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The Ecology of Lodgepole Pine in Alberta and Its 

Role in Forest Succession 

by 

K W. HORTON* 

Introduction 

Forest ecology involve all the factors which influence the composition and 
development of a forest stand. These  factors may be reduced to three maj or 
categories-external operative forces, site effects, and species composition .  A 
study of the ecological behaviour of a single species must embrace all these 
points. 

This report presents the findings of such a study of lodgepole pine (Pinus 
contorta Doug!. var. latifolia Engelm.)  in  Alberta. I t  was initiated to provide 
basic information on the floristics of pine communities, the successional relation­
ships between pine and associated species, and the broad influences of c limatic 
region, stand history and site on pine establishment and development. 

Lodgepole pine is the dominant pioneering species in three of the forest 
regions designated by Halliday ( 1937) for Alberta, the Montane, the Subalpine 
and the Foothills Sections of the Boreal Forest. In the mountains, Engelmann 
spruce (Picea engelmanni Parry) is a frequently associated species, and in the 
foothills, white spruce (Picea glauca (Moench) Voss var. albertiana (S. Brown) 
Sarg.) and black spruce (Picea mariana (Mill . )  BSP.) are frequently associated. 
Alp ine fir (Abies lasiocarpa (Hook) Nutt . )  is another important tolerant, usually 
more abundant in  the older pine stands. The only other maj or associated 
species is aspen (Populus tremuloides Michx.) ,  which attains prominence solely 
in the eastern or lower part of the foothills. 

Several allus ions may be found in the l iterature to secondary forest succession 
in these regions. Among the most relevant references are Bloomberg ( 1950) 
and Cormack ( 1953), who have recognized a general trend on the east slope of 
the Rockies from lodgepole pine, established following fire, to a spruce-fir climax. 
To the north and east in the lower foothills, the situation is more complex 
through the prevalence of mixedwoods and the local lack of fir. Again, however, 
succe::;::;ion from pine and aspen to spruce is indicated (Moss 1953). 

Experiments on various silvical characteristics of lodgepole pine are 
currently underway in Alberta and it  is hoped that the broad background infor­
mation provided by this investigation, together with the results of those experi­
ments, wil l clarify the picture of the specie ' habits. 

* Research Forester, Forestry Branch, Alberta District Office, Calgary, Alberta. 
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METHODS 

The extensive distribution of lodgepole pine in Alberta and the number of 
variables involved in the study necessitated primarily a broad survey approach. 
Several districts within each of the three forest regions were selected for in vesti­
gation on t he basis of widespread dist ribution. In each district as many 
ecologically significant stands were examined as t ime allowed-stands of various 
composit ions, ages and densities on diverse sites. 

everal techniques of examination were used. In the broad survey, ob el'ved 
typical conditions were sampled by selected plots. These were 1/40-acre in  
size, closely approximat ing the standard ecological quadrat of  100 square metres. 
Data collected thereon included diameters, dominant heights and age ranges of 
each species. A long the centre line of each quadrat a belt transect was used to  
t ally the  reproduction and the ground vegetat ion. Atypical stands of ecological 
interest were described simply by subjective notes similar to but more general 
t han the plot information. In t ransitional conditions, "associational t ransects" 
were employed. This involved running direct lines across-country and conti­
nuously noting the change in t ree cover which accompanied a change in site, 
a subject ive method well suited for rough terrain .  

I n  each stand an assessment of  site was made, considering local c limate 
and soil moist ure in accordance with Hi lls' method ( 1952) . Soil pits were dug 
to  examine the profile development, texture, and water table depth, while 
aspect, slope and physiography were used in assessing local c limate . In addition 
the history of every stand was deduced from any available evidence such as 
age-class structure, increment variations and stump or fire car occurrences. 
The nature of t he previous stand, the quest ion of local seed sources and the 
effects of damage agents were also considered, thereby including al l the maj or 
factors involved in  the origin and development of each stand. 

This broad survey gave general indications of many trends, some of \\'hich 
required further investigation. Thus in a few selected stands intensive sampling 
method \\'ere used . Most of this work was done in the Subalpine region, in 
stands which \vere in advanced stages of succession from pine to  spruce-fir. 
The line plot system was used to provide quantitative data on certain processes 
of succession, namely, the effect of site on rate of succession, the age-class 
stmcture of spruce and f ir  establi hed under pine, and the growth and reproduc­
ti\'e t rends of spruce and fir following natural pine mortality. 

The stem analysis technique was also used, part icularly in the pine-mixed­
wood type, to compare relative species competition. It involved select ing 
competitive pairs of t rees of two species, for example a dominant aspen or 
spruce competing with a dominant pine, or an aspen suppressing a pine of 
equal age (or vice versa) . Each tree was sectioned at 5- or 10-foot intervals, 
and ring counts enabled height development to be related to age. 

RESULTS 

This sampling of lodgepole pine in its various regions, habitats and stages 
of deve lopment afforded a general picture of the species' status in Alberta. 
The extent of the coverage is shown on the map (Figure 1). Within its common 
range, pine was found to be the dominant subclimax species on practically all 
sites. The exceptions are well-developed bogs, alluvial valley floors and timber­
line areas, all of which are special edaphic conditions relatively unimportant 
on an areal basis. 
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Phytogeographical Divisions of Lodgepole Pine 

The lodgepole pine community of Alberta is described below in foul' phyto­
geographical divisions, each distinguishable on several counts. 

Broadly they correspond with Halliday's, but in detail several revisions 
are made. The tree species mentioned are all associated with pine in various 
degrees, forming the mosaic of cover types. Figure 1 shows the approximate 
boundaries of  the four divisions. FOllr known outlying areas of  lodgepole pine 
are also shown. It is significant that each of these occurs on ranges of high 
hills and plateaux. 

Montane Division 

This forest is confined to relatively small areas in the southwest corner of the 
province, where it occupies a middle altitudinal zone between prairie and sub­
alpine vegetation. It appears to be a northern extension of a forest association 
which is common on the east slope of the Rockies in Montana ( Halliday, 1937) . 
It IS represented in Halliday's classification as the M-5 section of the Montane 
region. Lodgepole pine and Douglas fir (Pseudolsuga menziesia (PoiI') Britton 
va)'. (ll2uca (MayI') Sudw.) are the chief tree species. Engelmann spruce, 
a.lpine fir and limber pine (Pinus fiexilis James) form an admixture at higher 
elevations, and stunted aspen groves and white spruce occur along the grassland 
fringe. Certain ground vegetation species distinguish the division, prominent 
[tmong which are Ribes viscossimum, Berberis repens, Pachystima myrsinites, 
_' e1'ophyllum tenax, Chimaphila umbellata and Viola orbiculata. 

