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Development of residual stand on subplot 15 from 1929 (1) 
to 1932 (2) until 1957 C3 )• While none of the residual 
spruce poles survived, dense clusters of spruce reproduction 
and some scattered lodgepole pine became established.

Experimental scarification on subplot 13 carried out in 
1929 (*)■) resulted in promising spruce reproduction by 1957 
(6). Practically the entire residual stand was blown down 
by 1932 (5).

Portion of subplot 13 in 1929 (7) and 1957 (8). Note 
re-established brush thicket of Rhododendron and Menziesia, 
also multi-layered structure of residual stand in background.

Typical appearance of previously suppressed alpine fir 28 
years after release; note change in rate of height growth.

Poor crown development of spruce pole in left background 
indicates little response to release.

Sample tree No. 123 (alpine fir in mic’dleground) having been 
suppressed for 93 years reacted vigorously to release,
Df being 512.

Illustration of increased height growth since 1929 after 
85 years of suppression. Sample tree to the left showed 
a of 373.

o



DEVELOPMENT OF A RESIDUAL STAND OF INTERIOR SPRUCE-ALPINE FIR 
DURING THE FIRST 28 YEARS FOLLOWING CUTTING

THE IMPORTANCE OF STUDIES ON RESIDUAL STAND CONDITIONS FOR A SUCCESSFUL APPLICATION 
OF SILVICULTURAL TREATMENTS IN INTERIOR SPRUCE-ALPINE FIR

Spruce-alpine fir forests are an important resource in the Interior of British 

Columbia. Statistics from 1955 show that spruce contributes 38# and alpine fir 17# 

to the mature volume in the Interior. In the course of the past decades, logging 

has been very active in this type. Among species cut in the Interior of B.C. 

spruce ranks second only to Douglas fir, while in the total cut of the province

it has advanced from fourth to third position in 195^, due to increased activity

in the spruce-alpine fir forests of the Prince George District.

Most of the present stands in interior spruce types have been originated by major 

disturbances, among which fire plays an outstanding role. This usually allowed a 

fairly even establishment of spruce with some alpine fir and a scattering of other 

species (Douglas fir, lodgepole pine, aspen, black cottonwood). By the time this 

main canopy reached tree height, alpine fir started to seed-in underneath, and 

built up a tolerant second story,aged about 40 or more years younger than the main 

stand. A high degree of competition combined with environmental influences such as 

wind, snow and secondary infestations, resulted in local breakdowns creating 

openings where alpine fir and, to some extent spruce, established themselves on 

exposed mineral soil and rotten wood. Usually, alpine fir continued to seed-in at a

more or less steady rate throughout the life of the stand. On reaching the mature

stage, typical spruce-alpine fir stands appear to be composed of (a) a main canopy, 

largely of spruce with a minority of alpine fir, the proportion of the latter being



higher on poor sites and vice versa, and scattered relics of lodgepole pine, 

aspen, cottonwood; and (b) a multi-layered understory of poles, advance reproduction 

and seedlings consisting chiefly of alpine fir with some mixed-in clumps of spruce. 

While spruce reaches ages of 200-250 years in fairly healthy condition, alpine fir 

over 150 years of age often becomes subject to rot and decay.

The havest of these stands is greatly hindered by their inacessibility, low volumes 

per acre, and often by ground conditions unfavourable for the efficient planning 

of the operation. Early cuttings in spruce-alpine fir were based on a diameter 

limit of 12 inches d.b.h. With the intention to leave a denser residual stand 

for a second cut after a period of years, this low diameter limit was subsequently 

raised to 1^-18 inches. In recent years, efforts of management have been directed 

towards substituting the rigid diameter limit by a scheme of selection on the ground. 

This latter policy attempts to draw more attention to local stand conditions 

in applying various types of marking, i.e. single tree or group-selection, 

selection of seed trees, - blocks or strips. All these cutting methods have in 

common the fact that they remove only part of the main stand of merchantable size 

and quality. They leave a variety of residual components consisting of (a) trees 

of merchantable size and quality (either designed to be left or disregarded by 

the operator); (b) trees of merchantable size and poor quality (either designed 

or selected by the operator); (c) snags; (d) poles of unmerchantable size (below 

12" d.b.hj belonging to the main canopy; and a varying proportion of the multi

layered understory consisting of (e) poles; (f) advance reproduction and (g) 

seedlings. There is, of course, considerable variation in the species composition 

of these residual components. On the average, spruce is prevalent in (d) while



alpine fir dominates in categories a-c and e-g. Depending on operational factors, 

damage to residuals is more or less pronounced. Due to the somewhat patchy 

distribution of stems in the original stand, and accentuated by the spot wise con

centration of logging activity, the distribution of residuals is in clusters 

rather than uniform.

A considerable area, which has been estimated to be about two million acres, has 

accumulated from previous logging and/or burning in Interior spruce types. Each 

year it is increased by about 100,000 acres. While part of this area has been 

devastated by logging or subsequent blowdown, the general average of cutover sites 

appears as a mosaic of residual components, brush and slash. Some proportion 

has been left in a more or less adequately stocked condition. Recently, management 

has paid increasing attention to the assessment of such areas. A survey, carried 

Out in the summer of 1957, over 51,^20 acres of logged and/or burned area in the 

central Interior has revealed that only of the acreage was stocked to more 

than 5°^ with good quality stems; 36# of the total area was found to lie idle, 

being mostly covered with brush and debris; established reproduction consisted 

of only 16# spruce. This points to the fact that management faces a serious 

problem in maintaining perpetuity of production in these forests, which form 

the backbone of the future wood industry in the Interior. This problem 

engenders two major objectives for future management policy: (a) to develop a 

rehabilitation programme for existing idle productive areas; (b) to limit the 

unnecessary creation of more unproductive areas.



Implementation of a rehabilitation programme will require new approaches to those 

experienced on the Coast. While total idle acreage is extensive, individual 

problem areas tend to be isolated; they appear as an irregular checkerboard 

with patches to be restocked separated by clumps of residual stand components. 

Numerous snags and heavy accumulation of debris, together with aggressive brush 

growth, require preparatory treatments which will greatly increase the cost of 

operation. Planting in spring or early summer will be hindered by break-up, 

causing poor road and ground conditions which, on the best sites, will even prevail 

throughout most of the growing season. Isolation of problem areas, their 

individually small acreage and irregularity, as well as high rate of interception 

(brush, slash, etc.) will limit the possibilities of aerial seeding. While these 

difficulties are a challenge rather than insurmountable obstacles to attempts of 

restoring idle productive area, it can well be visualized that, with the expenses 

in question, more effort will be concentrated on the solution of problems 

responsible for the creation of further unproductive areas. Action along that line 

promises to be more efficient in terms of cost and success, since it can be 

planned and integrated with the logging operation. Moreover, the success can be 

supported by the cutting treatment itself. In recent years, therefore, considerable 

efforts have been made to develop techniques of ensuing second stand establishment 

in interior spruce types. Various studies (see bibliography) recognized the 

importance of seed bed and soil moisture as some of the factors limiting successful 

establishment of spruce. The unfavourable aspects of these factors were found to 

be aggravated by the scarcity of spruce seed years. Trials of scarification, 

slash burning, direct seeding and planting have since been initiated. While certain



methods appear promising, techniques have still to be developed to make their 

practical application economically feasible. Even by reducing costs through 

better implements, planning and organization, such direct measures will, for 

a considerable period, most likely be confined to the best sites and other areas, 

where the investment is compensated for by the improvement in species composition, 

quality, and length of rotation of the next crop. The majority of cases will, for 

a good many years, still depend on the natural rehabilitation capactiy of the stands. 

Considering the difficulties of spruce re-establishment as well as the availability 

of alpine fir reproduction, and in the light of a potential pulp economy in the 

Interior the question has, therefore, often been raised: How far should we go in 

our concessions to re-establish spruce on the original sites? (Similar consideration 

have been pronounced with respect to present Douglas fir policy at the Coast.)

A possible solution to certain problems inherent in management of interior spruce- 

alpine fir may be the concept of selective cutting. This method, aiming at stand 

improvement through partial harvests at regular intervals (at the same time 

extending the regeneration phase over a longer period), has been developed for 

uneven-aged stands under intensive management. It has found wide acceptance and 

success in the spruce-fir forests of Europe, as well as in parts of this continent. 

While application in the interior of B.C. is still in its developmental stage, 

various reasons have been recognized as limiting a full realization of the concept. 

Primarily, it is the vast acreage of mature and overmature stands in the type 

characterized by (a) low average volumes; and .(b) few residual trees in the main 

canopy being able to build up shortly a second cut after the "elite" have been 

removed in the first one. Another restriction is that economical considerations



necessarily counteract a positive selection for the leave-stand, which is one 

of the essential principles of true selective cutting (i.e. leaving the best stand 

elements only for additional increment). While stand conditions and economic 

reasons restrict this cutting method to immature or thrifty mature stands, the 

main obstacles for its realization are still linked with operational factors, 

such as attitude of operator, type and use of equipment, supervision of working 

crews, etc.

Summarizing these reflections on management of interior spruce-alpine fir, it 

can be stated that the characteristics of these stands (uneven-aged, mum-layered 

structure) combined with the past and present economy in the Interior (disallowing 

a close utilization of forest products) formulate two major questions: firstly 

the problem of undesirable residual components interfering with the establishment 

of a second crop; secondly the question whether or not part of the residual element 

will gradually take over the function of potential growing stock. While attention 

has been drawn to the extensive idle area thus induced by previous logging 

activity, future efforts will mainly concentrate on developing techniques by 

which a further loss of productive sites can be avoided. For this purpose a 

thorough knowledge of factors relating to characteristics and development of 

residual stand, as well as to subsequent succession, is a necessary prerequisite. 

Considerable experience has been gained by foresters concerned with management of 

spruce. Yet we are far from being familiar with the vital facts governing the 

dynamics of this type. Many questions are still unanswered, e.g.: How is the 

release potential of residual trees and poles on the main sites encountered in 

spruce-alpine fir? What is the influence upon release exerted by factors such as



species, age, diameter, height, crown position, quality, and what trees should, 

therefore, be selected for additional increment? Which factors are responsible 

for the successful development of previously suppressed advance reproduction, and 

which individuals should, therefore, be considered as a future crop? How is the 

subsequent establishment of reproduction of the various species, and under what 

circumstances should, therefore, artificial regeneration be considered a prioi?

What is the toll of mortality due to logging damage, exposure, wind, snow and 

secondary infestations, and how can it be reduced?

Some of these questions have been foreseen by foresters already several decades ago. 

It is due to this foresight that a number of investigations were initiated to 

attack these problems, which today yield some valuable information. This is also 

true for the following study. It was designed in 1928 with the purpose of 

determining "conditions after logging of a spruce-balsam forest in relation to 

spruce reproduction and to the rate of growth of the second story". Details about 

this original project will be discussed in parts 1 and 2 of the following report.

It was supplemented in 1957 by an investigation into some individual growth 

factors, results of which will be discussed in part 3. While the design of 

the study restricts application of results to a limited portion of spruce-alpine 

fir stands only, it is hoped that experience collected in its realization will 

contribute to a better understanding of interior spruce-alpine fir.
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GENERAL DESCRIPTION

11. Definition of terras used

Original stand: the stand as it existed immediately prior to logging;

cut: that portion of the original stand removed during the

logging operation; 

residual stand: the stand as it existed immediately following logging;

present stand: the stand as it existed in summer 1957> 28 years after

cutting;

mortality: that portion of residual stand which has died since

logging;

advance reproduction = advance regeneration: regeneration established prior

to logging.

12. History of stand and treatment 

121, Location

The stand under consideration is situated in the Similkameen Land District, 

about 13 miles SE of Kelowna and 5 miles SW of McCulloch. It lies at an 

elevation of ^700 feet, close to the top of a west-exposed ridge which 

leads up to the top of Little White Mtn. and is part of the Little White 

Mtn. Provincial Forest. Belonging to the drainage of Klo-Creek, the stand 

is intersected by an irrigation ditch which, during part of the growing 

season, intercepts the water from Klo-Creek and takes it over the divide 

to Hydraulic Lake. Access to the stand is provided by about 8 miles of 

logging road originating at Myra Station of the C.P.R.



122. Climate

Since the closest weather recording station is only 5 miles distant from the 

stand (McCulloch), there is adequate information available on general 

climatic conditions. They are characterized by low yearly average temperature 

(37°F) and precipitation (27 ins.). Winters are fairly long with a consider

able amount of snow (av. total 135" or about 11 ft.), first snowfall occurring 

in October, while break-up does usually not start before May. Rain falls 

mainly in spring, but enough precipitation is usually provided by thunder

storms throughout the whole growing season. Daily maximum temperatures in 

summer will rarely exceed 90* F (max. temp, ever recorded 98°F) and night 

frosts are very common. Air currents, particularly winds from the west, 

are quite a serious factor for the stands situated on this exposed ridge; 

in fact they constitute a permanent source of disturbance.

123. The original stand

Immediately prior to logging the main stand was composed of spruce and 

alpine fir, patches of lodgepole pine and a very small number of Douglas fir. 

While the age of lodgepole pine ranged from 265-280 years, that of spruce 

was slightly below, being between 198 and 288 years (av. 235), and alpine 

fir was youngest, ranging from 150 - 220 years. Obviously, the stand was 

originated by a fire around 1640, lodgepole pine coming in first and 

being gradually succeeded by spruce and alpine fir. Until 1928, the date 

of cutting, many of the lodgepole pine had come down while spruce and alpine 

fir reached maturity; the latter was considered as fairly decadent, and 

often infested by Echinodontium tinctorium. Both species indicated little



growth for the last few decades prior to logging, averaging about 0.3 inch per 

10 years. The merchantable volume of the stand was estimated to 13,500 F.B.M./ 

acre, 87# being spruce. This main stand covered a multi-layered understory, 

a mixture of spruce and alpine fir poles, advance reproduction of alpine 

fir and a few spruce seedlings. These stand components had an age range from 

1 to 220 years, averaging around I30. Most of the members of this understory 

showed distinctive signs of suppression, being of short and stunted appearance. 

A considerable portion of alpine fir poles, and even reproduction down to 2" 

d.b.h., was found to be infested by Echinodontium tinctorium, particularly 

when older than 195 years.

Little is known about the original shrub and herb layer. A number of 

undisturbed patches of virgin stand, however, allow the conclusion that it 

varied considerably with local stand conditions. Under dense tree canopy 

or heavy understory only sparse herbaceous growth and mosses covered the 

ground (Pachistima myrsinites, Linnaea borealis, Clintonia uniflora, Rubus 

pedatus, Cornus canadensis, et al.) Where light conditions were more 

favourable the minor vegetation became richer in both species and vigor, while 

it was extremely luxurious in stand openings. Podsolized soil conditions, 

long lasting snow and low average temperatures favoured rather acidophilous 

species such as yaccinium membranaceum, V. ovalifolim, V. scoparium,

Lonicera utahensis, Menziesia ferruginea, Rhododendron albiflorum, etc., 

the last two particualarly forming dense thickets. Local depressions with 

more favourable moisture and nutrient condition supported shrubs such as 

Alnus spp., Sambucus melanocarpa, Ribes lacustre, Lonicera involucrata,



with a herb layer of Veratrum Eschscholtzii, Dryopteris linnaeana,

Streptopus amplexifolius, S. roseus, Tiarella unifoliata and others.

No attempt was made to determine the site of the original stand, nor were 

data secured on tree heights of the main canopy. Judging from soil conditions, 

minor vegetation and the heights of the residual stand, it would appear that 

the site would be classified somewhere in between a VO and a VM site 

(according to W.A.C. Arlidge, bibliography). Stand conditions in general 

can be considered as fairly representative for typical overmature spruce- 

alpine fir at medium elevations in the Southern Interior.

124. Cutting Method applied

The stand under investigation is part of an extensive block of overmature 

spruce-alpine fir, covering several thousands acres on the higher slopes 

of Little White Mtn. In the West, this block is bordered by a vast old 

burn, in the North and East by more or less pure lodgepole pine stands. On 

the southern side there is a gradual transition towards scrubby alpine 

vegetation. Despite its location at a high elevation on a remote hill, 

accessibility to this block of overmature timber was facilitated by the 

proximity of the C.P.R. line. This fact, together with the fast dwindling 

of yellow pine as supply of box material for the Okanagan fruit trade 

were probably the main reasons for creating an interest in the tapping of this 

resource in the late twenties. Right from the beginning, it was realized 

that this forest ms of a certain importance in maintaining a steady water 

supply in the creeks belonging to the South-East Kelowna Irrigation District. 

With the large acreage involved, considerable thought was, therefore, devoted



by Forest Service personnel to provide for quick rehabilitation of potential 

cutovers. Finally it was decided to treat the whole block as a unit, and 

to manage it under a long term timber sale contract. The large volume in 

question (5̂  1/2 million F.B.M.), combined with a pre-set maximum annual 

cut (2 ,000,000 F.B.M.), meant a secured supply of timber for a period of 25

years. Moreover the annual cut was big enough to feed a mill of the average

size in the Interior. These attractive propositions on the part of the 

operator were compensated for by a series of restrictions, which aimed at 

reducing the fire hazard, conserving advance growth and ensuring quick 

establishment of spruce reproduction. Contract conditions can be summarized 

as follows:

a) Trees to be cut comprised all trees, regardless of species, containing 

50f or more of the total volume suitable for lumber manufacture, with 

the exception of spruce poles (below 12" d.b.h.). Trees to be cut

as well as trees to be left, may al3o bo designated by the Forest Officer.

b) Operations were confined to logging areas designated by Forest Officer and

when begun at any one area, had to be completed before shifting to

another area.

c) Careless damage to reserved trees or to young growth was to be paid for 

at the rate of $5~per tree.

d) Slash was to be piled compactly away from live trees and reproduction.

