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ABSTRACT 

A d e s c r i p t i o n of the Canada Land C a p a b i l i t y C l a s s i f i c a t i o n f o r 

f o r e s t r y , and an a n a l y s i s of data c o l l e c t e d i n the East Kootenay and Vanderhoof 

D i s t r i c t s of B r i t i s h Columbia were presented. 

A b r i e f d e s c r i p t i o n of the c l i m a t e , geology, physiography and s o i l s 

i n the East Kootenays was given. 

A d e s c r i p t i o n of the o b j e c t i v e s of the land c a p a b i l i t y f o r f o r e s t r y 

and a survey of the p e r t i n e n t l i t e r a t u r e was inc l u d e d . 

The determination of Forest Land P r o d u c t i v i t y , and the accuracy of 

assigned p r o d u c t i v i t y c l a s s e s , were reviewed. I t was found that the sources 

of e r r o r i n p r o d u c t i v i t y determinations i n c l u d e d : (1) i n s u f f i c i e n t p l o t s , 

(2) problems i n d e f i n i n g 'normal' s t o c k i n g , (3) e x t r a p o l a t i o n of MAI to a base 

of 100 years, (4) a strong tendency to s e l e c t p l o t s on northern aspects, and (5) 

the e x c l u s i o n of p l o t s on s o i l s not r e p r e s e n t a t i v e of s o i l s e r i e s d e s c r i p t i o n s . 

Two a l t e r n a t i v e methods f o r a s s i g n i n g p r o d u c t i v i t y c l a s s e s were 

discussed. They were p o i n t sampling and r e g r e s s i o n techniques. Both the p o i n t 

sampling and r e g r e s s i o n techniques gave r e s u l t s comparable to the conventional 

method, i . e . MAI determinations based on l / 5 t h acre p l o t s , w i t h i n p r e s c r i b e d 

c o n s t r a i n t s , and only i n the i n t e r i o r of B r i t i s h Columbia. Results obtained 

from p o i n t samples on Vancouver I s l a n d were s i g n i f i c a n t l y d i f f e r e n t from those 

obtained on one-twentieth acre p l o t s . 

The assignment of p r o d u c t i v i t y subclasses was discussed. Here the 

only method p r e s e n t l y f e a s i b l e i s a value judgement made by research workers. 

The r e s u l t s of the study revealed three areas where f u r t h e r research 

would r e s u l t i n a more accurate Forest Land C l a s s i f i c a t i o n . These areas i n c l u d e : 

(1) the measurement of environmental f a c t o r s which determine f o r e s t produc

t i v i t y , (2) the use of f i e l d and greenhouse experiments to e s t a b l i s h methods 
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f o r d e t e r m i n i n g t h e r e l a t i v e e f f e c t of e n v i r o n m e n t a l i n f l u e n c e s i n l i m i t i n g 

t r e e g r o w t h , and (3) a more e x t e n s i v e s t u d y o f t h e use o f v a r i o u s s a m p l i n g 

t e c h n i q u e s t o get a d i r e c t measure o f p r o d u c t i v i t y i n terms o f MAI. 
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A c l a s s i f i c a t i o n system can p r e j u d i c e the f u t u r e . 
I f i t s c r i t e r i a are hypotheses without some device 
f o r constant and inescapable s c r u t i n y i n r e l a t i o n 
to the f a c t , the hypotheses become accepted as 
f a c t . Such acceptance can mould research i n t o 
patterns of the past and can l i m i t understanding of 
even new experiences to concepts based on the 
knowledge of the past. ( C l i n e , 1961). 
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AN EXAMINATION OF THE CANADA LAND CAPABILITY CLASSIFICATION 

FOR FORESTRY 

INTRODUCTION 

The purpose of t h i s t h e s i s i s t o : 

1) examine the methods and procedures used to determine the f o r e s t 

land c a b a b i l i t y of the land area encompassed by the E l k R i v e r V a l l e y and Rocky 

Mountain Trench south of Canal F l a t s to the 49th p a r a l l e l , and 

2) suggest some r e v i s i o n s to the system which may r e s u l t i n a more 

accurate c l a s s i f i c a t i o n . 

The O u t l i n e of the Canadian Land C a p a b i l i t y C l a s s i f i c a t i o n f o r F o r e s t r y 

(McCormack, 1965) s t a t e s : 

"The Canada Land Inventory Program of ARDA ( A g r i c u l t u r a l 
R e h a b i l i t a t i o n and Development Act) was designed to provide t e c h n i c a l 
i n f o r m a t i o n on the a l t e r n a t i v e uses of marginal and submarginal 
a g r i c u l t u r a l lands. Under t h i s program the c a p a b i l i t i e s f o r f o r e s t r y , 
w i l d l i f e , and r e c r e a t i o n , as w e l l as a g r i c u l t u r e , w i l l be determined." 

During the summer of 1966 a f o r e s t land c a p a b i l i t y c l a s s i f i c a t i o n 

was c a r r i e d out i n the upper Kootenay and E l k R i v e r V a l l e y s under the auspices 

of ARDA. As a r e s u l t , a considerable amount of in f o r m a t i o n r e l a t i n g f o r e s t 

p r o d u c t i v i t y to edaphic and topographic co n d i t i o n s was obtained. 

In February of 1967, a s e r i e s of t e s t copies of c l i m a t i c maps, compiled 

by the Canada Land Inventory, ARDA, were released and used to supplement data 

made a v a i l a b l e by the f o r e s t land c a p a b i l i t y c l a s s i f i c a t i o n . 

Subsequent to completion of the p r o d u c t i v i t y maps the p l o t data were 

summarized by s o i l s e r i e s , which form the broad u n i t s used i n mapping. Standard 

d e v i a t i o n s were c a l c u l a t e d f o r a l l s o i l s e r i e s to define the d i s p e r s i o n of 

i n d i v i d u a l values about t h e i r mean. 
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Data c o l l e c t e d i n the summer of 1967 were used to compare r e s u l t s 

obtained from the use of l / 5 t h acre p l o t s and p o i n t samples f o r the determi

n a t i o n of mean annual increment (MAI). Data c o l l e c t e d i n the s p r i n g of 1968 

were used to compare the r e s u l t s obtained from one-twentieth acre p l o t s and 

po i n t samples f o r the determination of MAI. 

