgepole pille stands, i t  is only nat ural 

that eonsiderable thought ",hould be ginn to t he usc of fire as a sih·i c u l t u rnl 
tool. 
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The success of fire i n  rpgenpra t i l lg pilH' dejwnds t o  a great extent on the 
quant i t ies of seed \\·hi ('h arc released from t he seroti llQus cones, all d  i t  appears 
t hat a relatively hot  fire, sue}} as may oe(,llr when a fire crowns in an uncut stand, 
may be required to produce a sudden release of s(,pd. A second main effeet of 
fire i s  the destruction of l itter and raw humus ae ('uJ11 ulati ons and the eli mination 
of plant and shrub eompeti t i on .  In addi t ion to t hese obvious effect s  of fire, 
there arc less notieeable ehemieal and phy:-;ieal ('ha nges in  the soi ls  underlying 
burned areas. Austi n and Baisinger ( 19;55) noted in part icular a serious reduction 
i n  the organ i c  eon tellt i n  the surfaee layers of :.:oi l and observed that recovery i s  
slow. They suggest that, while deep soil:.: rich i n  organic eon tent may with­
stand a moderate fire ,  shallow, gravelly or droughty �;oils  on southern {'xposures 
eannot. The general tone of this paper is one of extreme eaution.  While it i s  
admitted that fire may be a neeessary tool of sih'ieulture, i t  m ust b e  handled 
i\'i th eare, and furt her i nvestigat ion i s  most neeessary. 

Sinee the primary effeets of fire are the release of seed, the bari ng of mi neral 
;;oil  and reduct ion of eompetition from vegetation, and sinee these ('ffeets can 
be aeeomplished wi thout the use of fire, its value as a silyicultural tool must 
rest on the relative eosts of these treatments. 

1\ 0 eost d ata for broadeast burning are available in Alberta ; however, eon­
sidering the high standard of proteetion required, and the d iffieulty of providing 
i t  i n  the rugged terrain of the subalpine region, it appears scari fieation' would 
be a less costly method of seedbed preparation. From the st.a ndpoin t  of seed 
dissemination it h as already been shown that proper treatment of sla"h can 
effeet the release of seed wi thout fire. In general, it does not appear t hat there i s  
any speeial economie indueement t o  employ fire i n  this phase o f  pine si lvieulture. 
However, this  does n o t  mean t hat research i n vest.igations should i gnore t.he 
possible use of fire for special c ireuJ11stanees where other methods may prove 
u llsuceessful or too costly. At the same t i me, there is mueh to be lcamed from 
d etai led study of regenerat ion following ,,·i Jdfire. 

5 . 4  S E EDI-"G A"n PLAKTlNG 

.-\.rtificial seeding and planting are frequently r<,garded as "la:-;t rl ikh" 
methods of  "ih'i cultnre \\'hieh should he I l"ed only ,,·hen other  t rea t mPl l t"  ha \'e 
failed. However, "lI('h a concept is not just i fiable ;  i n  mall,}' eases art ificial re­
generation m ay be the most satisfadory alld eeollomi cal of the sih'i('ul t l l l'al 
met hods. To date very l i ttle attent i on has been giH'n to such met hods for lodge­
pole pi ne i n  Albert.a. A small nu mber of plant at ions \\"('re e:-; l ablished on ex­
perimental  areas during the period 1 920 t o  1940, but t hese \YC'I'e all smalJ-scale 
t rials and provenanee tests, in many ea"e" l1nsuit able for gro\rt h I11P:t:-'U l'enwllt 
on a plot basis .  This \\'ork has eOlltrihutpd yery li ttle to our knO\dpdge of art i ­
fieial reforestation \yith lodgepole pine. 

An experi ment t o  study the effed of seed-spotting l odgepole pine on moun­
tain l i thosols (Aekerm:m 1 959) has pro\'ided l imited i nformation on dirC'et 
seeding. The resul ts of this study i ndieate that l odgepole pine is to be prcfprred 
oyer \\·hite spruce or Douglas-fir  for rest oek ing mountain l ithosols i ll the A..Iberia 
portio n  of the Roeky ::'.Tountai ns. The be"t conditions for restoeking such an 
a rea to pine were found on the eool moist nort heast expo"ures \\'hile t he poorest 
ehal1ee of sueeess \\'as on the warm dry sout.hwe:-;t slopes. The hea\'y l osses of 
seed to rodents and bil:ds on unprotected areas ind ieates t hat some form of seed 
proteetion is necessary for adequate rest ock ing. Some eyidenee \\'as found to 
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i ndi('ute t hat bron<1('u:-;t :-;owing of :-;('('d i n  tIlP fall ,m:-; t o  he prdplT(>d t o  :-;pot 
:-;(>('d ing at ot her :-;pusun:-; of t Ill' y<,ur. TIl(' efTpd of vari ous ,,('(·flhed prepara t i on 
method:-; "'a:-; also t(':-;t (>d i n  t hi :-; :-;t udy. 'I'll(' 1 )(':-;t r(':-;nl i s  were obt ai nC'd by culti­
vatillg thc ;.;C'{'dl l('d a:-; oppo:-;pd t o  ]'(·;novi ll

'
g \'('gP 1 a t i oll or rcmovil lg t he 

·
:-;tones. 

The re:-;ults of thi" :-;tudy i ndi( , : t t pd t he relat i vc "a1ue of various t rea t ments but 
do not "how the lewIs of :-;l o('k ing which might he pXjwd (·d i ll a praet i('al appli­
cati on of the:-;e method". 

Publi"hed i nformat ion from t he l'nit<'d 8 1 a l e:-; on t he ;-;ubjed of l odgepole 
pine pl a n t i ng i"  l ittle more ('oll1plt'te t han t hat  from Allwrt a. While "pcd extrae­
tion proees:-;es h ave been dealt "'ith i n  "ome detail,  i ll formation on the subject 
of n ursery praetiee and pla n t i ng is not exten:-;i"e. Korst i a n  and Baker ( 1 925) 
ha\'e deseribed t he n ursery and plant i ng proeedures for lodgepole pine in the 
Int ermou ntain R egion during t he period 1 913 to ] 920. These techni ques do not 
d i ffer :-;uhst a l l tially from those for other nat ive pines alld such proecdures have 
been su i t ably deseribed by a yariety of wri ters. It was not ed that lodgepole pine 
was one of the few speeies whi ch eould be reared without shading of t he seed­
beds. The age a n d  si ze of l odgepole pine planting stock \\'ere found to be i m por­
t ant factors. Studies of root-t.op ratio and general si ze and vigour i ndi eated that 
2-1 stock produced the h ighest proportion of transplants suitable for pl antation 
establish ment. Survival and growth data for t hese lodgepole pine plantations 
sho\\'('d e onsiderable variat i on .  Four years after establishment, survi\'al ranged 
from 94 per cent to 1 per cent, with first-ycar survival apparently bei ng the 
outst anding factor in eBtabli shi l lg  the plantation. The majority of these planta­
tions showed sur\'ival of 40 per cent or better at the end of 4 years. Of the 
sun·iving trees, roughly 75 per cent could be classed as vigo]'ous but c onsi der­
able variability was also n oticed i n  this fact or.  It was noted that site exerted 
eonsidera ble i n fl uence on both survival and grmyth of planted lodgepole pine. 
The beh a vi our of this species in pla n t ed stands i ndicated tha t  it m ight be the 
best choice for reforesting ullst oeked bUl'lled areas. The l'ea:-;()I1:-; gi"en for the 
:-;eleetion of this spe('ies i nclude i ts 10m:]' mortality and more \'igol'Ol iS  e:-;tablish­
ment, i t s  frost hardi ness and i t s  rapid growth . 

It is perhaps not sl lrpri�ing t h a t  a great deal of i n t ('re:-;t ha:-; h(>('n sho\l'n i n  
t he plal l t i ng of lodgepole pi l le  i n  Emope. Heports on pla n t a t iol Js  of t his  spe(' ies 
are a\'ai lable from G reat B ri t a i n ,  Finla nd , S ,,,edcll , Denmark, Fra nce, Belgiu m  
and Irel a n d .  Rc:-;uli :-; fro m  Finland r('port ed by Tiger"tedt ( 1922 and 1 926), 
Tigerstedt ( 1 927), a l l d  H iley ( 1 928) :-;uggest that growt h of lodgepole pi ne 
plantat iol ls  compares fa\' ( H1 rably ,,, ith that of Corsican p i ne in Bri t a i n .  From 
Sweden, Lagel'bcrg (1 930) report ed that 30-year l odgepole plan t i ngs ('OlTe­
::;ponded i n  height gro,y t h  t o  Quality Class I S('ot::; pine i n  Bri t ain .  He suggests 
that l odgepole pine is more ::;ll i t ed to rich m oist sit es. Syh'en ( H J4 7) also rpport ed 
on the exeellcnt growth of lodgepole pine in  S'H,den. 

From Den mark, Larsen ( 1 943) reports that bot h :-;hore pi l le  and lodgepole 
pine have been plan ted on cxposcd sites, and while neit her st ra i n  is completely 
sat i sfaet ory, l odgepole pine i s  m ore suit able. Christensen ( 1 94 6) also desnibes 
the use of lodgepole pl n n t i ngs on sandy soils. 

Poul'tet and DuehaufoUl' ( 1946), summari %ing planting rcsults in 1"ra11('e, 
state that the l odgepole st ra i n  is of i n tere::;t \yhile the eoa"tul variety is poor of 
form and slow i n  gro\\'th. Lodgepole pine gives good results in d i ffi('ult  :-;oi ls  a n d  
under severe cl imatie eond i t i olls. 
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H ('"ult" of pla l l i ing i ll Belgi um reported by Bard ( 1 937) ('c)J)dude t h at l odge­
pol(' pine i" "uperior to shore pi ll(, and may be of u,,(' in pla n t ing "and dunes 
in Flander'" Literat ure dealing "'ith the pIa l l t  i l lg  of lodgepole pine and "hore 
pine in Ireland is ext ell "i ve. Wi tt i ch ( 1 942) llotes that the growth of P. conLoria 
i s  "at i sfaet ory in you t h. Hedmond ( 1956) reports t hat lodgepole pine suffers 
Jess defol iat ion t han Seots pine, but i s  m ore scnsi t i \'e to \"ind.  On t h e  m ost 
exposed sites many hranehes are ki lled and t he forma t i oll  of a elos('d c anopy i s  
i mpossible, "Where condi t ions arc less severe, gro w t h  is  slightly more rapid tha n  
for vigorom; Seot s pine, Shore p i n e  showed more rapid height growt.h and formed 
as canopy under the worst conditi ons, I ts form has proved to be ex('ellent on 
poor shallow soils, but on better soil there is a strong tendency to coa rseness. 
B igson (1 951 ) confirms this  report on shore pine and considered it of considerable 
value on a \"ide range of poor soi ls.  Lodgepole pine in his opi nion,  howeyer, had 
l ittle ad nlIl t age oyer Scots pine on exposed si tes. O'Kelly ( 1 952) deseribes 
shore pine as an excellent volume producer on poor soils,  These findings seem 
to reflect the differences in cl imatic regions in Europe. In those areas with a n  
oceanic climate shore pine i s  favoured except o n  the d ry soils, \\'hereas lodgepole 
pine is superior \"hen the el imate is m ore cont i ll ental. 

The results of seed-spott ing o n  b urned areas h ave been studied by Roc and 
Boe ( 1 952) . The seeding site consisted of a broad east-burned clear-cut area 
at an elevation of 6,400 feet, Seeds were planted on 908 prepared seed spots 
per acre. Ten seeds with a 30 per eent viability factor were planted on each spot. 
Hodent control measures were u ndertaken and a nu mber of sample spots were 
fenced to prevent rodent damage. � ursery transplants of 1 - 1  stoek were employed 
as a c ontrol on survi\'al and growth, At t he end of t\\'O years the proportion of 
seed spots stlpporting one or more seedlings \\'as roughly 70 per cent. I n  com­
parison, 98 per cent of the lIursery st oek survi n�d. 

Cost of planting or spot seeding is the l imiting factor in the use of these 
silvicultural methods at the present time. Average figures for planti l l g  costs 
are roughly $45 per aere, of whieh between $lO and $ 1 5  represents the cost of 
raising planting stoek. Seed-spotting eost is reduced somewhat because the eo'st 
of seed amounts to only roughly $2.50 per a('rc. It is ext remely doubtful if any 
drast ic  reductions in t he eost of pl ant ing can be denloped and the widespread 
u se of such a technique ('a n  become fea"ible only through increased prices for forei'lt 
products, a!'sociated "'ith a l i mited \H)od supply. On t he o t her hand, costs of 
seed-spotting could eoncei \'ably be redueed if less ,,('('d bed preparatio n  \\'ere 
required , It \Hmld appear that eonsidcrable n'seareh in t hi s  field is j u st ified.  
A t  the "arne t i me, pla nt i ng i ll \ 'est igations sh ould he undertaken, particularly 
from t he a"pect of det t'rmi l l ing growt h and dcn'l opmcllt  in plantations and 
planting requircments for speci fie  "i t e  eoud i t i olls . 

. ') . 5 1 ESTDIATE OF A H EA AND YOLD.\IE 

The sound admi nistrat ion and ma nagement of a forest resonree is  depcndent 
to a large measure 011 i llvent ory i n formation describing the available areas and 
yolumes of the resource and i ts d istribution by mereh antabil ity classes, I n  t he 
case of lodgepole pine i n  Alberta the m oulltainolls topography \"hich comprises 
much of the natural habi tat has slo,,'ed dO\m the gat hering of this  i l1 Yentory 
d ata. 
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The first eOll( 'cr/ ed ai t pmpt t o  ohiai n  a sound oHTUll pict u re of the forcst 
rcsoun'cs of Albcrt a, ineludil lg t hc :lya i lahle qU :lll ii tics of lodgepole pine, was 
ul ldertakell by t he fedeml gonrnmcnt d u ri n g  thc pl'riod 1 929 -30. This i l l H'n­
tory was earried out in eonj unet i oll "'i th t he t ransfer of j urisd i c t ion over the 
Ilatural resourees from the federal goverll lnent to the proville ial  a u th orities. 

The physieal and teehnieal di ffieulties of earrying out t h i s  i n vcll tory were 
almost in;;u nnollnt ahle. H oad sy;;tems were meagre and acccssibil ity to mueh 
of the area \\'as al most i mpossible .  \Yhi l e  a ir  photos for part of t he area were 
available, t he t echniques of empl oying t he m  had not been fuJly devel oped. I n  
spite of these difficulties a large amount of valuable i nformation was gathered 
and for the first t i me some idea of the forest resourees of parts of the province 
was ayai lable. The next maj or slep toward obtaining an evaluation of t he forest 
reSOlll'ees of Alberta and i n  parti cular the stat u s  of lodgepole pine commenced 
in the late  1 940's. Two organizati ons were i n volved in this i nventory. The 
Eastern Roc-kies Forest Conservation Board , a j oi n t  provineial-federal body, 
was assigned the task of assessing the forests of the Rocky ::'.10untain Forest 
Conservation Area ,,,hi le  the Department of Lands and Forests, Province of 
Albert a, undertook the i nventory of the remainder of the forested area of the 
province excluding .the Xational Parks and other areas u nder federal j u ri s­
d ietion. 

\Yhile many superficial differences existed i n  the inventory procedures used 
by these t "'0 organizat ions, the basic method was similar on both areas. Air 
photos designed especi ally for forest i nventory purposes were obtained and 
suitable base maps were prepared wlH're n ec<,ssary. Forest sub-types based on 
cover typ<', dell sity, and height were established and the areas of these sub­
types were det.ermined from t he photographs. Se1ect iye ground sampling cover­
i n g  a ful l l'llllge of existi ng condi t ions was undertaken t o  provide vol u me per acre 
figures upon which the forest invent ory eould be computed. I n  Figure 1 7  t h e  
boundary o f  the range of l odgepole pine, u pon which t he i nventory o f  t hi s  
speeies was cal c-ulated, i s  outlined on the m a p  of Alhert a. The a reas ('onred by 
t he t wo i n Hl ltory organizati ons t oget h e r  ,,"it h  the boundaries of n a tional parks 
and fedpral forest resencs a re abo dC'l i neatC'd.  Yolume and area figures for t hese 
1 hreC' l oclg('pole pine areas have been ('ombi Jled in Table 1 2. Bce[tuse of the J ack 
of suit ahle i nH'l ltory informat ion it has been lleeess[tl'Y in the mse of fed('ral 
park alTas to use rough est i mates  based on t he opiJl i on s  of foresters familiar 
w i t h  the a rea. While it i s  i mpossible to draw well-substant iated conclusions 
from t he table, ecrtain i ll terest ing c-omparisons can be made. 

It appears t h a t ,  "wit h i n  the range of lodgepole pine eovered by the provincial 
i nventory, t here is a sli ghtly higher tot a l  volume of pine than spruee ; ho\\'e\'er, 
the pine volume 1 1  i nches plus is less than that of the spruce. The pure lodge­
pole pine type, i .e .  75 per cent plus by volume, represent.s roughly 12 per cent of 
t he area a nd 13 per eent of the vol u m e  of all speeies. The pure pine stands ('on­
t a i n  nearly half of t he pine yolume helow 1 1  i nches but. t hey support only one 
sixth of t h e  pine yolume 1 1  inches plus,  These broad i l l vent.ory figures t here­
fore substantiate t h e  obsenation s  of foresters who have mainta i ned that t h e  
bulk o f  t h e  Jarge pille h a s  been prod lll'cd i n  m ixed\\'ood stands. 