All unmerchantable alpine fir down to  ̂ inches d.b.h., within 10 feet 

of slash piles, had to be cut and piled with slash; slash had then to 

be burned at the expense of the operator.



e) Snags considered as a hazard by the Forest Officer had to be felled 

at the expense of the operator.

f) Actions such as d) and e) had to keep pace with other phases of 

operations.

Under these conditions the 4 ,470 acres were set up for auction, and on 

April 24th, 1928, Penticton Sawmills Ltd. established their rights as

successful bidder of TS X9696,

I25. The Operation

It was visualized well before the operation started that logging at this 

elevation would be strictly seasonal, cutting and skidding taking place 

in the late fall and early winter, and hauling being completed by end of 

March. While part of the summer months in 1928 were spent on road and 

camp construction, actual work in the woods did not commence before 

September of that year. Close supervision was maintained by the Forest 

Service in order to guarantee that contract conditions were observed. Cutting 

and skidding (by horses) was carried out mainly during the first half of the 

winter. Considerable loss in cutting alpine fir due to decay was claimed by 

the operator. Initial difficulties in the implementation of slash disposal 

requirements were overcome by a forest officer directing work in the field; 

this was also favoured by low snowfall during that winter. Until March 

1929, an area of approx. 100 acres was logged, and slash disposal completed 

over most of the cutover.

Few additional facts were found in the records giving fuller details on 

work performance on this 1928-29 cutting. As described in the next section



this area was subsequently declared as a study area. Logging, of course, 

continued actively on the remainder of the vast acreage. In fact, the sale 

was effective until May 1954, when it was considered as satisfactorily 

completed, and closed. Apart from direct observation, little information has 

been collected pertaining to these later phases of operation. This report 

will, therefore, be confined to an account on the development of the residual 

stand on the 1928-29 cutting.

DEVELOPMENT OF RESIDUAL STAND 1929-1957

2 1. Method of study

The trial nature of this timber sale, its long term objective, and the 

reserved right of the Forest Service to modify the cutting method, created 

the need for a periodic check on the development of the cutover area.

In late 1928, therefore, the Research Division planned to study some of the

major aspects of the cutting in the following summer. In the early summer

of 1929, E.P. l6o was established. Unfortunately, it was confined to the

area cut during the previous winter, so that there are no records available

on original stand conditions (with the exception of a few reproduction strips). 

A number of 18 permanent subplots and 15 reproduction strips were laid out 

fairly regularly over about 75 acres of the 1928/29 cut. The purpose of 

individual subplots, character and method of data recorded, as well as a 

brief account of changes throughout later re-examinations, will be given in the 

following:- 

Group 1

6 permanent subplots, each 1/200 acre, were laid out for the purpose of



studying the establishment of spruce following purposeful scarification.

Plots were napped in 1929, 193°, 1932 and 1936 (incompletely), maps showing 

location of seedlings as well as stumps, stones, windfalls and ground cover.

In 1957 > it was realized that, due to experimental design (lack of control 

and replication), the data were of little use. Since various other projects 

had meanwhile been carried out to investigate the influence of seedbed 

upon spruce establishment, a further contribution on such a small basis 

was considered as too meager to alter the present knowledge on the subject.

No re-measurement was, therefore, made in 1957» and the 6 subplots were 

abandoned.

Group 2

9 permanent subplots, each 1 chain square (except subplot 5 with 2 ch. square), 

totalling 1.2 acres, were established with the objective of studying growth 

and mortality subsequent to logging. Diameters of all residuals down to 

0.5 inch d.b.h. were measured to the nearest 1/10 inch. Important 

characteristics of the trees (e.g. broken top, scars, sick appearance, etc.) 

were recorded, and all individuals tagged. A stump tally was made on each 

individual subplot, giving species and diameter to the nearest 1/20 ft. While 

re-examinations in I93O and I932 were confined to check the qualitative 

condition of residuals, the same measures as in 1929 were taken in 1936 and 

1957. They were supplemented in 1936 by a crown classification (1—h) of 

all trees left, and in 1957 by a complete count of all established reproduction 

on individual subplots (down to 3 years old seedlings) .



Incomplete records exist on a tenth subplot (2 ch. square) established in 

a blowdown.

Group 3

One permanent subplot (1/200 acre) was placed in a patch of advance alpine 

fir reproduction with the purpose of "determining survival and increased rate 

of growth (height), if any, in reproduction released from suppression".

In 1930 the heights of all I02 stems were measured to the nearest 1/100 ft., 

and tree characteristics were recorded. The sane was repeated in 193  ̂and 

1957. In 1957, basal sections of all surviving stems were taken, and age 

was determined by means of a 54 power lens.

Group 4

17 permanent reproduction strips were laid out in 1929, each being 5 long 

and 0.1 ch. wide (1/20 acre). 9 of the strips were placed in green timber 

adjacent to the 1928/29 cutting in order to determine conditions in the stand 

before logging. The remainder were located in the cutover, serving as a 

means of studying the rate of establishment of additional regeneration after 

logging and slash disposal. Tallies were made separately for spruce and 

alpine fir, stems being classified into 4 height classes (0-2 ft., 2-4 ft., 

4 -8 ft., 8-12 ft.) and 4 diameter classes (d.b.h. 2-4 ins., 4 -6 ins., 6-8 

ins., 8 ins. and over). The same measures were taken in 193°» 1932 

(incomplete), 1936, and 1957* Through subsequent logging only 3 of the 

original 9 strips were left in green timber by 1932, being reduced to one 

strip by 1957. In the course of re-examination, 5 strips had to be abandoned 

due to disturbances affecting reliability of results (road-construction, 

decks, etc.).



o

22.

o

Group 5

In 1957 2. reproduction sample of 202 spruce was taken at random from the 

subplots of group 2 (cutover); the age of each individual and its height 

to the nearest foot were determined.

It should be noted that, while the actual cutting on the study area was 

completed by the end of 1928, the layout of subplots in the field took 

place at the beginning of the growing season 1929. Re-examinations were 

carried out in early summer of each year. Since no relevant changes 

occurred in the growth of residuals between winter 1928 and early summer 

1929, the date of logging will be projected to 1929, in order to remove the 

slight discrepancy between calendar year and growing season (e.g. data from 

1957 will reflect conditions after 28 growing seasons, hence after 28 

years following cutting.).

The residual stand

The following will be a short account of what was left of the original 

stand immediately after the operation. In order to simplify the discussion, 

stand components will be grouped into regeneration (3 year, old seedlings - 

3.9 ins. d.b.h.), poles (4 .0-11.9 ins. d.b.h.) and trees (12.0 ins. d.b.h. 

and over) .

221, Trees and poles

Study of aerial photographs of the study area reveals that logging has been 

very patchy. In this respect it may be regarded as being typical of 

operations in overmature spruce-alpine fir. This considerable variation 

within the residual stand is nicely demonstrated by Table 1, Appendix I



giving the stem distribution on the various subplots established throughout 

the stand. As can be seen, there exists every possible combination of 

stand components: a number of fair sized trees covering a well preserved 

understory of poles (subplots 5,8); a relatively dense pole stand of purely 

alpine fir with no tree remnants (subplot 10); or a similar case with largely

spruce poles in the upper canopy (subplot 16); open stands with little stems

left over 4 ins. d.b.h. (subplot 9); and various types of transition 

(subplots 11, 1 3, 15, 17). The average per acre figures indicate a fair 

degree of stocking. The proportion of species in this residual stand is 

somewhat in favour of alpine fir in trees (58#) and is even more pronounced

in poles (70$). A closer look into the pole layer, however, will reveal

that spruce participation in larger poles 8,0-11.9 ins. d.b.h. is more or 

less equal to that of alpine fir. This is an important fact, since one 

of the main contract conditions was aimed at preserving all available spruce 

below 12 ins. d.b.h. Unfortunately, we do not know exactly how much spruce 

there was originally in this layer, but, judging from notes of the first 

investigations, it would appear that not more than about one quarter had been 

destroyed by the operation. Another important characteristic of the pole 

layer is that the majority of spruce poles were belonging to the upper 

canopy, being tall and slender. Alpine fir poles, on the other hand, were 

generally short and stunted occupying the intermediate to suppressed layer.

Apart from descriptive notes on individual stems, little is known about the 

quality of these residuals. An attempt was made to classify the descriptions



into three quality classes, results of which are presented in Table 2 

Appendix I. Both estimates of quality 1 specimens seem somewhat high, 

particularly in trees. This is concluded from a comment, written in 1930, 

in which little hope is given to remnants of the tree stand due to their 

degree of decadence and infection by Echinodontium tinctorim, as well as 

their shallow root systems. The same comment estimates roughly that "about 

half the underwood seems to be left in good growing condition".

222. Regeneration

While only an incomplete count of regeneration (stems below 4 ins. d.b.h.) 

was carried out on the permanent subplots in 1929, a number of 17 strips 

were tallied, 9 of them on the cutover and the remainder in the untouched 

stand. These data provide us with a certain amount of information as to 

what numbers of stems had been available prior to logging, and what 

percentage had survived the disturbance (cf. Table 3 Appendix I). Studying 

first the data from the virgin stand, it will be realized that there is a 

considerable variation between the 9 strips examined. This is not very 

surprising, since natural reproduction tends to be patchy rather than 

uniformly distributed. Hence, if a strip happens to traverse seven such 

patches instead of only five this may result in a difference of 500 or so 

seedlings. On the average, the virgin stand contained 11,000 stems of 

reproduction per acre, with a species ratio, of 9:1 in favour of alpine 

fir. Such a high stocking figure is quite remarkable if we consider that 

the same area supported a more or less complete tree stand and, in addition 

to that, a fair number of poles. A large percentage of this reproduction,



however, (as will be demonstrated in a later section) were extremely
o suppressed and of poor quality, stems in the smallest category (0-2 ft. tall) 

ranging up to 100 years of age, and being subject to keen competition within 

their clusters.

What proportion of this advance reproduction was left after logging had taken 

place? Somewhat more than 3000 stems/acre were counted on the cutover, the 

species ratio still being about 9:1. Assuming that there had been no major 

difference between the virgin stand left in 1929 and the original stand cut 

in 1928/29, this would mean that approximately one quarter of the original 

advance reproduction had survived the disturbance. Local concentrations of 

logging activity had accentuated the patchy distribution. Again, the majority 

of this regeneration, particularly in the two lower classes, must be 

visualized as heavily suppressed individuals with little possibilities of 

developing into potential crop trees. It is assumed that a number of 1000 

well distributed seedlings per acre in healthy condition are required for 

satisfactory stocking.

Comparing this with the conditions on the cutover (3000 seedlings per acre of 

poor average quality concentrated in a few patches, small percentage of 

spruce), it will be realized that the build-up of a future stand would still 

largely depend on the development of poles left, as well as on the extent 

to which additional reproduction would become established.

223. Minor vegetation and ground conditions

In the course of logging a good portion of the prevailing shrub vegetation



had been considerably torn up and damaged. According to descriptions from 

1929 this action, however, did not result in a disturbance of the soil, 

nor did it remove the humus layer, even in patches. "The skidroads thenselve 

where they might wear down to mineral soil, are deeply covered with bark and 

rotten wood, covering mineral soil more deeply than does humus." It was 

concluded, therefore, that the mechanical actions of logging had not 

materially altered soil or seedbed conditions. This was, to some extent, 

compensated for by efforts directed towards piling and burning of slash.

In fact, attempts to dispose of the excessive debris resulted in a pattern 

of fairly well distributed burned spots, where fire had consumed most of the 

humus and exposed up to 30 square feet of mineral soil. While no reliable 

data are available, it has been estimated that about 30-I+O spots have thus 

been created on the average acre of cutover.

Survival and quality development of trees and poles during the 28 years 

following logging.

The development of this residual stand, which has been described in the 

previous section, was vitally influenced by climatic factors, wind in 

particular. As mentioned before, the 19 28 /29 cutting (study area) had 

been carried out on a slight west slope, which, due to its proximity to 

the ridge top, was considerably exposed to western winds. As long as this 

relatively small cutover was protected by windbreak and natural marginal 

stands, windthrow was not excessive. In 1929/3°> however, the operation 

concentrated on harvesting these adjacent stands. In consequence, the 

protecting marginal timber receded and was immediately followed by strong
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wind disturbance, which, in places, became a catastrophy. This dominant 

influence of wind lasted about 7*9 years, after which time the majority 

of wind susceptible elements had been weeded out of the stand. In subsequent 

years mortality decreased gradually, concentrating on those stems which had 

been damaged by previous disturbances.

The following discussion will reveal, in some detail, changes as observed in 

the tree and pole layer between 1929 and 1957. It is recommended that, before 

approaching the next four paragraphs, the reader makes himself familiar with 

the statistics presented in Tables k- 6  (Appendix II) and Figures 2-5.

23I. Changes in number of stems

As can be seen in Table  ̂and in Fig. 2 and 3, the total number of stems with 

d.b.h.  ̂ ins. + has been greatly reduced; in fact, of the 290 trees and poles 

left in 1929 (for which we have records), only 39# have survived until 1957- 

Mortality on individual subplots went as high as 97# (subplot 13) and 

oven 100# (subplot 9). Evidently spruce suffered much more than alpine fir. 

While the latter was affected more or less evenly throughout all diameter 

classes, the great reduction in spruce occurred mainly in poles (76# being 

killed until 1957). It is noteworthy that the relative proportion of wind

falls among killed poles is consistently higher in spruce than in alpine 

fir through all re-examinations since 193°> averaging 95# (as compared to 

73# for alpine fir). This supports the observation that the generally taller 

grown, slender spruce poles had a priori a smaller chance to successfully 

withstand wind disturbance than their rather short and sturdy associates.



o

Development of residual stand on subplot 15 from 1929 (1) to 1932 (2) until 
1957 (3). While none of the residual spruce poles survived, dense clusters 
of spruce reproduction and some scattered lodgepole pine became established.



This fact is significant, since management objectives aimed at preserving all 

spruce poles as important elements for the build-up of a second stand.

232. Change in basal area

Since tree heights were not measured in any of the examinations of EP 160, 

there exists no reliable information as to the volume development of the 

residual stand. An attempt, however, was made in 1957 to investigate trends 

in basal area development over the past 28 years. Data are presented in Table 

6, Appendix II, where details are given as to computation.

As can be seen, mortality affected basal area at a higher level (71$) than it 

did number of stems (6l$); this would indicate that losses in volume would 

even be higher. Again, spruce suffered a greater reduction (82$) than 

alpine fir (63$). The important question is, however, whether or not increase^ 

rate of growth in released residuals compensated for mortality. Considering 

the whole stand as a unit (9 subplots pooled), the answer is negative, i.e., 

no net growth has been realized between 1929 and 1957* While mortality alone 

reduced the residual stand to 29$ of its 1929 basal area, this is moderated 

by growth to a final stand in 1957 amounting to 70# of its original basal 

area. This negative outcome is, again, chiefly attributable to the high 

mortality rate of spruce; alpine fir, on the other hand, shows a slight 

positive net growth in trees (d.b.h. 12"+) on a total stand basis.

Considering individual subplots, five cases can be found with positive net 

growth of alpine fir (subplots 8, 10, 11, 15, 17), whereas only on one sub

plot (11) did gross growth of spruce offset mortality. It would appear, 

therefore, that under the prevailing conditions on the study area, alpine



fir residuals demonstrated a superior ability to take advantage of the 

increased living space,

233. Changes in quality

In order to keep track of the quality development throughout the 28 years 

following logging, all stems of the residual stand 1929 were stratified into 

3 quality classes (cf, paragr. 221, Table 2 and commentatory text to Tables 

If and 5 in Appendix II), The development of each of these individuals was 

then followed throughout if re-examinations, and each time re-classified. 

Results (such as presented in Table 5 and Fig, 5) indicate that final 

mortality is greater for initially poor quality trees, and vice versa. This 

trend is less evident in the initial phases (until 1932), but later becomes 

more pronounced. While all individuals of the poorest class have died by 

1957, some of quality class 2 have even re-improved (healing of scars, etc.). 

Good many quality 1 trees, on the other hand, have been damaged by wind 

disturbance, and are, today, in relatively poor condition. Of the original 

290 stems t1*" d.bji.+), on which we have records, 113 (39$) have survived until 

1957* They are made up by the following components.

Table 7 Quality of surviving stems in 1957

Quality Stems in # of total stems left (113)
1957 Original Quality Classes

j r ..........1 i 2 I 3

i Good
"1 t ■ 1 1

61
1!
! 3

1

1 -  1

1: Cull 28 1 e !

Hence, mortality and reduction in quality have left us with only 25# stems 

of the original residual stand being in good growing condition.



234. The influence of cutting intensity on mortality of residual stand

In looking through the data of Table 6 , it will be noticed that a 

considerable variation exists in terns of mortality between the 9 sub

plots. While extreme mortality on two subplots (13, 16) was sufficieifcly 

explained by above-average exposure to direct impact of W-winds, there 

was no similar explanation for other subplots (such as 5, 9> 15)• T5:ie 

question has, therefore, been raised as to whether or not cutting 

intensity contributed to predetermining the subsequent mortality rate. 

With subplots 13 and 16 excluded (for given reasons), an investigation 

was made into the relationship between cutting intensity and mortality. 