Subalpine Division 

This closely corresponds with Halliday's SA 1 Section \\'hich includes the 
Rocky Mountains east of the Great Divide from about 4,500 feet in elevation to 
timberline. The characteristic t ree species is Engelmann spruce but subclimax 
stands of lodgepole pine predominate. White spruce replaces Engelmann in the 
lower valleys and hybrid forms of the two species are common in the inter­
mediate zone. Black spruce is presen t in this di vision only north of the N orth 
Saskatchewan River and then only at lower levels, presumably as a result of 
intrusion from the foothills along the low A thabasca valley. Alpine fir is a 
frequent component ,  part icularl y  in older stands. Douglas fir occurs spas­
modically in the three main mountain passes, which distribu tion suggests 
intrusion from British Columbia. The poplars attain fairly good development 
in protected valley sites but seem incapable of compet ing with the coniferous 
species on the mountain slopes. Of the lesser f lora, Vaccinium scoparium and 
M enziesia glabella best characterize the division. 

High Foothills Division 

Halliday's B 19 or Foothill Section of the Boreal Forest Region, which he 
describes as an ecotone between boreal and subalpine conditions, has been 
divided in t \yO on the basis of geographic and vegetative differences. The long, 
narrow strip of country typified by high, wooded hills and deep valleys, usually 
between the altitudes of 4,000 and 6,000 feet, comprises the H igh Foothills 
Division. Along with lodgepole pine, which is preponderant , typical white spruce 
(rather than the Engelmann-white spruce complex of the Subalpine) and black 
spruce are the major species. B lack spruce occurs  sporadically in the southern 
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part of the division, becoming frequent above the North Saskatchewan R iver. 
Alpine fir is somewhat less prevalent than in the mountains and poplar is again 
relatively unimportant. Because of its transitional nature there are no charac­
teristic species in the lesser flora here. 

Low Foothills Division · 

Low hil ls and plateaux between 3,000 and 4,000 feet in elevation in the 
south and down to about 2,500 feet farther north compri e this divi ion. Though 
still an ecotone, i t  much more c losely resembles boreal conditions. The out­
standing difference between this and the High Foothills Division is the prevalence 
of mixed wood types. Aspen and, to a much lesser extent, balsam poplar 
(Populus balsamifera L .) are able to compete with lodgepole pine as post-fire 
pioneers here. White and black spruce are common but alpine fir is compara­
tively rare. The ground vegetation differs from the other divisions in the 
prevalence of many elements of the boreal mixed wood forest, such as Lonicera 
involucrata, Viburnum edule, Lathyrus ochroleucus and Equisetum sylvaticum. 
Three species, Vaccinium myrtilloides, Maianthemum canadense and Aralia 
nudicaulis, are considered to be indicators of the low foothills. 

Ground Ve�etation Association 

Table 1 is a list of the lesser flora associated with lodgepole pine in its four 
divisions. It is compiled from assessments made in 404 different stands, 
representing a great variety of conditions. Because of this variation, a broad 
subjective form of classifying specific importance is used, a frequency distribution 
scale as shown. The most significant figures, those which best portray phyto­
geographic differences, are in  bold-face type . 

This l ist coincides for the most part with those compiled by Cormack ( 1953) 
for the south, and by Moss ( 1953) and Raup ( 1934) for pine associations of 
northeastern Alberta. 

Table 1 indicates that although minor specific differences exist between the 
divisions, there is a strong similarity in floristic structure and composition. 
Thus a general lodgepole pine association for the whole might be derived as 
follows: 

Pinus- Picea-Vaccinium-Elymus- Linnrea- Feather moss-Pel tigera 

The actual species composition varies with site, density of the pine canopy, 
and stand age, and the resulting combinations are so numerous that it seems 
pointless to attempt further arbitrary c lassification. Rather, it would appear 
to concur \v ith the concept of the vegetational continuum, which envisages a 
continually varying eries of species occurring on an environmental gradient 
largely controlled by· the vegetational interactions. In the lodgepole pine 
community the l11 .ost important interaction is succession which is primarily 
dependent on fire. 
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TABLE 1 

GROUND VEGETATION 

Species Associated with Lodgepole Pine in its Four Forest Divisions in Alberta 

SPECIES 

Shrubs 
Ledum groenlandicum . .. . . . . . . . . . ... . 
Rosa acicularis . . .. .. . . . . . . 
Shel>herdia canadcnsis . . . .  . 
Vaecinium vitis-idaea . 
V. caespitosum . . . . . . .  . 
V. myrtilloides . . . .  . 
V. membmnaceull1 . . 
V. oreophilum ... . 
V. scoparium . . .. . . 
Menziesia glabella .. . 
Juniperis communis . . . .  . 
J. horizontalis .. . . 
Arctostaphylos uva-ur.i. 
A. rubm. 
Salix spp ... 
Alnus crispa .. 
I�mpetrunl nigl'ull1 .. 
SI>imea lucida .. 
Symphoricarpos alba. 
Lonicera involucmta. 
L. glaucescens. 
L. utahensis. 
H ibes lacustre . 
R. triste . . 
Je yiSCOSSISIJllUlll. 
Ruhus ideeus . 
JL parviflorus .... . 
Cornus stolonifera .. .. . . . . 
Ithododendron albirlorum .. 
Betula gland ulosa . .. . . . 
Phyllodoce spp .. 
Viburnum edule. 
Potentilla fruticosa. 
Amelanehier sp .... 
Sam bucus I'accmosa. 
Sorbus sco l>ulin" .... 
AceI' glabrum. 
Berberis repens ... ... . . . 
Pachystima myrsinites . . . . . . . • . . . . . . .  
Chiogenes hispidula . . ..... . . . . . . . . . . . . 

. High 
I 

Low Montane I Subalplne l Foothills Foothills 

2 
2 

3 
2 
2 
2 

2 

2 
2 

5 
3 
J 

2 
2 

2 
I 
3 

2 
1 

2 
:I 
2 

2 
:3 
3 
2 

2 
J 
:\ 
:! 
:3 
J 
2 
I 
3 
2 
2 
2 
I 
J 
1 
J 
1 

:3 
:\ 
2 
5 
:3 

2 

2 
I 
2 

2 
2 
3 
I 
J 
1 

4 
5 
2 
4 
:3 
4 
1 

3 
3 

2 
I 
3 
1 

2 
1 

2 
I 
1 

:I 
I 
I 
I 
I 

1 

SI'ECIES 

Herbs 
Elymus inilOvatus .. .. 
E. glabrum .. 
Calamagrostis spp .... . 
Other gmsses . . . . . . . .  . 
Linnaca borealis . . . . . ... . . 
COl'llUS canadensis ...... . 
Al'llica cordifolia. 
Epilobium angustifolium. 
Mertensia paniculata .. . . 
Aster conspicuus ...... . 
A. ciliolatus. 
Petasit�s palmatus .. 
Mitella nuda ..... . 
Pyrola secunda . . . . 
P. asarifolia .. 
Monescs uni flora .. ... . 
Fl'agaria glauca. 
Zygarlenus clegans ..... 
Lycopodium annotinum 
L. com I>lanatu Il1 .. 
L. clavatum. 
Smilacina ulnplexicauiis. 
Stenanthiull1 occidentale. 
8treptopus amplexifolius. 
Achillea millefoliull1 . . . . 
Senecio indecorus . . . . .  . 
Aquilec:ia spp . .. 
Ped icularis bracteosa .. 
P. labradorica . 
I-ledysarull1 sulphurescens. 
Galiull1 boreale. 
Lathyrus ochroleucus. 
Clematis colum biana. 
Rubus pubeticens. 
H. peci"Lu" .. 
II abellaria spp ........... . 
�ra.ianthCJnlllll calla.dcnse. 
Antennari" spp ........ . 
Amlia nudicaulis . . . . .. . .. . . . . . . . . . . . 
Viola rugulos::. . . . . .. . .. . . ........ . .. . 