Regression techniques were used to derive p r e d i c t i o n equations f o r 

MAI based on measured and estimated environmental i n f l u e n c e s f o r the e n t i r e 

area, i . e . the E l k R i v e r V a l l e y and Rocky Mountain Trench, the major t r e e 

s p e c i e s , and the Great S o i l Groups encountered. 

The r e s u l t s of the various sampling techniques were compared f o r 

accuracy and a p p l i c a b i l i t y to the Canada Land C a p a b i l i t y C l a s s i f i c a t i o n f o r 

F o r e s t r y . I t was concluded that a need e x i s t s f o r the development of a sampling 

system which w i l l be optimum i n terms of accuracy and time or cost. 

The assignment of p r o d u c t i v i t y subclasses, that i s , those f a c t o r s 

l i m i t i n g t r e e growth, was discussed. 
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DESCRIPTION OF THE STUDY AREA 

LOCATION AND EXTENT 

The area i s l o c a t e d i n the Upper Kootenay and E l k R i v e r V a l l e y s i n 

the southeastern corner of B r i t i s h Columbia. I t comprises the r i v e r v a l l e y s 

and, to a l i m i t e d extent, the v a l l e y w a l l s . In l a t i t u d e i t ranges from 50°9' 

north at Canal F l a t s , south to the 49th p a r a l l e l , and from 114°45' west to 116°12' 

west. 

The land area, i n excess of one m i l l i o n acres, g e n e r a l l y c o i n c i d e s 

w i t h t h a t covered by maps 2 to 6 i n c l u s i v e , of the S o i l Survey of the Upper 

Kootenay and E l k Ri v e r s i n the East Kootenay D i s t r i c t of B r i t i s h Columbia. 

ELEVATION 

The e l e v a t i o n of the mapped area ranged from 2,400 f e e t i n the Kootenay 

V a l l e y to 5,500 feet i n the Upper E l k V a l l e y . 

CLIMATE 

The area can be d i v i d e d i n t o three c l i m a t i c zones based on Koppen's 

C l a s s i f i c a t i o n (Trewartha, 1954). The zones are: 

1) Dsk - Rocky Mountain Trench f l o o r , 

2) Dfb - mid e l e v a t i o n s of the western face of the Rocky 

Mountains and lower E l k V a l l e y , 

3) Dfc - mid and upper E l k V a l l e y . 

The c l i m a t i c zones correspond to Koppen's "cold-snowy f o r e s t c l i m a t e " w i t h the 

average temperature of the c o l d e s t month below 26.6°F (Fahrenheit) and the 

average temperature of the warmest month above 50°F. 



P r e c i p i t a t i o n 

The e n t i r e area i s c h a r a c t e r i z e d by a w i n t e r p r e c i p i t a t i o n maximum. 

The p r e c i p i t a t i o n ranges from approximately 14 inches i n the f l o o r of the Rocky 

Mountain Trench to about 50 inches i n the upper E l k V a l l e y . 

The annual p r e c i p i t a t i o n d i s t r i b u t i o n f o r four s e l e c t e d s t a t i o n s i n 

the study area i s i l l u s t r a t e d i n Figure 1. Table 1 shows the s e l e c t e d s t a t i o n s 

and the d u r a t i o n of measurements f o r p r e c i p i t a t i o n and temperature. 

Table 1. Selected C l i m a t i c S t a t i o n s and Duration of Measurements f o r 
P r e c i p i t a t i o n and Temperature. 

S t a t i o n P r e c i p i t a t i o n Temperature 
Years Years 

Canal F l a t s 41 6 

Cranbrook 30 30 

Elko 30 13 

Fe r n i e 30 30 

The r e l a t i o n s h i p between i s o l i n e s f o r t o t a l p r e c i p i t a t i o n and p l o t 

l o c a t i o n s i s shown i n Fi g u r e 2. 

Temperature 

The Rocky Mountain Trench and, to a l e s s e r e x tent, the E l k R i v e r 

V a l l e y provide a pathway f o r c o l d c o n t i n e n t a l a i r masses from the n o r t h , par

t i c u l a r l y i n w i n t e r , and f o r heated a i r masses from the southern p l a t e a u of the 

United States i n summer. Thus, i t i s not s u r p r i s i n g that the area experiences 

a wide range i n temperature, from approximately -40°F to 100°F, depending on 

the year and l o c a t i o n . 

F i g ure 1 shows the mean monthly temperatures of the four s e l e c t e d 

s t a t i o n s . 
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Figure 1. Summary of Climatological Data for Selected Stations 
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F i g u r e 2. I s o l i n e s f o r P r e c i p i t a t i o n in i n c h e s . 
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The length of growing season depends on the temperature regime. The 

growing season begins at approximately 42° F mean temperature i n spring and stops 

when the same temperature is approached i n the f a l l . Based on this assumption, 

the length of growing season varies from 190 to 130 days. 

The relationship between the length of growing season and plot loca

tions is shown in Figure 3. 

Water Surplus (after Thornthwaite) 

Figure 4 illustrates the relationship between the isolines for water 

surplus and plot locations. The water surplus ranges from 2 to more than 16 

inches. 

GEOLOGY AND SOIL PARENT MATERIAL 

ELK RIVER VALLEY 

In the Elk River area the Rocky Mountains were overthrust from east 

to west. Limestone and other rock of Paleozoic age were thrust over younger 

Mesozoic formations. The Elk River eroded along fault lines and has cut through 

the hard older rocks, exposing the soft, younger formations beneath. The soft 

nature of the younger formations is probably a factor contributing to the size 

of the valley, which averages from one to four miles wide (Kelly and Sprout, 

1955). 

The lower and mid-altitudes of the valley walls are t i l l capped. The 

t i l l was contributed chiefly by tributary valley glaciers, and thus there is 

some variation i n i t s composition. The t i l l can be differentiated on the basis 

of reaction: some being nonclareous, due to a lack of limestone inclusions or 
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F i g u r e 3. I s o l i n e s for L e n g t h of G r o w i n g S e a s o n in d a y s . 