The R oeky ::'.10ullta i n  Forest Consen-ation Area also ('olltribut.es sub­
stantially t o  t h e  t ot a l  volume of l odgepole pine i n  Alberta. This area i s  composed 
of four forests k nown as t he Bow, Clearwater, Cro\\'snest a n d  Brazeau, whieh 
are adminii'tered by the East ern R ockies Forest. Conservation Board. The 
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A L B E R TA 
/'L_� Ran g e of lodg epole pine L::j . . . . . . . . used to C ompute volume � . . . .  � Notional Pork Areas � . . . . Conserv ation Forest Areas Scole in Miles 

Lac La Siche • 

Figure 1 7. 'fl." j'ang(' of 10dg0pole pin(' used to eompute volu me in AH)('rta. 
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TABLE 12. AREA AND VOL Ui\II'; OF i\IERCHANTABLEI LODGEPOLE PINE IN ALBERTA 

Volume by Species in M i llions of Cubic Feet 

Sub-type '''A'����n Lodgepole Pine White Spruce B lack 

4·- 1 0" 1 1 " + 4-1 1 " 1 2" + Spru('e 

i------I 
Provincial Forcst Distrids . . . . . .  All Sub-types 16. 235, ;)66 6 , S9 1  1 , 897 4 , 3.55 2 . 655 8 1 7  

Pure Pine' 1 , 9:13, 457 3 , 0 1 9  392 1 6 1  1 1  2 0  108 

Hocky Mountain Fore8t A l l  Sub-types 0:)8 , 580 1 . 1 10 208' 286 489 

Pure Pine' 

Federal Lands. Parks, etc . . . . .  . . .  A l l  Sub-types 

Pure Pine2 

Total A reas . . . . . . . . . . . . . . . . . . . . .  ' A l l  Su b-types 

Total Pine 4" + . . . .  

'Merchanta},l" Rtands 4 "  d . h . h  . .  ;)0' in  hf'ight. 

noo . ooo 

9.';8 . 400" 

700 . 000' 

1 8 . 1 :3 2 . 340 

3 . 2.33 . 4.57 I 

'fitllnda containing 75 per cent plus of lodgepole pine by volume. 
'Volume 1 0" plus. 
'Hough estimate only. 

1 , 000 

1 , 700' 

I ,  .500' 

H . 70 1  

.S • •  SIH  I 

1 2 . 29() 

100' 

400' 

1 00' 

2 . :;95 

592 

8.5 

ASp" n 

1 1 . 0Rii 

108 

31 7 100 



i ll Y('nt ory d a t a  for this  a rea i n  Tahle 1 2  ha \'(' h('P J I t a k('ll  from a ll u l J puhli shed 
report of t he Board. I I I  prepa rillg t he i l l H'l l t ory i t  \\'as I l ('( ·('s.sary to est abli"h 
an a rbi trary stall d a rd of [lc("essi bili t y. Sirl("e t hesp fOI"('''{s a re of a m o u l I t a i l lOUs 
nat ure t he sta ndard has heell  hased 01 1  elt'Ya t i oll , ", i t h  all  forests lying hel m,­
t he 6,000-foot mark beill g ela:::sed as a u('s;.;ihle. 

It  i s  apparent from Table 1 2  t h at  Hearly 60 per ('(' l i t  of t he yolume of trees 
4 i nehes d.b.h.  a n d  larger in the H oeky :\ l ol l n t a i ll Hes('nes ("(lll sists of lodge­
pole pine. In t erms of volume of t rees 1 0  inc1lP;'; d . h. h .  a n d  l a rger, pi lle  represents 
only 35 per eent of t he volume for all speeies. 

Table 12 suggests that t he average v ol u me per :t('l"C of all  species and types 
- i s  roughly 30 per eent higher i n  the H oeky :'.Toul liai n a rea t han in the remainder 
of the lodgppole pine region.  This does not mpan t hat the mountain sites are 
more produetive b u t  merely i ndieates the more advaneed age of t he :-iuhalpine 
stands and t heir t endency to he more heavily stocked . 

Lodgepole pine also oceurs i n  areas under federal supervision.  These i n ­
elude the National Parks, Banff, .Jasper a n d  Wat erton, a n d  t h e  Kananar-;kis 
Forest Experi ment Stati on. A rough esti mate, hased on t he per acre volume 
figures for the Hoeky :Mountai n Forest Conservat i on Area, h as heen prepared. 
The figures for this estimate are shown in Table 12.  

Alt h ough some disagreement m ay arise ,yi th a n  esti mate that sho,,"s a 
greater volume of pine i n  the National Parks t han i ll the Forest Conservatio n  
Area, i t  i s  believed that t h i s  relationship i s  valid. The parks area i s  only slightly 
less than t hat of the eonseryation area and because of the exclusi o n  of reeent 
fire and logging and the eoneeniration of the forest in the lodgepole pine types 
there is a higher volume of merchantable pine i n  the parks arpa. On t he basis 
of the figures in Table 12 ,  it is est i m ated that the proyi nee of Albert a  e urrcnt ly 
cont ains about twelve and one-quarter billion euhic feet of lodgepole p ine  4 
i nehes and over i n  diameter. Of this volume roughly 30 per cent or four h i l l i on 
feet consists of trees 1 0  i nches or m ore i ll d i a meter. 

In addi t ion to an'as no\\' suppurting pine stands of 80 feet or m ore i n  lwigh t ,  
i t  i s  e:-;timated that t l1('re a re an add i t i onal  t \\'o m i l l ion a nes o f  young p i n e  r-; t a l l d s  
i n  Alberta. 

For pmposes of c()mpari�on it is of i n t erest to n o t e  t hat t he pro" i l lee of 
Bri t i ::;h Columbia (' on t a i ns an c�t j m a t ed 72 bi l l ion ('u l lie feet of l odgepole pine 
aceording to the 1 957 report of the :\r ini �ter of La nds a n d  Forests. Ho\\"e" er, 
bec'ause of t he somewh a t  lo\\"cr n u mher of s t ems I)('r aere as compa red wi th 
Alberta, it is belicnd t ha t  a sli ghtly higlwl' proport i on of t he vol u me wuuld be 
con t ained in t rees 1 0  i nehcs and. up i n  the B ri t i"h Col umbia area. 

5 . .52 Il ISTO HY OF UTILIZATION 
The history of the u se of lodgepole pine i s  as c olourful as t hat of the set tlc­

mmt and dc\"(']opment of Alberta i tself. E,-en before t h e  establish ment of farm­
ing in this  proyinee, lodgepole pine was cut and used by both I ndians and white 
t rappers to satisfy t heir basie needs for :::hc]tpr and \\":11'm th. The sli m  straight 
polps of the species ,,"ere admi rably "ui t ed to t he �upport of the hide teepees of 
the Blood, Sareee a lld St oney I ndians, ,yhile larger t rees formed exeellent build­
i ng logs for \\"in ter eabins. Wit h  t he adnnt of ranching and fa rming about t he 
year 1850 i n  Alberta, lodgepole pine assu med nc\y u ses i n  t he form of eonal 
rails and fence post s as ,yell  a s  small-di men"ioll ti mbers. 
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During t h e  lat e l S00'� coal mini ng and t he t ran�eoll t i nel l tal rai lroad 1)('('ame 
import ant  for('e� i l l  ill(' ('(,011omy of .\lhert a,  al ld lodg('j)ojp pine '''It!' first u �ed 
('omn)('reially for t i e!', mi lle  t i mbers and laggi ng. To ,,-hat ('Xt ('l lt  t he sp('(' ies 
, m ;;  used i s  diffieult t o  determi ne ; however, i l ldiwt ioll� are t h a t  t he u tili zat i o n  
w a s  l imited.  Early reports !'how t hat logging w a s  carried 0 1 1  i n  the C ro\\-;;nest 
Pass area from 1 898, and duri n g  t he first ten-year period 36 million board feet 
of l umber, 50,000 t ies, and one and one-quarter million feet of mine t i mber were 
logged in t he area. Part at least of t h i s  mat erial was l odgepole pille.  Elsewhere 
i n  Alberta the further constructi o n  of railroads also erea t ed a demand for hHlge­
pole pine t ies and Edson became a centre of the tie haeking opera t i o ns. 

While t he hasic demand for lodgepole pine fuehnJOd, rai l way ties, posts. 
and sman t i mbers c on t i nued on a l ocal basis, eleet rifica t i on of Albert a  produced 
a demand for !'mall poles to which the qualities of t he species were admi rably 
�uited. Ho\\-e,'er, eompe tition from i mported speeies and buyer resistance to 
an u n t ried eOlnmodity perm i t t e d  only a l imited u sage for t hi s  species. 

Since 1 880 lodgepole pine has been l ogged and utili zed locally for a yariety 
of purposes, but it eamlOt be regarded as having been of t ruly great eommerieal 
i mport ance. Curren t.  i ndustrial development, however, has provided a new 
opportunity for i ncrea!'ed u t i l izat ion of pine. The recelltly establi shed pulp­
wood i ndust ry loeated at. Hi n t on ,  Alberta, and t he promise of further develop­
me1lt i ll this  field a t  ot her lo('at i on s, suggest that the real future of pine in Alberta 
lies i n  the manufact u re of pulp and paper. If  this is the ease, the u ti l i zation of 
thi s  speeies ", ill  face a new, rapidly expanding future. 

5 . 53 !:\l PORTAXCE OF FOREST PRODUCTS 

While lodgepole pine cannot be regarded as a ",idely used species from a 
nat ional standpoint., i t  has been of some importance on the l oeal scene .  The 
typical uses for t h i s  species as l isted i n  " Canadi a n  'Yoods"12 i ncl ude l umber, 
piling, t i es, poles, c onstrue t i on timber, and sulphate pulp. I n  the ranehing 
eountry of Alberta the additi onal  uses of corral rai l s, fence posts  and fuehyood 
have been of l ocal i mportance. 

I nformatio n  o n  annual u til i zation,  made available by t he Albert a Depart­
ment of Lands and Forests, and presented i n  Table 1 3, shows t h a t  within t h e  
range of lodgepole p i n e  approxi mately 2 0  per cent. o f  the ("ut. con ;;ists o f  pine.  

Lumher 
Pulpwood . 
l'oles_ . . . _ . .  
Ti('s . . . . . .  

TABLE 13. \VOOD PRODUCTIOX I X  T H E  LODU EPOLE PI XE 
H EGIOX, H)5-1-55 

Product ion in 1 1 1 (lu::,and� of Lb.ln.  
Produet 

Pine Spruee Poplar 

f>2 , 700 296, 048 !J05 
1 , 034 

1 , 247 
26, 494 

Hound TimheL . 3 , 994 1 28 
P1ywood _ 2 , 572 
01her l·�('S 80 243 

Others 

1 , 485 

4 

1 92 

A l l  rses . .  94 , 515 270, 453 3 , 477 - - I 1 , 681 

T(.>\n1 All Spceies _ _ _  . . . . .  _ .  370 , 1 24 

It "Canadian Womls, Tlleir Properties Bnd r!5es". InS l .  Fon-stry Branch. Dept. of R{>':<'{!urees Hnd DpVP}opHH·nt. 367 pp .. 
A ndlable from Queen's Printer, Ottawa. 
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Plate 33 �' I • �.(t vage opcrati 
. on m fire-kille d lodgepole . pme. 

Peeler ut i ! "  . IZlng pine t l · . l lnnW" $ r r 
. 

0 or {'net' posts. 
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Ai' n il indi ('a t i on of the �tahi l i ty i ll u t i l i za t i on of pi liP i n  the pl'oyi ] ] ('c, 
Table 1 4  "h ows t he perc(,llt age u t i l i zat ion hy �p('( ' ie� for t hp yea rs 1 9.50 t o  1 9.54 .  

TABLE 1 4 .  l'EHCE:\TA( ; E  O F  TOTA L \YOO ! )  I'H( ) ] ) t:CTI ( ):\ B Y  SP ECIES, 
A LB E HTA, J D50 54 

Year 

1 950-51 .  . . . . . . . . . . .  , . , . . . . . , ' , . . . . . . . , . . . . . .  , 

1 951-52 . . . . . . . . . . . .  , . . . . . . . . . . , . . " . . .  , . . .  , . , 
1 9.52-53 , . . . .  . . . . . .  " ' , " , . . . , 

1 953-54 . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . .  . 

Lodg!,poJe 
Pine 

1 9 , 2  
1 9 , 0  
2 1 . 5  
20. 2 

([wr "" nt) 

79.  i 
79 . . 5 
76 . 7  
78 . 3  

1 . 0  
1 . 4  
1 . 7  
1 . 4  

0. 1 
0. 1 
0. 1 
0, I 

A dunl prod ueti oll figures for lodgepole pi ne i n  A l lwrta sh!)\\' a high (kgree 
of consi stency with t he uses l i sted for th i s  specie". I Il Table 1 5, perccnt age use 
by years for the period 1 950--55 i s  shown. 

TABLE 1 5. PEHCE:\TAGE UTILIZATIO:\ OF LODG E POLE PIX}<] IX 
ALBERTA, 1 \150-55 

_. - --.�"----
t'se 

- ._- -------

Lumber, . . . . .  , , ' ,  . . . . 
Ties . . . . . .  , . . 
Poles . . . . . . . , . . . , , 

H ound Timber , .  
Fuf']wood , . . . . . .  

--_._. __ .- �.-----

Total . . . . . . .  " . .  

------- -- -----

. . . . . . . . . . . -

. . . . . . , . . . . . 

1 950-51 

73. 4  
24 . 9  

. 8  

. 5  

. 4  

1 00 , 0  
-- -.-. ---

�-- -

HJ51-52 

70 . 0  
26. 0 

1 . 1  
2 . 4  

. 5  

1 00 . 0  

-� ---

1 952-53 1 953-54 

66. 9 73 . 6  
28. 5  22 . 0  

3 . 6 3 . 2  
. 7  . 7  
. 3  . 5  

1 00 . 0 1 00 . 0  

1 954-55 

82 . 1  
1 4 . 5  

1 . 4  
1 . 8  

. 2  

100. 0 

Seyeral poi n t s  of int erest are fII usi ratcd by Table 1 .5.  T\\'o c o m modities, 
lumber and ti es, eonst i t u t e  95 ppr ('en t or m ore of t he u t i l i za t i on of pi ne. Lumher 
i tself represents 70 per cC'nt of t he pine vol u me .  :\I ueh of t h i s  l u mber is prodU<'ed 
from m ixed pine-spruce "j ands \\'h ieh are logged primarily for t heir  spruee 
eont ellt .  Thus l odgepole pine may current ly be regardpd a" a sppeies of oll ly 
m i n or cconomie i mportance in :\lbcrta. 

The most not iceable difference behyeen u t i l i za t i o n  i n  ,\lberta and pre­
scrihed u se for pine, i s  t he lack of pulp\\'ood product i on i n  the province.  Ho\\,­
eYer, t he establishment of a pulp i n d ustry d uri l lg 1 955 has prO\-jdcd a st art on 
pulp\\'ood produ c t i on ,  and t here is l i U le doubt t ha t  ( 'xpa llsion in t hi s  field \yi l l  
eontinue.  I t  i s  ant icipated that a maj or proport ion o f  t h c  pul p\\'ood consumption 
of such mil ls  \yi l l  consist of lodgepole pine.  

A comparison of i nformation from t he prC'('eding sed i o n  of the report 
deal ing wi t h  ayai lable supplies of lodgepcllP pine shows a growi ng s t ock 1 0  
i nehes plus d .b .h .  o f  l'Oughly four hil l i on (' uhie feet or 1 6  hi l l ion L h . m .  Cla"Si llg 
t h i s  yol ume as m a t urC' n l ld OH'r-mat llrc t i mher \\'h ich must sus t a i n  eutt i n g  for 
25 years, t he po,,�i h i l i ty of i n c rcasi llg  ann ual  pi lle consu m p t i o n  to GOO m i ll ion 
Lb , m .  can be yj !'uali zed. ,\s!'tl lni llg that  the pl'('�(, ll t -d ay i mj)l'oYC'd stan dards of 
fi re pro t ec t ion arc mai ntai ned a ll d  probably i n crea !'ecl nnd t ha t  i t  \\' i l l  u l t i ma t ely 
be rC'cogni zed t hat selec t i ve hnr\'(�st ing of mat ure a n d  OY(,l'mat u r(' stands i n  
park a reas i s  ('s"ent i a l  t o  aYoid i nsec t  cpirkmics, i t  i s  pos:,;i ble t h a t  lodgepole 
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Plate 3.5. Butt t r("at lIH'nt of lodgq)()le pine power poles. 

Plate 36. D" ]'ud d " d 1 4 -."e",.-0Id lodg< ") ok pin .. "'pJings. 
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pine u t i l izat ion i n  .\ II>( 'rta ( 'ould be i ner{';1;-;{'d by at least fin t i nw;-; O H'r t h e  pr{'s­
ell t rate of eOll ;-; u m p t i oll, \"i t  h adequate al l o\Y:ll H'P;-; for fi re a n d  i ll;-;(,et dc'plet i on .  
S u c h  a n  i ll crease \\"ould o f  ('our;-;e have t o  h e  gra d u a l  ;-;incp m u c h  of t h e  gro\\" i l lg 
:,;tock is ] o('atcd i ll a reas lI ut cl l lTel l tJy sPITi (' cd hy roads or other i m pro\'empnts.  

5 . 54 M FLTl PLE- t; S E  �IA " A (� E\I E:-;T 
The l odgc'pole pine forest of the ;-;ubal pi l le rcglOll of "\ I I)('rl a pre;.;en t s  a 

u n ique problem i n  m a llagcm C'nt, for i t  i;-; doubtful if any ot her forest c(!ll1bil lCS 
so many potent i al u ses. In a d d i tion t o  i t :-;  \\"ClOd ;-;upply, thi" fore,,! plays a .<..:ig­
n i ficant role i n  wat ershed ma nagement,  gra zi n g, \\"i ld l ife eon"cITation, a n d  
recreation.  While t o  date only a l i m i t c'd a m ount o f  fad ual  i nforma t i on has h('('n 
obtained on t h e  various uses of the area, the problem is recogni zed and,  through 
t he m e d i u m  of the Ea"tern H ockies COIN'n"at iun Board, :;jeps arc bei ng taken 
to gather this  v i t al i nform ation"  In :<pi t.e of t he l aek of detai led i nforma t i on the 
general concepts of t h i s  problem may be :;t ated.  As in all  such m ultiple-wie 
areas, the basis of m anagement i s  a compromi se between the \ 'ariou:; u ses \Yi t h­
out excl uding any of the m .  

A l arge proportion o f  t he Canadian prairie:; Jepend:; u p o n  \\"ater supplies 
originating on t he eastern ,:lopes of the Canadian Hockies. The watershed pro­
t ec tion of t h i s  area is of pri m e  i mportance and the role of forests i n  t h i s  ('o n­
servat i on cannot be over-exaggerated. Because of i ts wide ad apt abil i ty to 
ext reme site eondit i ons, i ts abi l ity to reoc('upy burned-over a reas, and its  \\"id e­
spread o('currenee i n  the :;;ubalpine region, l odgepole pine i s  of primC' i mport anee 
in \yater;.;hed protect ion.  Speeial c onsidera t i on \\" i l l  have to be g i n'l1 to manage­
m e n t  and s i l v i e u l t ure pract i ecs with a vic\\" to mai n t a in ing a reasonably com plde 
cover on 01(' a rea. Large a reas of a single age dass m ust be avoi ded,  a n d  ('xt rC'mely 
den:;e reprod u e t i on stands \\"hieh preyent ,':'Il o\rfal l  from fea ehing t h e  grouud 
( 'annot be t olerated.  