. I High Montane ISubAII>lne Foothills 
---

4 5 
3 I 
I 2 
:1 2 
4 5 5 
:3 <I 4 
4 ;j 4 
2 2 ;j 

I 3 
2 2 2 
1 I 1 

:1 
2 2 

3 3 2 
3 3 2 

I 
2 2 2 
I J 2 
I 2 2 

J 1 

2 1 1 
2 2 2 

1 I 
I 1 
I 
J 
I 

2 
I 
I 
I 
1 

Low 
Footl,ills 

--.. 

4 
2 
5 
5 
2 
<I 
:1 
:3 
3 
4 
3 
I 
3 

3 
I 
2 
2 
1 
1 

2 
2 

:1 
3 

3 
I 
I 
4 
2 
2 
2 
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Table 1 (cont'd) 

SPECIES . I High 
I 

Lo,,: Montane [ Subalpine Footbills Foothills 

l\Josses and I..ichens 
Feather mosses (3 spp . ) .  . . . . . . . . . . . . . . 3 
Thuidium abietinum . . . . .. . . . .... . .. .  . 
Dicranum spp . .  . . .  . .  . . . . . . . . . • . . . . . . . . . 2 
Polytrichum spp.. . . . . . . . . . . . . . . . . •  . . . 1 
Mnium spp . . . .... . . . . . . . . . .. . . ..... . .  1 

Cladonia spp... .. .. . . . . . . .. . . . .  . . .. .. . 2 
Pel tigera apthosa . . . . . . . . . . . . . . . . . . . . . 3 

1 rare 

Scale 
Frequency Distribution 

2 occasionally present 
3 often present 
4 usually present 
5 constantly present 

5 

3 
2 
1 

3 
5 

5 
1 
2 
2 
1 

3 
5 

5 

3 
3 
1 

2 
4 

SPECIES 

Herbs (cont'd) 
Viola orbiculata . . . . . . . . . . . . . . . . . . . .  . 
Equisetum scirpoides . . .... ...... : . .  . 
E. sylvaticum .. . . . . . .. . . . .. . 
E. pratense . . . . . . . . . • . . . . . . . .  
Carex spp . . . . . . . . . . . . . . . . . . . • . . . . . . •. . 
Dryopteris disjuncta ... . . .. . . . . . . . .. . 
Thalictrum occidentale . . . . . • . . . . . . . .  
Clintonia uniflora ... . . . . . . . ... . . . . . .  . 
Vicia americana . . . . . . . . . . . . • . . . . . . . .  
Actaea rubra .. . . . .. . . . . . . . . . . . . . . . .  . 
Castilleja spp . . . . . . . . . . . . • . . . . . . . . . . .  
Geocaulon lividum ... . . . . . . ..... . .. . 
Xerophyllum tenax . . . . . . . . . . . . • . . • . .  
Tiarella unifoliata ...... .... . . . . . . . . . . 
Goodyera spp ... . . ....... . . . . .... . . .  . 
Chimapbila umbellata . . . . . . . . . • . . . . .  
Erythronium grandifloJ'um . ... . . . . . .  . 
Osmorbiza occidentalis . . . . . . . . . . . • . .  
Disporum trachycarpum . . . .. . ... . . .  . 

. I Higb 
I 

Low. Montane [Subalpine Foothills Foothills 
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Stand History Effects 

It seems that the effect of stand history on the vegetative pattern has often 
been by-passed in ecolog ical studies, perhaps because it is a difficult thing to 
assess . However, in the region under consideration one factor is all-important­
fire. One survey conducted on the east slope showed in effect that 100 per cent 
of the pine stands were of fire origin (Anon. 1930). 

The intensity of fire varies great ly. Sometimes it takes the form of a light 
ground fire which will skip haphazardly through a stand leaving some parts 
untouched, some scarred in varying degrees and others completely denuded . 
This provides a variable overhead seed source for pine reproduction, the nature 
of which wil l  be dealt with later. Time often eradicates all signs of fire scars 
leaving only the age differences as evidence of the event. An intense crown and 
g round fire is more usual in these regions. It sweeps quickly over an area, 
scorching and thereby kil ling all vegetation. i[any of the .serotinous pine cones 
survive charring and open to disseminate seed by a mechanism that has been 
described by seve ral authors. (Clements 1910, Mason 1915,  Bates 1924, 
Cameron 1953.) 

Examination of stump remains and available fire scarS on residual t rees 
often provided a reasonable picture of the former stand. Thus in many im­
mature stands it was possible to assess the age, relative size and density of the 
pre-fire stand and thereby make a subjective comparison with post-fire tendencies. 
The general conclusions were as follows: 

1 .  Pine stocking tends to  increase after each fire, if the interval between 
fires is neither very short nor very long. 

2. The burning of immature and overmature pine stands will result in 
great variation in regeneration stocking. Instability of seed produc­
tion is usual in young stands owing to \\' ide density variations, and 
in old stands because of a variable rate of succession to cl imax species . 

Among the other species associated ,yith lodgepole pine, black spruce is the 
only one "'hich possesses the serotinous cone characteristic, enabling the seed 
to sur vive fire. Poplar has an even more effective means of perpetuat ion in 
its capacity for prolific root suckering in burns. Douglas fir's exceptionally 
thick bark at maturity enables it to "' ithstand light fires; hence old residuals, 
acting as seed sources, may often be found in young stands . \Vhite and 
Engelmann spruce and alpine fir, having no other means of surviving intense 
fires, depend entirely on a residual seed source for regeneration. Their abun­
dance, then, \\' i l l  relate directly to the proximity of such a seed supply. This 
might appear very haphazard, but in the i rregular mountain and foothill  terrain 
refugia are frequent , occurring along river banks or gul l ies, on cliffs and in bogs 
and hangmoors. During the investigation many examples were observed of the 
incidence of spruce and fir in a pine stand increasing steadily towards such a 
refugium. A relation 'hip between black spruce distribution and the incidence 
of bogs was particularly evident in the high foothills. In the Red Deer Valley, 
the southern range limit of black spruce, the species is d istinctly confined to the 
v icinity of bog conditions. Northward from the North Sa katchewan R iver 
the frequency of boggy plateaux enables black spruce to intrude onto upland 
sites to the extent that it  often forms a continuous understory beneath lodgepole 
pine, far outnumbering the white pruce. However, it rapidly disappears on 
the higher, well-drained slopes. 
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Historic factors other than fire are of secondary or localized importance in  
Alberta's pine stands. Logging has been influent ial only in the low foothills 
where the demand for pine t ies and poles has resulted in considerable partial 
cutting in the more accessible mixed wood stands. The effect is simply a deple­
t ion of the pine content ,  since the poplar has been left untouched in almost 
every case. There was no evidence of appreciable windfall damage in any of the 
pine stands examined. or were there indication of extensive catastrophic 
infestations of forest insects or pathogens on pine. 