The following definitions were formulated:

cutting intensity in % b.a. stumps .100_________________  ;
x - of original stand = b.a. residuals 1929 + b.a. stumps

yi = mortality 1929-36 in % of b.a. residuals 1929;
• 1  • 1 - |  r - - 7  f t  t !  t l  » !  I f  I f  .y2 = mortality 1929-57 J

Despite its four-fold size as compared to other subplots, subplot 5 

was considered as a single replication only. The following table was 

then constructed:

Table 8 . Comparison of cutting intensity and subsequent mortality

o

Sub Plot No. Cutting Intensity
X

Mortality 1929-3^ Mortality 1929-57 1
y 2 I

5 53 70 84 ;
8 26 21 50 |
9 81 100 100
10 33 11 25
11 ^9 67
15 68 79

r—co

17 U . . 39...... «3....— .'
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Statistical analysis, as described in Appendix II, revealed a high degree 

of association between cutting intensity and subsequent mortality, correlation 

coefficients being

r i  -  +  0.96 ***

r2 a + 0.88 **

Individual regression equations were calculated for predicting mortality 

after 7 and 28 years respectively, on the basis of cutting intensity; 

yi = 1.61X - 29.3°

y2 = 1 .15X + 10.34

they are presented in graphical form in Fig. 6. Results indicate, therefore,

that mortality in the residual stand increased with cutting intensity in

the original stand, this increase being quite rapid under conditions encountered

on the study area. This high degree of association between the two variables

has, of course, to be judged in the light of the methods employed (inaccuracy 

in determining mortality, cut and original stand, small sample). All the 

same, it supports observations made by various foresters to the effect that 

excessive opening up of a stand greatly affects its resistance against wind 

disturbance.

2 4, Development of regeneration during the 28 years following logging

Considerable data on regeneration of the study area have been secured in the 

course of the five examinations. While various diameter limits have been 

applied in defining "regeneration", the following discussion will adhere to

** Significant at the 1% probability level 
*»* " " " o.l# " "



the classification used in the previous sections. The term regeneration or 

reproduction will, thereforê  be confined to stems with d.b.h. less than 

3.9" down to 3 year old seedlings. All basic data on the development of 

regeneration can be found under Appendix III.

241. Changes on reproduction strips

The reader may remember that from the 17 permanent reproduction strips

established in 1929, 9 were located in the untouched stand. In subsequent

years they underwent various treatments, some of them being logged, slash

pi-led and burned in 1929/30, others being harvested between 193^ and 1-957»

while only a single one was left untouched. More uniform conditions prevailed

on the 8 remaining strips, which were located on the area cut in 1928/'29,

Since all our considerations focus on the development of the residual stand

left in 1929, we confine the following reflections to this second group of

reproduction strips. One of the 8 strips had to be abandoned in 1957, due tc

disturbance caused by road construction. The development on these 7 strips

(totalling 0.3^ acres) has been summarized in a Table as follows:-

Table 10 Changes in stem numbers/acre on 7 reproduction strips_______ ___
i ; i TOTALS I !
| YEAR ! ALPINE FIR SPRUCE ; ALPINE FIR SPRUCE!
I ' ' V vr -  ! \ . r r\ • ' ■ r\' • \  f t  ' _  " ft • _ 1 .  • \. o  • \. f »  ^  \ .  » l  • „  » .  » !  • "
............. 0-2* 2-4 1 4-8 * 8 *-4 " 0-2' 2-4 ’ 4-8 * I00 0 1 4=* 0-4" % Total-
1929 i860 554 229 174 332 74 37 17! 2817;86 • 46o 14! 3277
1932 1297 474 131 108 346 31 9 14 2010'83 400 17 i 2410!
1936 403 500 186 94 154 43 3 ll! 1183,85 211 1 5! 1394 j
1957 2737 617 549 314 728 300 200 83; 4217!76 '1311 24 i 5528!
1957 in 

% of 1929 14 7 111 240 181 219 406 540
!

4881
1

150! ! 285
! ! 

169:

See also Fig. 7.

It emerges from this table that more than 3000 stems per acre of advance 

reproduction stocked the residual stand, the species ratio being about 6:1
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in favour of alpine fir. During the past seven years following logging, 

this original number was severely reduced to about ko%. Probably the main 

portion of this reduction can be attributed to damage caused by the operation 

and subsequent blowdown, while sudden exposure and keen competition within 

dense patches might account for the remainder. Both species were affected to 

about the sane extent. It will be noticed that the greatest reduction occurred 

in the lowest class (0-2 ft. tall), proving that, until 193&> mortality 

exceeded by far the rate of re-establishment. After 193^1 however, a rapid 

build-up of reproduction took place, boosting the total number per/acre to 

169# of the original. This rate of increase was significantly higher in spruce 

than in alpine fir (as is demonstrated by row 5 in Table 10); this altered 

the 6 :1 ratio to 3:1 , A further interesting point, as revealed by the table, 

is that the relative increase in larger reproduction classes is much higher 

in spruce than in alpine fir. This points to the fact that not only were a lot 

of spruce seedlings established between 1936 and 1957 > but that a large 

proportion of these young stems grew rapidly through several height classes. 

Much slower was this rate of passage in alpine fir. In order to appreciate 

the relative reproductive ability of the two species, under conditions 

encountered on the seven strips, the following table was compiled (on the 

basis of Table 9» Appendix III).

c



POLES + TREES 6" cl.b ,h.+ REGENERATION (0-3, 9") r
YEAR Alpine Fir SPRUCE Alpine Fir SPRUCE tRatio ;

Stems/Acre Stems/Acre jIn % of Stems/Acre Stems/Acre In % of 3 :6
jAlpine i Alpine
Fir Fir

1 2 3 4 5 6 7

1929 66 23 35 2817
1

46o 16 2.2:1
1932 ^3 28 65 2010 4oo 20 3 .3 :1
1936 49 20 1*1 1183 211 18 2.3:1
1957

1!
71 20 28 4217 1311

! 3 1

o.9:l |
I

This table is graphically presented in Fig. 8.

This table shows clearly that until 1957» the relative proportion of spruce 

has steadily increased in reproduction, while it gradually decreased in the 

overstory. It would, therefore, appear that the small number of spruce trees 

and poles left showed a distinctively higher ability to reproduce themselves 

than the abundantly present alpine fir. This fact has chiefly to be attributed 

to the creation of a favourable seed-bed through piling and burning of slash.

It was a general observation in 1957> that spruce reproduction was mainly to be 

found in dense clumps on burned patches (as can be seen on pictures 3 and 6).

242. Development of advance reproduction

As described in the section on residual stand (222) , a good portion of the 

abundant advance reproduction, mainly of alpine fir, had been left after 

logging. Part of it was damaged by felling and skidding and part undisturbed. 

In 1930, a permanent subplot, comprising 102 stems of alpine fir and a few 

spruce was established in order to study the development of this advance 

reproduction. It should be emphasized that this subplot, though being on
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trees. The conditions reflected in the following statistics are, therefore, 

more characteristic for virgin stand conditions. This does not, however, 

affect their significance in illustrating the development of the residual 

stand, since a good portion of the advance reproduction, surviving logging 

activity, can usually be found in somewhat sheltered patches, Basic data 

from Table 13 (see Appendix III) can be tabulated as follows:

Table 14. Mortality and growth of advance reproduction 193°~57

SPECIES
RESIDUAL! AV. AGE !MORTALITY 1930-57! SURVIVING

1930STEMS
1930

. % of Stems! IN 1957 
Stems in 1930

AV. HEIGHT GROWTH 1930-57K--------------   j

27 year period j Annually j

jSpruce 13 
(Alpine Fir 85

19(2 )*
4 6(53)

9
25

69
29

4
60

O.65 f t ( 2 ) *
1.33 ft(53)

0,29 in,I
0.61 in.!

iSpecies i 
'combined 1 98 4 5(55) 3^ J 5_ 64 1,36 ft(55) 0.60 in

♦figures in brackets indicate number of samples from which averages were calculated. 

During the past 27 years, mortality took a toll of about one third from 

the original stems, the reduction being significantly higher in spruce than 

in alpine fir. This mortality is to be mainly attributed to the high rate of 

competition among the densely grown saplings where relative height seems to 

be an important criterion of natural selection. This can be demonstrated

by the following comparison:

Stems killed 
by 1957

mean initial 
height in ft.

Surviving stems



Analysis of variance indicates that the difference between the two means

is significant or, in other terms, that mortality affected the shorter stems

consistently more than the taller ones. Height growth of the surviving stems

during the period 1930-57 was extremely poor, the mean annual increment being

slightly higher than half an inch. Fig, 9 shows the general growth pattern

of advance reproduction, and compares it to the height growth of spruce

seedlings established after logging. A striking difference can be found

between these two types of regeneration, which will certainly not justify

much hope for the successful development of the advance growth. While this

is true for the majority of stems sampled, it will be noticed, however, that

some of the initially taller individuals grew at a relatively fast rate.

In order to appreciate the influence of initial vertical structure upon

subsequent height growth, 53 of the 60 surviving alpine fir were stratified

into 3 initial height classes, and results were compiled in Table 15.

Table 15. Height growth 1930-*57 in three height classes of advance alpine fir 
reproduction

Av.Height iAv . Height Growth 1930-5!; Av.HeightjjHeight Class (Number ofjAv.Age
1930 Sterne 1930 1930 27 year 

period
Annually 1957

jl(0-1.9ft) 
JlI(2.0-3.9 ft.)
,111(4 .0 ft+)

27
20

6

29 .9
56.4
80.8

ft.

1.25
2.65
4 .90

ft.

0.83
1.^7 
3 .6 3

ins.

0.37
0.65
1.61

2.08
4 .12
8 .53

This shows that subsequent height growth increased with initial height. Most 

of the tall individuals, however, were older than their inferior associates, 

so that age accounts for part of the effect. Figure 9 gives an idea as to 

the influence of these two factors (initial height, age) upon height growth.



From the foregoing, it would appear that only a few of the dominating steins 

within that patch of advance reproduction would be able to grow into pole size

while part of the remainder (mainly the short stems) would be weeded out by

competition, the balance being stagnated. This, of course, gives only part 

of the picture, A fair amount of advance reproduction has had more favourable 

growing conditions, having been released at an early stage from the overstory 

(due to logging or subsequent blowdown). Growth of such individuals was much 

more rapid, and stands comparison with that of seedlings established after 

cutting,

2^3 . Development of reproduction established after logging

Conditions on the cutover in 1929 (patches of green timber with advance

reproduction, torn up brush in openings, skidroads covered with debris) 

restricted the possibilities for seed establishment mainly to those spots 

where slash piling and burning had taken place. It is no wonder, therefore, 

that almost the entire spruce reproduction present in 1957 was found to have 

originated on these patches of exposed mineral soil. Alpine fir seedlings 

showed the same preference though many of them had become established in 

later years, when the most favourable locations were already occupied.

Being particularly interested in the development of spruce establishment, 

a sample of 202 spruces was taken randomly from the 8 permanent subplots, 

and height and age were determined for each individual. Results are 

presented in Table 12 and Fig. 10-12, Appendix III, Findings support the 

previous statement that the main period of spruce establishment fell 

between 1936 and 1957. A first peak in successful seed establishment
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FIG. 10 AGE FREQUENCY OF SPRUCE REPRODUCTION ESTABLISHED AFTER
LOGGING BASED OK 202 STEMS
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FIG. II CUMULATIVE ESTABLISHMENT OF SPRUCE REPRODUCTION 1929-57
BASED ON 202 STEMS
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Experimental scarification on subplot 13 carried out in 1929 (4 ) resulted 
in promising spruce reproduction by 1957 (6). Practically the entire 
residual stand was blown down by 1932 (5).



o  o

Portion of subplot 13 in 1929 (7) and 1957 (8). Note re-established 
brush thicket of Rhododendron and Menziesia, also multi-layered 
structure of residual stand in background.



(cf. Fig. 10) can be observed between 1935 and 37; a second,somewhat 

smaller, in 1942. There is indication of a less conspicuous peak in 1957.

The delay in response to slash piling and burning between 1929 and 1935 could 

be attributed to factors relating to conditions of seedbed (lack of cover, 

charcoal on mineral soil, unsuitable moisture regime), as well as to lack 

of sufficient seed. It is important that during this delay period only a 

little herbaceous growth or brush invaded the burned spots - an interference 

which would have been much more pronounced on a good site. This allowed a 

rapid establishment of spruce even by seven years after burning. Three 

quarters of all the spruce regeneration had been built up by 1940, while most 

of the remainder came up prior to 1943. The majority of seedlings gained 

quickly in height (as shown in Fig. 9 and 12), individual stems measuring 

up to 15 ft. at the age of 20 years. Xeen competition for light and root 

space limited chances of survival for any additional young seedling. In fac* 

one spruce stem only (from the sample taken) was found to have been establishe 

between 1948 and 1957 •

Conclusions as to the occurrence and frequency of spruce seed-years would be 

made on a rather weak basis. Judging from Fig. 10, there are certain 

incidations to believe that a good crop was produced in 1935 (1936 and 37 

peaks being after-effects) and that further crop years occurred at 5-7 

years interval (194-2,4 7).

No data are available on the development of the numerous alpine fir seedlings 

established after cutting. Observations in the field revealed little or 

no difference between vigor and growth characteristics of the two species,



and there seems to be sufficient evidence to anticipate a further successful 

development of this young growth.

25. The present stand and its possible future development

Summarizing the development of the residual stand during the past 28 years

it can be stated that

- the number of residual trees and poles, particularly spruce, was greatly 

reduced by damage and mortality through wind disturbance;

- alpine fir poles showed superior wind firmness; and a considerable portion 

of those surviving were able to take advantage of the increased living 

space (release growth);

- while about one third of the advance reproduction (chiefly alpine fir) 

died, due to logging damage and high rate of competition, the remainder 

showed various responses to the cutting, ranging from almost normal growth 

to absolute stagnation;

- dense reproduction has been established in between residual elements; spruce 

showed a distinct preference for patches of mineral soil exposed by slash 

piling and burning; most of this young regeneration is in vigorous growing 

condition.

Today, the stand presents itself as an extremely irregular combination of residual 

stand components, young growth and local concentration of brush. Table 16, 

Appendix IV, will give an impression of the variation encountered on the 8 

permanent subplots. In order to better appreciate the potential of the main 

elements, the approx. age-range of individual groups should be considered;



trees: spruce 230 - 310 yrs., alpine fir 180-250 .yrs.

poles: " 190 - 316 " , " " 75-2^2 "

regeneration: advance reg. 29 - 153 yrs,

subsequent reg, 1 - 28 (av, about 20 yrs,)

Since the majority of these elements are in a mature to overmature stage, age 

has an important bearing on their quality. Practically all trees are in a state 

of deterioration. The same is true for a large proportion of poles, even for 

those having profited from increased living space. Most of these are subject 

to fungus attack. Only a few poles are still in healthy condition and could 

be classified as possible aspirants for future crop trees. While the majority 

of advance reproduction has reached stagnation, better prospects exist for the 

dense patches of young regeneration having become established after logging.

The future development of this stand will occur in two simultaneous processes, 

namely, (a) the further deterioration of present decadent elements, and (b) 

the build-up of vigorous young growth to crop trees. Anticipating the absence 

of any major catastrojhy (fire, insect gradation, etc.), it would appear that 

these two inverse processes will more or less maintain the irregularity of the 

present stand structure. While patches of decadent old trees and poles will 

gradually be eliminated and clusters of advance reproduction will grow into 

permanent poles of little future, the presently promising regeneration will 

go through various phases of keen competition and ultimately form dense 

groups of slender poles and trees. Wind firmness of these future crop trees 

will be quite problematical, and, considering the irregularity of the canopy, 

it can be well foreseen that wind will take its toll from this future stand.



While little additonal spruce will cone up, alpine fir will establish itself 

nore or less continuously in windfall openings and in the shade of the stand. 

Assuming that about one stem of each of the 30-40 present regeneration patches 

per acre will survive, the expected result after another 80 years could be 

visualized as a stand of 30-40 thrifty nature spruces per/acre. These would 

be supplemented by alpine fir, mainly in the pole and regeneration layer, and 

by some decadent remnants of the previous stand.

It would be rather optimistic to expect a merchantable cut in this stand within 

the next 50 years. Even the development of a pulp economy in the Interior would 

not materially shorten this period, since decadent trees would still be 

unusable, and the irregular distribution of good quality elements would seriously 

question a profitable operation. A large scale salvage operation combined 

with early thinnings (over the whole sale area), though feasible in about 30 

years, will hardly attract operators from more easily accessible stands of 

more uniform structure,

Since the study area comprises only a relatively small part of this extensive 

timber sale, its future treatments will have to be integrated with management 

objectives for the remainder. Since no attempt was made under the present 

study to investigate conditions on later cuttings, it would undoubtedly be 

beyond the scope of this report to propose the next feasible steps in managing 

the whole unit. It is hoped, however, that the conclusions drawn from this study, 

as presented in the final chapter, will help to frame future objectives, and give 

an indication of the lines along which their implementation could be approached 

most successfully.



SOME FACTORS AFFECTING RADIAL RELEASE GROWTH OF RESIDUAL STEMS

The study, as described in the foregoing chapters, created some interest into the 

mechanism of release growth. It was decided in 1957» therefore, to supplement 

the final examination of E.P. l6o by an investigation into some of the factors 

responsible for release growth. This was based on the assumption that some of 

the stems left from 1929, bad been able to profit from increased living space, 

while others had not. Specific objectives of the study were "to determine the 

influence of factors such as:

- age of tree at time of release

- diameter at time of release

- degree of suppression prior to release

- degree of release

- time since release

upon the radial release growth of residuals".