Th(' l odgepole p i ne forest, parti eula rly in  the suhalpine regi ol l ,  i s  abo a n  
i m port ant recre a t i on area \\"hich pnn-ides both wi ll ter  and "ll ll l nwJ' sport f[l (· i l­
i t ies. HO\yeyer, i t  i :;  probable t h at w i t h i n  the foreseeable fu t ure re(' l "eat i oll an'as 
add i t i onal t o  t hose in t he Xat i Ol w l  Park:; may be requirpd " In "w·h a reas \dlPre 
eommer(' ial  \rood product i on is  seeondary t o  rccreat ion yal tle;.;, "p('(' i a l  t ech n i q ue'S 
of sih"i ('u] t u re a n d  manag(,llw n t  m ust he employed and t Il(' :1{'st lw t i c  ntl ue" of 
the l odgepole p i ne fore:;t pn ha necd by j u d icious ("u t t i n g  met h ods. 

�lany a reas of the subnlpine l odgepole pille forest hord(,!' on g rn ""l a l l d  con­
d i t i ons and therefore t he problem of gra zing I11 U"t re('ei \"e ('on"id(']"ut ion.  Beca u se 
of t h e  extcnsi\"e range of l od gepole pi ne, t h ('re i s  great d i n'J'." i t y  o f  grO\ying 
con d i t i ons, pspecially \\"here fire ha:; played a n  i mport a l l t  role  i n  pl ant  :,uce(,,,;-;ioJl. 
In the Ca nadian H oekies and foot hills i he �t a l i ds ral lge from a fcw ;.;('a t t e red 
t rees i n  gra:;;;.;land or a mong popla rs, t h rough purc pine ;.;tand" on poor to m odN­
a i ely good t i mber si t es, t.o m i xed pine-�prlH:e 011 t he better ;.;it es. Forage ayailahle 
to gra zing a n i m als  yaries from ahu ndall t  i n  OJ(' scattered open l a n d:;;, t h rough 
;.;pa rse on roeky, poor s i t es t o  none in den::;e, :;t agnat ed :-:t ands. The qual ity of  
t h e  forage Yarips i n  a bout t h e  sa me order . 

. \hout half t he ;.;uha lpine lodgppole pine �t ands ('on"t i t u t e  usable range 
of fa i r  to poor qual i ty.  The o t her half contains w l i t tle  palatable forage t hat i t  
�uppl ie:; f(,cd fOf only t ran:;i ent a n imals. This type of range \\" i l l  not support 
a ny appreci able popul a t i on of l iyc:;tock or big ga me animals  by i t self. 
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Plate 37. Stump cultured lodgepole pine Christmas trce, three years after cutting the original tree. 

Plat.e 3i1. Snll·jficd c1car-�\lt patch in the �ubalpjne forest. 
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G r:1 zi l l g;  h:1:; ('prt n i n  i mpad:; U PO]] t he use and ('Ol l ."<'r\'a t i on of t he t i m lwr, 
t he ]'{>(' ]'(>a t i onal yalues a ll d  t he \I'tl f prs}wd, W11('1 11(>r 1 1] ('s<' i rn pads are good 
or h:1d depends upon 1 he e ffi (' ien cy of m al lngc llw l l t , O n>rgr:1z ing d est roys pla n t  
('over, t nl lnpks :1nd (bmages seed l i ngs, compad s t he soil a n d  "poils (,lI mpi Jlg 
or re(']'eut i on a reas, H()\H> \'er, i f  t he grazi ng i s  properly ll1:1 ll aged :1 n d  ('o-ordi l lul pd 
i n t o :1 m u l t i pk-use m:l l lagenw l l t  progra m , i t  \"ill not ('uu "c "eri ous da mage, 

6. H ECOl\E\T ENDED STLVI CULTUHE AND l\L\.NACEMENT 

As nieni i oned i n  t he j l l t  rod \let or)' s(,(' ( i ons of t h e  mon ogmph , t he pu rpose 
of t h i s  puhl i ('a t i on is t o  i n t egra t e  t h e  (' U lTPnt i nform a t i on i n t o  a program of 
sih' i ('u l 1  urC' a n d  mall :1genwllt su i t c>d t o  hot h exi"t  i n g  econ omi c condit  ion s and t he \ 

"ih' i ('al l i m i t a t i ons of t he spe('ies, 

It has been suggest ed t ha t  "ih' i (' u l t u ra l  praet ice  may be l ogieally d i \'ided 
i lJ t o  t \\'o maj or fields, t ha t  of " regelwrati on s i lv ieu l t ure" eoncerJ l cd w i t h  obt ain­
i ng sat i :  .. ;faetory regellera t i on of h a rvested stands, and t h a t  of "high-yi eld sil vi­
cul ture" de\"ot.ed t.o secu ri n g  t h e  m axi m u m w ood yield from t h e  ind iv idual 
aere. Of t hese tIro c l asses, rpgelleration si lvi e u l t u re is of maj or i n t erest since 
it  i s  not only ec onom i cally feasible at  t he pre"ent ti me but i s  also essential to 
a ny form of proposed m an agement and sustained production of pine stands. 
On the ot her hand, h i gh-yjpld sih"ic u l t ure is pra d i cabJe at this t i me only on the 
m ost prod ud i Ye and acces"ible a reas and (ml y  \I'hen a high donand exists for 
t h e  wood prod ucts. 

While i n t cgl'ah>d u t i l izat ion of both l arge alld smal l  t rees i s  t he u l t imate 
goa l  of si l \ ' i ('u l t llre and manag(>mcnt, i t  must be rccogn i zed t ha t  i 1H're is great 
d i Yer:-;it y  i n  t he "i ze d i :-:t rihut ion of J l a t ural  l odgepole pine fore:-:t :-: a n d  t herefore 
d i fferellt :-;ih' j ('u l t ural prad i ('cs may be requ i red for "t ands prod uci ng d ifTpren t 
prod u(· ts, G ross phy"iograpliie d i ffercl l ('es bet \\'ep11 t he "uhal pine and bon'al 
furest s of lodgepole pi l le also p]'( )\ ' ide a Jogi eal  hasis for "uhd i \' i "ion I )f t he sih'i­
('u l t  lire and ma nagement of t h i "  spcc ies,  ""hi I e  an e \'cn m ore "cll"i t i l'c hrea kdown 
of J odgepole p ine  stand" hased OI l  si t e  (' ondi t i ons a nd age "t l ' \l( 't \ 1 l'e \Hm ld hc 
po"si ble, it is dou btful whet her exist i ng si l y i (' al i n form a t i on w a rra n t s  re('om­
Ille l ldat ion of ,�uch i nt e ll Si Ye "i l y j ('u l t u ral prac t i ('cs. 

6 , 1 SILYI(TLTU{ E A '\" D  :\f.-\'\"AC DI E'\"T OF THE S ':HALPI .\" t� FOH E�T 

""hi Ie t he "uhal pinc l odgepole p i n e  forest has bcpn d e:-;(' j'i l ll'd 1 11 det a i l  
elsc\yj](,l'e i l l  t he mOllogra p h ,  t lwre are a nu mber o f  ou t s t a nd i n g  ( 'ha raet eri"t ies  
which bear d i rectly on t he s i l\' ieultlll'al prac t iee fi)!' t hc area, Topography of 
th is area i s  ext remely rugged si Jl(�e it  consists of m ou n t a i n  sl opcs and ya l leys 
a n d  t hc highest foot hi l ls  adj aC'Pllt to t he R ocky :\Tou n t ai n  Range, Su('h fact ors 
\ri l l  l i m i t  bot h t h e  loggi n g  m et h ods a n d  t he si h' icul t ural prac t i ce" of t he an>a, 
Eeollomi('s of t h i s  region whieh i" sparsely sett led \\' i l l  a l ;:o i n fiuen('e t he m:l nage­
ment of t he area,  Lodgepole pi ne si tes of t he subalp i ne area are t yp i cally dry 
a l t h ough some moist areas do O(,(, U l', Soi ls are frC'Cj upnt ly  "ha1l0\\' amI may be 
exeessi yely st Olly. Local cl i m a te conditi ons \' ary great ly as a result  of t he dcC'pl y  
eut  t opography, a n d  dry (ksi ('ca t i ng winds m ay const i t u te a sC'rjous factor i n  
"ih' ieu l tural t reat mcnt , Litter under p i ne s t a n d s  i n  t hi s  region i s  frequently 

1 20 



:;h ull ow, ('sp('ciully on the drier :;it cl', und mi l leral soi l i:; usually c loser t o  t he 
l'urfaee t ha n  on t he m ore moist con dit ions of t he horeal forest.  The lod gepole 
pine stunds of the :;uhalpi)1e region are usua lly e" ell-aged as a result of ext e n"i ve 
fi res, and nu m her of stems per acre i :;  gel1('rally too high to pPrmit opt i m u m  
dewlopment o f  i n dividual trees. Each of these factors places i ts o w n  :;I)('cial  
l i m i t ations on the silvicul tural methods \"hich a rc appli eahle to t he regi o n .  

6 . 1 1  REGEN ERATIO N  SILVICULTURE IN PIN E STANDS 

\Vi th i n  the subalpine forest, management met hods must be adapted t o  t he 
t endencies of such areas to produce dense stands.  The wood prod ucts t here­
fore wil l  consist largely of pulpwood, posts, m i n e  t imbers and rails. In :;ueh 
stand s  regeneration silvi c ul t u re is of primary i mport ance.  Three d i st i n c t  phases 
of such sil v i c ul ture m ust be considered . The£;e a re harvesting method , slash 
disposal, a n d  seedbed preparation.  As a compromise between t opographic a n d  
silvical characteril'tics  i t  appears that some form o f  clear cutting i n  ei ther pat ches 
or  strips is  to be desi red . In yalley bottoms and I (HYer slopes of hroad valleys, 
patch clear cuts up to 40 acres i n  size are iiuggeiited. However, on t he m a i n  
slopes which require a greater degree o f  watershed eon t rol, iitrip cutti ng shou l d  
be e mployed.  Loeal cl imatic faetors i neluding aiipect a n d  presence of desiccating 
winds will  govern variations i n  strip width and d i recti on.  ProiC'eted l ocat i ons 
\"ith iiuperior m oisture supplies may pC'rmi t a \"i der c lear-cu t  str ip up t o  1 0 
ehains ,,·hile d rought areas w i l l  llC'cessit aie a llarrower stri p of possibly fi ve 
chai ns width .  Tn general, measures designed to conseITe m oi s t u re on t he d rier 
l ocat i ons will  be requ i red. Sueh fadors as st ri p oriC'nt ation and progressi on of 
c u t t ing m ay be employed to i m proY(' m oi stu re conditions a n d  rC'duce \yi ll d fal! .  

Slash d i sposal , in pine stands whi{'h a re u t i l i zed for pulp or other pro d u c ts 
rC'quiring small t rees, should not const i t ut e  a :-C'ri o us problem l'ince  the ;;lash 
w i l l  consi st to a large degree of branches and :-mall  t ops. The mdhod of "lash 
d i sposal \"il l ,  hO\\'ever, h ave to be gC'ared t o  t he seedbed prepara t i o n  \\'hi (,h i s  
requi red on i n d i vidual  si te con d i t i ons. 

On dry sites, where l i tter accumulati olls are t h i n  and m i neral soi l  i s  a l n>ady 
ayail able as a seedbed , scari fication f'hould not be requi red . A form of s]a "h 
d i sposal designed to d istribute seed over the area "'i l l ,  ho\\'eyer, be lle('('""ary. 
Lopping a n d  s('attering of the slash u llder such e i reu m :;t anees "'i l l  haye t he 
t hree-fold effec t  of red ueillg fi re hazard, assisti ng i n  the opening of :;l a:"h-borne 
c ones, and d istributing the seed.  'Where a heavier l i tt e r  accum ul a t i o n  has I )('('n 
generated under i n c reased moisture cond i t i ons, scari fi cation ,,, i l l  be requ i re d  
t o  provide a m ineral soil seedbed. Basic equipmc-l1 t  requi re d  for scari fi ('a t i ol1 
eonsists of a cate rpi l lar tractor and a :"carifyi ng blade w i th a series of l n rge 
scarifying tee t h .  These teeth should be designed so that at  proper searifyi ng depth 
a spacc i s  lHailable bet wcen the ground and the sol i d  por t i o n  of  t h e  blade,  t hrough 
\"b i eh l ight slash and raked-up l i tter can pass. Sueh a del'ign will provide m axi­
m u m  mobil ity, and "'i l l  prennt t he accumulation of large piles of ;;lash a n d  l i t ter.  

Correct t i ming of l'carificati on i n  relat ion to t he c u tting operati ons w i ll 
be ali i m porta n t  fact or.  Pre-scari fica t i on i n  t he hea" i ly stocked s t a nd s  \yould 
be unf(,asi ble because of elose spacing of  ind i " idual  trees. Since high sum mer 
t emperat lll'es a re ll(>cessary to br('ak t he r('sin bond of l odgepolC' pine cone:;, a n d  
l' i llce  sear ificat ion \yi l l  play a maj or role i n  d i :" t ributing t he slash oyer t he a rea 
all d  shak i ng the seed from t he opened eOIl('S, t h i s  t reaimC'nt should be delayed 
u n t i l  suffieient t i nl(' ha:" ela p:;('d fol1O\\' ing c u t t i ng for t he cones to br('ak off t he 
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Plate 39. H()JIwm"de searifieation blade u�ed on a TD 18 tractor. 

slash read i ly . The i n t ensity of seari fication should be sueh t hat roughly 20 per 
tent of t he t ut-over area consists of bare m i neral soil .  This s i t u a t i o n  shoul d  
resu l t  from a single pass over t h e  entire area with scarifying equipment. 

t'llder such a proced ure t'lash disposal wil l  l Iot be a ;.;eri ous problem.  In­
tensive u t i l i zat i on of t he small trees \\' i l l  ret'ult i n  a high percent age of  t he (T O W Il  
being l opped.  The design of scari ficati on equipment \y il l  prO\'i de for d i ;.;t rihut ion 
of  t h e  l ight  slash and aetumuJation of t he t op;.;. Thi ;.; hea\'ier " Ja"h shoul d  be 
windro we d  at i n t erntls and imbspquellt ly hUrJ led . .  \ I t  hough fa i l  :-pot s  \yi l l  n o  
doubt reimlt  u n der t he hurned \\- jndro w", t hese \yi l l  OlTUpy a rel : i t i n'ly sma l l  
propor t i on o f  t he J ogged a n'as. The m ost re('('nt  d en' l op ment s i n  "ca ri ficat i on 
equ i p men t  i nd i cate that  the u se of H'ry Iwuyy equipment e a l l  rpm o ye t he 
l1e('essi t y  for pi l ing a n d  h U rIl i ng of "la"h. Tra\' l ors of t he D9 eJa ss \yi t h  large 
t oot Jwd blades call prO\'ide a minpra l  soi l ;.;urfuce w i t h ou t  accu m u lat i ng large 
con(,(,ll t ra t i on "  of "Ia"h. The a l t erna t e  rai "i n g  a n d  l oweri ng of the blade releases 
t he slash accu m ul a t i on s  and t he "eat walks" O\'er t he "lash piles, hreaking up t he 
t op" a ll d  gr i l l d i n g  t he m  i ll t o  t he soi \ . Oil areas t reated i n  t h i s  m a n ner, t he fire 
ha zard a p pear" t o  be yery low.  Where equipment  of t his  e 1ass i t' a ya i lahle, i t  
i s  t o  he p referred t o  the l ighter t radors for "earifiea t i on. 

It is a l m o"t i np v i t a hl e  that some of the areas of heayy l i t t er a enlll1 111atio n  
'w i l l  exist o n  slope" which are t oo scwre t o  permit  sc'arifi('at i on \\ i t h  meehanieal 
equ ipment.  rnder "ueh eireumst aneef' it  may he necessary to employ broadcast 
b u rn i n g  o f  slush t o  reduce l itter  aecumulat i o n  a ll d  release t he "eed fro m  sero t i n­
ous ('ones. I n  pmploying "uch a pn)('edure it i s  adHwaicd t hat t he wi d t h  of t he 
elear-e u t  str ip be reduced t o  110t more t han ;) ehains t o  i nercase t he p os"ibi l ity 
of "eed f'u pply from margi nal stands. 
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6 . ] 2  H H; H -YJ E L D  ,,] LY J lT L 1T H E  J :\"" PI :\"" E o;TA :\"" 1)5 

I 1 i gh-yidd "ih'i eult ur(' 11a" Hry l i t t le plate i ll t he m:lna gellwnt of "ullal­
pillP "tand" for "mall-d i men"ioll p rodud s. In sHeh moun t a i n  ya lley . ..; a IJigh pro­
port i on of the area ('on"i sts of "i t es of ]0\\" product i v i t y , ill Iyhieh i l l ('l"{'a"es i n  
yipld, t hrough "ah'agi ng o f  p o t en t i al m ortali t y, \yould ]jot just ify t h e  c ost of 
t hinning. Furthermore, t he p roduct i on of large t rees is  of m i nor i mport ance i n  
a n  area devot ed to pulpwood and other small-tree prod uct s. ::\ewrt he1e"s i t  
i s  possible that a t  some t i  m e  i n  t he fut ure t here may b e  a lleed for i n(T{'a:-wd 
pulpwood product ion.  Cnder sueh circumf'tallces it is e"t i mat ed t h a t  yields 
eould be i ncreased by the I"(>m o \"al of u p  to 50 per cent of the volume of hea \'ily 
st ocked stands at  ages of 50 to 75 years. Beeause of t he eharaeterist ics of l od ge­
pole pine it i s  f'uggest ed t hat a "crop tree release" form of t h i n ning, u"ing t hri fty 
dominant t rees as t he fi n al crop "iC'ms, should be employed. 