The combined effects of stand history and specific silvical characterist ics 
are reflected in the various forest compo it ions of the different divisions. In the 
Montane Division , variable-aged mixtures of residual Douglas fir and younger 
lodgepole pine are common. In the Subalpine and High Foothills Divisions, 
there is a predominance of immature pine owing to the extent and frequency of 
fires, but older stands in various stages of succession to spruce-fi r  are fairly 
frequent and patches of "climax" forest more than 300 years of age are not 
uncommon. It is the Low Foothills Division which displays the most hetero­
geneous forest covel' . Immature stands of aspen and lodgepole pine predominate, 
each species usually occurring patch-wise in small groves; admixing does occur 
but to a lesser degree. Fire seems to have been more thoroughly effect ive in 
this division as witnessed by the fact that 'stands more than 100 years of age are 
unusual, and more than 150 years, very rare. The less combustible poplar has 
apparently di 'couraged crown fires while allowing l ight ground fires which often 
destroy the canopy of pine and aspen and invariably result in a growth of aspen 
suckering far more abundant than any pine reproduction which may evolve. 
Logging dist urbance has also favoured increased aspen reproduction. Thus 
the overall t rend in the Low Foothills Division is toward an increase in aspen 
at the expense of pine. 

Reproduction and ReSUlting Stand Structure 

Lodgepole Pine 

The ability of lodgepole pine to exist in extremely dense stands is a cont inual 
source of amazement to foresters. L iterally hundreds of thousands of t rees 
per acre may become established in a burn, and the survival is very high ( Horton 
1954) . Extreme stagnation results in such cases. For example, one 50-year-old 
stand examined had a dominant height of only 4 feet. Heavy overstocking 
was found to occur on both mesic and dry sites. The general survey corroborates 
a previous view that ,  given  a ready seed source and favourable site, pine repro­
duction following fire wil l  normally tend to be over-dense (Horton 1953) .  This 
doe not apply where the seed source is scanty or the site adverse. Plates 1A 
and 1B illustrate  the contrasting degrees of  stocking that may occur side by side. 
R igorous ites often prevent good stocking but only the most extreme can 
preclude lodgepole pine altogether. It is an unusually adaptable species, having 
been found to  some extent growing t.o maturity on all soil sites ranging from wet 
to  extremely dry. 

As to  the manner of pine's seed di persal, serotinous cones allow seed to 
survive a fire which, in t urn, makes possible the freeing of seed through the heat 
breaking the adhesive rosin bond. Though a great seed flight follows on the 
heels of a fire, it is thought that a considerable amount of eed remains in semi­
open cones to be freed periodically for some years afterward by fluct uating 
weather conditions. It wa recently shown that the pine regeneration does 
not all become established in the year following a fire ( Horton 1953) .  Most of it 
"comes in" over the first three years, yet a noteworthy amount continues to seed 
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PLATE lA PLATE I B  

Two 70-year-old lodgepole pine stands o n  similar conditions showing contrasting stocking, 
open-grown (IA) and stagnant (I B).  

PLATE 2. A two-aged loclgepole-pine stand resulting from a l ight grouncl fire. 
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in for several years afterwards. This seemed to be the case generally, since an 
age range of several years was found in every young stand investigated. I t  is 
doubtless a contributing factor to the heavy ov erstocking which is so common 
with pine. 

There is one condition in which the age range of pine is likely to  extend over 
many years. It obtains when a stand has been lightly burned, leav ing a 
v ariable cover of re idual trees. The re ult, shown in Plate 2, is usually called 
a "two-aged stand". Actua lly, the pine under:;tory which becomes established 
does so yearly or i rregularly unt i l  the canopy is complete. In large openings 
this may take many years. Forty years was the maximum range fou nd in 
this study. Example of "three-aged stands", resulting from two light ground 
fires since the original establishment, were also encountered occasionally. They 
were usually of patchy stocking, but again, each "age" was represented by a 
variable range of years. The abundance of the regeneration in every case 
examined related directly to the degree of opening of the canopy. Where the 
residuals become more den e, the regeneration becomes corre pondingly less 
dense and more stunted until in well-stocked areas untouched by fire it is absent. 
This point attests further to the intolerant nature of the species. The best 
examples of the two-aged stands were found on dry sites. Me ic sites tend to 
produce a richer ground vegetation in the openings resulting from the l ight 
fire, and thi appears to dimini. h the extent of pine seedling establishment. 

Natural pine r production, not resulting from fire, was found quite frequently 
but never extensively. It  apparently requires two conditions, plenty of l ight 
and a dearth of vegetat ive competition. Thus, in open-stocked pine stands on 
dry sites it is not uncommon. Also, occasional pine reproduction might be 
found wherever an expo ed ridge or knoll occurs in an otherwise well-stocked 
stand on a mesic site. In appearance the condit ion is similar to the above 
" two-aged stand", but age counts reveal a difference. Jatural reproduction 
does not usually occur in a broad age range bu t tends to be periodic, generally 
in t wo or three age concentrations. This might be explained by the fact that 
pine has rather exacting requirements for germination and the proper natural 
conditions are likely to occur only periodically. A limited amount of seed is 
available annually from trees with non- erotinous cones, which are not un­
common. The natural pine reproduction is usually very much suppressed 
even where the light intensity seems more than adequate. The most obvious 
explanation for this is root competition from the parent trees. While this 
stunting of growth results in a high mortality rate, enough individuals persist 
and later attain intermediate tree ize to ensure the prolongation of succession. 

Wh ite and Engelmann Spruce 

There are few pine stands in the higher divisions that lack a spruce under­
story to some degree. Often it is merely an occasional seedling or sapling but 
rarely is i t  completely absent in a stand. And, in the v icinity of a seed supply, 
it may form a continuous layer along with alpine fir.  Plates 3A and 3B i l lustrate 
average understory conditions. 