31. Previous studies and basic concept

Only a few references were found on the specific subject. Valuable informatic. 

was gained from de Grace’s work (11), carried out in the foothills of the 

Rockies. Dealing with residual spruce stands cut over as much as 4o years 

prior to investigation, his study developed a "competition factor" based 

on tree volumes for the main diameter groups. Applied to competitors within 

a circle of 12 ft. radius a"total competition factor"was calculated which, 

apparently, was fairly closely related to diameter increment. Olson and 

Schneider (15), on the basis of a limited sample of 67 trees, found that 

balsam fir generally responded well to release caused by cutting of the



overstory 6-12 years before. Siren (17), dealt more intensively with the 

biology of suppressed spruce (particularly root and crown development), 

and studied methods to accurately determine the age of such stunted individual 

Shepherd (16), investigating radial growth of spruce and alpine fir ranging 

from 5"-22" d.b.h., developed a sequence of importance of individual factors 

(site, age, crown class, crown density) for each of the two species.

Similar work lias been done on the subjects of release growth of pines. Two of 

the publications (Curtis, Gillmore, 4 , 9) discuss methodology questions 

related to expressing release growth of individual trees. Most of the work wa 

based on the concept of an arbitrary distance limit, above which the influence 

of release upon radial growth was considered as negligible. Gillmore & Jones 

(9) devised a "release index" which was the ratio between the total basal area 

of all stumps within a certain radius and the sum of all distances of these 

stumps from the released tree. Although there was a positive correlation 

between this index and the growth response, it was not high enough to give 

a reliable prediction.

Similar to most of the previous investigations spacing was considered as the 

basic criterion for assessing release in the following work. Since no 

information was available as to the ideal spacing of stems throughout various 

stages of their development, the present study, again, was bound to work on a 

hypothetical basis. B.C. growth and yield tables showed that upwards of 500 

poles per acre (d.b.h. 4 .0-11.9") are found in interior spruce stands, 

while the same area would support a mature stand of about 100 trees (d.b.h, 

12"+). The average maximum spacing for stems 4 " d.b.h. and over would, on



this basis, range from about 10 to 24 ft. In other terms, individual living 

space would correspond to a circle with a radius ranging from 5-12 ft. Since 

most of the residual stands in cut over spruce-alpine fir contain stems 

ranging from seeding stage to tree size, it was found advisable to choose 

a unit being rather too large than too small. An arbitrary circle with 

radius = 15 ft. was, therefore, chosen as being the area within which number,

size and distance of its competitors (removed or still present} would chiefly

determine radial growth of a stem.

Method of study

321. Definition of terms used

release stem: residual individual being studied for its release growth (being 

the centre of a circle with t = 15 feet), 

age: age of release stem in 1929 (time of cutting),

diameter: d.b.h. of release stem in 1929.

release growth = D % = D .100 ;
d

D being the diameter growth in inches for the 28 year 

period after cutting (1929-4 7);

d being the diameter growth in inches for the 28 year 

period before cutting (1901-29), 

positive release growth: D $ > 100; 

negative release growth: D$ <100;

competitors left: stems left within 15 feet radius from release stem, being 

taller than the mid-height of crown of release stem at time 

of measurement;



competitors removed: stumps and windfalls

stumps: stumps within 15 feet radius from release stem having been left by 

1929 cutting.

windfalls': stems originating from 15 foof-circle, having been killed since 1929 

(incl. standing snags).

322. Sampling

Sampling was based on the 9 permanent subplots established for E.P. 160,(compare 

section 21 Group 2 ), On these subplots each living stem, older than ^8 years 

in 1957, was considered as a release stem. Extremely poor quality individuals, 

and stems with advanced heart rot (hindering proper age and growth determination 

were rejected. Each of these sample stems was considered as being the centre of 

a 15 foot-circle, within which all necessary measures were taken as described 

in the next paragraph. Each of these release stems had the chance to be a 

competitor to another one. Hence, in numerous cases the data on a particular 

tree served as information for a release stem as well as for a competitor. The 

initial sample (covering the 9 subplots), however, was not sufficient, since 

many individuals had to be rejected due to heartrot. Two additional subplots, 

representative for the general cnndition, were, therefore, randomly located 

in the same stand. In order to have a control, a sample of 50 suppressed stems 

was taken from four temporary subplots randomly distributed n the adjacent 

virgin stand.

323. Data collected

From each release stem the following data were recorded: Species, vigor 

class (1-3) and d.b.h, 1957; a core was then taken from the uphill-side, and 

diameter growth was determined for the last 56 years' interval ); d.b.h. 1928



was calculated by subtracting diameter growth of the last 28 years from d.b.h. 

1957? age was derived from a core taken at 1 ft. above ground level.

Within a distance of 15 feet of this release stem, the following information 

was noted: species, diameter and height of each stump; species and d.b.h. 1929 

(same method as above described) of competitors left; species and d.b.h. of all 

stems killed Since 1929 (generally identified by tag originating from 

establishment of permanent subplots in 1929); the distance of all these elements 

(stumps, competitors, killed stems) from their respective release stem.

From suppressed stems in the virgin stand (control), species, d.b.h. 1957 > 

age, as well as diameter growth 1901-57 were recorded.

Data were entered into an "individual Tree Sheet" (cf. Fig. 13, Appendix V). 

Field compilation sonsisted in converting diameters of stumps into d.b.h. (on 

the basis of conversion curves produced by the Surveys and Inventory Division,

B. C. Forest Service), and transforming all diameters into basal area. Each 

basal area was then divided by 1/100 th of its distance to the release stem 

and a total was calculated for each group ) competitors left, competitors 

removed). The sum of these two totals (Zs + Zc in Fig. 13) was considered as 

an expression for the degree of suppression prior to the release cut. The 

difference (Zs-Zc) on the other hand, was a hypothetical release index.

As a final step in compiling data on the Individual Tree Sheet, D% was 

calculated.



324. Analysis

Field work revealed (as described in section 2 of this report) that relatively 

few spruce were left on the area to be sampled. Differences between the two 

species, however, were too large to allow a pooling of the data. Spruce were 

mainly found in the large pole category. Most of them were tall with a short and 

narrow crown. Their average age was considerably higher than that of their 

associates. Alpine fir stems, on the other hand, were generally shorter with a 

remarkable crown volume. In contrast to spruce, many stems showed definite 

external characteristics of release growth. Particularly noticeable was leader 

growth ("release tops" as shown in pictures 9-12). While practically the entire 

cutover was of a typically multi-layered vertical structure, different conditions 

were found on subplot 10 where a dense, single-canopy pole stand stocked the area 

Alpine fir on this subplot ressembled the general appearance of spruce, being tal 

and slender with small crown volume. Data from this subplot were, therefore, 

treated separately from those of the remainder.

Unfortunately, a number of sample stems had to be rejected for detailed analysis 

due to their young age. This was done on the basis of conclusions resulting 

from a study published at the end of the field season (Mott et al., 13)*

Results from this investigation indicated that ring width in early rings (close 

to the pith) is dominated by inherent growth patterns. These are attributable 

to the influence of nutritional gradients in the tree, related to the 

distribution of foliage and incidence of light. Apparently, this dominating 

influence reaches its maximum between 3 and 7 rings from the pith, and gradually 

declines towards the periphery of the cross section. On these grounds, it was



decided to discard all sample stems which, in 1929, had less than 10 annual 

rings at breast height (where growth was determined). This meant a reduction 

of the original sample of 182 stems to 157* None of the control trees were 

affected.

For the final analysis, stems were grouped according to their d.b.h. (1929) into 

4 inch-classes (Is 0-4 .5; II 4 ,6-8.5; H I  8.6+). Class boundaries were 

chosen to allow comparison with other studies, as well as with previous work 

of E.P. 160, D.B.H, and species distribution of sample stems are given in the 

following table:

Table 17. Distribution of Sample Stems

Medium
Alpine Fir ....... Spruce

Diameter Classes r  n Diameter Classes
Total

Total
I II III Total I II III

Normal
♦subplots 56 39 7 102 3 11 9 23 125

Subplot 10 8 19 5 32 - - - - 32
Control 15 18 2 35 5 6 4 15 50

Total 79 76 14 169 8 17 13 38 207

Rejected 24 1 25

* subplots with multi-layered stand structure.

Observations in the field generally indicated that strongly released stems, 

particularly of alpine fir, showed much more growth response than did 

individuals within clumps of competitors. This resulted in a positive 

correlation between the "release index" (described under 323) ant* the 

reaction in radial growth. This association, however, was not close enough 

to warrant promising application in predicting diameter growth of residuals. 

Therefore, various other approaches of release assessment were tested.



Findings will be discussed in the Hollowing chapters. To avoid confusion, 

computations are presented separately in Appendix VI. Informative illustration 

will be found in Appendix V,

Results

331. Virgin stand (control)

Diameter growth of trees in the virgin stand was quite regular during the 

past 56 years. While no rapid growth changes occurred in most of the trees, 

it can be noticed (cf. Fig. 14, Appendix V) that most of the alpine fir show 

a gradual decline in radial growth during the last decades. In fact, diameter 

growth in the period since 1929 amounted on the average only to 77# the 

previous growth (Dfi), this difference being highly significant. This slowing 

down can partly be attributed to age, and partly to the increasing degree of 

stagnation in the lower canopy of the stand, caused by dense stocking and high 

rate of competition. Since spruce stems more or less maintained their previous 

growth rate (av. D% being 97$), it would appear that no major macro-climatical 

changes took place after the cutting of the adjacent stand; such changes would 

have exerted a slightly negative influence upon tree growth, rather than a 

positive one. This is important for the interpretation of growth responses 

in the residual stand.

332. Alpine fir in residual stand

As pointed out previously, considerable differences were observed between 

the stand structure of subplot 10 (single-layered) and that of the remaining 

(multi-layered) "normal" subplots. Data were, therefore, treated separately, 

which will be reflected in the presentation of results.



Typical appearance of previously suppressed 
alpine fir 28 years after release; note change 
in rate of height growth.

Poor crown development of spruce pole in 
left background indicates little response to 
release.



Sample tree No. 123 (alpine fir in middleground) 
having been suppressed for 93 years reacted 
vigorously to release, D %  being 5 1 2.

Illustration of increased height growth since 
1929 after 85 years of suppression. Sample tree 
to the left showed a D %  of 3 7 3.



3321. Normal subplots

A glance at Fig. 15 (Appendix V) will give the best illustration of the growth 

pattern prevailing throughout the major portion of the residual stand. While 

growth between 1901 and 1929 was practically the same as that in the virgin 

stand, an extremely pronounced release reaction followed the cutting of 1929» 

This positive reaction is best expressed by the fact that the average D$, of 102 

stems sampled, amounts to 373$, differing significantly from 100, Individual 

values go as high as 1115$. This gives an explanation to the previous finding 

(section 232) that there was a positive net growth in alpine fir trees over 

the past 28 year period. Apparently, the increased rate of growth in released 

poles (growing into tree size) was high enough to outweigh the 80$ mortality 

of the tree layer.

Attempts to explain the variation in D$, by measuring individual factors, were 

only partially successful. This is primarily true for stems with small 

diameter (at time of release). It was noticed that stems below 3 ins. d.b.h. 

had such a wide range of radial growth response that a very intricate system 

only would allow to assess the influence of individual factors, A similar 

observation was made by De Grace (11). A possible explanation for this fact 

may be that diameter growth in the early stages is less pronounced than height 

growth, until about pole size is reduced, and that height growth, therfore, 

would be a more sensitive gauge to measure environmental influences. While 

diameter growth in anything above pole size was found to react quite readily 

to changes in the canopy, the importance of height was again realized when 

it came to assess degree of competition and release. Since no data were



available on the respective heights of stems cut and uncut in 1929, the 

assessment of release and competition was confined to measures such as basal 

area and distance, It can well be visualized, however, that two stems of the 

same diameter and different height differ significantly in their competitional 

or, if cut, in their release value. This is particularly true in a multi

layered vertical structure, such as encountered in the study area, and in 

spruce-alpine fir stands in general. The lack of height data was, therefore, 

considered as the major handicap in evaluating the characteristics of release 

growth in the residual stand under investigation.

It is not surprising that under these circumstances the hypothetical release 

index was only weakly though positively correlated with the response in 

release growth (r = +0,23*), A better expression was derived from another 

much simpler approach, by which the number of competitors left within the 

"normal circle" (being 15 ft. radius for stems 4 ,5" d.b.h. +, and 10 ft, 

radius for smaller stems) were counted. This number was found to be 

negatively correlated with (r = -0,59***), indicating that the growth 

response increased with decreasing number of competitors. A related attempt 

to account for the number of stumps was less successful. As can be 

recognized in Fig, 15 (Appendix V), alpine fir stems showed release reaction 

more or less irrespective of age. This is confirmed by the low degree of 

association between age and (r varying between +0 ,l6 and +0 .2 0). Diameter 

at time of release, to some extent, pre-determined the rate of subsequent 

growth, in that the response in large diameters was definitely inferior to 

that of smaller sizes (r - -0,36***). In relating age and diameter to each



other, an expression was sought for the degree of suppression of individual 

stems. This resulted (as described in Appendix VI) in the distinction of three 

suppression classes, light, medium, and severe. Data showed that D$ values 

tended to be higher in heavily suppressed individuals than in lightly suppressed 

ones. Or in other tens: the further away a stem was from the optimal diameter 

growth curve, the stronger was its tendency to approach it, once the release 

was granted (correlation coeff. between degree of suppr. and D$ ■ +0,32**).

As to the importance of the time element, it can be seen from Fig. 15 that 

the past 5 years after release represent an adaptation period, radial growth 

being about equal or slightly above the previous one. Maximum D$ values were 

generally reached about 10-15 years following cutting, while they gradually 

declined after 20 years. Whether or not this latter phenomenon is inherent 

in release growth is doubtful. It can well be visualized that the original 

space created around a stem has gradually been reduced by its own rapid 

development, as well as by that of its competitors. On the other hand, a 

similar decline has been noticed in diameter growth of the virgin stand, which 

could indicate that growth conditions in general were less favourable during 

the past 8-10 years.

None of the individual factors described were intimately enough associated to 

allow a reasonably accurate prediction of D$* Multiple regression technique 

showed that a combined estimate with the two most useful factors gave only 

a slight improvement over the individual factors used singly (multiple r z 

+0,63***), Since it was recognized that the lack of height data caused a gap



which could not be "filled in" by other factors, no further attempt was made to 

develop a method by which D$ could be predicted for individual stems at the 

time of release*

3322, Subplot 10

The single-layered structure of this stand had caused growth conditions which 

were quite different from those encountered on the remainder of the study area. 

This will be realized by comparing the average growth rate prior to release 

between this subplot, the remainder and the virgin stand (cf. Figure 14-16, 

Appendix V). Evidently, the average growth curve on subplot 10 was much closer 

to the optimum than that from the two other types. Since all stand elements 

more or less belonged to the same canopy, there were effects of mutual competiti 

rather than dominance and suppression (competition with unequal chances). It is 

not surprising, therefore, that the reaction to the opening up was much less 

pronounced than that on the other subplots with marked signs of suppression.

The av, D$, though significantly higher than 100, amounted only to 134$ (as 

compared to 373$ of remainder). It should be mentioned, however, that cutting 

intensity on this subplot was somewhat below average (compare section 234), 

and that part of the small response is probably attributable to this factor.

As to the importance of individual factors determining release growth, similar 

observations have been made to those discussed in the previous section. Again, 

number of competitors and diameter were most closely related to D$, each 

accounting for between 30 and 34$ of the variation (r being -0,58*** and -0,55** 

respectively). Little variation was found in the degree of suppression prior 

to release, since most of the stems were in mutual competition. As in the



normal subplots, neither age nor degree of release (release index) proved to 

be significant criteria in the fora they were assessed, while the time element, 

again, showed three more or less distinct periods of adaptation, maximum response 

and decline,

333. Spruce in residual stand

Due to the high mortality only a few spruce were found in the residual stand in 

1957. The following remarks being based on a sample of 20 stems only are, there

fore, strictly considered as additional information pointing to some possible 

trends. From previous descriptions, it will be remembered that residual spruco 

poles and trees belonged almost entirely to the main canopy, being tall and 

slender with frequently poor crowns. Their average age of 235 years (in 1929) 

was well above that of alpine fir. While growth previous to release (cf. Fig,

17, Appendix V) ressembled that in the virgin stand, a marked reaction took 

place after the cutting in 1929, the average D$ of 217$ being significantly 

higher than 100. Diameter at time of release was found to have a distinct 

influence upon D$, in that smaller sized stems reacted more vigorously than 

large ones (r = -0 .68***) . With respect to the analjsis of other factors (number 

of competitors, degree of suppression, release index, age, competitors removed), 

the sample was too small to establish significance for such low degrees of 

association (cf. Appendix VI, 333 etc.). Evidence in the field indicated that 

residuals with poor crowns had consistently lower D$ values (even below 100$) 

than individuals with vigorous crowns. As with alpine fir, spruce stems took 

about 5 years to adapt themselves to increased living space. Trees with strong 

reaction showed maximum increment after 10 years, while growth declined slightly 

in later years.



334 » Absolute release growth

After having used D% as the main criterion to assess the relative release 

reaction, a few considerations may be devoted to the absolute release growth. 

A comparison of the total periodical d.b.h. increment (1929~57) between the 

two species (within same d.b.h. classes), indicates a definite superiority of 

alpine fir over spruce. Possible explanations for this fact are: (a) the 

younger average age of alpine fir; (b) the higher degree of suppression in alp 

fir prior to release; and (c) the relatively well developed crown of this spec 

even under suppressed conditions. The importance of this latter point is also 

demonstrated by a comparison of alpine fir on normal subplots with that on sub 

plot 10. Stems on this subplot, characterized by poor crowns, average 

significantly lower diameter growth than those from the remaining area.

In order to form some idea as to which residuals might grow into merchantable 

size by 1969 (4o years after cutting), growth lines of individual stems were 

extrapolated to that year*.