Sca le 1 in. = 30 miles 

Plot Locations > 
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F i g u r e 4. I s o l i n e s for W a t e r S u r p l u s in i n c h e s . 

» » * , v v * 

8 4 2 2 4 Sca le 1 in. 30 miles 

Plot Locations 
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heavier p r e c i p i t a t i o n , and the remainder being calcareous ( K e l l y and Sprout, 

1955). 

Subsequent t o , and during the i c e r e t r e a t i n the main v a l l e y , the 

f o l l o w i n g sequence of events occurred: 

1) d e p o s i t i o n of calcareous sands, 

2) s i l t and c l a y d e p o s i t i o n i n ponded depressions and g l a c i a l l a k e s , 

3) kame formation around the margins of g l a c i a l l a k e s , 

4) e r o s i o n of s i l t s and cl a y s from the t i l l and d e p o s i t i o n of outwash, 

5) d e p o s i t i o n of a l l u v i a l sands, s i l t , and c l a y on the t e r r a c e s , 

6) d e p o s i t i o n of f i n e - t e x t u r e d m a t e r i a l s , from a few inches to s i x 

f e e t i n depth, over the g r a v e l bottom lands of the E l k R i v e r V a l l e y , and 

7) d e p o s i t i o n of numerous a l l u v i a l fans at the toe of the mountain 

slopes ( K e l l y and Sprout, 1955). 

ROCKY MOUNTAIN TRENCH 

The f l o o r of the Rocky Mountain Trench i s comprised mainly of g l a c i a l 

d r i f t , s i l t s , sands, and gravels ( R i c e , 1917). 

The major formations of the Rocky Mountain Trench i n c l u d e : 

1) grayish-white, loamy, s t r o n g l y calcareous t i l l c o n t a i n i n g g r i t , 

g r a v e l , stones and boulders up to f i f t y f e e t t h i c k . 

2) s m a l l areas of weakly calcareous to non-calcareous t i l l derived 

from the P u r c e l l Mountains, 

3) g l a c i a l r i v e r channels composed c h i e f l y of rounded g r a v e l and 

stones coated w i t h a t h i n l a y e r of s i l t and very f i n e sand before the channels 

were abandoned, and 

4) s m a l l areas of l o c a l l y deposited s t r o n g l y calcareous s i l t s i n 

temporary ponds or lakes ( K e l l y and Sprout, 1955). 
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F o l l o w i n g the i c e r e t r e a t , the Kootenay V a l l e y became the drainage-

way of g l a c i a l r i v e r t r i b u t a r i e s which r e s u l t e d i n the deepening of the v a l l e y . 

Subsequently, fans developed at the mouths of t r i b u t a r i e s , f i l l i n g the bed of 

the Kootenay River to i t s present l e v e l . 

P r i o r to the establishment of v e g e t a t i o n , h i g h winds r e s u l t e d i n a 

loess capping of non-calcareous rock f l o u r over the P u r c e l l Mountains and Rocky 

Mountain Trench f l o o r . High i n t e n s i t y p r e c i p i t a t i o n r e s u l t e d i n the formation 

of a l l u v i a l fans a t the toe of the mountain slopes ( K e l l y and Sprout, 1955). 

ROCKY MOUNTAINS 

The main formations of the Rocky Mountains i n the study area i n c l u d e 

the K i t c h e n e r Formation, d o l o m i t i c a r g i l l i t e , and the Eager Formation, a r g i l l i t e 

( R i c e , 1917). 

PURCELL MOUNTAINS 

The main formations of the P u r c e l l Mountains i n the study area i n c l u d e 

the Kitchener Formation, d o l o m i t i c a r g i l l i t e , the Creston Formation, a r g i l l a c e o u s 

q u a r t z i t e , and the A l d r i d g e Formation, a r g i l l i t e and a r g i l l a c e o u s q u a r t z i t e 

( R i c e , 1917). 

PHYSIOGRAPHY 

ELK RIVER VALLEY 

The g l a c i a t e d E l k R i v e r V a l l e y extends north from N a t a l between two 

mountain ranges, and southeast from N a t a l , c u t t i n g across s e v e r a l mountain 

ranges and e n t e r i n g the Rocky Mountain Trench at Elko. The v a l l e y i s from one 

h a l f to four miles wide. On each s i d e of the v a l l e y the mountains r i s e to high 
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ridges and summits, exceeding 9,000 f e e t . The channel of the E l k R i v e r i s 

l i n e d w i t h a s e r i e s of t e r r a c e s . At the mouths of the s i d e v a l l e y s there are 

masses of r o l l i n g moraines o r i g i n a l l y deposited i n the main v a l l e y by t r i b u t a r y 

g l a c i e r s ( K e l l y and Sprout, 1955). 

The v a l l e y f l o o r i s c h a r a c t e r i z e d by the presence of l a c u s t r i n e 

d e p o s i t s , a l l u v i a l deposits i n the r i v e r channel, and a l l u v i a l cappings on the 

t e r r a c e s . 

ROCKY MOUNTAIN TRENCH 

South of Canal F l a t s the Rocky Mountain Trench c o n s i s t s of a g l a c i a t e d 

v a l l e y from 3 to 17 miles wide, w i t h the Rocky Mountains r i s i n g a b r u p t l y from 

the v a l l e y f l o o r to the east; w h i l e to the west, the P u r c e l l Mountains begin as 

rounded f o o t h i l l s which give way to rugged mountains. 

The Rocky Mountain Trench F l o o r i s occupied by a broad gently s l o p i n g 

channel of the Kootenay R i v e r , which f o l l o w s a s l i g h t l y meandering course. This 

channel i s from one h a l f to two miles wide, w i t h banks up to 100 fee t high ( K e l l y 

and Sprout, 1955). The r i v e r channel i s comprised of t r e e covered second bottoms, 

t r e e d l e v e e s , and grassy and swampy f l o o d p l a i n s . On both sides of the channel 

the topography c o n s i s t s of a r o l l i n g t i l l - p l a i n , eroded by f l a t bottomed g l a c i a l 

r i v e r channels and scarred by more deeply cut courses of t r i b u t a r y streams. 