Given a ready seed supply the success of spruce establishment \yi l l  depend 
largely on two variables, ite and competition. Many examples of spruce's 
\Yell-known propensity for mesic rather than dry sites were found. Though 
spruce is rated a tolerant species, the pine overstory is sometimes so dense that 
spruce reproduction is precluded especially on the drier sites. However, in the 
usual pine stands, varying from lightly stocked to moderately overstocked, a 
dense prllce seedling layer may occur. 
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I n  genera l ,  spruce becomes established over a variable but considerably 
broader age-range than pine direc t ly follo\\'ing fire, The extent of this range, 
l i ke the abundance of spruce, depends on the proximity to the seed source first , 
and favourable cond i t i ons second,  Again,  t h e  pine densit y  is an i m portant 
fac tor, since early height growt h of pine is much faster than t ha t  of spruce, If 
the pine canopy is open, spruce w i l l  conti n ue to "seed i n "  irregularly u n t i l  i t  
becomes closed, often a mat ter o f  some 4 0  years : if  t he pine is i n i t ially well­
stocked, t he spruce age range may be only 10 to 1 5  years, the t i me required for 
the pine to  c l ose the canopy, As the stand develops, t he self-thinning of pine 
wi l l  allo\\" scattered spruce seedlings to  become establ ished , These are mostly 
confined t o  rotten log seedbeds (see Table 2) , owing t o  the development of a 
dense feat her moss mat which d iscourages germination elsewhere, Thus, at 
the early c l imax stage there is a preponderance of old spruce in the overstory, 
with sca t tered in termediate and suppressed t rees and \\' i t h  reproduct ion common 
i n  openings " 'hich retlul t  from the natural mortality of the last pine, As Table 3 
shows, the spruce understory at this stage may be uneven-aged , 

PL.\TE 3 A  PL.\TE 3 B  

Two i m mature pine standR showing a dcnse (3A) a n d  a SC'tttered (3B) spruce undcrstory, 

Alpine Fir 

The same p rinciples ilwo!\'ing seed source and i n i t ial establ ishment apply 
to fir  as to "pruce, I Io\\'e\'er, there are i mportant difference::; in behaviour, 
Fir  i s  t he most t olera n t  of al l  our species and therefore increases in abundance 
\\'ith stand age , It can reproduce prolifically by t \\'O met hods, seeel and layering, 

eed l ings were found to occur more frequently than layers but both i n  general 
far outnu mbered spruce seed l i ngs in older stands, The fecundity of fir repro­
duction is balanced in some existing stands by damage such as game browsing 
or spruce bud worm defoliation, \\'hich often have an appreciable decimating 
effect .  

Table 2 i l lust rates t h e  seedbed preference o f  spruce and fir see d l  ings i n  a 
subalpine pine stand \\'hich has mainly succeeded to c l i max (240 years old) , 
The sample i n vol ves 389 spruce and 1 , 1 62 fir,  which represent a l l  t h e  reproduction 
on 1 1 4 randomly-ch osen plots, each of 1/200th acre,  The fir  outnu mbered the 
spruce 3 t o  1 and t h is i s  a conservative figure because only one layer of each 
layering clump was counted, 
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TABLE 2 

Seedbed Origin by Per Cent 

Species 
Rotten 

Moss 
Mineral 

Needles Unknown Layers 
Wood Soil 

Spruce . . . . . . . . . . . . . . . .  59 20 7 0 1 4  0 
Fir . . . . . . . . . . . . . . . . . . . .  26 24 4 4 1 1  31 

The preference of spruce seedlings for rotten wood is manifest. Fir is less 
exacting, germinating equally well on moss or fallen log . Mineral soil seedbeds 
are rare in the undisturbed forest but where they do appear, both spruce and 
fir reproduction favour them. 

Table 3 indicates the age-class structures of the spruce-fir understory in an 
area which includes the 240-year-old stand described above and adj oining stands 
of about 200 years of age. The data were collected on line plots where the ages 
of an assortment of trees ranging from seedling to intermediate tree size were 
determined. 

TABLE 3 

Age-Class Structure of Spruce-Fir Understory 

SPRUCE FlR 
Age Class 

No. Trees Per Cent '0. Trees Per Cent 

1- 50 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 99 1 8 · 6  249 23 · 4  
51-100 . . . . . . . . . . . . . . . . . . . . . . . . . .  . 300 27 · 9  340 32 · 0  

101-150 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 260 24 · 2  335 3 1 · 4  
1 51-200 . .  . . . . . . . . . . . . . . . . . . . . . 228 21 · 3  127 12 . 0  
201-240 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 86 8 · 0  13 1 · 2  

The outstanding feature in Table 3 is the unevennes of age in both species. 
It was observed that in any one site the understory age structure may be irregu­
larly periodic, but in the stand as a heterogeneous whole it is distinctly uneven. 
Further, the density of the canopy is an obviously important factor, in that the 
denser the overstory, the less frequent and uneven the understory. These 
trends are considered to apply at large over the Subalpine and High Foothills 
Divisions. 

Black Spruce 

This species becomes established under pine in a manner similar to white 
spruce. The age range and density of the reproduction depends on the proxi­
mity of a seed source, usually a boggy area, and the pine overstory density. 
It has, however, the advantage of propagating by layering as well as seed. In 
all of the older stands examined, reproduction of layering origin far outnumbered 
seedlings. At later stages in stand development this results in uneven-aged 
clumps of b lack spruce around each parent tree. 
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Douglas Fir 

Outliers of the interior variety of this species are found locally in Alberta. 
It appears to prefer dry condit ions and usually occurs in  lightly stocked stands 
mixed \,"ith pine and stunted aspen. Reproduction is  common near residual 
trees, occurring abundantly in openings and occasionally under a canopy. Most 
old stands have been lightly burned one or more t imes and the result is a patchy 
distribution of uneven-aged Douglas fir in terspersed with even-aged groves of 
pine or aspen. 

Aspen 

Aspen reproduction occurs in all the divisions of pine but it thrives only in 
the Low Foothills where it  is usually the dominant specie . Root suckers may 
be observed there in almost every stand regardless of age, composition, site or 
stocking. If there are any aspen in the vicinity dead or alive, reproduction of 
that species rapidly fills in  all  the natural stand openings. Browsing and bl ight 
were often observed to retard it locally, but seldom completely. Any disturbance 
such as ground fire, parLial cutting or windfall rapidly encourages more suckering. 

When fire destroys a mixed wood stand, aspen often becomes established by 
means of quick sucker gro\\,th one to several years before many of the pine 
seedlings, I t  consequently has a considerable initial advantage over pine. 
This was found to  apply on a variety of sites, ranging from fairly moist to dry . 
Aspen reproduction is usually absent on the very moist sites and is less vigorous 
than pine on the very dry. A particularly dense overhead canopy will preclude 
the survival of aspen reproduction as it  does all other species, but even in such 
adverse conditions incipient suckers were often observed. 

Growth and Resulting Competition 

Lodgepole Pine 

On an individual t ree basis, pine is a relatively slow-growing species but, 
because dense rather than understocked stands are the rule, the yield is often 
high. This is \\'ell i l lustrated in the data of Table 4 \\'hich were collected during 
a growth survey of the pine type in the east slope area of Alberta (Anon , 1930) . 