Results, giving the percentage of stems passing the 12 inch d.b.h. limit until 

1969, are presented in the followint table:

Table 18. Rate of growth into merchantable size 40 years after cutting

Alpine Fir ! . Spruce   —    (  -----I Normal Subplots Subplot 10 ---
}dbh
Class
1929

Stem j Number Stems 
Number'; Passing 12"
1929 !d.b.h. until %

1969

Stem
Number
1929

Number Stems 
Passing 12 " 
d.b.h. until
1969

$

Stem
Number
1929

Number Stems 
Passing 12" 
d.b.h. until

1969
t

I
l(o-4.5") 56 0 ; 0 9 0 0 3 0 0

II
i(4 .6-8.5) 39 12 ; 31 19 4 21 11 0 0
i hi ! 
(8 .6-11.9 ) 6 6 100 5 4 80 8 5 63 1

*(on the basis of Fig. 15-17) (50)



This table indicates that 100$ of the alpine fir steins having belonged to 

d.b.h. class III in 1929 (large poles) are aspirants for merchantable size 

by 1969, while only 80$ of the same category on subplot 10 have this 

expectancy and only 63$ of the corresponding spruce poles. A similar trend 

(alpine fir normal plots'alpine fir subplot 10) spruce) is noticeable in the 

small pole class (II), indicating at the same time little likelihood that 

any. of the 11 spruce left will reach the 12 inch mark. Neither of the species 

in class I will make the grade within 40 years, though a few alpine fir stems 

are very close to achieving it.

How many stems of merchantable size and in more or less healthy condition will 

be available on the average acre by 1969? To give an approximate answer to 

this question, the number of stems of each d.b.h. class (1929) per acre, which 

in 1957 were still rated as "good", has been multiplied with its respective 

rate of ingrowth, taken from Table 18*. No mortality was deducted for 

the remaining years until 1969*

Table 19. Number of good stems per acre with d.b.h. 12"+ by 19^9

IDBH Class 
1929

!

Number of Good 
Stems P. Acre 
Left by 1957

Ingrowth Factor 
(cf. Table 13)

Number of Good 
Stems/Acre
12"+ by 1969

1 2 1 - 2
Spruce' Alpine fir Spruce j Alpine fir S j AF

I omitted as no ingrowt 1 from this class
II

|(H ,6-8.5)
j

3 39 0 = o 
11 12+JL_ = 0.27 

19+39
0 11

III
(8 .6-11.9) 5 11 -f z o .«3 = 0.91

6+5 3 10
. r

IV
(12.0+) . 3 already ingrown 3
Total j 8 53 3 ;

A weighted average was calculated for alpine fir, combining growth rate on normal 
subplots with that of subplot 10.



Considering the fact that standards for "good" stems were relatively low, 

probably including several healthy looking cull trees, these results demon

strate clearly, that few stems only could be considered as potential crop tree 

by 1969, The bulk of radial release growth has, hence, been wasted on poor 

quality stems. Remarkable as this growth response was, it has not materially 

improved the prospects of the residual stand which have been summarized in 

section 25("the present stand and its possible future development"),

34. Discussion

In going through the results of this release growth study, the reader may have 

noticed that relatively few data were given on the absolute growth figures of 

the various stem classes and species, while more emphasis was laid on compari

sons, The reason is that individual growth data were secured from a single 

core only, taken at breast height from the uphill side of each tree. This 

technique allowed sampling of a larger number at the cost of accuracy in the 

individual estimate. While it was first assumed that the error in radial 

growth estimate would be systematic (i.e. the uphill side having consistently 

narrower rings than average), a later comparison of actual values with estima*- 

ones* revealed a more or less normal distribution of the error around the 

true value. Absolute growth data are, therefore, neither very accurate not 

have they been consistently over or under estimated, D$ values, in contrast, 

are more or less unaffected by the error.

It had not been planned initially to assess windfalls (together with stumps) 

as responsible elements for release. Experience in the field, however, 

revealed that a good many stems had been opened up solely by windthrow of

Comparison of actual d.b,h, 1929 with calculated d.b.h. 1929 (d.b.h. 1957 minus
estimated growth since 1929)«



their neighbours, and that this factor was of major importance. It was, 

therefore, decided to consider all windfalls within the 15 ft. circle 

{10 ft. respectively) around each release stem. Their importance was 

assessed on the same basis as that of stumps and competitors, and their 

value was included in the tentative release index.

Though final results indicate only a weak relationship between this index and 

the release reaction, it was noticed that it had considerably improved by this 

step. It would appear, therefore, that any prediction mechanism for release 

growth of residuals would have to allow for a certain amount of windfall, this 

being mainly dependent on the local importance of wind and the cutting intensit 

applied.

Results showed that the numbers of competitors left around a release stem were 

of much higher significance in determining subsequent release reaction than 

were the number, size and distance of competitors removed. This observation 

would indicate that any interference within a circle of 15 ft. around a tree 

(10 ft. around stems below 4 .5" d.b.h.) might mean a reduction of required 

maximum living space and, hence, control reaction to environmental changes.

This does not necessarily imply that optimum spacing should be 15 and 10 ft. 

respectively, but it demonstrates that the presence or absence of a stem at 

14 ft. distance from another causes still measurable effects in the latter. 

Theoretical units, of course, such as optimum spacing at each stage of develop

ment, are of lesser value in uneven aged stand conditions, since the varieties 

of possible stem combinations (with different competitional values) tend to 

create a unique case for each single stem.



The method applied to assess the relative importance of individual factors 

upon the release growth of residual stems was a retrospective approach.

This promised a relatively efficient gain of results since it was not necessary 

to consider the time factor in the experimental design (i.e. 28 years having 

elapsed already since release took place). On the other hand, it meant a 

priori a sacrifice of control over initial conditions, as well as over the 

28 year period of development. Data from E.P. 160, because planned for a 

different purpose, were of limited value in allowing re-construction of the 

initial stand picture and of the changes induced by logging. A critical 

review of the study would indicate that this sacrifice was largely compensated 

for by time saving and the experience gained from conclusive results (such 

as the relative importance of factors d.b.h, and number of competitors, the 

influence of time, the unimportance of age within the normal range, the gener-"' 

superiority of alpine fir over spruce with respect to release capability) . 

Nevertheless, it should be emphasized that lack of information precluded 

development of a release prediction method for individual stems. Judging 

from evidence in the field it was concluded that factors such as relative crown 

position and crown volume(in addition to d,b*U. and distance) would be essent?~ 

elements in such a prediction mechanism. Would such a method of projecting 

individual growth be of much value? This question can be positively answered 

if we visualize application restricted to irregular multi-layered stands, such 

as commonly encountered in spruce-alpine fir. Particularly under more 

intensive cutting regimes as e.g., single tree selection, group selection, 

where the removal of a tree can have various objectives, (depending on the



very local distribution of associated stand elements), reflections have to be 

concentrated on individuals rather than on the stand. The more a stand tends 

to uniformity, of course, the more would such a prediction method shift from 

the individual approach towards a classification, and under ideal even-aged 

conditions would turn into a stand volume forecast, based on cutting intensity. 

As more intensive treatments of interior spruce-alpine fir types (lighter cuts 

at shorter intervals) become economically feasible, it is anticipated that ther' 

will be increasing interest in the development of such prediction techniques, 

SUMMARY AND CONCLUSIONS

The operation, which was active on the study area in the early winter of 1928, left 

an extremely patchy and irregular stand. Among the main elements of this stand were 

(a) overmature remnants of the previous upperstory, i.e. a few trees of both species 

plus a considerable number of spruce poles; (b) a well developed understory of 

relatively old alpine fir poles with a few scattered spruce; and (c) dense clumps 

of advance reproduction, the ratio being 9S1 in favour of alpine fir. While skid 

trails were deeply covered with logging residues and debris, slash piling and burr4 

had created irregularly distributed patches of exposed mineral soil. The quality of 

residual trees was considered as poor on the average, numerous individuals being 

decadent and infected by Echinodontium tinctorium; about half of the smaller stems 

were estiimted to be left in good growing condition.

In following the development of this residual stand through its first 28 year 

period, a number of characteristic trends have been noticed, each contributing 

to specific conclusions. They can be summarized as follows;



High mortality related to wind distarbance caused a heavy reduction in residua 

stems. Chiefly affected were remnants of the upper canopy, slender spruce pol 

in particular. The greatest reduction took place in the first three years 

following logging; once the most susceptible elements were eliminated, 

mortality gradually slowed down to a more or less normal rate. Death toll was 

higher for poor quality stems than for good ones, and was high enough to off

set gross growth in basal area over the 28 year period. Mortality increased 

significantly with cutting intensity.

Significantly higher mortality of spruce was also found in advance reproduc

tion, Height growth of surviving stems was very slow, averaging about half 

an inch per year. Survivial as well as height growth were higher for 

initially tall individuals and vice versa. High average age (108 years) of 

these dominant specimens, however, questions their value as possible future 

crop trees.

The residual stand was supplemented by abundant natural regeneration of both 

spruce and alpine fir, as well as of lodgepole pine. Of the residual stems, 

spruce showed a reproductive ability superior to that of its associates; the 

majority of spruce seedlings were established on burned patches between 6 and 

11 years after the operation. Growth of this regeneration was relatively 

rapid, numerous stems averaging about half a foot annual leader growth. 

Surviving poles and trees of the residual stand showed significantly higher 

radial growth (release growth) than corresponding control stems from the 

adjacent virgin stand. Absolute diameter growth since cutting, as well as 

relative release reaction, was considerably more intensive in alpine fir than



in spruce. While remarkable differences were found between alpine fir in 

multi-layered (normal) and single-layered stand structure, data did not allow 

final conclusions as to the causes of this discrepancy.

5. Due to the low average quality of poles and trees left in 1929, and due to 

daamge incurred by residuals through wind disturbance, most of the radial 

release growth has been built up by poor quality stems. Few prospective crop 

trees, therefore, will be found in the present upper canopy, the majority of 

possible aspirants being in the thrifty regeneration and small pole category,

6. Among factors assessed for their relative importance, number of competitors 

and d.b.h. proved to be the most significant in determing radial release 

reaction. Both were negatively correlated with Less important were factor

such as, degree of suppression prior to release, release index and age. A 

more or less consistent trend was found to be induced by the time element! the 

first five years following release were recognized as an adaptation period, 

radial growth being about equal or slightly increased; maximum response general 

ly occurred after IO-15 years, while growth tended to decline in later years.

7. None of the factors assessed were closely enough associated with the relative 

release response to allow a method of release growth prediction for individual 

stems. Evidence in the field suggested that factors such as relative crown 

position and crown volume (in addition to d.b.h. and number of competitors 

left) would likely be of primary significance in improving the accuracy of 

such a prediction technique.

Combining these numerous individual trend lines in residual stand development to

a few main resultants, it will be realized that the residual elements in general



(trees, poles and advance reproduction) contributed but indirectly to the 

potential future of the stand. Their main value may have consisted in providing 

seed, as well as some shade for succulent seedlings, and in hindering the form

ation of excessive brush. The direct success of the operation, however, has beai 

ensured by the luxurious establishment of reproduction, spruce in particular.

This can be chiefly attributed to efforts in slash piling and burning, such as 

implemented on the study area. The lack of immediate response to seed bed 

preparation had no negative consequences, since herbaceous vegetation on this
\

fairly poor site was not aggressive, allowing abundant seedling establishment even

6-11 years after cutting. From the data it may be concluded that the main

objective of this cutting method (i.e. to preserve all spruce below 12*' d.b.h,

for a future cut) has not been attained. However, there is evidence, that the

next crop will contain a proportion of spruce which, in comparison to average

conditions in cutover spruce-alpine fir, can be considered as exceptionally high,

POSSIBLE APPLICATION OF FINDINGS TO SPRUCE-ALPINE FIR SILVICULTURE IN THE 
INTERIOR OF BRITISH COLUMBIA

The following remarks will attempt to interpret specific results of this 

investigation in more widely applicable terms, and to relate them to major 

problems existing in interior spruce-alpine fir types. The basis for results 

being restricted to a relatively small location, these considerations have, 

of course, to be verified by replication of similar studies covering the main 

range of conditions encountered in this forest type.

It may be repeated from the introductory chapter of this report (Section 0 ), that 

increasing attention has been recently drawn to the extensive cutover accumulated 

from previous logging and/or burning in interior spruce types. While initial



steps in implementing a rehabilitation program are contemplated, efforts are 

likely to concentrate on preventing unnecessary creation of additional unproduc

tive areas. The nature of action along that line will largely depend on prevail

ing conditions on the areas left after logging. Stand conditions before cutting 

{uneven-aged, multi-layered), combined with present economics in the Interior 

{disallowing close utilization), tend to leave cutover areas stocked to a greater 

or lesser extent with a residual stand. One of the salient questions concerning 

the manager of spruce types would, therefore, bej What role does this residual 

stand play, and how can we favourably influence it?

A fully satisfactory answer to this question can only be given after a thorough 

appreciation of the specific case, after logging has been completed. Familiarity 

operational factors in the locality under consideration, however, facilitates a 

prediction of the development of the cutover on the basis of the original stand. 

Diagnosis of the virgin stand is, therefore, of paramount importance for a succesr 

ful planning of silvicultural treatment. Particular attention is required in 

judging the value of individual stand elements, their quantity and distribution. 

Results from this study indicate, e.g., that advance reproduction older than 

60 years at 4 ft. height has little chance to reach merchantable size within 

reasonable time and in healthy condition. Even an unusual abundance of such 

stagnating regeneration would, therefore, be of minute value for a potential 

second crop. Once a clear idea has been established about weighted values of the 

main stand components, two questions arise, (a) Which components would be left 

after a maximum economical cut? and (b) which would be left after a minimum 

economical cut? Would there be sufficient good quality stems to take profitable



advantage of the increased space, or does the lack of such components suggest the 

primary objective, a priori, of regeneration? Or could, eventually, both be done 

at the same time? Visualizing these extreme possibilities will undoubtedly 

assist in formulating realistice objectives. It is appreciated that the lack of 

experienced personnel limits such intensive approaches in stand diagnosis and 

prognosis, Imprcvement in technical knowledge at the Assistant Ranger and Cruiser 

level, however, combined with the development of more informative survey and 

cruising methods (cf, Fraser and Stettler, 7), will help to ameliorate the 

situation, until special consideration can be given to each individual case,

A certain amount of generalization will be a necessary evil for this stage of 

development, special efforts being directed towards recognition of problem cases 

and their solution.

Data from this investigation point to the fact that, while release growth can 

be quite marked even at relatively high ages, it certainly does not brighten 

the future of cull stems. From this, it would appear that any hope for valuable 

increment in mature and overmature residuals would be rather unrealistic. Aiming 

at accelerated growth would necessarily require the presence of a sufficient 

number of residuals, the quality and vigor of which would guarantee merchantable 

classification after elapse of the foreseen cutting cycle. It can well be 

visualized that such specifications are not likely to be satisfied under average 

mature-overmature conditions, but are rather limited to immature and thrifty 

mature stands of this type.

Having crystallized the general objectives (as e.g. "release growth"; 

"regeneration" etc.), concern arises as to their realization. Some of the



results from this study may help to enlighten a few specific points in this 

respect. In selecting trees to be left for increase in volume and value, the 

same rules have to be adhered to which led to formulating the main objective.

In other terms; the designated stems (in addition to all unmerchantable elements 

which will be left anyway) should all be future crop trees. Promising individuals 

with high release growth prospects are stems with medium to well developed 

crowns of the upper canopy, all competitors of which have been removed from 

within 15 feet distance. Also promising are thrifty poles of the understory, 

particularly alpine fir, which, in terms of release reaction, will probably be 

superior to trees of even higher diameter classes. The more the distribution 

of leave stems tends towards local concentrations, the more will the release 

potential be restricted to the marginal trees of individual clumps. In residuals 

over 100 years old, positive growth response should not be expected prior to 5 

years while it might occur somewhat earlier in younger stems. Sufficient data 

on the effect of site upon release growth are still lacking. There is evidence 

to suggest that the reaction to opening up of the canopy would be more intensive 

on good sites and vice versa.

In areas where wind disturbance is likely to be expected, wind firmness of 

residual stands will decrease proportionally as they differ from ideal uneven- 

aged conditions. While the ultimate aim in managing such threatened stands 

might be the concept of true single tree selection (removing mature elements 

in maybe 5-year cutting cycles, thus maintaining permanently a more or less 

uniform canopy), economics of the near future will probably dictate a 

continuing adherance to conventional seedblock and strip cuttings. Much can



be accomplished, though, through proper layout of the blocks-to-be-left, and 

through provision for "streamlined" margins with a close to natural vertical 

structure,

In areas where establishment of spruce reproduction is considered as the chief 

objective, seed-bed preparation (scarification, burning, etc.), if not 

planting, will become an integral part of the operation. In that particular 

respect, results of this study could easily be misleading in that they show 

good seed catch, even 11 years after slash piling and burning. Observations 

made throughout the main range of the interior spruce type provide sufficient 

evidence to state that conditions on medium to good sites are generally 

different to those encountered on the study area. Usually, a luxurious herb

aceous plant cover is thriving within two to three years after mineral soil 

has been exposed, effectively hindering further establishment of coniferous 

reproduction. It is only on the poorer sites, with shallow soils of low pH, 

where this process is less pronounced. Proper timing of seedbed preparation 

(immediately ahead of a seedyear) or, if impossible, ready supply of seed on 

treated areas are, therefore, important pre-requisites for a successful 

regeneration program on spruce cutovers.