One of t he m ost obvious silv ieul t ural problems of t he suhalpine fore"t i s  
the presenee o f  Jlu merous lodgepole st ands o f  ext remely high st ock i ng which 
are unlikely to p roduce a merchant able p rod uct. It  i s  recommended that unti l  
sueh t i me as economic condi tions warrant, t hese stands should be regarded as 
uuprod uctiYe forest land, of yalue m ai nly from a standpoint of  watershed p ro­
t ect ion .  If  i n  the fut·ure these lands m ust  be brought i nto prod uc t i on ,  the cheapest 
met hod of removing t he present erop m ust be "ought ;  and the st auds m ust be 
rest oeked at a sat i "fae1ory dCllsit.y. It m ay in ;;ome eases be possible to employ 
port able ehippprs, while i n  ot hers i t  may be necessary to resort t o  eontrolled 
b U rl l ing.  It is n ot beli eved, hO\Y('YeI", t hat  alJY form of int ermediate c u t t i n g  ('an 
be j u"t ified i n  Hleh "t ands. 

An eeologi('al prohl e m  which eauses (;Ol l ('ern H m ollg foresters assigned to 
the ma nagement of  "uhalpi lle l odgepole pinp s t ands i ;;  the frequ('nt presence of a 
seemingly younger u JI(ler"t orey of spruee. Bc("ause of t h e  higher peol1om i c  i m­
port allee of "pruee, " ihieult  urisb fall i ll t o  t he t rap of deyising Imys a n d  nwftns 
to perpet ua tc t he "pruee ("Oll t en t  of the st alld and freqm:l Jily a t t e m p t  some form 
of eOll H'r"i on euU i ng. In pine st ands on dry "uhal pine "i t es "u i t ed t o  t he pro­
d u e t i o n  of pul pl\"Ood or "i milar p roducts, it is b('l ieH�d t hat t he forest should 
be clear-cut wi t h  no at h>m p t  lwing m ade to ('o]) \"('r( t he "tan d  to a mixe d  spruee­
pil le  ("olld i t ion.  

6 . 1 3 S l LY I C C L1THE I N  PI :\"" E-SPHUCE STANDS 

'Yhile t he m a nagement of subal pine l odgepole pine s t ands should be pri­
marily d i rected to\\"ards a "mall-t ree produet ,  t here \yill  be some areas eapable 
of produeing larger products "uch as poles, piling and l u mber. Sueh a reas \\·i ll 
oceur only on t he bet t er "oilt; where f:wourable m oi sture cond i t ions p rel"ail .  
The presc'nt stands \yi l l  i n  m ost cases con t a i n  considerable amounts o f  spruce 
e i t her as n n  u n derstorey in younger ages or as part of t he m a i n  <:a110py i n  older 
"tallds. Sih"icult ural p ract ice should endea\"our t o  m a i n t ai n  the m ixed ehara e t e r  
of t hese stands. The h an'est cutting proeedure designed f o r  t hese stands must 
t ake i n t o  considera tion both seed supply and moist ure condi t ions. SinGe extensil"e 
dear-eut arc;as \yould not only i ncrease the dist ft ll(�e to marginal seed sources 
upon Iyhich spruee reproduct i ol l  m ust depend but also cause exc-essiye d ryi ng 
of t he soil ,  i t  will  be necessary t o  e m ploy eit her st r ip or pakh dear eutt i n g  i n  
t he8e stands. Si nee high-quality sites supporting m ixed "pruce-pine st ands a re 
confined to small pat ches, t here a p pears to be a logical hasi s for the use of "mall 
pateh dear cut t ing.  Sueh pat ches should seldom ex('eed an area of 20 aeres and 

1 23 



SlH'('pssiyp a l l l l ual ('u t s  must he regulat ed so t h at  u margi l lal  s(,pd soune n'mains 
i ll t aet a t  least on t he wi lld mll'd s ide u n ti l  spruce reproduet i on has "e:lugh t " ,  
Beeause of d i fferel1ees i n  t he si h-ieal eharaet erist ies o f  spruce a n d  pi ne, i t  i s  
suggested that a d ual rota t i on h e  employed i n  t hese st ands. At a pproxi mat ely 
1 00 years of age a harvest of spruce and pine pul p\\'ood a lld pi l le poles should be 
made, removing roughly 60 per cent of t h e  y ol u me. H esio ual t rees \\" i l l  ('(l l l si st 
of up to 1 50 best spruce crop trees seleeted from t he domilJ a n t  and ('od omi l l a llt 
e1asses_ These ('rap stems will  be allowed to develop for an addi t i onal GO years 
when a final harvesti n g  of the stand sh ould take place. 

Seejbed preparation folJo\\'i ng the fi n al harvest e u t t ing should consist of 
scari fication,  during "'h i eh proeess slash wi l l  be wi ndrowed and subsequen t ly 
burned , As a result of t he nat ure of t he m arginal seed souree, t he regenera t ed 
stand \Yil l  tend to i ncrease i n  :-::pruce eont ent. I f  neeesc;ary, eon�idera ti ()n should 
be given following t reatment to the plan t ing of a l i m i t {'d n u mber of t h rifty 
spruce seedl ings.  These trees :-::hould be n ursery reared 2-2 stoek of �up('rior 
genetic qual i t i es. They should he em'dully �pa('ed to take advant age of nat ural 
fail spo t s  and "hould he \Yell splH'ed :-::ince t hey are designed to beeome the fi nal  
erop trees of t he next rot ation. 

'Yhile  the  sih'i c u l t u re of t hese areas ",i l l  hC' Tl1ueh m ore i n t ensi ve than t ha t  
o f  t he b u l k  o f  t he �ubalpine forest,  nevert helC'ss, t he total co:-::t s  w i l l  not b e  h i gh 
because only a l i m i t ed area comprising the very best si te; ,,"i l l  he so t reat ed .  

6 . 14 MAKAG EM E� T O F  PI K E  I �  'rH E SUBALPINE FOREST 

The m anagement pract ices ad vocated for t he maj ori ty of t he suhalpi lle 
lodgepole forest s ean only be described as exte ll si ve,  The populat ion of t h e  a rea 
is low and accessibi l i ty i s  \'ery poor. While the \,"ood prod ud i \' i t y  of the for('st ed 
area i s  sati:-::factory, the products are mainly small t rees. Furt hermore, a high 
percent age of t he area i s  elassed as u nproducti ve because of t h e  mou n t a i n ous 
eonditions. Perhaps the m ost i m portant  a:-::peet of m anagement i n  t h i s  subalpine 
forest is fire protee t i on .  The eombinarioJ1 of dest ruc t i on of \\"a t eJ""hf'd prot{'e t i on 
and deteriorat ion of t he lodgepole pine forest into st agnatc'd "t a n d s  makes fire 
the forem ost enemy of management i n  this area. The h i s t ory of t hi s  mOll n t a i n  
regi on, as  demonst rated b y  i t s  forest condi t i ons, :-::ho\\"s t ha t  l a rge fi res haye 
l'a\'aged m ost of t he area in t he past and ha\'e resul t pd in  l arge a reas of i m m a t ure 
eyen-aged st ands. The t hree pri mary age clas"es in ;;u hal pi Ile lodgepole pi li P  
st ands at this t i me are t he gO-year, GO-year, a nd 30-year or lu\\"er age classes. 
-While some m a t ure pine of 1 :20 years or order is  prese n t ,  i t  is apparent t ha t  a t  
present t here i s  a O'eare i t y  o f  ol der age el n sses. H()\yc\'cr, :,i ll("e i t  i s  doubt ful i f  
there wi l l  b e  a high demand for "mall \\"Clod prod u d :-:: from t he Hlbalpille a rea 
\Yi t h i n  t he next :25 years, i t  i s  l)('l i e H'd t hat by t he t i me cxt el1siYe expl oi t at i on 
of t he p i ll e  st ands t n k C's place a "uh;;t n n t ial  a mollnt  of pine wil l  h a \'e reuehed 
an accept able pulp\\"ood rot a t ion a ge ,  of ahout 1 :20 years , and age class d ist ri­
h u t ion \I' i l l  he re:l"ollahly regular. It a ppears logi eal t ha t  i n  t h i s  subalpine fore:-::t 
n a t ural t opographie feat ures ;;}wlIld form t he hasis of ma nagement u n i ts. :\ l a i n  
\'a l Ie.)'s \ri l l  C()l l�t  i t  \ l  t e t he work i ng ci  reles \\' h i l e  t rilm tary \'a lIe.)'s \ril l  b e  t he 
compart ments. I n  add i t i on t o  halancing the allcmahle (' u t  o\,er t he \\'()rki ng 
e irele, i t  wil l  also be necessary to a\'oid oY('rcu t t i ng of t ribut ary yalleys because 
of t he recreat ional and w a t erslwd nll ues of t he suhal pine fore"t . .\s  m e n t i ( l lled 
preyiollsly, the basic cutt i ng met hod for t hese subalpine :-::t a nd" "Iwuld he dea r 
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(' utt i l lg and ('oll;;e<jl le l l t l y  t he ma nagement of OJ(' fore;;t ,,"i ll elltai l  t h e  dewlop­
llwnt of  a regulah·d ;;eri('S of  cyell-aged ;;t a n (b. While ;;mall a reas of  1\yO Of t h ree­
!:'t oreyed ;;t al ld!:' may be p re;;ent i ll t he u l l ma naged fore;;t , l lO  ;;]w(' i:-il t rpatmenls 
;;houJd he ulldert a k(,l1 t o  ('rea te or perpetuate t he Tn ult i -ag('d ;;t ands. 

6 . 2  S I Lvl ccLTrHE A?\D :'IrAXAG E�I r;l'\T Of' LO DG EPOhr� PIXE I N  TH E BOHEAL 

H EG I Ol'\ 

Forest pract i ee for lodgppole pine i n  the boreal region or Low Foot hil ls  
Sect i on of Alberta will "ary great ly from t h at of t h e  suhalpine. :\ot only 
are the silvical and ecological eharaeieristicii d i fferent but also the general 
t opography and e('onomy of t he region lend t hemsel ves to a different and m ore 
i n t pllsive form of management. Low-density st allds producing larger individual 
trees are m ore common and c()]l;;equently m ore e m phasis ('an be placed on t h e  
produet ion o f  large \HJOd product s su('h a s  ties, poles, pi l ing a n d  lumber. While 
pure stands of pill£' s t i ll occur frequently, t here is  a greater t endency for t h e  
boreal forest t o  prod uce mixed ;;tall d s  o f  pine a n d  aspen, which lend themselves 
to a more i n t ensin' form of si h·ieul t ur e .  While d ry s i tes  also oceur i n  the boreal  
forest, hea \'ier soil!"' a n d  m ore m oi!"'t eOl l d i t iollS  are 11.'.;ua11y m ore ('om mon and 
H'getati on al eompet i t ion i s  more !"'evere. 

The boreal region is capable of support i llg a la rger human population ,,,jth 
a more d iverse eeonomy t han i s  t he subalpine area. To this end eareful t h ought 
should be given to the proper balance between agri c ul t ure and forestry and the 
i ntf.'gration of the t wo ind ustries. \Vater resourees of the area in t erms of rivers 
a n d  streams i'ui table for wood transport and l ocation of pulp m ills are also super­
i or t o  t hose of the ;;uhalpine area and road construetion is less expensive than i n  
t he mountai nous regi on. 

6 . 21 REGEl'\ERATlOX SILVICULTU R E  

:'II u c h  o f  the horf.'al region i s  eurrell tly occupied b y  s t  ands " hieh a re aroun d  
100 years i n  age. I n  t hese st ands t he harvest tut a n d  regeJ)crat i on sih'ieult ure 
a re of pri m e  i mport a J) ee .  Since the t opography i s  generally roll ing to fla t  and 
('xce!"'!"'ive grades a re ;.;eldom a prohlem, t here i s  ('on.�i(krahle lat i t ude i n  t h e  
harnst-eu tt i ng met hod.  It i s  hel ien'd that al ternate !:'t rip e]par (' utt i ngs o f  
fi n  chains i ll \\" i el t h ,  orient ed a t  right angles t o  t h e  prevalent wi nds, \yill provide 
a safet y  factor in t erms of marginal  !"'ced c;upply [m d \yi l l  at  t he sa me time give 
m a x i m u m  u ti l iza t ion of the st and. As experience wi t h this form of ('utting i n­
erea:-:cs a n d  rcgcllera t ion bccomes a cer t a i n t y ,  i t  m ay be p ossible to i ncrease the 
;; ize of clea r-cut a reas by pat c h  C'utt i ng a reas of 1 00 acres. This suggest ion is  of 
C()\lr"e ba:-:ed on t he u ;;:-:umpt ion t ha t  t he :-:lac;h-borne seed source for l odgepole 
p i ll e  c a ll be properly u t i l i zed. 

III t he c ourse of dear cutt i ng, all  trees four i l lches and oyer should be util ized . 
Those sui t able for h i gh-grade poles, piling, l u mber and,  i n  the case of aspen, 
ycneer l ogs, should be d i verted to t heir special uses and the bala11(�e of the nop 
should be u t i l i zed for pulp\yood. Such a procedure \Yill requ i re careful t ra i ni ng 
of \Yoods personnel a n d  i n  part i cular t h e  i n d i \" i dual ('utt er ,,,ho \Yill make t he 
d('Cj �jOll on allocation of indi\' idual t rees to specific uses. S]a:-:h d i!"'po.�al i n  t hl'!"'e 
opera t ions should ('onsist of l opping the upper sid es of u ll mCrch�l l l t  a hIe t ups. 
On the maj ority of ;;it es, sea rifieat i on ,,"ill  be required and a period of d elay 
bet m'en t he C'utt ing and subsequent c:earifiea t i on is d('si rahle.  Defini t e  re(,Oll1-
nWll dat i on on t he lengt h of the delay period cannot be made no\\", hut ('xpcr i nwl1 t s  
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a re u nder \yay t o  proyide t h is i nforma t i on.  It i "  ( 'xj)cdf'd t h a t  slash shou ld re­
m ai n  for a full year hdore scari fication.  By t ha t  t i m e  a j)(')"('ert l age of t he COlles 
wil l  have opened and ;"ome seed \\'i l l  ha\'e bc'en "hed . During ."carificat ion, the 
cones wil l  be broken from t he "lash and m ore widely "catt C'red oyer a mi l 1C'ral 
soil seedbed, and all  small standing t rees \I· i l l  be pu"hed oyer. 

On some sites, in part icular t hose \\'hich are SOl)1(' \I'ha t  \I'd o\I'ing to i mpeded 
drainage, searifieation \"i l l  be i mpradieal  sinee i t  could he done ('fficiently only 
d ur i n g  dry periods. In sueh eases a m i nC'ral soil s('ecH)('d must  be proYided by 
either broad east burning or by hand searificat.ion of small seedspots. It is believed 
that i n  some circumstances broadcast burn wil l  not only be more efficient but 
wil l  also provide adequate contro l  of fire h azard by dest royi ng l ogging sla"h. 
In cases where broadcast hurning is required t he slash docs not require l oppi ng. 
Burning should be carric'd out d uri ng the first au t u m n  foll o\\' ing l ogging operat ions 
to i n sure t hat an adequate seed supply wi l l  stil l  be available in the slash-horne 

, cones and that vegetation and slash \Yil l  be sufficiently dry to provide a sat is-
factory i ntensity of burn. 

Five years after l ogging the success of the reproduct ion shoul d  be asses"ed 
by a stocking survey. Stocking figures of 50 per cent based on milacre quadrats 
c a n  be consi dered sat isfactory and the nu mher of establi shed seedl i ngs should 
be between 2,000 and 3,000 per acre. If  satisfactory reproduction has been 
obtained t he uncut strips may the n  he rem oved and :-i m i l ar seedbed prepnrat ion 
employed on t hese. Ho\\'eycr, \Yhere reproduc· t i ol1 has been u nsuccessful it \yi l l  
b e  necessary t o  employ logging slash from the i n tervening strips t o  provide a 
seed source for the i n i t i a l  (' utting st rips. I n  sHeh eases re-scarificat io n  "hould be 
empl oyed on the strips cut fi\'e years ago llll d a port i o n  of the sl ash from the 
c urrent cutt ings shoul d  be mond t o  t he earl ier l' ntting a n d  l opped and "c:at i ered 
over the area. The current cutting strips shou ld t hen be fwari fied, and l opped 
slash should be distributed over t hese. I t  i s, hOlyever, d oubtful  i f  m a ny of t hese 
fail areas wil l  occur provided t he i n i t ial  trea t ment i s  carried o u t  i n  a sui t ahle 
fashion. 