The t i l l - p l a i n i s marked by s c a t t e r e d h i l l s and ridges of exposed bedrock, numer

ous drumlins, kames, and eskers, and o c c a s i o n a l k e t t l e holes and l a c u s t r i n e 

d e p o s i t s . The average t i l l - p l a i n e l e v a t i o n i s approximately 2,800 f e e t , ranging 

from 2,600 f e e t at the 49th p a r a l l e l to 3,400 f e e t at Canal F l a t s . 

Figure 5 shows the topographic features and p l o t l o c a t i o n s of the 

study area. 
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Figure 5. Topographic Map of Study A r e a . 

8, 000ft. + 
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SOILS 

The s o i l s i n the study area were surveyed by the B. C. Department 

of A g r i c u l t u r e . A r e p o r t , published i n 1955, i s now out of date as f a r as 

the nomenclature i s concerned. 

The survey i n v o l v e d i d e n t i f i c a t i o n , mapping, d e s c r i p t i o n , and c l a s 

s i f i c a t i o n of s o i l s which occur i n the area. The s o i l s were mapped as s e r i e s , 

each s e r i e s being a s o i l derived from one k i n d of parent m a t e r i a l that occupies 

one drainage p o s i t i o n ( K e l l y and Sprout, 1955). 

The major Great S o i l Groups found i n the area i n c l u d e Dark Gray, 

Brown Wooded, Gray Wooded, A c i d Brown Wooded, Humic G l e y s o l s , and Regosols. 

As complete d e s c r i p t i o n s of the s o i l s e r i e s p r o f i l e s are i n c l u d e d i n 

the s o i l Survey Report ( K e l l y and Sprout, 1955), they w i l l not be discussed i n 

d e t a i l . 

F i g ure 6 i l l u s t r a t e s the modal s o i l p r o f i l e s f o r each Great S o i l Group 

as found i n the f i e l d . No attempt was made to d i v i d e the Great S o i l Groups i n t o 

s e r i e s , but the p r o f i l e s cover those most commonly found. 

The d i s t r i b u t i o n of s o i l s i n the mapped area i s shown i n Figure 7. 

The s o i l s are d i v i d e d i n t o two broad c l a s s e s : u n d i f f e r e n t i a t e d Dark Gray and 

Brown Wooded S o i l s , and u n d i f f e r e n t i a t e d Gray Wooded and A c i d Brown Wooded 

S o i l s . Humic G l e y s o l and Regosols are not shown on the map as they comprise a 

very narrow s t r i p along the borders of the E l k and Kootenay Rivers and do not 

cover a s u f f i c i e n t area to be mapped. D e t a i l e d maps showing the l o c a t i o n of 

the s o i l s e r i e s are contained i n the S o i l Survey Report ( K e l l y and Sprout, 1955). 

Table 2 i l l u s t r a t e s the r e l a t i o n s h i p between s o i l parent m a t e r i a l and 

s o i l s e r i e s by Great S o i l Group. The Table i s adapted from the S o i l Survey 

Report ( K e l l y and Sprout, 1955). 
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F i g u r e 6. M o d a l G r e a t S o i l G r o u p P r o f i l e s . 

I 30" ' 1 1 1 1  

Dark Gray B r o w n Wooded G r a y W o o d e d 

•3 0" 
A c i d B r o w n 

W o o d e d 
H u m i c 

G l e y s o I 

Regoso l 
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F i g u r e 7. D i s t r i b u t i o n of S o i l s . 

17° W 
. . . _ . . < ^ L . 1|..4™ 

" 6 ° 115° H4°W 
U.SA. 

Scale 1 in. - 30 miles 

Plot Locations • 

Und i f fe ren t ia ted D a r k Gray a n d B r o w n W o o d e d S o i l s 

Und i f fe ren t ia ted G r a y W o o d e d and A c i d B r o w n W o o d e d S o i l s 
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Table 2. R e l a t i o n s h i p between S o i l Parent M a t e r i a l s and S o i l S e ries by 
Great S o i l Group 

SOIL PARENT 
MATERIAL 

GREAT SOIL GROUP 

G l a c i a l Parent M a t e r i a l s 
Dark 
Gray 

Brown 
Wooded 

Gray 
Wooded 

Ac i d Brown 
Wooded 

Podzol 

G r a v e l l y G l a c i a l Elko,. 
R i v e r Deposits Hyak, 

Elko 1 Hyak 2 

M i c h e l , 

E l k o 3 

Michel„ 

Sandy G l a c i a l 
Deposits 

Flagstone^ Flagstone^ C r a h a ^ Crahan^ 
Oldtown,. 
Wardrop 

G l a c i a l T i l l W y c l i f f e 2 W y c l i f f e ^ 
W y c l i f f e ^ 
W y c l i f f e ^ 

Hosmer 
Kinbasket 
Flatbpw 

Cocatoj 
Cocato,. 
S o i l kz 

S o i l C 
S o i l D 
S o i l E 

S o i l B 

S i l t and Clay 
G l a c i a l R i v e r 
and Lake Deposits 

Mayook^ Mayook^ A b r u z z i ^ Mayook^ 
A b r u z z i _ 
H o r n i c k l e ^ 
Hornickle2 
Mayook2 
Sparwood 

Post G l a c i a l Parent M a t e r i a l s 

A l l u v i a l Fans 

Brown 
Wooded 

Gray 
Wooded 

A c i d Brown 
Wooded 

Wigwamj Wigwam^ Wigwam^ 
Wigwam^ 

Regosol 

Wigwam 

Humic Gleysols 
and Regosols 

Crowsnest 
S a l i s h a n ^ 
S a l i s h a ^ 
Wigwam2 

Key: 1 or no s u b s c r i p t - corresponds to the type p r o f i l e 

2, 3, 4, 5, and 6 - mapped as a s i n g l e s o i l s e r i e s on the s o i l s map 
but having a p r o f i l e that d i d not correspond to 
the type p r o f i l e 
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TREE SPECIES 

The area can be d i v i d e d i n t o three f o r e s t regions based on Rowe's 

Forest Regions of Canada (Rowe, 1959). The regions are: 

1) Grassland - southern Rocky Mountain Trench f l o o r , 

2) Montane - northern Rocky Mountain Trench f l o o r and lower 

slopes of the P u r c e l l and Rocky Mountains, 

3) Columbia - E l k R i v e r V a l l e y . 