Once more it has been revealed through that investigation, that few facts are 

known on the silvical characteristics of two of the more common species in 

this province, and on their mutual relationships. While some contribution 

has been made towards a better understanding of the conditions created by 

harvesting these stands, most of the problems thus incurred are still to be 

solved. In view of the importance of these forests to the future economy of



the Interior, an urgent need exists for more basic knowledge on this subject. 

Studies testing techniques of stand treatment, and investigating economical 

aspects of their practical application, will, therefore, play an integral part 

in any program aimed at establishing sound management policies in interior 

spruce-alpine fir.
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APPENDIX I

DATA ON RESIDUAL STAND 1929

Table 1: Number of stems in residual stand 1929 (trees and poles only).

" 2: Quality of stems in residual stand 1929 (trees and poles
only).

" 3 : Summary from reproduction strip survey 1929.



TABUS 1 NUMBER OF STEMS IN RESIDUAL STAND 1929 (TREES AND POLES ONLY)

SUB
PLOT
NO.

SIZE

acres

POLES TREES
4.0-7 .9" 8.0-1 1 .9" 4.0-11.9" 1 2 .0-15.9" 16.0" +

i------
i2 .0" +

SpruceOthersSpruceOthersSpruceOthers Total SpruceOthersSpruceOthe rsSpruceOthers Total

5 0.4 33 16 54 54 1 7 1 2 2 9 11

8 0 .1 17 1 14 1 31 32 1 4 1 2 4 6

9 0 .1 5 2 7 7 1 1 1

10 0 .1 28 9 37 37
11 0 .1 6 5 11 4 17 9 26
13 0 .1 11 5 10 21 5 26 2 1 2 1 3
15 0 .1 3 3 7 1 10 7 17
16 0 .1 5 10 15 4 20 14 34
17 0 .1 1 18 9 5 10 23 33 3 3 3

TOTAL 1 . 2 26 132 '53 55 79 187 266 8 12 2 2 10 14 24
p/acre 22 110 44 46 66 156 222 j 7 10 2 2 9 12

1f
21 :

NOTE. Category others consists almost entirely of alpine fir. One single lodgepole pine was recorded 
on subplot 1 1 .



TABLE 2 QUALITY OF STEMS IN RESIDUAL STAND 1929 (TREES AND POLES ONLY)

POLES (4.0-11.9" d.b h.) TREES (12.0" d.b.h. + >
QUALITY*

1 2 3 1 2 3
Number 
of stems %

Number 
of stems %

Number 
of stems %

Number 
of stems

Number 
of stems % ...

Number
_oii __ %_____

SPRUCE 64 81** 13 16 2 3 7 70 3 30 -

OTHERS 152 81** 23 12 12 7 13 93 - - 1 7

TOTAL 216 81*** 36 14 14
i

5 ! ------ ... 20 ... 83 3 13 1..... ■. ------ 4 ...

* Quality classes: 1: healthy, no visible signs of damage or decay;
2: slightly damaged, somewhat sick appearance, partially infested;
3: considerably damaged, decadent, recovery impossible.

** In percent of all spruce (alpine fir) poles, trees respectively. 
*** " " " total poles, trees respectively.

NOTE: This quality classification has been made in 1957 on the basis of notes from 192S, describing
individual stems. Individuals without comment v/ere classified under 1.



TABLE 3 SUMMARY FROM REPRODUCTION STRIP SURVEY 1929

STRIP
NO.

VIRGIN STAND
ALPINE FIR SPRUCE TOTAL

ALPINE FIR SPRUCE total

0-2' 2-4 * 4-8* 8 ’-4 " 0-2 * 2-4 ’ 4-8* 8 *-4 " 0-4 " % 0-4 "
!

%

2 131 35 20 26 49 5 _ _ 212 80 54 20 266
4 439 47 16 17 42 5 6 2 1 519 90 55 10 574
7 266 39 39 22 46 6 12 8 366 84 72 16 438

10 965 198 42 4 78 - - - 1I209 94 78 6 1287
12 233 72 28 18 *7 10 5 7 ! 351 84 69 16 420
13 3 7̂ 66 53 34 58 12 7 7 ■ 500 86 84 14 584
15 207 107 87 59 63 10 3 - i 46o 86 76 14 536
16 332 100 54 38 27 8 - 1 j 524 94 36 6 560

V  :i 188 4o 18 13 21 1 “ ; 259 92 22 8 281

Total . i\
0 .4 5 I3i°8 704 357 231 431 57 33 25 4400 89 546 11 4946
acre j

i1
p/acrd6906 1564 793 513 !958 127 73 56 19776 89 1214 1 1 

11 ! 10990 ;
1

CUT OVER AREA

1 112 28 9 11 37 6 6 .
?
I 160 78 49 22 209

3 4o 8 17 22 2 - - - 87 98 2 2 89

5 124 10 5 14 11 2 4 5 153 87 22 13 175
6 5 4 9 3 3 1 - 1 21 81 5 19 26
8 95 26 4 8 13 - - - 133 91 13 9 146
9 23 7 7 8 2 2 1 - 45 90 5 10 50

11 118 22 15 5 43 12 2 - 160 74 57 26 217
14 174 97 31 12 7 3 314 97 10 3 324

Total
----- 11

0 ,4o 691 202 97 83 118 26 13 6 1073 87 163 13 1236
acre

p/acre

, ---

1727 505 242 207 295 65 32 15
)
2681 87 407 13 3088

F------
: %*

---:--

25 32 31 40 31 51______
44 27 27 .3* .. 28 :

.......  1

*p.acre data of cutover in % of corresponding data from virgin stand.



DATA ON SURVIVAL AND QUALITY DEVELOPMENT OF TREES 
AND POLES DURING THE 28 YEARS FOLLOWING LOGGING

Comments to Tables k and 5

Table 4: Quality development and mortality 19 29 -57
in stems 4" d.b.h. and over.

" 5: Development 1929_57 of three quality classes.

" 6: Development of basal area (sq. ft.) 1929-57
in stems 4" d.b.h. and over.

Correlation analysis for data on cutting intensity 
and mortality.



Comment to Tables 4 and 5

These two tables give an account of the quality development and mortality 
summarized from the 9 individual sub plots. All trees and poles left in 
residual stand 1929 were classified into 3 quality classes, being the same 
as described on Table 2. The development of each individual was, then, 
followed throughout the four re-examinations and, each time, classified as 
belonging to one of the 4 following groups:

good: characteristics of quality class 1 ;

cull: characteristics of quality classes 2 and 3;

snag: dead standing stems, being taller than 20 ft.;

windfall: dead trees and poles on the ground and dead standing 
stems up to 19 ft. height.

Under "alpine fir" there is one single lodgepole pine included.



TABLE 4 QUALITY DEVELOPMENT & MORTALITY 1929-57 IN STEMS 4" d.b.h. AND OVER
(9 sub plots, 1.2 acre)

* in % of 1929 data

YEAR QUALITY

POLES (4.0-11.9"d.b .h.) TREES (1 2.0"d.b.h.+)

SPRUCE ALPINE FIR TOTAL SPRUCE ALPINE FIR TOTAL
NUMBER %* NUMBER % NUMBER % NUMBER % NUMBER % NUMBER %

1929 79 187 266 10 14 24

good 48 61 116 62 164 62 5 50 7 50 12 50
1930 cull 16 20 55 29 71 27 3 30 3 21 6 25

snag 2 3 2 1 4 1 - - - - - -

windfall 13 16 14 8 27 10 2 20 4 29 6 25

good 29 37 106 57 135 51 3 30 6 43 9 38
1932 cull 16 20 48 26 64 24 4 40 2 14 6 25

snag 2 3 8 4 10 4 - - - - - -
windfall 32 40 25 13 57 21 3 30 6 43 9 37

good 17 22 67 36 84 32 1 10 5 36 6 25
1936 cull 14 18 47 25 61 23 4 40 - - 4 17

snag 1 1 14 8 15 5 - - - - - -
windfall 47 59 59 31 106 40 5 50 9 64 14 58

good 9 11 60 32 69 26 _ 3 22 3 13
1957 cull 10 13 29 16 39 15 1 10 1 7 2 8

snag 4 5 23 12 27 10 1 10 - - 1 4
windfall 56 71 75 40 131 49 8 80 10 71 18 75



o

TABLE 5 DEVELOPMENT 1929-57 OF THREE QUALITY CLASSES 
(steins 4"d.b.h.’f, 9 subplots, 1.2 acre)

* in % of 1929 data

YEAR

SPRUCE ALPINE FIR ALL SPECIES
--

QUALITY 1 2 3 1 2 3 1 2 3

NUMBER %* NUMBER % NUMBER % NUMBER % NUMBER % NUMBER % NUMBER % NUMBER % NUMBER %
1929 71 16 2 165 23 13 236 39 15

good 52 73 1 6 122 74 1 4 . _ 174 74 2 5 _
1930 cull 6 9 12 75 1 50 28 17 20 87 10 77 34 14 32 82 11 74

snag « - 1 6 1 50 1 1 - - 1 8 1 1 1 3 2 13
windfall 13 18 2 13 - 14 8 2 9 2 15 27 11 4 10 2 13

good 31 44 1 6 111 67 1 4 __ 142 60 2 5 ril
1932 cull 10 14 9 56 1 50 27 16 17 74 6 46 37 16 26 66 7 46

snag 1 1 - - 1 50 4 3 1 4 3 23 5 2 1 3 4 27
windfall 29 41 6 38 - 23 14 4 10 4 31 52 22 10 26 4 27

good 17 24 1 6 71 43 1 4 _ 88 37 2 5
1936 cull 11 16 6 38 1 50 33 20 12 53 2 15 44 19 18 46 3 20

snag 1 1 - - - 10 6 1 4 3 23 11 5 1 3 3 20
windfall 42 59 9 56 1 50 51 31 9 39 8 62 93 39 18 46 9 60

good 3 11 1 6 61 37 2 9 ITI 69 29 3 8 _ _
1957 cull 8 11 3 19 - 24 14 6 26 - - 32 14 9 23 - -

snag 4 6 - - 1 50 18 11 2 9 3 23 22 10 2 5 4 26
windfall 51 72 12 75 1 50 62 38 13 56 10 77 113 47 25 64 11 74



UNCUT STAND 1929 CUT 1929 RES ID. STAND 1929 MORTALITY 1929-36 INGROWTH 1929-36 STAND 1936 MORTALITY 1936-57 INGROWTH 1936-57 STAND 1957 TOTAL MORT. 1929-57 MORT. 1929-57 in % of 
RESIDUAL STAND 1929 TOT. INGROWTH 1929-57 NET GHOWTO 192<1-57

Species S AF TOT. S AF TOT. S AF TOT. S AF TOT. S AF TOT. S AF TOT. S AF TOT. S AF TOT. s AF TOT. S AF TOT. S AF TOT. S AF 1 TOT.. S AF .. t o t.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

Method of
Calculation 4 + 7 5 + 8 1 + 2 4 + 5 7 +  8 10+11 10+16-7 11+17-8 12+18-9 16+17 19+25-16 20+26-17 21+27-18 10+19 11 + 20 12+21 13+22 14+23 15+24 34-28 35-29 36-30

SUBPLOT
35.7

»

25.4 61.1 32.2 32.2 3.5 25.4 28.9 2.4 17.7 20.1 0.1 2.4 2.5 1.2 10.1 11 .3 1.2 2.9 4.1 0.1 10.0 10.1 0.1 17.2 17.3 3.6 20.6 24.2 100 81 84 0.2 12.4 12.6 -3.4 -8.2 -11 .6T + P
5 T 35.7 11 .6 47.3

t----
32.2 _ 32.2 3.5 11 .6 15.1 2.4 9.9 12.3 0.1 _ 0.1 1.2 1.7 2.9 1 .2 _ 1.2 _ 2.8 2.8 _ 4.5 4.5 3.6 9.9 13.5 100 85 90 0.1 2.8 2.9 -3,5 -7.1 -10.6

T+ P 7.5 17.7 26.2 3.7 2.9 6.6 3.8 14.8 18.6 - 4.0 4.0 0.2 2.1 2.3 4.0 12.9 16.9 2.4 2.6 5.0 1.3 6.4 7.7 2.9 16.7 19.6 2.4 6.6 9.0 64 44 50 1.5 8.5 10.0 -0.9 +1 .9 +1 .0
8 T- 6.8 7.5 14.3 3.7 2.9 6.6 3.1 4.6 7.7 _ 1.4 1 .4 0.2 1 .3 1.5 3.3 4.5 7.8 2.4 1 .2 3.6 1 .3 6.3 7.6 2.2 9.6 11 .8 2.4 • 2.6 5.0 77 57 . . 65 I  | ___ > 5 7.6 . 9 H H +5.0

T+ P 15.1 2.6 17.7 14.3 _ 14.3 0.8 2.6 3.4 0.8 2.6 3.4 - - - - - - - - - 0.3 0.8 1 .1 0.3 0.8 1 .1 0.8 2.6 3.4 100 100 100 0.3 0.8 1.1 -0.5 -1.8 _. -2.3 .
9 ,T 15.1 0.8 15.9 14.3 14.3 0.8 0.8 1.6 0.8 0.8 1 .6 - - _ - - _ _ _ _ _ _ _ _ _ _ 0.8 0.8 1.6 100 100 100 - - -0.8 -0.8 -1,6

T + P 1.4 12.6 14.0 1.4 3.2 4.6 — • 9.4 9.4 _ 1 .1 1.1 _ 2.2 2.2 * 10.5 10.5 _ 1 .3 1.3 _ 5.7 5.7 _ 14.9 14.9 _ 2.4 2.4 - 25 25 - 7.9 7.9 - + 5.5 + 5.5
10 T 1.4 2.5 3.9 1.4 2.5 3.9 _ _ _ _ _ _ 1 .6 1.6 1.6 1.6 _ _ - - 2.0 2.0 _ 3.6 3.6 _ _ _ _ _ _ _ 3.6 J.o . _ _ ♦- L +3,6 .

T + P 16.9 3.8 20.7 9.6 0.6 10.2 7.3 3.2 10.5 2.7 1.6 4.3 0.1 0.2 0.3 4.7 1.8 6.5 1 .6 1.1 2.7 0.9 2.6 3.5 4.0 3.3 7.3 4.3 2.7 7.0 58 84 67 1 .0 2.8 3 8 ■i i +0.1 - 3,2
11 T 5.4 5.4 5.4 5.4 _ _ _ _ _ _ _ . 0.8 0.8 0.8 0.8 _ _ _ e - 0 +0.8 - + Q.S

T + P 17.9 2.0 19.9 7.6 - 7.6 10.3 2.0 12.3 9.9 2.0 11 .9 _ _ _ 0.3 _ 0.3 _ _ 0.3 0.4 0.7 0.6 0.4 1.0 9.9 2.0 11 .9 96 100 97 0.3 0.4 0.7 -9.6 -1.6 -11.2
13 T 8.8 0.8 9.6 5.7 _ 5.7 3.1 0.8 3.9 3.1 0.8 3.9 3.1 0.8 3.9 100 100 100 _ - - Philips -0.8 , , - 3 , 9

T + P 17.4 1.5 18.9 12.8 12.8 4.6 1 .5 6.1 4.2 0.6 4.8 _ 0.4 0.4 0.4 1 .3 1.7 0.4 0.1 0 5 _ 3.3 3.3 _ 4.5 4.5 4.6 0.7 5.3 100 48 87 - 3.7 . 3.7 -4.6 +3.0 -1 .6
15 T 10.3 10.3 10.3 _ 10.3 _ _ _ _ _ , 0.9 0.9 0.9 0.9 _ _ _ _ 1 .3 1 .3 _ 2.2 2.2 _ _ - - - - 2.2 2.2 - +2.2 +2.2. . 1

T+P 12.0 3.4 15.4 3.8 _ 3.8 8.2 3.4 11 .6 3.9 2.3 6.2 0.3 0.1 0.4 4.6 1.2 5.8 2.3 0.7 3.0 0.4 0.5 0.9 2.7 1.0 3.7 6.2 3.0 9.2 89 79.  | . 0.6 -5.5 -2.4 -7.9
16 T 3.1 _ 3.1 3.1 _ 3.1 _ _ _ _ _ _ _ _ . _ _ _ - -

T + P 16.3 8.2 24.5 7.6 2.4 10.0 8.7 5.8 14.5 4.2 1 .5 5.7 0.4 1 .1 1 .5 4.9 5.4 10.3 3.0 0.5 3.5 0.2 4.3 4.5 2.1 9.2 11 .3 7.2 2.0 9.2 82 36 63 0.6 5.4 6.0 -6.6 +3.4 -3.2
17 T 10.2 2.4 12.6 7.6 2.4 10.0 2.6 . 2.6 0.8 _ 0.8 1.0 _ 1.0 2.8 _ 2.8 1.8 _ 1 .8 _ 2.2 2.2 1 .0 2.2 3.2 2.6 _ 2.6 100 - 100 1.0 2.2 3.2 -1.6 +2.2 +0.6

V.