6 . 22 H IGH-YIELD SIIX ICFLTUR E 

St ands \yhich are currently 70 years or l ess i n  age m ay be sui t able for 
i n t  ermediate ('u t  t i n g  pn)"ided there is a demand for smal l  si zed products, 
particularly pulJ) \yood . Such treat ment>; may be applied to both pure pine nnd 
m i xed\yood st ands, hut :-hould he confi nC'd to  t h e  bet t er si tes. Trea t.ment shou ld 
t a ke place when t he "tand i s  ('apahle of yielding merch a n t able pulpwood, whi('h 
\"i I l  be bet \\'cen ;�)O a !lel 80 years, a nd may consi;;t of t he remo\"al of 110 t  m ore 
t h an ;')0 per (,C l lt  of t he y ( )l ll me .  The t rees ( " ( lmposi ng the (" l 1 t  should i nclude 
i ntermedi at e-;:i zed pill e  as \I'el l  as all llwrdwnt ahle aspen cxeept soun d  elite 
:-pcei nwl1s \I'hich are capahk of prod u(" ing YCl1e('r. The fi n a l  (TOP stems, 110t fe\\'er 
than 300 p('r acre, which "hcl1!ld he ret ai ned i n  t l le ;; tand t o  a rot n t i ol1 age of 
1 20 years, "holl ld consi st of t he highest q 1 la l i ty a ll d  t hriftiest pine, capable of 
producing pole:-, pi l i llg nnd l u m l wr. Sm·h a c u t ,  i n  a d d i t ion t o  i ncrca ::ing q u a l i t y, 
should resul t  i n  a ;')0 per c('nt i n crease i n  yield \I'i t 11 only a :20 per (,Cllt i llere[lse 
i n  rot a t ion length. Sueh t hinnings m ay also :,el"\'e t o  "t abil i ze (' u t t i llg in an a rea 
d eficient i n  m a t ure t i mber, t hereby eli minat ing t he l1eeessity of h arwsting 
i m mat ure stands. The fea:-ibility of sueh i ll t ernwd i a t e  c u t t i ngs wi l l  be great ly 
i mprowd th rough t he u sC' of portable chi ppcrs. 
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While t he hulk of t hp c:i h' i ('u l 1 \1 ra l prad ie(' i n  pi ll(' c: t n l l d c:  of t he horpal 
fon'Ht ,,' j ] ]  he haHPd 011 t he prod uet ioll of hot h �malJ a nd large t l'('(''' from t he c:a m(' 
c:t allds,  t here ",j l l  be :-;ome :-;t andH of :-;\leh high d(,l l:-;i t y  t h at on l y  "mal l-c:i)wd 
prod uet s, part i e,ul a!'ly pul pwood , will  be prod uced. Sueh :-;t andH wi]] u c:ually be 
pure pine and wi l l  oceur mai nly Oil poor Hi teH, I n  :::u ('h ease:-; i n t erm('d i a t e  ('u t t i ll g  
w i l l  n ot b e  pOHsi ble. Harvest. eutt ing should t ak(' place a t  roughly 9 0  }£'ars and 
the stand should be ('lear ('u t  i ll 5-('hain alternate st ri ps . S('ari fi c at i oll af t.c'r 
l oggi ng sh ould be tarried ou t and heayy \Y i nd rm\'(·d �lao-:h a(,cll m ul a t i () l 1� c:hould 
be burned .  C u tt i n g  in such :-tands ;;hould ]}ot be delayed in a n  effort t o  i l J ('rf'ase 
the i m mediate yield of merchantahle \\'nod , b u t  ewry effort Hhould 1)(' made to 
i nsure t h at the regellerated :-tand i s  of lo\\' densi t y  and capable of rapid pro­
d uc t i on of m erehan table wood , 

The foregoi ng si h'i e u l t u ra l  reeommend at ion s  are lIot i n t ended t o  be t he 
u l t i m a t e  i n  sil vi c u I tural pra e1 i ees for pine ;;t ands. Even fol lo\\'i lJg t he appl ica t i on 
of t hese t reat mentH failures wi l l  oceur and new methods \ri l l  need t o  be d e vel oped 
to h a n d le these problem sit es. It is, however, i mpor t ant t hat some m i n i m u m  
standards of regeneration silyiculture b e  plaeed i n  effect i mmediately, for i t  i s  
only through the application o f  sueh treat mellts th at. i mprowments a n d  m odi­
ficat ions m ay be m ade in H i lvieultural pract iee and t h at speeial m e t  hod;; m ay be 
devel oped for areas in which t h e  proposed t reat men t "  fail .  

6 , 23 MAKAGEMENT O F  PINE I N  TH E BOREAL FOR EST 

The most i mportant m anagement problem \\'hieh m ust be faeed i n  t he boreal  
forest i s  t he i n t ensive i n i<'gra t i on of forest prod uet i on and agrieuIt u re .  I n  this 
problem l odgepole pine plays a dist i ne1 i ve role,  for i t  i s  t he only lIa t i\"e speci es 
whi e h  is capable of produeing good yiplds of h igh-quali t y  wood on t he d ry stony 
:-;i t es ",hi e h  are ]pa:-;t �ui t ahle t o  agricul t ure .  The m o�t :-;uc(,pssful i ll t egra t i o n  of 
t he:;e two i n d ust ries \\'ould a ppear t o be in t he sekrt i o l l  of fa rm v i l l ages on smal l  
uni ts of  h i ghl y  prod u et i re :-oil at a cel l t ral l ocat i on "'i t hi n  a fore:;t \H)rk i l lg 
eirele. Far m i n g  on :::mall  i ll d i \- idual fa rms would (' 011:-;1 i t  u t e  a ;;e(' oll dary o(,(,lIpa­
t i on t o  woods e m pl oyment.  :\Iixed farmi ng which \\'(w l d  ;;upply a grpa t yuriety 
of produets should be en('ollraged, The forest a rea sml'oulld i ll g  t he vi l lage 
should be sufficientl y  l arge t o  support eOl l t i n uouo-: opl'rat i olls on a HIHtai ned 
yipld basis but should be "mall enough so t ha t  al l  pa rts  of it  a re rea d i ly ;l C'C'e;;si ble 
from t he forest " i llage, Such a deyelopment "hould produee t he h igh ly �k i l led 
forest workers so essent ial to i n tensi ye managem(' n t  and u t i l i za t i o n  of t he 
forest. 

' 

It i s  ;;u gge:;t ed t h a t  such forest (·om m u l l i j.i es should be i ni t i a t ed by la rge 
wood-u si n g  i n d u s t ries rat her t ha n  being oj)(,r:lj pd Oil a commu nal  or i n d i \' id ual 
fanner basis s inee t h e proper management  of Hl('h al l  area \ri l l  i ll\'ol \'p l n rge 
capi t al ('xpC'll d i t u l'PS i n  roads, i mproY('mPll t s  a nd c q u i P l lwnt. 

Lodgepole pi llP ;;tands in j he;;e for('�t ( 'om m u l l i t ips ;;houl d  he opera ted to 
p l'Od uce t he m a xi m u m  yolume of a Y:l riet y of \\'ood p rod uds. Thi n n i ngs "'i l l  
"upply pul p,,'ood , fenee pos t ;;  a n d  ot her prod uc t." \I'hi le t he final ha n-est \\'j l l  
/1l'Od l l (,P "il \\'t i ml)('r poles, pi l i ng a n d  pu l p\\'()()(l , 

Cnder such a form of m a n age ment  rot a t ion age for ludg<,pole p i l l e  !:;t a n d s  
" ' i l l  depcnd to "orne exte nt o n  t h e  i n t cn;;i t y o f  si h'i(' u l t u re \\'h i eh i s p rae t i �ed .  
Where freq u (,n t t hi n n i Jlg is  prac t i "ed rot a t ion age may b e  i ll ('rpa�ed t o  roughly 
12 .5 ypars and a h i gher proport i on of brge t rees wi l l be produced.  0 11 areas 
\\'here only a si ngle eui is pra e t i ,-;ed, rot a t ion age ;;hou l d  be abou t 85 t o  1 00 
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year::.:, a n d  ilw proporl i on of la rge t rce::.: \yi l l  he red uced . ':\f : lJlagf'nH'll t pract ices 
for t he> l odgepole> pi ll (, ::.:t a nds of t hc hore a l  forest shuuld be> desi gllf'd t o  perpet l lat,c 
t he ('v (,lhl grd ('ha ract (>r of t he pr(>s(>11 t st a n d� whic· h  h a n� in m ost cu::.:es re,-;uJt.ed 
from firc. An (>ffort , h O\\'C "'er, �holild he mnde t o  hrca k l ip t he la rger c \"('J1 -agf'd 
area:,: i ll t o  :,:mall  ('v('n-aged :,:t an ds.  Yari a t i on i n  df' ll::.:i t y a n d  com mc']Tial valu e  
o f  t he pr(>s(, llt st a lJd", \r i l l  a i d  i l l  t h i :,:  l )J'('aki ng-up pro('('�s by vary i ng t he d a l e  of 
har\"f'::':t . 

It i s  t l lJ t i (' i pa t ed t hat t he i n(' re[lC'('d ut i l i zat i on a n d  nllue of Indg('pole pin c 
a n d  i t s  com mon a:,::-;o(' i a t c aC'pen "'j]] re�ul t  i n  I he:-;e "pecies becom i ng t h e  hack­
bone of the \\"(Jod economy in much of the foot hil ls  seetion of Alberta. 

6 . 3  SILVICULTCHE A l\" D  ':\L'\l\"AGEM El\"T O F  D E .\TD ED LAl\"DS 
The pract i ee of si lvi cu l t ure a lJd managcment in pine sta n d s  ::.:hould n ot be 

cOllfi ned to areas ("urrelltly su pport i ng lodgepole pi ne, but should also i n cl ude 
denuded areas which havc previousl y ::':llpported merchant able pi n e  st a n ds. 
A program of restocki n g  such areas which are not currently prod ueing wood of a 
usa hIe species shouJd be u ndertaken i mmediately. Priority sholll d  be gi ven to 
areas wi t h  the highest poten t i al producti vi ty and the program ::.:hould e n yi:,:age 
t he restocking of all poiPl1t ia lly producti ve forest land wi t h in a peri od of 30 
years. \Vhile accurate figures 011 t h e  amount of denuded land are not ava il ahle,  
it  i s  esti m ated that, i n i t i ally, t he annual restocki ng of 1 ,000 acres of  l a n d ,  which 
previously supported p i n e  sta n d s, \HJuld be a reasonable target. 

The areas requiri n g  treat ment would consist of old clear-cut areas which 
h a  ve n ot been restocked and areas which h ave been subjected to repeated fires 
at short i n t ervals. The extent a n d  Joeation of such areas m u st be determi ne d  by 
"on-t he-ground" asses::.:ment. 

The proposed t reatment for :,:ueh areas \YOtll d  be determ i n ed pri m ari ly by 
::.:it e  qual i ty a n d  pot e n tial productivity. The methods to be follo\Y('d \yo u l d  C OI1-
sist of scarification a n d  broadeast seed ing with pelleted lodgepol e pi lle seed . The 
::.:it e  eonditions requiri ng trea t ment would i nelude t he "dry" and "fresh" con­
diti ons.  The "ari d "  and " \\"et " condi t i ons would not j ust ify :-;ih'i( " u l tural treat ­
ment for lodgepole pi ne, \rhi le  t h e  " moii't" con d i t i on s mi ght bdter he reg(,lH'ra t t'd 
to \rh i te spru ce. Eaeh of t he "ite cond i t i ons C: l lggcC'tcd for t reat nwn t  e a n  he 
adeq ua t ely ::.:ca r ified ,,- i t h  a t ootlH'd blade l1l o u n t f'd on a t ractor. The ohjediYe of 
the H'ari fieation ::.:h ou ld be to crea te a m i ne r::! l ::.:oil ;':f'edbed \\" h i e h  is \yell d i s­
t ribut ed over t h e  a r('a a n d  O('(' l lpies 20 per CCllt  of t he ::.:urfaee. Art i ficial  s('('ding 
�h ould c(lll �i i't of  t he a ppli c at i o n  of bet\yecn one-h alf to  one pou n d  of ::.:('ed per 
acre depen d i ng 011 t he Ill ct hnd of ;.:('ed i ng . Hand application of ::.:ccd \,"oulu req1l i re 
lesser a m ount s ::.:i nce opt i m u m ;-;C'edl)('d condit i on s  could be ::.:e]ected,  ,,-he)"('as 
aeri a l  or meC' h a ll i c a l  secd i ng \\"()uld rcq u i re larger am oull t s  of seed. 

While l i t t le is  kllm\"l1 of t he roden t  popul a t i on s  i n  denuded lands in A lberta, 
it may safely be assu m e d  that pellet i ng of seed wi t h  a sui table rode n t icide \,"ou l d  
b e  neces:sary. 

While such a program would eost i n  the neighborhood of $25 per acre, the 
resu l t s  would not be confin e d  to t he re>stork i ng of forest bnd, but w01 l l d  a lso 
con t ribute yaluable kn o\\'ledge tm\"ard m a n a gement of the forest. 

6 . 4  FOREST I"YEl\"TOHI ES 
Xo progra m of ma nn gement c a n  be con�idcrcd sa t i sfaei ory \\"i t h out 

adequa t e  prol"i::.:i on for forest i n H lltories. The ClllTent policy of forest, i nve>n tol"Y 
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i n  Alberta ,,·hi c h  i n cludes the m a i n  a reas suppor t i n g  l odg<,pole p i n e  i s  q u i te 
adcquat.e. The il1Ycntory pro(,ed u re eulls  for a dequate sa m pl i ng of yiPlds, age 
('lass d i st rib u t ion, con d i t  ion of regenerat i on,  and si t t:'  pot ell t ial  at the pJ'()\'i ll c i al 
managcment Ic\·e1. This  i n yc n t ofY wil l  he m a i n t a i ncd by re-surH'y a ll d  dcpleti on 
rccords as neccssi t ated by l oggi ng a n d  o t her d i st urbanecs. 
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1 9  

20 

Table I 
Lodg<'Jlole Pine 

(Pinus conlorla Dougl. vaT. lallfolia Ellgdm.) 

- ---- --�-. � _._---,"--_ .. -_.-. - - - - - "  _. -"-- �- �'"--.. - - - ­".-.-� --'" ----"- -'-�- ---- --

Cubic Feet 

Douhle 
Bark 

Thi("kness 
at 

B reast 
Height 

. 08 

,," u mber 
of 

TrpC's 

5 

48 

83 

93 

74 

57 

Aggregate diffcrenee = Table 0.185% h igh 
Average deviation = ± 5.71%. 
Basis of Table 676 trees. 

Table prepared from harmonized curves, with refine­
ments as suggested by T. W. Dwight, For. Chronicle, 
Yol. XIII, No. 2, June, 1937. 

Trees measured at 'osections above d .b .h . 
Yolu mes caleula leJ by Smalian formula. 
Heavy line indicates range of basic data. 

Data collected in Al berta. 
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Dia-
TJlHer 

B reast 
H e ight 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2  
- -- -

13 
----- - -

1 4  - ----

1 5  

1 6  

1 7  

1 8  
- ----

1 9  

20 

---
20 I 

0. 9 

1 . 6  

2 . 3  

--- , --

Table I I  
LodgqJOJe Pine 

(Pinus COlllor/{1 DougJ. var. /alifo/ia Engl'lm. ) 

Total H ci)!:ht of Tree in Fcet 
----- --- - ---�--- -��- --.---�-.- -""---- - - �  ---�--"-" 

30 I 40 I 50 I f){) I 70 I 80 I 90 
� " - � ��-.-"------ ..  " -_ .  - - -

;\t E H C H A I\TABLE Y O L L: M E  (8t u rn p  lwig;ht 1 .0 f,-et: Top c l  iall l'.-ter 4 i nches LB.) 

1 . 2  

2 . 2  

4. 7 

(U 

1 . 4  

2 . 9  
---

4 . 5  

6. 3 
- - --- -

8. 1 
'-

1 0 . 0  

1 . 7  

3 . 5  

5 . 6  
-- - - - -

7 . 8  
----

10. 1 
--

1 2 . 5  

j -

2 . 0  

4 . 2  

6 -. . /  

9 . 4  
-- , - ----

12. 1 

1 4 . 9  

4 . 9  

7. 8 

10. 9 
' ---- --

14. 1 
' -

17. 5 
-

.
_

--

1 2 . 4  

16. 1 

20. 0 22. 6 

Cuhic Feet 

I?0\l�)le 
------ - -

I 1 00 liek-
_.- n�·f'f.i at 

Bn-ast 
Jh·ight 

. 32 i ------ ' --

. 36 

. :J9 
[ ------- '--

. 4 2  

. 44 

. 47 
' - -- r I ·· - - - - -- - -- -- --- -- -- - 1 - - -

- - '---

- --- ---- , . -

- ---- -- -

1 2 . 0  
- -----

14. 1 
-- j --- ---

- ----

[--------- -- -1--- - - --

1 ---
--_.- [--

-' --:------

1 5 . 0  17. 9 
------ - -- ------

17. 6 21 . 0  
-- -

20 . 3  24. 2 
----

23 . 4  27 . 7  
--

27 . 0  31 . 7 

36. 4 

41 . 8  
- -- 1 - ---- -

48 . 1  

,-- -- ---

20 . 9  23 . 9  26. 9 . 50  
---- , 

24 . 4  27. 9 .31 .  4 34. 9 . 53 
- -- - - - -

28. 1 32 . 0  35. 9 39.8 . 56 -- -- -- ---

32 . 0  36. 3 40. 6 44 . 9  . f){)  
36. 4 41 . 1  45. 8 50 . 5  . 63 

--

4 1 .  5 46. 6 51 . 6  56. 6  . 66  
47. 2  52. 5  57. 8 63. 2 . 69 

--_._--

53 . 7  5!.l . 2  64 . 8  70. 3 . 72 
-------- - ---

60. 8  66. 5 72. 2 78 . 0  . 75 
- -- '-_. 

68 . 5  74 . 4  80. 3  8 6 . 3  . 79 

--- -

I\um-
ber 
of 

Trees 

74 

57 

34 

51 

42 

42 

44 

28 
35 

27 

8 

1 

1 

1 

2 

-

A ggregate d ifference = Tabl" 0.251 % high. 
Average deviation = ± 7.55%. 

Table prepared from total cubic foot volume table by 
subtracting a variable non-merchantable volume. 

Basis of Table 447 trees. 
Tree, measured at �" sec·tions n bove d. b.h. 
Volu llles calculated by 8malian formula. 
Heavy line ind icates r"nge of baoic data. 

Data collected in Alberta. 
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Diameter 
Breast 
Height 

- --

7 
--�-

8 
---- " . .  -

9 
- - �-�� 

1 0  
---- � --

1 1  
- --

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  -

18 

1 9  

20 

- -� 

- - -

:30 j 40 

Table I I I  
LodgCjloJc Pine 

(Pill ll,� conlarta Doug!. var. tali/alia Engelm.) 

_._-

I 

�. --

"- - -

- � 

-"--

Total Hf'ight of Tn·e in Fpet 
�� � - -- -

50 I w I iO I 80 

: -:- �: -�- - ---

_ .. - _ .. - - - - --�-���- -

I 90 I J oo  
- -______ 0 _ _  ' - - - - - -� - - .------ � - - - - -

�! E ]{Cl!A :\ TA B L E  '·O L DIE 1 :\  BOA H D  FEET 
(St ump height LO f,·et; Top d ia lllf"ief 6 indles LB.;  

Log Leng t h  J 6.3 [,·pt) 

10 1 1  1 4  2 6  
-- - �-

1 9  2 1  24 30 38 48 
i --

29 :32 36 42 5 1  63 
- -- - --- 1 -- --

46 50 
:-�--

6 1  66 

79 84 

104 

127 

151 

i--

1 --

57 

74 

93 

1 1 3  

1 36 

1 6 1  

188 

2 1 7  
�----

248 
--- -�� 

-- -" .. -

67 

85 I-�� 
1 05 

127 

1 50 

1 76 

204 

234 
--�-

266 
- -

3DO 
� 

335 

� -

80 

99 

1 21 
-�--- -

1 44 

1 69 

1 06 
----- -� 

225 

256 

2(10 
-

325 

362 

- --

96 

1 17 --� 
140 1 62 

1 64 188 

217 

248 

250 280 
---- -

283 315 

318 352 
----

:l5.5 390 
- � --

:,94 431 

- -

Snilinf'r Log H ule 1 - --
Double 
Bark Xumber Th irkness 

of at 
B reast Trees 

Height 

. 39 30 

. 42 5 1  -- - -

. 44 42 

. 47 42 

·. 50 44 

. 53  28 

. 56 35 

. w  27 

. 63  8 

. 66 1 

. 69 1 

. 72 1 

. 75 2 
i-

. 79 --

------ -----

Aggregate difference = Table 0.621% h igh. 
A yerage d eviation = ± 1 3 . 1 9%. 