TABLE 4 

Sample of Lodgepole Pine Yield 

AGE CLASS 

- 1-20 21-40 4 1 -60 6 1-100 1 0 1-140 140 + 

K o. of 1 / 1 0-acre plots . . . . . . . .  . . . . . . . 37 42 1 96 7 1  3 -10 
Average dianwter in inches . . . . . . . . .  ' . 1 · 5 1  2 · 82 3 · 45 4 · 04 6 · 09 6 · 27 
Total eubic foot volume per acre . . . . .  93 · 3  827 · 8  1 ,842 · 2  2, 102 · 8  2,602 · 2  3,295 · 5  

It is generally accepted that lodgepole pine growth is better in  the low 
foothi lls than in the higher divisions. This could be the result of better soi l  
conditions and less rigorous climate, or it  may reflect the more desirable stocking 
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that exists in mixed stands as opposed to pure pine stands. The largest lodgepole 
pine encountered in this investigation was growing under optimum conditions 
in the low foothil ls. At 300 years of age the tree had a d.b.h.  of 29 inches and 
a height of 1 17 feet. In the higher divisions, 15 inches in d.b.h.  and 75 feet in 
height are the approximate maximum dimensions attained by the species. 

Wh ite and Engelmann Spruce 

Spruce occurs as an understory in immature pine stands because it is  
initially slower growing than pine. Also, it  is in many cases younger than the 
pine, and therefore suppressed from the beginning. H owever, the growth rate 
of spruce increases with age faster than that of pine and thus there comes a 
point when the dominant spruce reach the pine canopy. This is a milestone in 
the progress of succession. From this point on, spruce becomes increasingly 
important and pine is on the decline, successionally speaking. The greater 
the spruce content, the faster will be that decline owing to increased competition. 
As would be expected, the point of succession varies greatly in different stands. 
It was found to range from 70 to 160 years, generally occurring around 125 years. 
The trend is i l lustrated in Figure 2, in which is compared the height development 
of a dominant pine and that of a nearby dominant spruce, growing in a typical, 
mature, subalpine tand on a moderate, well-drained site. The data were 
obtained by the stem analysis technique, and the curves shown were selected 
from a number of similar sets as representative of the general trend. 

As natural mortality gradually reduces the pine canopy, an increasing 
number of spruce and fir trees are released. The capacity of the species for 
release is well recognized but further evidence of this is presented in Table 5, 
the result of a radial increment examination of a 220-year-old spruce-pine-fir 
stand in the Subalpine Division. The method used involved selecting spruce 
and fir trees of various crown classes which were within the former competitive 
influence of dead pines. These were bored at breast height and the ring growth 
trends were noted. More than 90 per cent of the releases took place within the 
last 60 years and were obviously the result of pine mortality. Both species 
showed release occurring at all ages, but as the data indicate, it  was apprecia­
bly more frequent in the lower crown classes. 

TABLE 5 

Radial Growth Release Following atural M ortality of Pine 

HYBRID SPRUCE ALPINE FIR 
Crol\'n Class No. of Per Cent rD. of Per Cent 

Trees Released Trees Released 

Dominant . . . . . . . . . . . . . . . . . . . . . . . . . .  43 23 
Codominant . . . . . . . . . . . . . . . . . . . . . . . .  40 35 15 0 
Intermediate . . . . . . . . . . . . . . . . . . . . . . . .  37 76 30 53 
Suppressed . . . . . . . . . . . . . . . . . . . . . . . . .  23 48 2 1  57 

Additional evidence of release of spruce and fir following the removal of the 
pine overs tory is presented in Table 6. This table shows height release of 
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advanced growth in a cut-over compared with an undisturbed portion of the 
same stand as described in Table 5. Parallel transects were run in each condition 
and all seedlings and saplings of both species encountered were measured as to 
internodal extension from five years before until  five years after logging. The 
criterion of release was an increase of two or more t imes the previous growth. 

pecimens which showed a retardation in height growth since the date of logging 
were also recorded for comparison. 

TABLE 6 

Height Growth Trends of Spruce-Fir Advanced Growth 

Condition 

Cut-over . . . . . . . . . . . . . . . . . . . .  
Cut-over . . . . . . . . . .  

ndisturbed . . . . . . . . . . . . .  
Undisturbed . . . . . . . . . . . . . . . . . . . . .  

+­
Q) 
Q) 

LL 

8 0  

6 0  

c .- 4 0  

2 0  

40 

Species 
�o. of Per Cent 
Trees Retarded 

Spruce 51  8 
Fir 5 1  4 

Spruce 5 1  27 
Fir 54 24 

80 1 20 1 60 
Age 

Per Cent 
Released 

53 
59 

0 
6 

200 

FIGURE 2. Sample relative height growth of dominant pine and spruce. 
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Other Conifers 

Alpine fi r does not generally become established in abundance until the pine 
overs tory is well developed. I t  is therefore usually represented in overmature 
stands by a suppressed understory. Not until most of the pine content has 
di appeared will fir come into a dominant position in the stand, and even then 
i ts dominance is a result of abundance rather than size, since it never reaches the 
proportions of spruce. 

Douglas fir ,  in relation to pine, has a growth rate similar to white spruce, 
according to observations made in stands where the three species occurred 
together. 

Black spruce has the slowest growth rate of all the species associated with 
pine. A d .b .h .  of 8 inches and a height of 40 feet is the usual maximum size 
attained. During its \\"hole lifespan, therefore, black spruce is suppressed 
beneath pine on upland sites. Only on moist sites adj oining bogs or hangmoors 
was it found in any degree of dominance, and this condition seemed to result 
from stunted pine gro\\"th and lack of white spruce rather than from good black 
spruce development .  

Aspen 

The inability of aspen to compete with pine in the higher divisions, except 
on rich sheltered valley sites, has already been noted . Though aspen may be 
locally abundant on the slopes in recent burns, most of it soon dies out (Horton 
1 954) and the occasional hanger-un becomes suppressed (see Plate 4A) . By 
contrast, aspen's development in the Low Foothills Division is often greater 
than that of pine initially, as Plate 4-B illustrate . 

PLATE 4A. A 70-year-old subalpine stand showing 
aspen suppressed by lodgepole pine. 

PLATE 'lB. A young stand in the low foothills. 
showing aspen initially overtopping pine. 

This initial growth advantage of a pen in the low foothi l ls is a consequence 
of the root sucker's ability to spring up during the growing season following a 
fire and to maintain a rapid early height growth, while pine is relying on the slower 
processes of seed d ispersal, germination and seedling development.  However, 
from a subjective comparison of the many mixed wood stands examined, it 
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appeared that within 50 years the two species ,yere usually competing equally 
both in diameter and height growth, and continued so to the point of over­
maturity in aspen at approximately 120 years. 

+­
(j) 
(j) 

LL 

60 

c 

40 
+­
.c 
01 
(j) 

I 

20 

20 40 60 
Years ago 

80 100 

FIGURE 3 .  Sample height growth of competing dominant aspen, pine, and white prucc. 

Figure 3 shows the relative height growth trends of a competing dominant 
lodgepole pine and an aspen, and a nearby codominant white spruce, as found by 
stem analyses. Fifty-five selected trees were analysed, including pine, a pen, 
and spruce of all crown classes, competing with each other in different degrees 
and occurring on the two mo t typical sites of the low foothills, i.e. well-drained 
clay-loam and imperfectly drained clay. The trees of Figure 3 are represen­
tative of the general trends found on both sites. Further conclusions resulting 
from the stem analyses are as follows : 

1 .  Aspen is generally taller than pine for the first 10 to 40 years. Pine 
subsequently overcomes this lead and, though individual fluctuations 
may occur in either species, the dominant heights are very similar at 
maturity. 