T+P 140.4 77.0 217.4 93.2 8.9 102.1 47.2 68.1 115.3 28.1 33.4 61.5 *1,1 8.5 9.6 20.1 43.2 63.3 10.9 9.2 20.1 3.5 34.0 37 .5 12.7 ■68 .0 80.7 39.0 42.6 81 .6 82 63 71 4.6 42.5 47.1 -34.4 -0.1 -34 .5
T 96.8 25.6 122.4 83.7 7.8 91.5 13.1 17.8 30.9 7.1 12.9 20.0 1 .3 3.8 5.1 7.3 8.7 16.0 5.4 1 .2 6.6 2.1 14.6 16.7 .. . 4,0 ... 22.1 1 12.6 14.1 26.7 96 79 86 3.4 18.4 21 .8 -9.2 + 4.3 -4.9

ABBREVIATIONS: S = spruce

AF = alpine fir 

TOT. r both species

T = trees (d.b.h. 12"+)

P r poles (d.b.h. 4.0 - 11.9")



This table was constructed on the basis of diameter data available for 9 
subplots (1.2 acre) from 1929, 1936 and 1 9 5 7* For each of these years all 
indivdual stem basal areas were compiled, and the total b.a. was determined 
for each subplot as well as for the whole stand (resulting in columns 7~9, 
l6-l8 and 25-2 7). Mortality 1929-36 was defined as that portion of b.a.
1929 which was eliminated until 19 3 6. Mortality 1936—57 was similarly 
determined. Total mortality 1929-57 was calculated as the sum of Mort, 1929“ 
36 and Mort. 1936-57* Ingrowth for each period was then determined as the 
difference between the sum of b.a. at end of period + mortality during 
period and the b.a. at beginning of period (e.g. column 15 z col. 12 + 
col. 18 - col. 9)* Total ingrowth 1929**57 was defined as the sum of ingrowth 
1929“ 36 and ingrowth 1936—5 7, while net growth 1929-57 was defined as the 
difference between total mortality and total ingrowth.

An attempt was then made to re-construct original stand data (prior to 
cutting). This was done on the basis of a stump tally existing (1929) for 
each individual subplot. By means of curves (constructed by the surveys 
and Inventory Division, B, C. Forest Service), stump diameters were 
converted to d.b.h. o,b. and the corresponding b.a. determined, for each 
species separately. "Cut I929" was defined as the total b.a. of all stumps; 
this was added to the residual stand 1929 in order to obtain "uncut stand 
1929". This latter, of course, is only an approximation of the actual 
stand 1929, since it does not account for the basal area of stems destroyed 
immediately by the logging operation.

It should also be noted that figures on mortality are rather underestimated, 
since they are based on diameter data from the beginning of the period 
(e.g. a stem with b.a. 1 9 3 6  of . 4^7 sq. ft., having died in 1 9 5 ^  with a b « a .  
of .666 sq. ft. would enter the computation with its 1936 figure).



Correlation analysis for data on cutting intensity and mortality

Data were taken from Table 8 . They were coded as follows:

(Z stands for

u = x - 5 0; vi = y - 5°; v2 = y - 6 5;

Zu = + 1; Zu2 + 2241; Zuv^ = 3600; u = 0.14;

Zv-, = + 10; Zv2 r 632 ;̂ Zuv2 : 2594; - 1.4;

Zv2 = + 21; Zv\ - 3 9 0 3; v2 - 3.0;

su = ^ Zu2 ~ (u) 2 = 22U  - (o.l4) 2 = 3 2 0 .12 Su - j 3 2 0 .12 = t 17.9

3vl = n Zvl " (vl) = = 901.46 Sv = || 901.46 = + 30 .0

” ;'2 = analogously = 22 21 - (3*0) = 5^8 . 5 7 SV2 = j 548.57 = * 23.4

1 Zuvi - uv-i _.k Qrl = N 1 1 = 5.14.0 9 = + 0 t 9 6
Su Sv 537.0

__  ̂  ̂ \lr N- 2 0 .9 6 \i 5t test: t = 7 ==~2—  c d- z - 7 .6 6 with 5 d.f.\/l-r \/ l-(0 .9 6)
significant at 0 .1# probability level■ Iv/ f

r2 - 3JP..d5 = 0#88
418.86---- ---

0 ,8 8v‘ 55t tost: t = - 4 #2 with 5 d>f.
v 1 - (0 .8 8) significant at the 1# probability level

Regression equations:

x » u + 50 x = u + 5° 3 50.15 Sx = Su = + 17.9

^1 - V1 + 5° Yl = v + 5° - 51.^3 SyiZ Svx z + 30.0

y, - yi : r (x - x) or yx - 51.^3 = °*96 , * (x - 50.14) 
1 Sx / !7.9



y x = 5 i .^3 = i *61 ( x - 5 0 . 1 4 )  

y i  -  1 . 6 1  x  -  29.30 ( 1 )

standard error of estimate SEy^ = Syi j  1 -  r2 = 3 0.0,:' 1 - {0 .96)2

= + 8.4

y 2 = v 2 +  65

y2 = v 2 + 65 = 68.0 

Sy2 = Sv2 - 23.4

2 3. 4 
17.9yg- 68.0 - 0.88 - - - - - (x - 50.1 4 )

y 2 = 1 . 1 5  x  + 10.34 (2)

standard error of estimate SEy2 = 2 3.4\j l-(0.88)‘~ - + 11.0



Table 9: 
Fig. 9 : 
Table 12:

Fig. 12:

DATA ON THE DEVELOPMENT OF REGENERATION 
DURING THE 28 YEARS FOLLOWING LOGGING

Regeneration strip records 1929-57.
Height growth of advance reproduction 193°“57 * 
Age frequency of spruce reproduction established 
after logging.

Height curve of spruce reproduction established 
after logging.

Table 1 3 : Development of advance reproduction 193°~57*



TABLE 9 REGENERATION STRIP RECORDS 1929-57 PAGE 1

L = logged over Strips 16 and 17 omitted as
V = virgin stand records exist from 1929 only.

STRIP ALPINE FIR SPRUCE TOTAL

0 ' -2 ' 2 '-4' 4 1 - 8 ' 8’-4" 4"-6" 6"- Total O’-2' 2 '-4' 4'-8 ' 8'-4" 4"-6" 6"- Total

(1) 1929 L 112 28 9 11 2 2 164 37 6 6 — 2 — 51 215
30 L 116 24 3 7 1 1 152 29 3 4 2 1 1 46 192
32 L 83 22 6 8 - - 124 30 7 2 1 1 1 42 166
36 L 17 31 8 9 1 - 66 8 5 - 2 1 1 17 83
57 L 61 15 27 28 7 3 141 24 27 7 7 — 2 67 208

(2) 1929 V 131 35 20 26 8 7 227 49 5 __ _ _ 54 281
30 L 38 5 3 7 6 10 69 8 - - - - 1 9 78
32 L 78 8 3 6 4 10 109 32 1 - - - 1 34 143
36 L 41 4 2 4 6 8 65 15 - 1 - - 1 17 82
57 L 348 28 31 5 3 9 424 71 19 14 1 — 105 529

(3) 1929 L 40 3 17 22 5 92 2 __ _ 1 2 5 97
30 L 50 8 11 21 5 - 95 6 1 - - 1 2 10 105
32 L 41 17 8 16 5 1 88 3 1 - - 2 - 6 94
36
57

L 13 13
abandoned as

7 18 7 
partly disturbed by road

58
;onstru

1
ction

1 1 3 61

(4) 1929 V 439 47 16 17 6 5 530 42 5 6 2 1 2 58 588
30
32
36
57

L 76* 17* 
no record
It II

f  I t t

* incomplete

5* 5* 1* 104* 5* 8* 5* 7* 2* 2* 29’* 133*



STRIP
ALPINE FIR SPRUCE TOTAL

0 ’ -2 2 ' - 4 ' 4 ' - 8 '  8 ' -4 " 4 " -6 " 6 " - Total 0 ' - 2 ' 2 ' - 4 ' 4 1 - 8 ’ 8 ’ -4 " 4 " -6 " 6"- Total

(5 )  1929 
30

L
L

124 10 
no record

5 14 2 3 158 11 2 4 5 2 - 24 182

32 L 36 10 2 - 1 1 50 40 1 1 3 - - 45 95
36 L 8 7 4 - - - 19 9 6 1 2 - - 18 37
57 L 51 14 10 9 4 1 89 13 16 17 5 “ ~ 51 140

(6 ) 1929 L 5 4 9 3 2 3 26 3 1 _ 1 2 7 33
30 L 8 - 5 2 1 5 21 1 - - - - 2 3 24
32 L 8 5 1 2 - 3 19 6 - - - - 2 8 27
36 L 5 1 1 - 1 2 10 3 - - - - 2 5 15
57 L 32 10 11 14 2 2 71 4 4 9 15 1 33 104

(7 )  1929 
30 
32 
36 
57

V 266 39 
no record
ft tf 
tl »»
»» ft

39 22 6 4 376 46 6 12 8 4 76 452

(8 ) 1929 L 95 26 4 8 2 2 137 13 __ _ _ 1 14 151
30 L 78 28 5 8 2 3 124 6 - - - - 1 7 131
32 L 78 24 4 7 2 2 117 19 - - - - - 19 136
36 L 22 34 10 5 2 2 75 5 - - - - - 5 30
57 L 314 53 26 15 3 4 415 64 23 13 — 100 515

(9 )  1929 
30

L
L

23
no

7
record

7 8 5 7 57 2 2 1 - - 1 6 63

32 L 46 9 6 9 9 3 82 12 1 - - - - 13 95
30 L 7 10 5 6 5 7 40 5 - - - - - 5 45
57 L 270 12 15 s 1 8 314 46 1 5 — 52 366



STRIP ALPINE FIR SPRUCE TOTAL

O ’ -2 2 1 -4' 4'-8* S3*1CD -6 r% 11 6 - Total 0 1 CO 2 ’-4' 4 ’ - 8 CO 1 4"-6" 6"- Total

(10) 1929 V 965 198 42 4 4 5 1218 78 - - - 3 4 85 1303
30 L 181 70 13 1 2 2 269 2 - - - - 2 4 273
32 L 163 74 15 4 2 2 260 22 - - - - 2 24 284
36 L 40 68 33 5 1 2 149 76 - - - - - 76 225
57 L 142 61 82 82 3 2 372 117 53 53 10 2 235 489

(ID 17 "9 
30

L
L

118 22
no record

15 5 1 6 167 43 12 2 - - - 57 224

32 L 109 25 5 5 1 4 149 1 - - i - 2 4 153
36 L 45 39 6 4 2 4 100 18 3 - - 2 - 23 123
57 L 153 40 41 22 1 4 261 22 20 12 i 1 1 57 318

(1 2) 1929 V 233 72 28 18 1 5 357 47 10 5 7 1 __ 70 427
30 V 142 59 24 17 5 6 253 10 6 5 3 - 4 28 281
32 V 125 40 23 10 5 5 208 14 5 4 5 - 4 32 240
36 V 55 40 21 16 4 5 141 5 2 2 4 1 2 16 157
57 L 25 16 28 24 3 4 100 2 1 2 1 1 7 107

(13) 1929 V 347 66 53 34 1 2 503 58 12 7 7 _ 2 86 589
30 V 281 52 25 26 7 7 398 17 3 5 6 1 2 34 432
32 V 225 51 23 25 5 7 336 23 7 1 4 - 1 36 372
36 V 44 48 22 21 6 8 149 9 5 5 4 1 1 25 174
57 L 113 32 37 23 2 5 212 13 7 4 4 1 “ 29 241

(14) 1929
30

L
L

174
no

97
record

31 12 4 - 318 7 3 - - 1 4 15 333

32 L 89 71 22 7 3 2 194 13 2 - - - 5 20 214
36 L 37 53 31 9 1 2 133 6 1 - - - 4 11 144
57 L 77 72 62 14 5 3 233 82 14 7 1 3 107 340



o

STRIP ALPINE FIR SPRUCE TOTAL

O'-2' 2'-4 4'-8' CO i - 6 " 6"- Total 0 ' -2 1 2 ’-4' 4'-8 ' O'-4" 4"_S" g"- Total

(15) 1929 V 207 107 07 59 1 7 468 63 10 3 3 79 547
30 V incomplete survey
32 V 139 87 56 44 5 4 335 102 5 2 4 113 448
36 V 44 44 53 49 6 3 199 23 8 1 1 5 30 237
57 V 105 36 40 37 6 5 229 62 7 2 4 75 304



Table 12 Age frequency of spruce reproduction established after logging 
(202 stems)

Age*!1

number
of
Stems

Seedyear
Total Stems--
Establ. at 
end of 
Seedyear

------

Age
'Number'' 

of 
Stems

Seedyear
Total Stems 
Establ. at 
end of 
Seedyear

1 - 1955 202 15 k 19 ^1 166

2 - 1951* 202 16 9 19^0 157

3 - 1953 202 17 12 1939 1̂ 5

4 1 1952 201 18 2 1 1938 12k

5 - 1951 201 19 29 1937 95

6
i

- 1950 201 20 28 1936 67
!

7 19^9 201 21 31 1935 36

8 19^8 201 22 1 1 193̂ 25

9 6 19^7 195 23 9 1933 16

10 - 19^6 195 2k 7 1932 9

1 1 1 19^5 194 25 3 1931 6

12 3 19^ 191 26 3 1930 3

13 3 19^3 188 27 2 1929 1
i

Ik 18 19^2
i

170 28 1 1928
11
1

* Without counting springwood of 1957•





TABLE 13. DEVELOPMENT OF ADVANCE REPRODUCTION 1930 -  57

STEM HEIGHT IN F T . dead
by

1957

AGE STEM HEIGHT IN F T . dead
by

1957

AGE |

No. S p . 1930 j 1957 1957 No. S p .
____

1930
1

1957 1957

1* AF 4 .5 8 . 1 99 27 AF 1.2 1 . 1 37
2 AF 2 .5 3 .5 82 28 S 1.0 X in d .

3 AF 1 . 5 3 - 1 110 29 AF 2.8 3 .3 83
4 AF 2 .3 4 .2 86 30 AF 0 .8 1 . 7 43

5 AF 2 .5 4 .0 83 3 1 AF 0.2 X
6 AF 0 .8 0.9 in d .* * 32 AF 0,6 1.2 37
7 AF 3 .3 3 .8 105 33 AF 0.2 X
8 AF 2.0 2 . 1 64 34 AF 1.0 X

9 AF 2.8 X 35 AF 2 . 3 4 .6 88
11 AF 12 . 3 X 36 AF 2 .5 6 .5 101
12 AF 2.0 2.0 60 37 AF 0.2 0 .4 in d .

13 AF 1 . 5 X 38 S 0.6 0 .7 in d .

14 AF o.7 X 39 AF 1.2 1.6 43

15 AF 0 . 1 X 4o AF 0 .8 1 . 5 59
16 AF 0 . 2 X 4 1 AF 0 . 3 X

17 AF 0 . 1 0 .5 in d . 42 AF l . o X

18 AF 1 . 3 X ^3 AF 0.8 1 .4 56

19 AF 0 .3 X 44 AF 3 -3 5 .8 153
20 S 0 .7 X 45 AF o . l X

21 s 0.6 X 46 AF o . l X

22 AF 0 . 3 X 47 AF 0.9 1 . 7 57

23 AF 0 .3 4 . 1 84 48 AF l . o 2 .3 48

25 AF 1.0 l . o 35 49 AF 0 .2 X
26 S 0 .4 X 50 AF 1.6 X

! 1 51 S l . o X i1

* No. 10, 24, 68 and 80 rejected as over 4.o" d.b.h.
** indeterminable, ring3 not distinctively visible.



TABLE 1 3 , (continued)

STEM HEIGHT IN FT. dead AGE ! STEM ;HEIGHT IN FT. dead AGE |
1957No. Sp. 1930 1957 by

1957
1957 No. Sp. I930 1957 by

1957

52 s 1 . 2 X 78 AF X
53 AF 2.3  ̂*5 67 79 S X
5I4 S 0.8 1 .6 4o 81 AF o.4 0.7 ind.
55 AF 1.3 2.7 70 82 AF 3.0 X
56 AF 1.5 3.** 7̂ 83 AF 2.7 2.7 83
57 AF 1.5 1.7 53 84 AF o.7 2 .6 68
58 S 0.9 1 .0 ind. 85 AF 3.6 3.0 75
59 AF 1 .8 4 .0 52 86 AF 0 .2 X
60 S 0 .2 X 87 AF 4.8 10 .3 102
61 AF 3-0 6 .2 83 88 AF 2 .8 5.“+ 104
62 AF 1.7 3.7 83 89 AF 1.4 2 .0 49
63 AF 2.3 *.3 81 90 AF 1 .8 2 .2 56
6!* AF l.l 1 .6 54 91 AF 1.4 1.7 72
65 AF 3 A *».3 70 92 AF 0 .2 0 .3 ind.
66 AF 1 . 1 1 .6 **7 93 AF 2 .0 1 .8 54
67 AF *•3 8.0 96 94 AF 6.6 1 1 .8 130

69 AF 1 .8 2.4 79 95 AF 1 .8 2.5 49
70 AF 0.9 X 96 AF 0.5 0.7 31
71 AF 1.3 X 97 AF  ̂.7 4.6 120

72 AF 1 .8 3.0 7̂ 98 AF 1.5 X
73 AF 2.4 6.0 63 99 AF 1.5 1 .8 43
7̂ S 1 .8 2.3 53 loo AF fc.5 8.4 100

75 AF 1.5 3.2 ind. 10 1 AF 3.5 X
76 S 1.3 X 102 AF 1.5 3.0 57
77 AF 0.4 X

'

|
!



APPENDIX IV

DATA ON STAND 1957

Table 16: Diameter distribution in stand 1957*



TABLE 16 DIAMETER DISTRIBUTION IN STAND 1957

SUB
PLOT
NO.