T h i r t e e n t r e e species were encountered i n the area, w i t h only four 

covering any a p p r e c i a b l e area. The four major species found were Pinus ponderosa 

Laws., Pinus c o n t o r t a Dougl. var l a t i f o l i a Engelm., Pseudotsuga m e n z i e s i i (Mirb.) 

Franco, and P i c e a glauca (Moench) Voss. The minor species included L a r i x  

o c c i d e n t a l i s Nutt., Thuj a p l i c a t a Donn, Pinus monticola Dougl., ]?. a l b i c a u l i s 

Engelm., Abies l a s i o c a r p a (Hook.) Nutt., B e t u l a p a p y r i f e r a Marsh., Populus  

tremuloides Michx. , P_. t r i c h o c a r p a Torr. , and Gray, and Juniperus scopulorum 

Sarg. 

The four major species can be separated on the b a s i s of geographic 

l o c a t i o n and Great S o i l Group. G e n e r a l l y ponderosa pine (Pinus ponderosa) and 

D o u g l a s - f i r (Pseudotsuga m e n z i e s i i ) were found i n the Rocky Mountain Trench on 

the u n d i f f e r e n t i a t e d Dark Gray and Brown Wooded Great S o i l Groups, w h i l e lodge

pole pine (Pinus Contorta var. l a t i f o l i a ) and white spruce (Picea glauca) were 

found on the u n d i f f e r e n t i a t e d Gray Wooded and A c i d Brown Wooded Great S o i l Groups. 

White spruce and deciduous species were found on the Humic G l e y s o l and Regosol 

Great S o i l Groups (Table 7). 
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DISTRIBUTION OF MAJOR TREE SPECIES IN RELATION TO CLIMATE AND SOILS 

In a study of the d i s t r i b u t i o n of D o u g l a s - f i r , lodgepole p i n e , ponder-

osa pine and white spruce i n the Kootenay and E l k R i v e r V a l l e y s (Quenet, 1967) 

i t was found that the a v a i l a b i l i t y of s o i l water was the s i n g l e most important 

f a c t o r determining the range of these species. I t was a l s o noted that there 

was a strong c o r r e l a t i o n between species d i s t r i b u t i o n and great s o i l group. 

These f i n d i n g s s u b s t a n t i a t e the works of Daubenmire (1943) and McLean and 

Holland (1958). 

LITERATURE REVIEW 

The Canada Land Inventory was designed to provide t e c h n i c a l i n f o r m a t i o n 

on the a l t e r n a t i v e uses of marginal and submarginal a g r i c u l t u r a l land. Deter

mination of the land c a p a b i l i t y f o r inventory (McCormack, 1965). 

.... As a general r u l e the f o l l o w i n g procedures are 
recommended: 

1. The s e p a r a t i o n of the land surface i n t o homogenous 
u n i t s f o r c l a s s i f i c a t i o n w i l l be on the b a s i s of p h y s i c a l 
c h a r a c t e r i s t i c s . 

2. Assignment of each u n i t to a c a p a b i l i t y c l a s s w i l l 
be on the b a s i s of a l l known or i n f e r r e d i n f o r m a t i o n 
about the u n i t i n c l u d i n g s u b - s o i l , s o i l p r o f i l e , s o i l 
depth, moisture, f e r t i l i t y , landform, c l i m a t e , and 
v e g e t a t i o n . 

3. For c a p a b i l i t y c l a s s 1 no l i m i t i n g f a c t o r s w i l l be 
shown. For a l l other c l a s s e s the inherent l i m i t a t i o n s 
to growth which account f o r the placement i n a given 
c l a s s w i l l be s t a t e d i n the symbol. The degree of 
l i m i t a t i o n , and not the k i n d , w i l l determine the c l a s s : 
a given c l a s s may embrace u n i t s of land w i t h a wide 
v a r i e t y of l i m i t a t i o n s but the degree of l i m i t a t i o n 
to growth of each of them w i l l be the same. Thus the 
c a p a b i l i t y c l a s s i n d i c a t e s the degree of l i m i t a t i o n and 
the subclass i n d i c a t e s the nature of the l i m i t a t i o n . 

4. Both m i n e r a l and organic s o i l s w i l l be c l a s s i f i e d . 
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5. A s s o c i a t e d w i t h each c a p a b i l i t y c l a s s i s a produc
t i v i t y c l a s s based on the mean annual increment of the 
best species or group of species adapted to the s i t e , 
at or near r o t a t i o n age. P r o d u c t i v i t y c l a s s e s are 
expressed i n gross merchantable cubic foot volume to 
a minimum diameter of four inches i n s i d e bark. The 
p r o d u c t i v i t y here should be that of "normal"; that i s , 
f u l l y stocked stands. Thinnings, bark, and branch wood 
w i l l not be i n c l u d e d . 

6. Since t h i s i s a c a p a b i l i t y c l a s s i f i c a t i o n , l o c a t i o n , 
access, or present s t a t e w i l l not i n f l u e n c e the c l a s s 
d e s i g n a t i o n . Present pr o d u c t i o n , unless i t r e f l e c t s 
p r o d u c t i v i t y , w i l l only be used as a d d i t i o n a l informa
t i o n w i t h which to r a t e the c a p a b i l i t y . 

7. The i n d i c a t o r t r e e s p e c i e s , or group of s p e c i e s , 
which are expected to y i e l d the p r o d u c t i v i t y w i l l be 
shown, when p o s s i b l e . 

8. I t i s r e a l i z e d t h a t , w i t h improved f o r e s t manage
ment and p r a c t i c e s , the p r o d u c t i v i t y c l a s s e s may change; 
however, s i n c e the c a p a b i l i t y c l a s s e s are based p r i m a r i l y 
on permanent p h y s i c a l l i m i t a t i o n s to growth they should 
not change. 

A general d e s c r i p t i o n of the p r o d u c t i v i t y c l a s s e s w i l l be included i n 

the d i s c u s s i o n of the b i o l o g i c a l i m p l i c a t i o n s of the r e s u l t s of the analyses. 