Table jlrejlared by yol urne-diameter ratio method. 

Basis of Table 312 trees. 
Top log gealed to a minimum length of 8 feet. 
Heayy line indicates range of basic data. 

W. H. Meyer, Journal of Forestry, Vol. 42, No. 3, 
March. 1 944. 

Data ,-oJ]eeted in Alberta. 
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Table I V  
Lodg{'J>ole Pine 

(Pinus conlorla Doug!. var. laliJolia E l Ig(·lrn.) 
-_._- .--. .  --.-."- �--�-----.--�-- --- - - - -.--.--."�-"-----�-.- --- --_ . - --- �-"----�------- - --- - �-- ---- -- ----- ----. . - - --- --- ---- - " . "  _. - - -"-

1 n tf'rnational 
Total Height of Tree in Feet t" Log Hule 

Di ameter 30 I 40 I 50 I 60 I 70 

B reast 

I 80 I 90 I 
. _ _  .-

I 100 

----� 

Double 
Bark "" u mber 

Height �1 E H C B A :\ TABLE VOLl' M E  I"" BOA HD FEET Thickness of at (St ump }J('ight 1 .0 feet; Top d i a (Jwtl'r (j i ndIes L B . ;  Breast Trees 
Log Length 1 6.3 fcet) 

He ight 
1 '-- , ---- -

7 8 1 1  1 5  22 3 1  . 39 30 1-- -- 1 -'-
8 20 23 27 35 59 . 4 2  5 1  

,.- . _-- i --- - , -- 1 -·----· __ · .. _._ ..... . . 1---
9 35 38 42 50 62 7i . 44 42 

.. ... ... - 1 ,,,--,,-- . _-- -_ .. - ..- ._.- i - . .  
1 0  55 59 6S 8 1  9 7  1 1 6  . 47 42 

. _---.. - " --" -- - -- 1--- --- '- . _  .. - 1 -------· .- . _--- 1--- ----
1 1  75 79 89 102 1 20 1 4 1  . 50 44 

'- " ,  -- -
1 2  97 102 1 1 2  126 145 1 68 189 . 53 28 

. -- . i---- - ---
13 127 137 152 1 73 1 97 220 . 56 35 --- . - -.. 1 - -. "---
1 4  155 1 65 1 8 1  203 228 252 , 60  27 

--- 1-,-, -.. ---
1 5  1 85 196 235 262 287 . 63 8 

._- - . .. ----- ." --
1 6  229 270 298 325 . 66 1 

. _- ----- .. -.. --+ . .-1 ---- -- - -. - - -- I .. ----- .- .- ---- . 
1 7  264 

. _. . .  - -- . -------- 1---- --- . - . ... .... 
1 8  302 

1 9  
---- - ------

20 

-_ .. -_. _. 

. ... . -
'''-

- . . -

-- . - --

. .
.. 

.. ' 

--_ . - - �--

A ggregate d i fference = Table 0.101% h igh. 
A vnage dev iation = ± 14.02%. 
Basis of Table 312 trees. 
Top log scaled to a m i n i m u m  length of 8 feet. 
Heavy line ind icates range of basic data. 

-

a2l 
. _ .... -

362 
. _ _  . 

405 

- -

307 

346 

388 
' . .  

432 

336 

377 
- -_ .  . --

420 

4(;5 

- --- _ .. -

.. _ . .  

.-- . 

364 

406 

450 

496 

-- -. 
, 69 

- - _.-

. 72 
. - .- -- .. _. -

. -

. .  

. 75 
_ .  '--

. 79 

1 1- .. .. -
1 ---- ----
2 

.-

Table pn'pared by volu rllc-rl ial Iwter ratio method. 
W. H .  �Teyer, Journal 01 Forestry, Yol. 42, ",,0. 3, 

�larch , 1944. 
. 

Data collected in A l berta. 
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Diameter 
Breast 
Height 

7 

8 

9 � � --�---

1 0  
--� .. -

1 1  
� -

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

20 

30 I 40 

Table V 
Lodgepole Pine 

(Pinus cOlllor/a DougJ. var. lai/jolia Eng(·jm.) 

Total Height of Tree i n  Feet 

1 50 I 60 I 70 I 80 

International 
'l�", " Log ltule 

� � -

- �--- � �� � - -�-

I 90 I 100 
-- - _ ."' 

M E R C H A :\ TA B L E  Y O L C II E  IX BOA H D  F E ET 
(Stump height 1 .0 fpet; top d ial l leter G inch", L B . ;  

Log Length 1 6.3 fpet) [-.-.� �-------�--�---- .. -- -- --�---�� 

5 
- �--

Ii 
j - . _ -

29 
i -- � -- � 

-- -- -- - -

1 - � --� - -

-_._ .. _-

8 
- -. �. . �--

-- � � 

- -

20 

33 

47 

63 
- ---

79 1 - - --
1-- -

- �  
1 2  � � -

24 
- --�- --

39 
-- ._- � ��-

55 

72 

90 

1 10 

1 30 

1 6  i- ----
30 

i -� " -

47 
- - --

65 
- �  -

84 

104 

125 

146 

169 

1--------
1 ----
i--- -

j--- ----

20 
���--

38 
� - � --�-

57 
- ---- ._. -

76 
---- - �--

97 

1 20 

143 
, -----

1 67 
;��--.-�---

1 93 
. -"---

221 

249 

--

i�---�-

-� 

46 
� �----

68 

90 
I ·-�-- ---

1 1 3  1 ---
138 

1 65 I ----�-�-
194 1---" 
225 

259 
-

294 

:�30 

367 

405 

1 - --

. �. -- -

1 04 
l-- -�---

1 29 
[ -- -

1 58 

1 90 1-- - - ��- -

226 

264 

304 

345 1----
387 1--·- --_ .. 
430 1--- -
474 

1 78 

216 1- -'---
259 

305 

353 

402 

452 [-----
503 

555 

Double 
Bark 

Tll it,k ness 

. 39 

. 42 

. 44 

. 47 

. 50 

. 53 

. 56 
-

. 60 

. 63 

. 66 

. 69 

. 72 

. 75 
-- -

. 79 

A ggregate d ifference = Table 0 . 1 5% low. 
A vcrage deviation ± 13.85%. 

Table prepared from h a r monized curves. 
Data collected in Alberta. 

Basis of Table 320 trees. 
Top log scaled to a mini mum length of 8 feet. 
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Xumber 
of 

Trees 

30 

5 1  

42 

42 

44 

29 

35 

27 

9 

5 

1 

2 

3 
� .. - - -----

�-



Diameter 
Breast 
Height 

1 0  

1 1  

1 2  

1 3  

1 4  

Table YI 
Lodgepo](' Pin(' 

(Pinus con tor/a Dougl. yitr. lalifolia Eng(·]rn.) 
Int ('rna t irma! 
,'/' Log Hule 

Total J l eight of Tree in Fpet 

50 flO 70 80 90 100 
�"--.--�--�----- -- -.. ----�---.-

.\lEJ{C I I A 1'\ T.-\ BLE YOIX.\I E 1:\ BOA H D  F EET 
(Stump height 1 .0 fpet; top d ia llleter 9 inches L B . ;  

Log Length 1 6.3 feet) 

1 5  1 7  20 25 35 

39 44 50 58 72 

64 7 1  80 92 I I I  1 32 

90 99 1 10 128 1.12 1 8 1  

1 1 6  127 1 4 1  1 65 1 96 231 
------ ----1------

1 5  

1 6  

1 7  

1 8  

1 9  

20 

1 56 l i2 202 

204 240 

237 279 

:1 1 7  

:,56 

:195 

240 282 

285 334 

329 387 

373 440 

4 1 8  493 

463 546 

Double 
Bark 

Th ickness 

. 47 

. 50 

. 53 

. 56 

. flO  

. 63 

. 66 

. 69 

. 72 

. 75 

. 79 

A ggregate d ifference = Table 0.10% h igh. 
Average dcyiat ion = ± 21 . 1 7%. 

Tahle pn:parcd from h ar m onized curves. 
Data colJ"ct"d in A l berta. 

Basis of Table 1 8:, trees. 
Top log scaled to a minimum lengtJJ of S feet. 
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� uJnl)er 
of 

Tn'es 

28 

44 

29 

35 
_.-------- -.--

27 

9 

5 

2 

3 
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Table V I I  

Interim Cubic-foot Volume TaNe for Interior and Coast Lodgepole Pine-All Ages 

B.C. Forest Service 1955 

TOTAL H EI G HT-FEET BH[",j� 
10 20 :lO 40 50 GO 70 80 gO JOO 1 1 0  120 130 140 150 I 160 I\o. of 

D B II i------- -- ---- -------- ------------ -- - --------------- - - -- - - ------ ----------------------- 'frO',," 
TOTAL VOL U M E EI\TIRE STl<:M-CUBIC F I<;ET 

. 

2 O. I 0 . 2  0 . 4  \ 0 . 5  O. n : I ' \ ! i ,  8:1 
4 0 . 4  0 . 8  1 . 3 ! 1 . 7  2 . 2 : 2 . 7 ----:; . 2  :; . 7  4 . :1 .\ _ 48- - - -

__ �_ I 0 . 8  1 . 7  ,�; __ :l.G 4 . 7 !i.7 ' ___ (j.:.�_ ' 7. 9 S . O :  1 0 . 1 1 1 . 2  :=i _�()n _ _ _ 

8 2 . 9  4 . 5  6. 2 7 . 9 : n . 7  i 1 1 . 5  1 J 3 . :1 1. 5 . 2  1 7 . 0 1 8 . 9 20. 8 22.8 -i 3G4 
10 4 . 3  : -o.7- I - iu J I . \'-: 1 4 . 0 1 7 , a : 20 . 0  i 22 . 8  2.1. 6 28 . . 1 13I:4- : -:i4� 37 . 2  :379 - -

1--- 1 - -- - - - : 1 2  9 . 4  1 3 . 0 w. n 1 20. 3 24. 1 27. 9 i 3 1 . 8  3.1.8 39. 7  4:5 . 8 47. 9 .1 1 . 9 56. 1 278 
1 ----- 1 -----·--

1 4  i i 1 2 . 5  1 7 . 2 22 . 0  i 2G . !J :1l . 9  37. 0  42. 2  47. 4 52. 7 58 . 1  (;3 . ,5 (is . n  74 . 4  79. 9 : I OIi 

-.I - i ; -- 1---
1 6  1 .1 . 9 2 1 . 2  21-:. 1 : 24 . 4  40 . S  47. 3 I .5:3 . 9  60. 6  67. 3 74. 1 81 . 0  88 . 0  94. 9 102 !l7 1- ',------ 1- -I --- - 1---- : --- [-- ------ :-- -
1 8  34 . 8  i 42 . 6  50. (i I ,51-: . 11 66. 8  75. 1 83 . 4  9 1 .  9 1 00 109 1 18 126 :34 

20 
I---]�_=:=�_: 0 1 . 4  7 1 . 2  8 1 . 1 9 1 . 2  i-;;-I - ill-112z- 132 143 154 ' - -7 

- - 1------ - ----- 1 ---·- --------.- -.---. - ---
22 i i i ! 73 . 0  84 . 6  !HL4 108 1 20 1 :13 145 157 170 182 9 

:-----1----- - -- -----
24 . 1  115. 6  i D!U 1 13 127 1 4 1  156 1 70 185 199 214 -------',--- 1-- ..... -
26 i ,  1 1 5  1 3 1  148 l G4 180 1 1)7 2 1 4  :

_
�

�
3

�
1 __ ! : 248 1- -------

28 ! 1:12 150 169 187 20G 22fl 24,5 264 28-. 
- 1 --- .. 

I 
i 140 170 1 92 2 1 3  2:34 256 278 300 :)22 I 

i i i  I 1 I i · I I ,  8iO 

Ha�i" of t.ailJe--l ,8iO trl'''R; 2:)2 from I{('s(,llrelt D i v i� ion , B .C .F.S . ,  and 1 .n:l8 from Forl'st. Surveys D i v i�ion. 
Hegions sUlll pl"d-----Suyward . S i m i lkumoon, O kaIlH!(an. Yah k .  I ·; lk .  Windemerc, Hlo"nn ,  Lower Arrow, .Kettlp, Shuswup,  Trunquille, Hivers [nlet, Queen"I , Upper 

Fraser, Lower Skoona, Bail in<" l\!oriee. Stuart Lab·. Pan·n i p .  
Tr('cs measu red in 1'0' Sf'ctions ailove hrc!!;;l. Iwi!(h t. hy Forrst. Hurveys D h·ision. a n d  in 8-foot or I n-foot. logs by Ite�Nlreh D ivision. 
Log Vol u llH's calculated by Sma l ian form ula;  top vol u me 0.4 t i mes hnsal lll'ca ti mes I" ngtlt of top; 1 .0-foot s t u m p  cubed us u cylinder. 
Tllblp gives total volume of stnn inside h ar k .  ine l ud i ng stu m p and top. withou t. nllow!!ncc for tri m .  breakage.  o r  <It'fl'ct. 
Table pl'('pal'ed by eonverting D B I I  outside hark, total heig h t. and total volume to logarith ms, and soh·jng by least squares. 
FOI'IJlula deri,·",.! : Log V = - 2 .fl:l\J4:l + 1 .8:1071 Log D + J . 1 08RO Log N .  
Approximate Standard Error o f  estimated tOLnl volume (or single trees- ± 12.0%; table values nrc 0 . 64% low. 
Extent of basie dnta indicated by block. 
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CLOSE t;TILIZATION 

DBII Ay.  St u rn p  Top Per cent 
II t. D i ll .  
(It) ( in)  Short ; Mcrc h .  

2 20 1 . 0 4 . 0 
<I ;';D () 
G ,S.i 7 1  

8 ()7 88 

1 0  7() fJZ 
1 2  I \ S'} . .  , !l4 
1 4  S ! J  �H 
I II \)4 9.1 

1 8  98 95 

20 1 02 illl 
22 lOii ()Ii 
2·[ lOs Oil 
2li 1 1 1  i �)(i 
2S 1 1 :; " 1 1)7 
:30 1 14 1 . () 4 . 0  97 

--_._----

Factor I Total Volume 

Tall 

:;2 
7f) 
9 1  

94 
nG 

OG 
9G 
96 

Table V I I  (Continued) 

Merchantable Volume Factors 

I NTE R M E D I A T E  UTILIZATION 

Stu m p  Top Pcr cent 
lIt. Dib.  
(It) (in) I Merch. Tall 

6 . 0  I I I 1 6  I 
60 (i(i 
SO 84 
'Il7 no 

no n:l 

92 94 
9� 95 

i I 
94 95 I 

1 !J4 
1 . 0  G • 0 n:l 

1 . 1  G . O  !)� 
l . 2  Il. 0 !J:l 
1 . 2  6 . 0  93 

-----.. -.---- - = Merchantable Vol u me to the Uti l ization Limits Shown. 
100 

R O U G H  UTILIZATIO N  

S t u m p  Top l'Pr cent 
li t .  D i b .  
(ft) (in) Short Merch. : Tall 

2 8 

5 7 

44 ·I.� 
M in 
if) S l  

li2 s-I • I 
85 1i9 

1 
2 . 0  8 . 0  iii no 

2 . 0 8 . 8  89 9 1  
2 . 0  9 . n  no 

2 . 2  1 0  . 4 no 

2 • � I I  2 no 

2 . 5  1 2 . 0  89 

McrchflntablP [,,,,lors obta in",l f!'OIn f,.<,<·hand ell l've;; of per c('nt llH'relHtn tablt' ,  by (,ll c h  standard, plott.cd ove,. DB H. Fa,'tors 101' t reE'S short.N or tall,'r t han cur",',l 
aVNng" h" igh t are giv" 11 Heparately up to the D B H  ('IURS where d i fference ill less than one per cent. Beyond this point a eombined factor is given, 8in,'" t he 
(·ffeet of heigh t is negligible, 



-

_. ---

Total 
Age 

20 
30 
40 
50 
60 
70 
80 
90 

1 00 
1 10 
] 20 
1 30 
1 40 
1 50 
1 60 

Tnble n I l  
*Tell t a t i w  Empiriml Yield Tabl(L ·-Lodg!·J lOle PillE' 

Foot hills Se('lion 

Site I lldex Class 40' 

X umber of Average Dom- I� Area i n  Stand 
Stems 

Diameter 
i n ant Square Feet Density 

Per Acre Height Per Aere Index 

A LL TB EES 0.5" + 

9 . 730 0 . 9  5 36 204 
7 ; 665 1 . 3 1 0  72 284 
5 , 735 1 . 7  1 8  90 327 
4 , 21 5  2 . 1 25 1 0 1  346 
:� , 280 2 . 5  32 1 1 4  ::16 1  
2 . 695 2 . 9  37 1 27 372 
2 , 3 10  :3 . 3  40 1 38 390 
2 . 0!J5 3 . 6  43 1 50 404 
] , 9:30 3 . 9  45 1 58 425 
1 , 785 4 . 1  46 1 62 427 
1 , 650 4 . 3  48 1 63 427 
1 , 520 4 . 5  49 1 64 424 
1 , 400 4 . 7  50 J(j3 4 19 
1 , 2UO 4 . 8  50 1 63 3U9 
1 , I H5 5 . 0  5 1  1 62 :3f13 

'Alberta tables based on 1 .50 sample plots. 

.. - --. 