REGENERATION POLES TREES
SIZE 0-3.9"d.b,h. 4.Q-7.9"d.b.h. 8 .0-1 1 .9"d.b.h. 12.0-13.9"d.b.h. 14.0"d b.h. +

acres Spruce Others* Total Spruce Others* Spruce Others* Total Spruce Others* Spruce Others* Total

5 0.4 441 1221 1662 1 18 - 18 37 - 5 - - 5

8 0 .1 112 456 568 2 16 - 9 27 2 7 - 2 11

9 0 .1 65 153 218 2 4 - - 6 - - - - -

10 0 .1 213 1101 1314 - 15 - 16 31 - 2 - - 2

11 0 .1 89 465 554 2 19 6 - 27 1 - - - 1

13 0 .1 246 160 406 - 3 1 - 4 - - - - -

15 0 .1 239 228 467 - 7 - 3 10 - 1 - - 1

16 0 .1 90 805 895 2 3 4 1 10 - - - - -

17 0 .1 433 527 960 - 11 2 11 24 1 2 - - 3

TOTAL 1 . 2 1928 5116 7044 9 93 13 58 176 4 16 _ 2 22

p/acre 1607 4263 5870 8 30 11 48 147 3 13 2 18

* "Others" consist entirely of alpine fir, with the exception of: 0.6% lodgepole pine in regeneration
8.0% " " in small poles (4.0-7.9).



APPENDIX V

Fig. 13

Fig. 14- 

Fig. 15

Fig. 16 

Fig. 17

ILLUSTRATIONS TO RADIAL GROWTH OF RESIDUALS 
BEFORE AND AFTER RELEASE

Individual Tree Sheet (Example),

Diameter growth 1901 - 1957 in virgin stand (control).

Diameter growth 1901-1957 of alpine fir on normal 
subplots.

Diameter growth 1901 - 1957 of alpine fir on subplot 1 0. 

Diameter growth 1901 - 1957 of spruce.



FIG. 13

1, Classification

INDIVIDUAL TREE SHEET (EXAMPLE)

' No. 1 Species 

13 Alpine fir

Age 1929 Vigor Class D.B.H. Class 

132 ' 2 j II 209

. . .

s c

25.9

2. Radial Growth 3 . Diameter

Period 0 -5 0-10 0-15 0 1 ro 0 0-25 0-28T
D After„ , . 0 ,3 j 1 .0  Release j 2.0. . 2 . 9 | 3 .9 4.6
d Before 

Release 0 .4 0 .6 1 .0 1.4
r ■ • 
! 1.8 2.2
: f

D/d 0 .75 1.67 : 2.0 2.0 7 2.17 2.09

| d.b.h., b.a.

I 10.9 j

6.3

666

. 200 '

l). # Competitore .Removed.. (Stumps and
windfalls)

d.s.h. d.b.h. b.a. dist. i° £  
iq?q 1929 b 1 o/l

5 . Competitors Left

Sp. d.b.h. b.a. dist.No. 1929 B L B/L

14 AF 3 . 3 ; .051

'.-
11

b ~ ■■ ■ ' 
0.5 !

15 Sp O•OJr-H .792 9 8 .8 j
161 AF 4.9 .139 8 i.7 j

j
!



FIG. 9. HEIGHT GROWTH OF ADVANCE REPRODUCTION
1930-57

LEGEND

O HEIGHT 1957

I  av. growth height class ( 0 -  1.9) 

J L  (2 .0 -3 .9 )
M  4.0+
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Fig. 15 T Y P I C A L  D I A M E T E R  G R O W T H  1901-1957 

O F  A L P I N E  FIR ON N O R M A L  S U B P L O T S .

BASED ON 44 ST EM S COVERING AGE AND DB.K RANGE.

LEG EN D -

91

  GROWTH 1901-1929
• D.B.H. 1929

 GROWTH 1929-1957

  A G E  -

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 '80 '90 200





FIG. 17 DIAMETER GROWTH 1901-1957 
OF SPRUCE



DATA ON PROCEDURES OF ANALYSIS



DATA ON PROCEDURES OF ANALYSIS

The following steps in analytical procedure are numbered according to the section 
for which they were required (cross-reference). Data were coded as follows:

Z * <
n = number of stems in sample, 
x = independent variable, 
y = dependent variable.

Xf y^- mean values of variables x y 
Sx;Sy - standard derivation of variables x ,y 
d.f. = degrees of freedom

r s correlation coefficient 
* r significant at the 5# probability level 
** _ " " " " "
*** = " " " 0 .1#

D# - diameter growth 1929-57 .1°°
diameter growth 1901-29

3311. Alpine fir virgin stand 

n — 355 d r D# - 1 0 0;
Zd r. - 7 9 3 U = - 2 2.6; av. D# - 100 + d - 7 7 .4

- = 31 *799 r/d = 31*799/3^*35 - 2 6 .7

t = 22.6/J 2 6 .7 - 4.37 *** with 3U d.f.

3 3 1 2. Spruce in virgin stand
n = 15; d = D# - 100; _ _
Zd = -5 2 d = -3 .5; av. D# - 100 + d - 96.5

Zd2= 3196 S2 3 - 3196/1 4 .1 5 - 15 .2

t - 3 .5/ v/1 5 .2 = 0.8 8 with 14 d. f.

33211. Alpine fir normal subplots

n - 102; d - D# - 100; _ _
Zd = 27*895 d = 2 7 3.5 ; av. D# - 100 + d - 373*5
Zd2 = 1 2*542*745

S2 d - 12*542*745/101.102 - 1*217

= 2 7 3.5// 1*217 = 7.84*** with 101 d.f.



33212. Correl. analysis for release index and T>%

release index = Zg - Zc ; where
f ̂ 1 1>2 bn '• _Zs » 100 ~  + —  + .., —  ; ; and Zc = 100 I _i/ B1 B2 Bn ^
I It ' 1 ' T~ i » nil“ = I T  + — - + •••—  '\ 1 ^ hlj \ L1 L2 ^  /

Bi - b.a, (b.h.) 1929 of competitor left within 15 ft. distance;
Li = distance in feet " " 11 ;
bi r b.a. (b.h.) of stump within 15 ft. distance;
li => distance in ft, " ;

n = 7 6; (Of the orig. sample of 102 stems all those being below 3 " d.b.h. were 
rejected due to inaccountable variation).

x = release index; y = D$;
Zx = 2303 Zy - 25*493
Zx2 = 116*967   Zy2 = 1 2*205*851
x = 3 0 .3 x y s 10*150 y - 335
Sx = + 24.9 SxSy r 5^78 Sy = + 220
Zxy = 866*419; Zxy/n = 11*400;

r = 11*400 - 1 0*150/5*478 = + 0 .23*

t = 0 .2 3 v M / V  l-(° ,2 3 ) 2 a 2 .0 1 with 75 d.f.

3 3 2I3 . Correl. analysis for number of competitors and D$>

In counting the number of competitors for indivdual release stems a distinction
was made between stems below 4.5" d.b.h. and those above. For release stems with
d.b.h. 4 , 5 and less competitors were counted within a circle of r = 10 ft., while
this circle was enlarged to r = 15 ft. for release stems with d.b.h. 4,6"+.
Despite their different basis data were pooled for the following analysis.
n - 7 6; x - number of competitors; y - D/
Zx = 180 Zy - j

2 2Zx a 664 Zy - same as above
x = 2 . 3 7 x y = 793*9 y =
Sx = + 1 .7 8 SxSy = 3 9 3 .̂  Sy -

Zxy = 4 2 ’ 605 Zxy/n = 560.6

r = 560.6 - 793.9/393^ = -0.59 ***
t = 0 .5 9y 74^  1— (0 .59 )2 = 6.28 with 75 d.f.

/



33214. Correl. analysis for number of stumps and D#

This analysis based on the sane concept as the previous one, just that the stumps 
were counted instead of competitors. Corresponding values of x (number of stumps) 
and y (D$) were plotted on a graph, the result of which indicated no particular 
trend.

3 3 2 1 5. Correl. analysis for age and D$

For this purpose stems were grouped into 3 age classes (l:4l-8o, 2:81-120; 3 :121+), 
reducing age-variation to a range from 1 to 3 . Analysis was carried out for three 
d.b.h. classes separately:

1 (3 .0 - fr.5 " d.b.h.)

n = 30 x = age class y = D%

x = 1 .8 1 x y = 8 0 5 ,8 y = 445.2
Sx = + O .7 9 SxSy = 197.5 Sy a + 250
Zxy = 25*382 Zxy/n = 846.1

r - 846.1 - 805.8/197.5 = + 0.20

t = 0 .20^ 28 / / 1-(0 .2 0 ) 2 - with 29 d.f.

11 ~ 8 «5" d.b.h.)

n = 39 x = age class y = D%
x = 2 .1 8 x y = 6 1 3 .7 y = 2 81.5
Sx - + 1.34 SxSy = 2 3 3 .2 Sy = + 174
Zxy * 25*353 Zxy/n = 6 5 0 .1

r = 6 5 0 .1 - 6 1 3.7/2 3 3 .2 = + 0 .1 6

t « O.I6 / 3 7  (y L— (0.16) 2 = 0 .98 with 38 d.f.

111 (8 .6" d.b.h. +)

Graphical evaluation of the 7 stems belonging to this category showed clearly that 
no correlation existed whatsoever between age and D{6.

3 3 2 1 6. Correl. analysis for d.b.h, and D%

n = 76 x s d.b.h. in inches y = Df>
x 3 5,62 x y = 1882.7 y =  ̂same as in 33212
Sx = + 2 .5 0 SxSy - 552.5 Sy = )
Zxy = 127*774 Zxy/n = 1*681.2



r = 1 *681.2 - 1882.7/5 5 2 .5 = -0 .36*** 

t = 0 .3 6/ 7!* /J 1-(o.3 6 ) 2 = 3 .3 2 with 75 d.f.

3 3 2 1 7. Correl, Analysis for degree of suppression and

On the basis of Fig. 15 three suppression classes were arbitrarily distinguished 
such as indicated by the following graph:

By that the variation of suppression 
was limited to a range of 1 - 3 ,

n = 76 
x = 1 .9 6  
Sx = + 0 ,7 2  
Zxy = 53*780

x = degree of suppression y = D%
x y 656.6 y same as 3 3 2I2
SxSy = 159.1 Sy ='>

Zxy/n = 7 0 7 ,6

r = 7 0 7 .6 - 656.6/1 5 9.I = + 0 .32**

= 2.90t = 0 .3 2/ 71* /J l-(0 .3 2)‘ with 75 d.f.

3 3218 a. Analysis of multiple regression 

xi - d.b.h. x2 z number of competitors

Zxx = 1*27
X], = 5.62
Zxf = 2867 

Zxlx2= 1137

correctedsquares:
Z3̂  = 2867 - (1*2 7 ) 2 = 468 

76

Zxg = 180
x? = 2 .3 7  
Zx2 = 661* 

Zx2y = 1*2*605

y 1 d/

zy
y

zy2
Zxxy

n s 76

25*1*93 
335 *4 3 
12 *205 *851 
127 *774

Z^x^ - 66'- 2 - (1 8 0) = 238 
76

Z1y2= 1 2*205*851 - (25 *493 >g= 7 *008*969
76



Z1x1x2 r 1137 “ (427)(18 0) - 126
76

-17 '773

y = ax1 + bx2

Z ^ X g y  3  a Z ^ X j X g  +  b Z ^ x |

- 1 5 * 4 5 6  = 4 6 8 a +  1 2 6 b  

- 1 7 * 7 7 3  = 1 2 6 a  +  2 3 8 b

( 1 )

( 2 )

(la)
(2a)

- 4  ’ 1 6 1 . 5 5  = 1 2 6 a  +  3 3 . 9 2 b  

- 1 7 * 7 7 3 . 0 0  -  1 2 6 a  +  2 3 8 . 0 0 b -  

1 3 * 6 1 1 . 4 5  = - 2 0 4 . 0 8 b

b - 1 3 *661.45 = - 66.69 
-204 .08

a  = - 2 3 8 b  -  1 7 * 7 7 3  =  -  1 5 . o 8  
1 2 6  ----------

(y-y) -  a ( x x -  x x ) +  b ( x 2 -  x 2 ) ;  ( 3 )

y -  3 3 5 . ^ 3  = - 1 5 . o 8 ( x 1 -  5 . 6 2 )  -  6 6 . 6 9  ( x 2 -  2 . 3 7 ) ;  ( 3 a )

y = - 1 5 . 0 8 x 1 -  6 6 . 6 9 x 2 +  5 7 8 . 2 3

33218 b .  Analysis of multiple correlation

Zy = 25*493 Zy1 = 25 '503
y = 335 .̂ 3 y1 = 335.56
Zy2 = 1 2 *205*851 Zyl2= 9*898*661

Sy = + 221



Zyy1 - 9*972+696

y yx= 112*557

_1 Zyy1 = 131*220 
76

SySy = 29 *6l4

r = 131*220 - 112*557 = + 0 .630 ***
29*614

It = 0 . 6 3 j 74 /J  1 —( 0 . 6 3 ) = 6 . 9 7  with 7 5  d.f.

single correl. coeff. of D#/c - -O.59***
" " " " D#/d.b.h. = - 0 .3 6 ***

hence, the joint regression is only a small improvement over the single use of 
factor c,

33221. Alpine fir subplot 10

n = 32 d s 
Zd = lioo

- 100
d = 34.4; av. D# * 100 + d = 134.4

Zd2 = 142*162 S2d = 142*162/31.32 = 143

t = 3 4,4/y 143 * 2 .86 ** with 31 d.f.

33222. Correlation analysis for number of competitors and D$ 

cf. comment under 33213

n s 3 2; x « number of competitors; y = D$
Zx = 132 

Zx2 = 654

x = 4.12 
Sx = + I.87

Zxy = 15*701

x y = 553.7 
SxSy = 108.5

Zy r 4300 
Zy2 = 682’162
y = 134.4 
Sy = + 58.0

Zxy/n = 490.6

r = 490.6 - 553.7/108.5 = -0.58 ***
t = 0 .58 7 30 / j l-(0 .5 8 ) 2 = 3 .9 0 with 31 d.f.

3 3 2 2 3. Correlation analysis for d.b.h. and D#

n = 32 x = d.b.h. in inches; y = D#
x = 6 .0 3 x y = 810.4 y = f same as in
Sx = + 2.21 SxSy = 128.2 Sy = j 33222
Zxy = 23*659 Zxy/n = 7 3 9 . 3



r = 739.3 " 8i0 .lt/l2 8 . 2 - -0 .55**

t = 0 . 5 5 /  30 / / 1— ( 0 . 5 5 )2 = 3 . 6 1  with 3 1  d.f.

33224 . Correlation analysis for age and D# 

n = 32 x r age y = D/
x : 8 3 ,0 x y = H '15 5 y = , same as in
Sx = + 3 7 .6 SxSy - 2 *l8l Sy r ( 33222
Zxy = 338*733 Zxy/n IO585

r = 10*585 - 1 1 *155/2*181 a -0.26

t - 0 .2 6 / 3 0  fj 1 - ( 0 .2 6 ) 2 = 1 .48

3 3 2 2 5. Correlation analysis for release index and D# 

cf, comment under 33212

n *» 32 x = release index y = D#
*  - 1 >°3 *  7  - I38.il y - Bane as in
Sx = + 15.4 SxSy = 893.2 Sy a ; 33222
Zxy a 9*232 Zxy/n = 288.5

r = 288.5 - I3 8.4/8 9 3.2 a +0 .1 7

t = O.1 7 / 3 0  /\/l-(0 .1 7 ) 2 * O .95V
332 2 6. Correlation analysis for number of stumps and D# 
cf. 33214
Graphical analysis showed practically no correlation between the two variables.

3 3 3I. Spruce in residual stand

The only spruce stem on subplot 10 has been rejected due to young age; hence the 
whole sample for analysis was taken from the normal subplots (multi-layered stand 
structure).

n = 23 d = B# - 100 _
Zd = 2700 d = 117.4; av. D$ - 100 + d = 217
Zd2 = 580*402 S2d - 5 8 0*402/22 .2 3 = 1*147

t = 117.4 y  1*147 = 3.^ 6 ** with 22 d.f.



3332. Correlation analysis for d.b.h. and D/

n = 20 x = d.b.h. in inches y = D$
x = 8 .6 x y = 1 7 6 3 .8 y = 2 0 5.I
Sx = + 1 . 7 SxSy = 169.5 Sy = + 99.7
Zxy = 32*965 Zxy/n = 1*648

r - 1*648 - 1 7 6 3.8/16 9 .5 = -0 .68**

t = 0 ,6 87 18 /J l-(0 .6 8 ) 2 = 3.94 with 19 d.f.

3333. Correlation analysis for number of competitors and D% 

cf. comment under 332I3

n = 20 x = number of competitors y = D/
x = l , 5  x y = 3°7«6 y ■ same as under
Sx = + 1.14 SxSy = 113.6 Sy »j 3332

Zxy = 6*712 Zxy/n = 335-6

r - 3 3 5 .6 - 3 0 7.6/II3 .6 - -O.25

t = 0 .2 5 / 1 8  / J 1-(0 .2 5 ) 2 = I.09 with 19 d.f.

3334. Correlation analysis for release index and D#

cf. comment under 33212

n = 20 x a release index y = D#
x = 32.5 x y = 6665 7 ” V s &me as under
Sx = + 21.6 SxSy = 2153 Sy = j  3332
Zxy = 138*287 Zxy/n = 6914

r = 6914 - 6665/2153 = +0 .12

t - 0 .1 2 / 1 8  / / 1- (0 .1 2) 2 = 0 .4 7 with 19 d.f,

3 3 3 5. Correlation analysis for age and 

n = 20 x - age y = D/
x = 239.7 ' x y = 49*162 y = 2 0 5.I
Sx = + 28.0 SxSy - 2791 Sy = + 99.7
Zxy = 980*683 Zxy/n = 49*034



r = 49*034 - 4 9 '16 2 /2 79 1 = -o_.o_5 

t = 0 .0 5 ^ /18 /v/l-(0 .0 5 ) 2 = 0 .2 1 with 19 d.f.

3 3 3 6. Correlation analysis for degree of suppression, number of stumps and D%

cf. 33214 and 33217

These analyses were carried out graphically; both indicated practically no
correlation between the variables.