A b r i e f d e s c r i p t i o n of the land c a p a b i l i t y subclasses f o l l o w s : 

Subclasses are c l a s s d i v i s i o n s that have the same k i n d 
of l i m i t a t i o n s to f o r e s t growth. I t must be s t r e s s e d 
that only l i m i t a t i o n s which a f f e c t growth are to be 
considered and recognized only as they a f f e c t growth. 

For convenience of d e s c r i p t i o n the sublcasses may be 
grouped i n t o l i m i t a t i o n s due to c l i m a t e , s o i l moisture, 
p e r m e a b i l i t y and r o o t i n g depth, f e r t i l i t y or high l e v e l s 
of t o x i c elements, stoniness and innundation. 

Numerous systems f o r the c l a s s i f i c a t i o n of f o r e s t land have been 

proposed, using many approaches. Forest land c l a s s i f i c a t i o n systems and ap

proaches have been discussed by Brown (1953), Carmean (1954), C o i l e (1952), 

C o i l e and Schumacher (1953), Heimberger (1941), H i l l s (1949, 1950, 1952, 1960, 



21 

1966), H i l l s and P i e r p o i n t (1960), Holmes (1961), K r a j i n a (1959), L i n t e a u 
(1955), Lacate (1961, 1965, 1966), Lacate, Sprout, A r l i d g e and Moss (1965), 
LaFond (1958), Lemieux (1961), Long (1953), Lutz (1958), McCormack (1965), 
Rennie (1962), Rowe (1959, 1962), S p i l s b u r y and Smith (1942), and Warrack 
and Fraser (1955). 

The works of Auten (1945), Bajzak (1960), Copeland (1958), Cox and 
McConnel and Mathew (1958), D e l l a - B i a n c a and Olson (1961), Duffy (1965), D o o l i t t l e 

(1957), Einspahr (1951), E i s (1962), L i n n a r t z (1963), Meyers and VanDeusen (1960), 
R a l s t o n (1951), Smith and Ker (1956), and Steinbrenner (1965) have shown rat h e r 

c o n c l u s i v e l y that p r o d u c t i v i t y can be p r e d i c t e d from q u a n t i t a t i v e measurements 

of environmental f a c t o r s . The v a r i a b l e s measured i n c l u d e t o t a l s o i l depth, 

e f f e c t i v e s o i l depth, s o i l h o r i z o n depth, s o i l organic matter content, t e x t u r e , 

p e r m e a b i l i t y , drainage, water a v a i l a b i l i t y , depth to water t a b l e , and topo

graphic f a c t o r s such as s l o p e , p o s i t i o n on s l o p e , exposure, aspect, and 

microtopography. 

I t should be noted that the r e l a t i v e e f f e c t of environmental f a c t o r s 

on p r o d u c t i v i t y v a r i e s w i t h the geographic l o c a t i o n and species. 

To designate p r o d u c t i v i t y c l a s s e s i n a p a r t i c u l a r area, i t i s necessary 

to sample the p o p u l a t i o n of trees o c c u r r i n g on the area. As i t i s i m p r a c t i c a l , 

as w e l l as f i n a n c i a l l y i m p o s s i b l e , to carry out a 100-per cent inventory of the 

land c a p a b i l i t y f o r f o r e s t r y a sample of the po p u l a t i o n i s required i n order 

to o b t a i n a r e l i a b l e estimate of the popu l a t i o n . 

The c e n t r a l conception of such a sampling problem i s the existence 

of a p o p u l a t i o n , where a po p u l a t i o n i s an aggregate of u n i t v a l u e s , the u n i t 

being the object upon which the observation i s made, and the value the property 
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observed on that object (USDA, 1962). 

I t would appear that the greatest problem i n o b t a i n i n g a r e l i a b l e 

sample f o r determining f o r e s t land c a p a b i l i t y i s to define the u n i t of sampling 

and the v a r i a b l e s to be sampled. In s h o r t , to define the p o p u l a t i o n . 

I f a sample representing a s p e c i f i c p o p u l a t i o n contains i n d i v i d u a l s 

from a d i f f e r e n t p o p u l a t i o n , i t w i l l no longer represent the o r i g i n a l p o p u l a t i o n , 

because i t w i l l f a i l to give a r e l i a b l e estimate of the o r i g i n a l p o p u l a t i o n . 

Given a t r a c t of l a n d , i t i s p o s s i b l e to d e f i n e the populations of 

trees thereon, i n a number of ways. The various populations can be defined on 

the b a s i s of phytocoenoces, c l i m a t i c zones, s o i l s , physiography, and so on. 

The s e l e c t i o n of the v a r i a b l e s to be measured i n order to describe 

a given p o p u l a t i o n poses a greater problem than that of d e f i n i n g the p o p u l a t i o n 

i t s e l f , due to the f a c t that the r e l a t i v e e f f e c t of environmental f a c t o r s a f 

f e c t i n g t r e e growth v a r i e s w i t h geographic l o c a t i o n and t r e e species. 

T i s d a l e and Nelson (1966) define environments as the aggregate of 

a l l e x t e r n a l c o n d i t i o n s and i n f l u e n c e s a f f e c t i n g the l i f e and development of 

an organism. They a l s o s t a t e that the most important f a c t o r s known to i n f l u e n c e 

p l a n t growth i n c l u d e : 

1) temperature, 

2) water supply, 

3) r a d i a n t energy, 

4) composition of atmosphere, 

5) s o i l a e r a t i o n and composition of s o i l a i r , • 

6) s o i l r e a c t i o n , 

7) b i o t i c f a c t o r s , and 

8) supply of mineral n u t r i e n t elements. 
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Assuming a po p u l a t i o n w i t h an i d e n t i c a l genetic c o n s t i t u t i o n , and a 

complete knowledge of the environment, i t would be p o s s i b l e to p r e d i c t pro

d u c t i v i t y w i t h a very h i g h degree of accuracy. However, as the genetic c o n s t i 

t u t i o n of trees v a r i e s both w i t h i n and between s p e c i e s , a complete knowledge of 

the environment i s impossible. Thus, r e c o g n i z i n g genetic v a r i a b i l i t y and a 

l i m i t e d knowledge of the environment, one i s faced w i t h the problem of reducing 

g e n e t i c v a r i a b i l i t y to a minimum by l i m i t i n g the p o p u l a t i o n s i z e , and s e l e c t i n g 

those environmental f a c t o r s which are important i n determining t r e e growth and 

which are r e l a t i v e l y e a s i l y measured. 