Total 
Age 

._ -

20 
30 
40 
.50 
60 
70 
80 
no 

1 00 
1 1 0  
1 20 
1 ::10 
1 40 
1 .50 
1 60 

Table IX 
*T('ntative Empirical Yi(·ld Table -LodgcjJole Pille 

Foot hills Sed ion 

Xumher of 
Stpms 

Per Ane 
. __ .. - ---�"----- -

6 , fHO 
.5 . ::125 
3 , 840 
2 , 745 
2 , 1 .55 
1 . 825 
1 . .58.5 
1 . -t::\ .5 
1 , :, 1 0  
1 , 200 
I , OU5 
1 , 000 

H 1 5  
840 
775 

Site I ndex Class 50' 

.\vC'J'age 
Diameter 
--_ .. _ ,  

1 . 0 
1 . 6  
2 . 2  
2 . 7  
3 . 2  
:L 7 
4 . 1  
4 . 4  
4 . 8  
5 . 1 
.5 . 4  
5 . 7  
5 . fI  
6 . 2  
6 . 4  

Dom-
I 
I Basal An'a H I  

illant I Square Feet 
Height Per Aere 

- - -.. � .-- " �----�----.-

ALL TB EES 0 . .5" + 
8 40 

H i  77 
26 n6 
34 1 07 
4 1  1 21 
·16 l :H 
50 1 46 
53 158 
.56 1 66 
58 1 7 1  
60 1 72 
6 1  1 74 
63 1 74 
64 1 74 
64 1 73 

St :ll l d  
Densit y  

I nrles
' 

. . .  

• Alberta l a  bles b",ed on 1 50 sample plots. 

1 43 
.5 1 0 1 7-2--10� 

To�al Volume 
Cubic Feet 
Per Acre 

--_._-

75 
445 
860 

1 , 285 
1 , 745 
2 , 240 
2 , 765 
3 , 145 
3 , 390 
3 , 565 
3 , 6()0 
3 , 795 
3 , 875 
3 , 945 
4 , 000 

I 
Tot al Volu me 
' in  Cuhie F!'et 
i 1'{'r Acre 

2 1 0  
{)45 

1 . 1 25 
I , G20 
2 , 1 50 
2 , 71 5  
3 , :nO 
3 , 760 
4 , 080 
4 , 320 
4 , 505 
4 , 675 
4 , 81 0  
4 , !)] 5  
4 , flU5 



Total 
Age 

20 
30 
40 
50 
VO 
70 
80 
90 

1 00 
1 1 0  
1 20 
130 
1 40 
1 50 
1 60 

-"�.----'"�-.-

Table X 

*Te n t a t iw Empi rical Yi"ld Tahle Lodgppolp Pine 
Foot hills S('dion 

;\urnher of 
Skms 

Per Aere 

4 , n25 
3 , 640 
2 , 475 
1 , 685 
1 , 350 
1 , 1 nO 
1 , 070 

!lGO 
865 
780 
705 
(;:{5 
575 
520 
475 

Si\{' I nd cx Class W' 

Average 
Diameter 

1 . 3 
2 . 0  
2 . 8  
a . 5  
4 . 1  
4 . 6  
5 . 1 
5 . 6  
6 . 1 
6 . 5  
6 . n  
7 . a  
7 . 7  
8 . 1  
8 . 4  

Dom­
i n ant 

IIpight 

ALL TREES 0.5" + 
1 2  4 4  
2a 82 
a4 1 01 
42 1 1 a  
50 1 27 
.')5 1 4 1  
60 1 5a 
64 ] (j6 
67 1 75 
70 1 80 
72 1 82 
74 1 &1 
7 6  I 8a 
77 1 84 
78 1 84 

S t a n d  
D('n�it\· 

Indl'x 

1 82 
27.3 
a24 
a 1 2  
323 
344 
364 
:)7n 
3n1 
390 
388 
38a 
378 
,37 1 
35n 

• Alb,'rta bbks based on 1 50 "lIlJph· plots. 

Total 
Age 

20 
30 
40 
;)0 
GO 
70 
SO 
lJO 

1 00 
1 1 0 
1 20 
1 30 
HO 
1 50 
160 

Table X I  

*Tplli ative Empirical Yield Table - -Lodgepole Pine 
Foothills Section 

XUlllber of 
St('ms 

PPf Acre 

a , 610  
2 , 540 
1 , 580 
1 , 000 

SU5 
805 -.) ",  I _v 
G50 
570 
.'i05 
445 
3\)5 
:,.50 
:lO5 
275 

Site Index Class 70' 

Average 
Diameter 

1 . 6 
') " _ . v 
a . 5  
4 . 4  
5 . 1 
5 . 8  
6 . 4  
7 . 0  
7 . 7  
8 . 3  
8 . n  
\l , 5  

1 0 .  1 
1 0 . 7  
1 1 . 4  

Dom­
i nant 

Height 

A LL T H E ES 0.5" + 
1 5  48 
2n 87 
4 1  1 06 
5 1  1 1n 
58 1 ,34 
65 1 48 
70 ] (il  
75 1 74 
78 1 8:3 
81 1 8n 
84 Ell 
87 I na 
88 I lia 
no 1 \l5 
9 1 I US 

Stand 
Den"ity 

Index' 

1 88 
27n 
2!.l2 
:.wn 
:)()4 
;B6 
;)54 
:3G7 
:{74 
:37 4 
:3Gn 
::\G:.3 
;356 
:'):39 
:3:3n 

'Alberta tables ba�ed on 1 50 sample plots. 

144 

i 
iTotal Volume 
;in Cubir Feet I Per Acre 

:{55 
865 

1 , 425 
1 , nn5 
2 , 600 
a , 245 
3 , lnO 
4 , 445 
4 , 840 
5 , 1 60 
5 , 425 
5 , 650 
5 , 845 
5 , nn5 
6 , 1 05 

5 1 0  
1 , 1 05 
1 , 750 
2 , 400 
:3 , OS5 
a , 81 0  
4 , ,565 
5 , 1 75 
5 , G50 
6 . 050 
6 , aUS 
6 ,  ,00 
G , !1.50 
' , 145 
7 , 2\10 



Table X I I  

*T('lltat ivc Empirieal Yield Table - -Lodg(']>o\e Pine 
Foot h i lls Sl'et ion 

Site Iudex Class 80/ 

========:::-==·=:=====_==c-==,==_c,-.=,�-,,==c�=c,=c-=:-,�:=.::= .. =- --- ---- -- ------ --Sta::d --f;(�t�I \'ol u n: Total 
Age 

20 
30 
40 
50 
tiO 
70 
80 
90 

1 00  
1 10 
1 20 
1 30 
1 40 
1 50 
1 60 

Xumber of 
Stems 

Per Acre 

2 , 990 
2 , 025 
1 , 195 

800 
670 

__ 605 
SSO 
485 
435 
375 
:325 
280 
245 
2 1 0  
180 

Average 
Diameter 

1 . 8  
2 . 9  
4 . 2  
5 . 2  
6 . 1  
6 . 8 
7 . 5  
8 . 2  
9 . 0  
9 . 8 

1 0 . 6 
1 1 . 5  
1 2 . 4  
1 3 . 4  
1 4 . 5 

Dom­
inant 

Height 

A LL TREES 0.5" + 
1 8  52 
36 92 
49 1 12 
59 125 
67 1 4 1  
7 4  155 
80 1 68 
85 1 82 
90 192 
93 198 
96 200 
99 20:3 

1 01 204 
103 206 
1 05 207 

----------

Density lin  Cuhie F!'ct 
Index Per Acre 

1 88 , 675 
279 1 , ;)SO 
298 2 , 075 
281 2 , 8 1 5  
303 3 , S80 
:32S 4 , ;)\)0 
:346 5 , 2:35 
:353 5 , !JZS 
367 6 , 490 
:363 6 , 975 
356 7 ,  ::195 
:350 7 , 780 
:346 8 , 0\)0 
:�36 8 , :3:30 
327 8 , 5 1 0  

--------

-Alberta tables based on 150 sample plots. 

Total 
Age 

20 
30 
40 
50 
60 
70 
80 
90 

100 
1 10 
1 20 
1:30 
].f0 
150 

:\ umber of 
Trees 

Per Aere 

over 4 , 000 
" 2 , 000 

1 , 440 
" 1 , 140 

1 , 000 
" 895 
" 800 
" 7:35 
" G85 
" tHO 

620 
" S90 

565 
" 545 

Table X I I I  

Xormal Yield Table -Lodgepole' Pine 
Brii ish Columhia 

Site Index Class ·10/ 

Avprage 
Diamct.er 

jAv,'rage Height 
I of Domin ant 

I and 
I Co-dominant 

Basal Area in 
Square Fpet 

Pt'r Acre 

A LL T H E ES 0.5" + 

1. 4  12 50 
2 . 7 1 8  78 
3 . 5  25 !l8 
4 . 2  :)0 1 1 2 
4 . 8  34 1 25 
5 . 2  ;37 1 :34 
5 . 7  10 1 4 1  
6 . 1 42 147 
6 . 4  44 1. 51 
6 . 6  45 1 ,)4 
6 . 8 16 157 
7 . 0  46 1 59 
7 . 2  47 1 60 
7 . 3  47 H iI 

Total Volume 
in Cubi e  Fl'l't 

Per Acre 

400 
800 

1 'r -, _ i a  
1 , 7S0 
2 , 200 
2 , GOO 
2 , !J00 
3 , 200 
3 , 500 
3 , 700 
3 , 850 
:3 , \)SO 
4 .  l OO 
4 , 200 

---�--.--�."�-.---

145  



Total 
Age 

1 0  
20 
30 
40 
50 
60 
70 
80 
90 

1 00 
1 10 
1 20 
1 :30 
1 40 
1 50 

Total 
Age 

1 0  
20 
::10 
·10 
50 
60 
70 
80 
UO 

lOO 
1 10 
1 20 
] :30 
1 40 
1 50 

Kllmbt'r of 
Trees 

Pt'r Acre 

over 3 , 000 
" 2 , 000 
" l , a50 
" I , OUO 
" U25 
" 825 
" 750 
" GUO 

(;45 
" G05 
" 580 

,5,')0 
" 5:�0 
" 510 

:"\umbt'r of 
Trees 

Per Acre 

oyer 3 , 000 
" 1 , 620 

1 , 200 
! 180 

" 8 10 
750 
(;75 
H25 

" 580 
" f).50 

ff25 
500 
180 
4(;0 

Table X I V 
K ormal Yield Tahle �-· Lodg('Jlojp Pille 

British Colllmhia 
Sit�, TlI (jpx Class 50' 

Avprage 
Diameter 

1 . 6 
2 . !l 
3 . 7  
4 . 5  
5 . 1 
5 . 6  
6 . 1  
6 . 5  
G . 8  
7 . 1  
7 . 3  
7 . 5  
7 . 7  
7 . 8  

ilAVpragp �l('i ght l Basal Arpa i n  of Domlllllllt I � F' t d . "quarp ee 

I ' an . I 1't'r Aerp Co-domInant I 
A LL THEES 0.5" + 

7 25 
] 5  54 
23 83 
3 1  1 04 
37 ] 20 
42 1 32 
47 142 
50 1 50 
52 1 56 
54 1 61 
56 ] 64 
57 ] (;7 
58 1 6!l 
5H 1 7 0  
5H 1 7 1  

Table X V  
:"\ofmal Yield Tahle -Lodgepole Pine 

British Columbia 
Site Index Class 60' 

Average 
Dianwt.er and 

Co-dominant 

Basal Arpa in 
Square Fl'e!. 

Per Acre 

ALL T H EES 0.5" + 
8 

1 . 8 1 8  
3 . 2  27 
4 . 1  37 
4 . U  -15 
5 . 6  51 
6 . 1  56 
(; ' 6  GO 
7 . 0  Ga 
7 . 4  G5 
7 . 7  (i7 
8 . 0  {i8 
8 . 2  70 
8 . 4  70 
8 . 6  7 1  

1 46 

27 
57 
8H 

1 1 2 
1 2!l 
1 ·B 
1 54 
1 62 
I GH 
1 74 
1 78 
1 8 1  
1 83 
1 84 # 
1 85 

--"------"---- ----

Total Volume 
in Cuhic Feet 

Per A('re 

475 
!l50 

] , 500 
2 , 1 00 
2 , 650 
3 ,  ] 50 
3 , 550 
3 . !J50 
4 ; 250 
4 , 500 
4 , 700 
4 . 850 
4 ; H50 
5 , 000 

Total Volume 
in Cubie Feet 

Per Acre 

GOO 
1 ,  :.:",5 
2 , 050 
2 , 800 
:3 . 500 
4 . 1 00 
4 ; 700 
5 , 1 50 
5 . 5.50 
5 , UOO 
6 , 1 50 
6 . 300 
6 , 500 
6 , 600 

.�----.-.---



Total 
Age 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
1 10 
120 
1 30 
1 40 
1 50 

Total 
Age 

.� --,- �-. 

20 
30 
40 
50 
(i0 
70 
80 
90 

1 00 
1 10 
1 20 
1 30 
1 40 
1 50 

K umber of 
Trees 

Per Ane 

over 2 , 000 
" 1 , 370 
" 1 , 000 
" 820 
" ()95 
" ()20 

555 
5 1 0  
477 

" 450 
" 430 

4 1 0  
" 3\15 

380 

Kumlwf of 
Trees 

Per Ane 

over 2 , 000 
" 1 . 000 

780 
u70 

" 5 !5 
" 485 

:1·10 
" 400 

376 
" 355 
" ;j38 

322 
3 1 2  
:300 

--.----� -- -� 

Table X VI 

Kurlllal Yi\,ld Table � �Lodg('jl()]P Pille 

Bri t i �h Columhia 
Site I ndex Class 70' 

Average 
D i a meter and 

CO-dOlll i ll ant 

Basal Arpa in 
Squarp Feet 

Per Acre 

A L L  TUBES 0.5" + 
10 

2 . 1  21  
3 . 6  32 
4 . 7  43 
5 . 6  53 
6 . 4  60 
7 . 0  ()5 
7 . 6  70 
8 . 0  74 
8 . 5 77 
8 . 8  79 
9 . 1  80 
9 . 3  8 1  
9 . 5  82 
9 . 8  83 

Table X V I I  

J'\ormal Yield Table-Lorlgepole Pine 
British Col u mbia 

Sit.e Index Class 80' 

Average 
Diall let,er and 

Co-dominant 

ALL T H E ES 0.5" + 
2 . 4  24 
4 . 2  37 
,,) . 4  49 
() . 4  ()O 
7 . 3  (i8 
8 . 1  75 
8 . 7  80 
9 . 2  84 
9 . 7  87 

1 0 . 1 89 
10 . 4  9 1  
1 0 . 7  93 
1 1 . 0 H4 
1 1 . 2  95 

147 

28 
62 
96 

1 20 
139 
1 53 
1 65 
1 73 
1 80 
1 86 
1 90 
1 93 
195 
1 96 
1 97 

64 
()9 

1 25 
1 -14 
1 59 
1 7 1 
1 80 
1 87 
1 93 
1 97 
200 
202 
204 
205 

Total Volume 
jn Cubil' Feet 

Per Ane 

800 
] , 650 
2 , ()25 
a , 600 
4 , 500 
5 , :150 
() , 050 
() , 650 
7 , 1 75 
7 , 600 
7 , 950 
8 , 175 
8 , 350 
8 , 500 

Tot al  \'olu me 
i n  Cubic Fpet 

p,,!, AlTe 

875 
1 . 8.')0 
2 : \150 
4 , 050 
5 , (1,')0 
5 . \150 
(» ")O 
7 , � 50 
8 , 050 
8 , 500 
8 , \100 
9 , 200 
9 , 400 
n , 500 



Total 
Age 

20 
30 
40 
50 
60 
70 
80 
90 

1 10 
1 00 
1 20 
1 30 
140 
1 50 

Kumber of 
Trees 

Per Acre 

1 , 500 
835 
6 1 0  
500 
425 
377 
343 
3 1 5  
295 
278 
264 
254 
244 
235 

Table X V I I I  

Kormal Yidd Table --LodgeJlole Pine 
Briiish Columbia 

Sit� Index Class 90' 

Average 
Diameter and 

Co-dominant 

Ba�al Area i n  
Square Feet 

Per Acre 

ALL TREES 0.5" + 
2 . 8  26 66 
4 . 7 4 1  1 02 
6 . 2  56 1 28 
7 . 4  67 1 47 
8 . 4  76 1 63 
9 . 2  84 1 75 

1 0 . 0  90 1 85 
1 0 . 6  94 1 92 
1 1 . 1  98 1 98 
1 1 . 5  1 0 1  202 
1 2 . 0  103 206 
1 2 . 3  1 04 208 
1 2 . 6  1 06 209 
1 2 . 9  1 07 2 1 0  

Tot-al Volume 
in Cubic Feet 

Pcr A(Te 

9iRl 
1 , !l50 
:{ , JOO 
4 , 300 
5 , 350 
6 , 300 
7 , 1 50 
.7 , 900 
8 , 500 
9 , 000 
9 , 400 
9 , 700 
9 , 950 

1 0 , 1 00 
---------""-------

Total 
Age 

20 
30 
40 
50 
GO 
70 
80 
90 

100 
1 10 
1 20 
1 30 
1 40 
1 50 

Kumher of 
Trees 

Per Acre 

0 
28 

1 14 
1 80 
235 
288 
330 
350 
352 
366 
:366 
367 
367 

Table X I X  

Kormal Yield Table--Lodgepole Pine 
British Columbia 

Site Index Class 40' 

Average 
Diamet�r 

.\LL TREES 6" + 

6 . 0  25 5 
6 . 4  ��o 25 
G . 9  34 47 
7 . 1 37 64 
7 . 3  10 85 
7 . 5  42 1 00 
7 . 7  -t4 1 10 
7 . 8  45 1 1 8 
7 . 9  46 1 24 
8 . 0  46 1 30 
8 . 2  47 1 34 
8 . 3  47 1 37 

1 48 

Merch. 
Volume 

Per Acre i n  
Cubic Feet 

76 
·100 
8;�5 

1 , 250 
1 , 7 J O  
2 , 1 00 
2 , 400 
2 , 700 
2 , 900 
3 , 1 20 
:.1 . :320 
3 ; 440 

Kumber 
of Tics 

Per Aere 

90 
1 1 0 
1 :20 

- � ---"---.--� �----" "� .. ----



Total 
Age 

20 
ao 
40 
50 
60 
70 
80 
90 

1 00 
1 10 
1 20 
1 30 
1 40 
J 50 

Total 
Age 

20 
30 
40 
50 
60 
70 
80 
(iO 

1 00 
] 10 
1 20 
1 30 
1 40 
1 .50 

Table X X  

:\"ofmal Yi,·ld Tahle' - LodE!epole Pine 
Bfi t i �h Columhia 

Sit e  Indt·x Cla>'s 50' 