2. The height growth of an individual pine or aspen is not necessarily 
reduced by a surrounding predominance of trees of the other species, 
which is a further indication of equal tolerance. 
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3. Individual pines or aspens are subject to sudden suppression through 
increasing direct overhead competition, but suppression is far more 
common within than between the species. 

4. Height growth of spruce in all crown classes is much ste;:tdier than that 
of pine or aspen. 

imilar tendencies were apparent III an examination of radial increment 
of the same trees. 

Succession 

The specific reactions which result in forest succession in the lodgepole 
pine region have been discussed. It remains to unite the eparate detail into 
a coherent whole. Quantitative evidence of the early successional trends from 
pioneer to climax species is provided in Table 7 .  These figures were adapted 
from an earlier survey of growth rates on the east slope (Anon. 1930) . 

TABLE 7 

Early Successional Trends in Several Forest Types 

.. 
Pine wS bS ",IF Poplar 

Age Class No. of 1/10 
Acre Plots p.c.  , p.c.  P.c. , p.c.  P.c . , p.c.  P.c. , p.c.  P . c . , p.c.  

No. Vol. No. Vol .  No. Vn l .  N o .  Vol. No. Vol. 
-- -- -- -- -- -- -- --

l'ine type 

1-20 . . . . .  . . . . . . . . . . . . . . .  37 97 · 5  I 95 · 8  2 · 5  4 · 2  - - - - - -
21-40 . . . . .  . . . . . . . . . . . . . . . 428 90 · 3  95 · 7  1 · 5  1 · 0  6 · 8  1 · 4 0 · 2  0 · [ 1 · 2  1 · 8 
41-60 . . . . .  . . . . . . . . . . . . . . . 196 91 · 8  94 · 9  4 · 6  1 · 9  1 · 0 0 · 7  0 · 1  0 · 1  2 · 5  2 · 4  
61-100 . . . . .  . . . . . . . . . . . . . . 71 80 · 5  91 · 7  8 · 6  3 · 8  6 · 8  1 · 5  - - 4 · 1  3 · 0  
101-140 . . . . . . . . . . . . . . . . . .  3 73 · 1  I 88 · 3  19 · 7  9 · 8  - - 4 · 6  1 · 1  2 · 6  0 · 8  

Pin w S  type 

21-40 . . . . . . . . . . . . . . . . . . . .  22 35 ·4  63 · 4  57 · 0  3 1 · 2  3 · 4  1 ·  5 0 · 4  0 · 9  3 · 8  3 · 0  
41-60 . . . . . .  32 38 · 9  66 · 4  51 · 8  26 · 0  1 · 1  1 ·  2 1 · 9 1 · 1  6 · 3  5 · 3  
61-100 . . . . . .  : : : : :  : : : : : : :  : 26 31 - 4  56·9 63 · 5  39 · 6  2 · 0  1 · 0 1 · 7 0 · 9  1 · 4 1 · 6  
101-140 . . . . . . . . . . . . . . . . . .  1 1  30 · 7  57 · 9  62 · 8  39 · 2  0 · 4  0 · 4  6 · 1  2 · 5  - -
140+ . . . . . . . . . . . . . . . . . . . .  33 27 · 6  49 · 3  64 · 5  46 · 0  2 · 8  0 · 6  4 · 1  3 · 6  1 · 0 0 · 5  

Pine-bS type 

2 1-40 . . . . . . . . . . . . . . . . . . . .  19 38 ' 6 1 71 ' 6
1 

0 .9

1 

0 · 4  

1

59 ' 2

1 

20 . 2 1  

;'6 1 ;'5 1 

1 . 3 1  7 · 8  
41-60 . . . . . . . . . . . . . . . . . . . .  20 29 · 8  61 · 1  3 · 0  2 · 6  59 · 7  24 · 8  7 · 5  1 1 · 5  
61-100 . . . . . . . . • . . . . . . . . . .  6 2 · 0 67 · 9  6 · 9  3 · 7  61 · 9  24 · 2  0 · 6  1 · 7  

illixed type (Po, pine and wS) 

1-20 . . . . . . . . . . . . . . . . . . . .  3 1 4. · 7  25 · 0  2 · 3  1 · 2 - - - - 83 · 0  73 · 8  
21-40 . . . . . . . . . . . . . . . . . . . .  52 23 · 9  46 · 1  1 0 · 6  7 · 8  4 · 2  1 · 7  - - 61 · 3  44 · 4  
41-60 . . . . . . . . . . . . . . . . . . . .  39 22 · 2  40 · 2  22 · 1  1 9 · 9  5 · 9  2 · 2  - - 49 · 8  37 · 7  
61-100 . . . . . . . . . . . . . . . . . .  6 30 · 2  46 · 6  4 · 4  6 · 8  1 4 · 2  2 · 6  - - 51 · 2  44 · 0  

It  wil l  b e  noticed from Table 7 that : 

1 .  The general tendency in all cover types is for the proportion of spruce 
and fir to increase steadily with age and the pine and poplar to decrease. 
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2 .  I n  the pi ne-spruce t ypes t h e  spruce species are proportionately h igh i n  
nu mbers b u t  l o w  in volumes, i ndicat ing a n  abundance o f  small t rees. 
Many of t hese w i l l  later be released to s\\'ell t he spruce volumes, 

3 .  In the mixed type the poplar dec reases and t he pine and spruce increase 
t o  maturity,  at \\'hich point addit ional poplar . ucker growth often 
develops. The sparse poplar in t he ot her t ypes shows an i n i t ial  increase 
fol lowed by a rapid decline as stands mature. 

That succession does occur i n  t his region is undeniable. It is  the rate at  
which i t  occurs t ha t  is  in quest ion,  This  varies bet "'een t h e  d iv isions and 
bet\\"een stands. In the low foo t h i l ls ,  succession from poplar and pine to \\"hi t e  
spruce is evident ,  but in the early stages o n l y ,  Fire has been s o  thorough here 
t h a t  few stands have sUt 'vi ved u ndist urbed for more t han 100 years, and stands 
more t han 150 years of age are extremely rare, This means, in effect ,  that 
succession and c l i max are m a t t ers of only academic interest i n  the Low Footh i l l s  
Division. R aup ( 1 954) has recent ly expressed t h is view as applying in ot her 
regions, There are scanty bits of evidence "'hich suggest the probabl e  succes­
sional trends in mixech\'oods barring fire, T he aspen reputedly has an average 
l i fespa n of 1 20 years ( M oss 1 932) . This is corroborated by the presen t study 
i nsofar as every aspen more t han 1 00 years of age which was examined sho\\"ed 
rot ,  a l t hough radial  and height increment ,,'as in some i nstances st i l l  v igorous 
at 1 1 5 years, By the t i me the a"pen is breaking u p, the most \'igorous white 
spruce have become domi nant . There were freq uent indi cations t h � t  the p i ne 
in t he mixed,,'ood gro\'es suffered greater mort al i ty than in t he pure pine gro\'es. 
At any rat e ,  t he drast i c  opening of the canopy ,,'ould presumably give rise to a 
ne ll' c rop of asp(>n sucker" and v igorous spruce growth ,  thus perpetuat i ng the 
m ixed ,,'oods "'ith an increa .. e in  spruce and a decrease in pine. 