DETERMINATION OF FOREST LAND PRODUCTIVITY 

The v a r i a b l e s used to p r e d i c t f o r e s t land p r o d u c t i v i t y i n c l u d e d 

mean annual increment, species composition, e l e v a t i o n , s o i l drainage, length 

of growing season, water surplus ( a f t e r Thornthwaite), per cent s l o p e , depth 

to lime accumulation, great s o i l group, and s o i l parent m a t e r i a l . 

DESCRIPTION OF DATA COLLECTION 

1) Mean annual increment was measured as cubic f e e t per acre i n 

gross merchantable volume to a minimum diameter of four inches i n s i d e bark of 

that s p e c i e s , or group of s p e c i e s , best adapted to the s i t e . 

The determination of mean annual increment (MAI) was c a r r i e d out as 

f o l l o w s : 

a) s e l e c t i o n of "normal", that i s f u l l y stocked, stands w i t h 

no obvious defects or signs of disturbance, 
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b) d e l i n e a t i o n of p l o t s one f i f t h of an acre i n extent, 

c) enumeration of species by one-inch diameter c l a s s e s , 

d) determination of mean stand diameter, 

e) s e l e c t i o n and diameter, height and age measurements of f i v e 

t r e e s having the mean p l o t diameter; and, based on these trees determination 

of the t r e e of average height and age, 

f) determination of the volume of the average t r e e , volume per 

p l o t , and volume per acre, 

g) determination of MAI per acre (volume per acre d i v i d e d by 

the mean age of the average t r e e ) , and, 

h) e x t r a p o l a t i o n of MAI to a 100 year base us i n g E m p i r i c a l Y i e l d 

Tables ( F l i g g , 1960) compiled by the B r i t i s h Columbia Forest S e r v i c e . 

Subsequent to the s e l e c t i o n of a stand s u i t a b l e f o r p r o d u c t i v i t y 

determination, the s o i l was examined i n the f o l l o w i n g manner: 

a) the s o i l was checked f o r u n i f o r m i t y throughout the p l o t , 

b) i f the s o i l d i d not c o i n c i d e w i t h the s e r i e s d e s c r i p t i o n , 

the p l o t was e l i m i n a t e d , 

c) i f the s o i l met the requirements of a and b a p i t was dug 

to the parent m a t e r i a l and the f o l l o w i n g observations were made: 

1) h o r i z o n d e s c r i p t i o n s , depth of each h o r i z o n , and t o t a l 

s o i l depth, 

2) t e x t u r e of each h o r i z o n by hand-texturing, 

3) s o i l drainage based on general topographic p o s i t i o n , s o i l 

p r o f i l e development, and s o i l water content at the time of 

excavation, 
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4) depth to Cca and/or depth to s o l u b l e carbonate deposits 

as i n d i c a t e d by e f f e r v e s c i n g when a 10% HCI s o l u t i o n was 

a p p l i e d , 

5) aspect, s l o p e , p o s i t i o n on slop e , and e l e v a t i o n , 

6) general comments which supplemented the above in f o r m a t i o n 

and e l u c i d a t e d any apparent i n c o n s i s t e n c i e s i n p r o d u c t i v i t y . 

I t should be pointed out that a d e s c r i p t i o n as comprehensive as the 

one o u t l i n e d above was the exception r a t h e r than the r u l e . The v a r i a t i o n s i n 

the data c o l l e c t e d may best be demonstrated by two s o i l p r o f i l e d e s c r i p t i o n s : 

P l o t # 1 

Great S o i l Group 
Subgroup 
S o i l S e ries 
S o i l Drainage 
Slope and Aspect 
E l e v a t i o n 
P o s i t i o n on Slope 
S o i l P r o f i l e 

Texture 
Comments 

Ae 
8" 
S i l 

Gray Wooded 
O r t h i c Gray Wooded 
Kinbasket 
No measure 
8% E 
No measure 
No measure 

/ Bt 
w e l l developed 

N i l 

P l o t # 71 
Great S o i l Group 
Subgroup 
S o i l S e r i e s 
S o i l Drainage 
Slope and Aspect 
E l e v a t i o n 
P o s i t i o n on Slope 
S o i l P r o f i l e 

Texture 
Comments 

Gray Wooded 
Bru n o s o l i c Gray Wooded 
Flatbow 
W e l l drained 
12 to 15% N 
2,800 f t . 

6" 12" 8" 26" + 
Bf / Ae / Bt / Cca 

Si L GSiL SiCL GSiL 
stones s c a t t e r e d throughout p r o f i l e 
p l o t not f u l l y stocked, put i n as 
l a s t r e s o r t 
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The number of p l o t s l o c a t e d on each of the various s o i l s e r i e s v a r i e d 

considerably. As a general r u l e , i t was considered that s u f f i c i e n t p l o t s had 

been l o c a t e d on a p a r t i c u l a r s o i l s e r i e s when the MAI of that s e r i e s showed a 

d e f i n i t e trend to f a l l w i t h i n a p r o d u c t i v i t y c l a s s . There were a number of 

instances where i n s u f f i c i e n t p l o t s were l o c a t e d on the s o i l s e r i e s due to poor 

stand c o n d i t i o n s , extensive l o g g i n g , and i n a c c e s s a b i l i t y . 

Subsequent to the establishment and measurement of the p l o t s , the 

land surface was separated i n t o homogenous land u n i t s on the b a s i s of p h y s i c a l 

c h a r a c t e r i s t i c s , and assigned a p r o d u c t i v i t y c l a s s . The assignment of the 

p r o d u c t i v i t y c l a s s to the land u n i t s was on the b a s i s of the p l o t measurements 

and a l l known or i n f e r r e d i n f o r m a t i o n about the u n i t i n c l u d i n g s u b s o i l , s o i l 

p r o f i l e , depth, water a v a i l a b i l i t y and r e t e n t i o n p r o p e r t i e s , f e r t i l i t y , l a n d -

form, c l i m a t e , and ve g e t a t i o n . 