:\"umber of 
Trees 

Average 

Per Acre 
Diamet�r 

ALL THEES 6" + 

54 6 . 1  23 1 0  
1 52 6 . 6  31  36 
220 7 . 0  :;7 59 
280 7 . 3  42 8 1  
330 7 . 5  47 1 02 
366 7 . 8  50 1 17 
:380 8 . 0  52 1 27 
385 8 . 2  54 1 36 
:388 8 . 3  56 1 4 2  
:385 8 . 5  57 147 
;382 8 . 6  58 1 5 1  
:372 8 . 7  59 1 54 

_ _  .� ____ �_. ___ __ 0. _ __________ 

:\"u mJ)('r of 
Trees 

Per Aere 

1 08 
200 
285 
:337 
370 
:387 
394 
396 
398 
395 
;3()0 
:380 

Table X X I  

X orrnal Yi(,ld Table -"Lodgepole Pine 
Briti,h Columbia 

Site I ndex Class 60' 

A L L  THEES 6" + 

6 . 1  37 22 
6 . 8  45 .52 
7 . 8  5 1  83 
7 . 6  56 1 05 
7 . 9  60 1 23 
S . 2  63 1 38 
S . 3  65 1 50 
8 . 6  67 1 5S 
S . 7  (is J 65 
8 . 9  69 ] (i8 
9 . 0  .0 1 7 1  
9 . 1 . 1  1 74 

1 4 9  

:'.1I'reh. 
\'olu me 

P('f A ne i n  
Cubic Feet 

200 
630 

1 , 220 
1 , 790 
2 , 350 
2 , 840 
3 , 230 
3 , 600 
3 , 850 
4 , 1 20 
4 , 250 
4 , :350 

:'.Ipf(·h. 
Volume 

Per Acre in 
Cubic Feet 

4 1 0  
1 , 1 50 
2 , 000 
2 , 700 
3 , 400 
4 . 060 
4 ; 600 
.5 . 1 :30 
5 : GOO 
.5 : \"JOO 
.5 .U l O  
(i , OiO 

I 

:\" lllll ber 
of Ties 

P('f Aere 

.. -�--.--

40 
70 

1 00 
1 30 
1 55 
1 80 
1 90 

:\"umber 
of Ties 

Per Acre 

80 
1 30 
I SO 
230 
260 
2\10 
:3 1 0  

"---- -._--_._""----



Total 
Age 

20 
30 
40 
50 
GO 
70 
80 
90 

] 00 
UO 
1 20 
] 30 
1 40 
1 50 

Total 
Age 

20 
30 
40 
50 
60 
70 
80 
DO 

100 
1 1 0 
1 20 
] 30 
1 40 
] ,')0 

Xumber of 
Trees 

Per Aere 

-

40 
H iO 
278 
:354 
:384 
:394 
:394 
:390 
:382 
374 
365 
355 
850 

Xumher of 
Trees 

Per Acre 

100 
226 
:HO 
:365 
:)74 
::\70 
;)GO 
3 16 
834 
324 
a ] 2  
a06 
2!}7 

Table X X I I  

Xormal Yi('ld Tahle--Lodgel'ol(· Pine 
British Columhia 

Sit.e Index Class 70' 

Average 
Diameter 

--

6 . 0  
6 . 6  
7 . 2  
7 . 7  
8 . 0  
8 . 4  
8 . 7  
9 . 0  
9 . 3  
9 . 5  
9 , 7  
9 . 9  

] 0 . 0  

Average 
Height of 
Dominant 

and 
ICo-Dominant 

--- - - - - -

B
_
asal Area i n  

Square F('et 
Per Acre 

ALL THEES 6" + 
- 7 

29 22 
40 42 
49 79 
55 1 1 2 
GO ] �)5 
65 1 52 
69 1 64 
73 1 75 
76 ] 80 
78 ] 85 
79 1 87 
8 1  ] 90 
82 1 9 1  

Table X X I I I  

Xormal Yield Table- -LodgejJole Pine 
British Columbia 

Site Index Class 80' 

Average 
DiaIlwt" r 

6 . 2  
7 . 0 
7 . 7  
8 . 2  
8 , 8  
9 . 2  
9 . 6  
9 . 9  

1 0 . 2  
] 0 . 5  
1 0 . 7  
1 1 . 0 
] 1 . 2  

I 
AV('rage I 

Hf'ight of ' Basal An-a 
Domi nant Il- Square F('et 

a n d  Per Acre 
ICo-Dominant 

A LL TH E ES 6" + 

37 23 
49 66 
60 1 05 
G8 1 35 
75 1 57 
80 1 7 1  
84 1 79 
87 1 87 
89 H l l  
9 1  l UG 
9a 200 
�l4 202 
95 :wa 

1 50 

I 

;'1" ITh. 
" ol u me 

Per Aer(' i n  
Cubic F('et 

-_._--

--

1 4 8  
945 

2 , 050 
3 , 1 50 
4 , 220 
5 , 200 
5 , �)20 
6 , 520 
7 , 000 
7 , 400 
7 , 650 
7 , 850 
8 , 080 

;'1e1'ch. 
Volume 

Per Acre i n  
Cubic Feet 

4'Y _;) 
1 , .560 
2 . 830 
4 , 200 
5 , 300 
6 , 200 
6 , 920 
7 , 550 
8 , OGO 
8 , 150 
8 , 7.50 
D , UOO 
9 , 1 00 

- - - --

Xumher 
of Ties 

Per Acre 

--. .  -� --.-

--

--

--

--

20 
90 

I()O 
230 
290 
340 
390 
440 
480 
520 

Xumber 
of Ties 

Per Acre 

1 ;)0 
230 
:):)0 
430 
520 
590 
640 
670 
700 
720 

-"--- ----- --------



Table XXIV 
:\ormal Yi!'ld Tahlf' "-Lodg('pol{' Pine 

Brit i�h Columbia 

Total 
Age 

:\ulllber of 
Trees 

Per Acre 

Site I ndex Class 90' 

Average 
Diameter 

--------------- ------- ------. -- ----
A LL THEES 6" + 

20 
30 1 42 6 . 6  4 1  a5 
40 286 7 . 5  56 89 
50 340 8 . 2  67 1 26 
60 344 9 . 0  7 6  1 51 
70 :3:32 9 . 6  84 1 68 
80 3 1 :3  1 0 . 3  00 181  
90 :306 1 0 . 7  94 1 90 

1 00 2110 1 1 . 1  98 196 
1 10 275 1 1 . 6 1 0 1  202 
1 20 264 1 2 . 0  1 03 206 
1 30 254 1 2 . 3  1 04 208 
1 40 244 1 2 . 6  1 06 209 
1 50 235 1 2 . 8  107 210 

Table XXV 
Percentage Taper Table 

Height i n  Tenths of Length of 
Stem above Breast Height 

D. B.H . . . . .  . 
l �t tt·nt h  . . .  " " . . . . . .  . 
2nd tent h " . . , ' , . . .  , , . , . , , . 
ard V·nth . , 
4 t h  tenth .  
5th tenth , , 
(jth ten t h , 
7th 1(·nth . .  . 
8t h tenth . . .  , , , , , . . .  , . . . . .  , . .  
\1th t,'nt h .  ' . , . . , . . . . . . . . . .  ' . , . . , . . .  , . . .  , 
Top of tree . . .  ' . , ' . . . . . . . . , . , . . . . . . . , . , , . . . . . . .  , 

Form-
class 

60 

1 00 . 0  
!l0 . 2  
8:3 . 9  
76 . 8  
GS . 6  
GO . O  
-') ') D_ . _  
4a . 5  
:32 . 2  
1 8 . 8  

:'Ifpr(·h. 
Yolume 

Pf'r Acrf' i n  
Cubic Feet 

-� ----_ ._._- -

700 
2 , 080 
:3 , 570 
4 , 860 
5 . 860 
6 ; 800 
7 , 580 
8 , 150 
8 , 680 
9 , 100 
H , 500 
\) , 650 
9 , 800 

Form-
class 

65 

J OO . O  
HO . 5  
84 . 1  
78 . 2  
72 . 4  
05 . 0  
57 . 5  
48 . 2  
aG . 6  
22 . 1  

:\umber 
of Ties 

Per Ane 

- ----

30 
1 50 
270 
auo 
5 1 0  
(j20 
(j8O 
720 
750 
770 
790 
SOO 
8 1 0  

Form-
<'lass 

70 

100 . 0  
fJ3 . 1  
87 . 6  
82 . 7  
76 . 7  
70 . 0  
G2 . H  
5:-1 . 9  
4 0 . 6 
23 . 8  

In this  t a p'-f series t h e  d ia rn(·ters in�ide bark a t  ('aeh f('nth part of the ,t f' m  ahove hreast height are 
cxpre,,,ed as pen:f'ntages of the d i a meter a t  brl'""t height in1'ide bark. 

1 5 1  
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Table XXVI 
Grouud Vegetation 

t;P�;Cll�S ASSOCIAT�}1l WITH LOIlGEPOLl� l'INP; IN ITS FOUR FOREST DIVISIONS IN AI,BERTA 

, II igh Low " �I H igh Low 
Shrubs Foothills Foothills Ilerbs " ontane 

Footh ills Footh illH 

Led"m (froclI/all(licu m .  . .  . .  2 :l  <I El1lmus illllovaI1l8 . . . .  . . . . . .  . . . .  . . . .  . <1 5 4 
ROM aciculuri.. . 2 3 3 5 E. ala/ml1" . . . . . . . . . . . . . . . . . . . . ;'1 I 
Shcphcnlia Ca TIIUiI'IISis . 2 :1 2 2 Cala maaroslis spp.. . . . . .  . .  . . . .  . . .  . . .  1 2 
Vaccillium vilis-idaea . 2 5 4 Other grasses . . . . . . . . . . . . . . . . . . . . . . :l 2 
V. c(l('spito:wtn . . . . . .  . 2 a a LimUlca borealis . . . . . . . . . . .  , . , .  . . .  . . 4 !j 1) 
V. TIlllrlilloiile8 . . . . . j  4 C'or1l1l8 c(l IIaricnsis . . . . . . . . . . . . . . . . . . :\  <1 4 
V. /Ill'''' "ranaceu m . . . . . 1 2 2 1 A rn ielJ cm·di/ol;a . . . . . .  . . . . . . . .  . . .  . .  4 3 4 
V. ()rcophiiu m .  . S 1 Bpi/ob; u m  an{llisU/ali"m . . . . .  . . . .  . .  . 2 2 3 
V. .�C()l"'ri u m . . . . . j  2 .� MerteTls;a palliClilata . .  . . . .  . . . . . . . . . .  1 3 
.lIellziesia (flabella.  2 11 A ster cr)1lSp;cuU8 . . . . . . . . . . . . . . . . . . .  2 2 2 
JUlliperis wmmul/i s .  . . . .  2 3 2 1 A .  ciliolalll.� . . . . . .  , . . .  . . . .  . . . .  . . .  1 1 1 

J. horizolllal,s . . . . .  . 1 1 1 Pc/as;les palmatus . . . . . . . . . ' "  :1 
A rcto.�t"phlllos uva-ursi . . . . .  . . . .  1 2 2 2 2 ,\litellu l/Ilda . . . . . . . . . . . . . . . . . . . . . . . 2 2 
A. rU/lra . .  . . 1 Plfrola scclllld" . . .  . . .  . .  . .  . .  . .  . .  . .  . .  . 3 :1 2 
Salif spp. . . . .  2 :1 2 :1 P. usar'/olia . . . . . .  . .  . .  . . . .  . .  . .  . .  3 ;) Z 
A Il/liB crispo . 2 2 2 :1 ,l/olleses u n U/ora . . . . . . . . . . . . . . . . . . . .  I 
Rmpetrum lI i(/rllm .  2 ;1 Frill/aria alalle" . . . .  . . . .  . .  . . . . . .  . . . . .  2 2 2 
Spirara lucida . . 5 2 I 2 XiiI/aden liS ele(la ns . . . . . . . . . . . . . . . . . .  I 1 2 
Symphoric"rl'a .• all;a . . . . . . i � 1 I I Dycopodium anTwtinlUn . . . . . . . . . . . . . 1 2 2 
Lonicera in volllcrata . . . . . .  : 1 1 8 L. cam.planatll m . . . . .  . . . .  . 1 1 
L. {li(Ulcescens. . . . .  . . . . . . . I l L. clava/11m . . . . . . . . . . . . . .  . 
I, . u/""eIl8i8. . . . . . . . . . . . .  2 1 Smilacina a m plc.ricalllis . . . . . . . . . . . .  2 I I 
Ribes /acI/8tre. . . . . . .  2 1 2 Slenan/hium occidentale . . . . . . . . . . . . .  2 2 2 
R. trisle . .  , Strcplopus a 111 pleri/olil/s. . . . . . .  . . . .  . 1 I 
R. viscossisi m u m . . . . . . ;] A cllillea m il/e/oliu m . . .  . . . . . . . . . . . .  . I 1 
NU/JUS idaeu.. . . . . . . . . . I 2 Senccio iudccoru8. . . . . . . . . . . . . . . . . . . I 
R. 1)(11·t'ijlol'us . . . . . . . . S Aquileaia spp. . . .  . . . . . . . . . . . . . . . . . . . I 
( 'm'II1lS s[oloni/aa . . . .  . .  Pedicularis bracteos" . . . . . . . .  ·. . . . . . . .  1 

H/wliod('lI(/r(11I alhijlorum . . . I I'. la/mulorica . . . . . . . . . . . . .  . 
J!dula (/Iandlllosil . . . . .  . .  . . Heill/sarum 81/lphllrescens . . . . . . . . . .  . 
I'II/flladaee spp. . . . . . . . . Oalillm boreall' . . . . . . . . . . . . . . . . . .  . 
Vi/lUrtl llm cdllle. . . . . . . .  8 La/h/It·us ocIII'01" IICII8 . . . . . . . . . . . . . . .  . 
I'otelltilla /I'ulicos(l . . . . .  2 I Clematis colu m/Jiana . . . . . . . . . . . . . .  . 
A melllllchier sp. . . . . . . .  1 Rubus pubese''''s . . . . . . . . . . . . .  , . . . . .  . 
Sa m /IUCIIS racemos(l . . .  1 R. pedaLus . . . . . . .  ' . . . . . . . . . . . . . . 
SOI'/!Us .�coJlIlIi'"" " " , 1 HaiJe'/(lria spp . . . . . . . . . . .  , . . . . . . . . .  . 
A ceI' I/lai>ruTn . . . . . . . . . .  2 Maial1them u m  canadellse . . . . . . . . . . .  . 
/i"rlwri. re1ll'''.. . . . . . . . . . .  . .  . .  3 A "te11"a"ia spp . . . . . . . . . . . . . . . . . . . .  . 
Pach!lsli"", 1II1/)'8i11;/(18 . . . . .  . . 2 .Iiralill IIIl.tiicll llli8 . . . . . . . . . . . . . . . . . .  . 
Chioacnc8 hi8]1itiul(I . . . .  . . . . . . . . . . . . . . . Violu ruauloBa . . . . . • . . . . . . . . . . . . . . . .  

V. lJrbicu{aLa . . . . . . . . . . .  , . . . . . . .  . 9 

2 

2 
;} 
[) 
2 
4 
:J 
:\ 
.) 
4 
:l 
I 
:1 

2 
2 

2 
2 

S 
;) 
:l 
I 
I 
4 2 
2 
2 
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Table XXVI ( Continued) 

Shrubs ' . 1 H igh Montane I Subalpme l Foothi l l s  

MOSSBS A ND UC'HENS �"
,
(,,,th�'r Ill()HRt'� (:3 spp.) . . . . . . . . . . . .  . 

I }lIIu!W11i al}1('it1tUnL . . . . . .  , . . , . . . . . , . 
:J 

]Jirrt1ll u rn Kpp . . . . . . . . . . . . . . . . . . . . .  , . . 2 
Poll/lricli um spp . . . . . . . . . . . . . . . . . . . . .  . 1 

Milium spp . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 

(,la<iollia spp . . . . . . . . . . . . . . . . . . . . . . . .  . 2 
l'eltiocra aplilosll . . . . . . . . . . . . . . . . . . . .  . 3 

Scale 

P'requcnc!J Distrihutioll 

1 .  rare 
2. o('cnsion a l l y  pl'es('nt 
:1. often PI'<'Sl'1l t 
4. usua l l y  pl'es('nL 
5. cOllstantly present 

5 Ii 
1 

:1 2 
2 2 
1 1 

:1 a 
5 5 

I 
Low Herbs 

M Subnl nine H igh i Low 
Footh i l ls ontano Footh i lls ! Foot h i l ls 

I 
Equiselll1n scirpoiries . . . . . . . . . . . . . . . 2 2 2 

5 E. 8!tlvaticuTrt . . . . . . .  , . , . . . . . .1 
E. pr(lICIl8e. . . . . . . .  . . . . . . . .  . 1 

:; C'"rex spp. . . . . . . . . . . . . . . . . . . . . . . . . . 2 
:J Drl/optcris di8jllncill . . . . . . . . . . . . . . . . 2 
I 1'lwlict1'''/n occidentale . . . • . . . . . . . . . . !, 
2 
4 

(,linlonia ullif/om. . . . . . . . . . . . . . . . . . .  2 
V icia anlCricllll11 . . . . . . . . . . . . . . . . . . . . I 
Ac/am rllbra . . . . . . . . . . . . . . . . . . . . . . . I 
Castilleja spp . .  . . . . . . . . . . . . . . . . . . . . . 1 
Geoc(Julol1 lh'idu m . . . . . . . , . . . .  ! • . • .  
X cl'Ill'hylium leI/ax . . . . . . . . . . . . . . . . . 2 
1'iarclla lI!lifoliato . . . . . . . . . . . . . . . . . . 1 

Ooo<illera Bpp. . . . . . . . . . . . . . . . . . . . . . . 2 
C'hinw l'hila II m/lellala . . . . . . . . . . . . . . 2 
/C1'!llhronillrn (Jrllllriijiorum.. . . .  . . . . . . . 2 
OSlI!orhizu occidcnlalis . . . . . . . . . . . . . . 1 
Di,�porllrn irachycarpu II! . . . . . . . . . . . . 1 

1 
2 
1 