PLATE. 5 .  Ncar-climax Engelmann spruce-alpine fir stand with remnant pine, Subalpine Division. 
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In the higher divisions fire has been only slightly less thorough, the greater 
part of the total area having been burned recurrently within a century. How­
ever, there are frequent residual patches of older stands which afford examples 
of various advanced stages in succession. One such stage is shown in Plate 5 .  
Note the  numerous lodgepole pine deadfal ls, al l  the result of natural mortality. 
A few standing l ive remnants of the former well-stocked pine stands can be seen. 

Since competition from the c limax pecies is a major factor in the decl ine 
of pine, the more abundant and vigorous the spruce and fir, the faster will be 
the rate of succession . Pine, then, wil l  persist longer where the original spruce 
seed sources were scarce. There were strong indications that conditions adverse 
to spruce development such as high initial pine densities and dry sites retarded 
succession. To investigate the rationship between site and rate of succession, 
an intensive line-plot survey was made in a 240-year-old subalpine stand, 
i.e. in the near-climax stage. The results are presented in Table 8. 

TABLE 8 

Relationship between Site and Rate of Succession 

Plots Species Composition with Pine A v. Basal Area Soil Local Dom. Ht.  No.  Plots Plots Comprising 
Site Climate Spruce 1/40 Acre with Pine 20 per cent 

or more of Pine Spruce Fir Basal Area 

feet p. c. p. c. p. c.  p. c. p. c. 

Wet Varying - 4 75 25 74 18 
Moist Varying 74 1 5  7 0 0 72 28 
Mesic Sheltered 74 13 23 0 1 65 34 
Me ic Normal 72 13 23 8 3 63 34 
Mesic Exposed 70 13 77 54 31 45 24 
Dry Sheltered - 5 40 40 10 54 36 
Dry Normal 68 23 57 26 13 52 35 
Dry Exposed 67 2 1  90 86 44 31 
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Using soil moisture and local climate as criteria of site, the drier the combined 
conditions, the greater is the persistence of pine. The one exception to this 
trend obtains, suprisingJy enough, on the wettest site. This anomaly of scattered, 
stunted, old pine persisting on the edges of hangmoors and bogs wa frequently 
observed, and serves to emphasize the broad adaptability of the species. 

In addition to the factors which increase the length of the sere by prolonging 
the life of pine, there are those that do so by encouraging natural pine repro­
duction, namely, dry and open conditions or light ground fires. In the rare 
cases where pine has persisted to a great age and finally has died before an 
appreciable spruce-fir content has developed, the drastic opening of the canopy 
may give rise to  some pine reproduction. All such cases studied were small and 
localized, and there was invariably spruce or fir nearby. Increased reproduction 
of the latter species was assured, along with a relea e from suppression of any 
existing advanced growth. 

The remaining silvical gauge of succession is specific longevity. In Table 9 
is presented a list of the maximum lifespans of the important species occurring 
in the higher lodgepole pine divisions, as found in examinations of the oldest 
stands. It is arbitrary and applies only to the most dominant trees, mortality 
being possible in the lesser crown c lasses at any age. 
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Fig. 4 Diagram of Stand Development in Lodgepole Pine - Aspen 
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Fig.5 Diagram of Stand Development in Lodgepole Pine 
Subalpine Division 
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TABLE 9 

Specific Maximum Lifespans 

Spccies 

Black spruce . . . . .  . 
Alpine fir . . . . . . . . . . . . . . . . . .  . 
Lodgepole pine . . . .  . 
Douglas fir . . . . . .  . 
White spruce . . . .  . 
Engelmann spruce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Av. Max. 
No. Years 

200 
200 
290 
300 
300 + 
350 

Max. 
No. Years 

250 
325 
375 
360 
400 
450 

In  the Subalpine and High Foothills Divisions, succession from pine was 
found to be complete by 290 years on the average. I t  varied from 225 to 375, 
the widest variations occurring in the Subalpine Division where conditions are 
more diverse. Thus pine has generally disappeared by 300 years, leaving an 
overs tory of old spruce, a variable, uneven-aged, spruce-fir understory and an 
abundance of reproduction, mainly fir. In the Montane Division, scattered 
Douglas fir will be present ,  and in the High Foothills Division, uneven-aged 
black spruce of layering origin will  remain. This is the early stage of the c limax 
community. In  the later stage the spruce becomes progressively more uneven­
aged as the oldest t rees die and scattered reproduction develops, while the fir 
content increases its prolific reproductive tendencies. However, long before 
this final stage is reached, fire usually occurs and pine reproduction evolves from 
seed sources in adjacent younger stands or from individual trees which have 
persisted within the c limax community on dry knolls or l ike conditions. The 
cycle then begins ane',,-

The typical trends in forest succession which have been described are 
presented pictorially in Figures 4 and 5, representing the Low Foothills and 
Subalpine D ivisions respectively. The latter applies also to the Montane, 
with the addition of Douglas fir, and to the High Foothills, adding black spruce. 

SUMM ARY 

This study, confined to the range of lodgepole pine in Alberta, recognizes 
four phytogeographic divisions of that range based on geographic, physiographic, 
and vegetative differences, i .e .  Montane, Subalpine, H igh Foothil ls and Low 
Foothills. 

No attempt has been made to subdivide these into pine associations ; rather 
the whole is looked upon as a varying continu um .  

Fire i s  stressed a s  the primary historic factor determining forest composition 
and succession. 

In  the Low Foothills D ivision, where mixed woods prevail, very few stands 
have escaped fire6 for more than 100 years, which means that succession is 
unimportant. Pine and aspen compete as pioneers there, the aspen having an 
initial advantage through its rapid-growing root suckers. Pine afterwards 
overtakes the aspen and the two species in general compete equally to maturity. 
The occurrence of aspen suckers and lack of pine reproduction in most stands 
and especially in those which have been l ightly burned or cut over, suggests 
that aspen is increasing at the expense of pine in the division as a whole. 
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In  the three higher divisions, pine has expanded to general dominance 
through the frequency of fire, but the rougher terrain has provided refugia for 
residual older stands which give evidence of succe sion and are a eed source for 
the dispersal of spruce and fir into the adj oining young pine stands. Succession 
from pine to Engelmann spruce-alpine fir is indicated for the Subalpine Division . 
This also applies in  the Montane Division with the inclusion of Douglas fir, 
and in the High Foothills Division with the substitution of white spruce for 
Engelmann spruce and the addition of black spruce. 

The rate of succession varies with the abundance and vigour of the cl imax 
species, the initial density of pine, and the site. Pine persists longer on the 
drier sites. In the Subalpine and High Foothi l ls Divisions, succession from 
pine was complete by 290 years on the average, varying from 225 to 375 years. 
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