A subclass was assigned to each p r o d u c t i v i t y c l a s s . The subclass 

i n d i c a t e s the l i m i t a t i o n s which a f f e c t tree growth. The assignment of the 

subclass to the p r o d u c t i v i t y c l a s s was on the b a s i s of a l l known or i n f e r r e d 

i n f o r m a t i o n about the s u b s o i l , s o i l p r o f i l e , depth, water a v a i l a b i l i t y , 

f e r t i l i t y , landform, c l i m a t e , and ve g e t a t i o n . 

ACCURACY OF THE ASSIGNED PRODUCTIVITY CLASSES 

As p r e v i o u s l y s t a t e d , i t was considered that s u f f i c i e n t p l o t s had 

been l o c a t e d on a p a r t i c u l a r s o i l s e r i e s when the MAI of that s e r i e s showed a 

d e f i n i t e trend to f a l l w i t h i n a p r o d u c t i v i t y c l a s s . There were, however, a 

number of instances where i n s u f f i c i e n t p l o t s were l o c a t e d f o r reasons already 

mentioned. 
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The p r o d u c t i v i t y c l a s s assigned to a p a r t i c u l a r s o i l s e r i e s , or land 

u n i t , was based on the mean MAI of the p l o t s l o c a t e d on that s o i l s e r i e s . Thus, 

any s e r i e s having a wide d e v i a t i o n i n MAI would show a g e n e r a l i z e d p r o d u c t i v i t y 

value. Table 3 shows the mean MAI, standard d e v i a t i o n , maximum and minimum values, 

and the number of p l o t s f o r each s o i l s e r i e s . 

From Table 3 i t i s evident t h a t : 

1) i n s u f f i c i e n t p l o t s were l o c a t e d on the great m a j o r i t y of s o i l s e r i e s 

to give a s u f f i c i e n t l y accurate e s t i m a t i o n of p r o d u c t i v i t y , and 

2) on those s o i l s e r i e s where i t was thought that s u f f i c i e n t p l o t s had 

been l o c a t e d , the standard d e v i a t i o n was so high i t was evident that i n s u f f i c i e n t 

p l o t s had been l o c a t e d , or the method of s e l e c t i n g p l o t l o c a t i o n s and/or measure

ment of MAI could be improved. 

I t must be s t a t e d here that the standard d e v i a t i o n s a s s o c i a t e d w i t h 

each s o i l s e r i e s do not n e c e s s a r i l y mean that the land u n i t s o c c u r r i n g w i t h i n a 

p a r t i c u l a r s o i l s e r i e s w i l l have a MAI v a r i a t i o n which corresponds to the standard 

d e v i a t i o n of that s o i l s e r i e s . The v a r i a t i o n i n MAI on a p a r t i c u l a r s o i l s e r i e s 

should be considerably reduced when the area i s mapped i n t o land u n i t s . T h i s , 

however, has not yet been proven. 

A l t e r n a t i v e methods of sampling and s e l e c t i n g p l o t l o c a t i o n s w i l l be 

discussed i n the s e c t i o n headed ' A l t e r n a t i v e Methods f o r A s s i g n i n g P r o d u c t i v i t y 

Classes'. 

The assignment of subclasses to the p r o d u c t i v i t y c l a s s e s was based on 

a value judgement made by the research workers engaged on the p r o j e c t , and thus i s 

open to question. 

As w i t h a l l measurements the determination of MAI i s subject to e r r o r . 

In a d d i t i o n to the e r r o r a s s o c i a t e d w i t h the measurement of trees on the p l o t , the 

method of determining MAI i s open to question. 
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Table 3. Summary of Mean MAI, Standard D e v i a t i o n , Maximum and Minimum Values, 
and Number of P l o t s f o r each S o i l S e r i e s . 

S o i l S e ries Mean MAI Standard Maximum & Minimum Number 
cu. f t . / a c . D e v i a t i o n Values of 

cu. f t . / a c . cu. f t . / ac. P l o t s 

Dark Gray S o i l s 
E l k o 2 

Flagstone-
Hyak 1 

Mayook, 
W y c l i f f e.^ 

Brown Wooded S o i l s 
E l k x ^ 
Flagstone^ 
Hyak£ 
Mayook^ 
M i c h e l ^ 
Wigwam^ 
Wigwam, 
W y c l i f r e ^ 
W y c l i f f e ^ 
W y c l i f f e ^ 

18.7 4.6 24 16 3 
52.0 49.9 109 16 3 
41.5 12.0 50 33 2 
19 1 
44.7 17.4 58 25 3 

26.5 5.9 38 22 6 
25.5 2.1 27 24 2 
38 1 
43.0 25.3 82 16 5 
69 1 
80 1 
51 1 
39.9 10.5 67 25 12 
49.0 5.7 53 45 2 
29 1 

Gray Wooded S o i l s 
A b r u z z i ^ 
A b r u z z i ^ 
C r a h a ^ 
Flatbow 
H o r n i c k l e ^ 
H o rnickle2 
Hosmer 
Kinbasket 
Mayook2 
Sparwood 
Wigwam^ 

56 
57 
87.5 
42.0 

100.5 
83 
76.0 
42.0 
72 
59 
65 

6.4 
7.0 
0.7 

2.8 
19.0 

92 
49 

101 

78 
73 

83 
35 

100 

74 
20 

1 
1 
2 
3 
2 
1 
2 
6 
1 
1 
1 
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Table 3 contd. 

Soil Series Mean MAI Standard Maximum & Minimum Number 
cu. ft./ac. Deviation Values of 

cu. ft./ac. cu. f t . / ac. Plots 

Acid Brown Wooded Soils 
Cocato^ 88.7 22.8 114 57 6 
Cocat02 52.3 11.9 66 45 3 
Crahan^ 76.0 2.8 78 74 2 
Elko 3 27 1 
Mayookg 37 1 
Miche^ 77.3 31.9 106 43 3 
01dtown„ 73 1 
Soil A 84.3 20.5 105 64 3 
Soil C 99.5 3.5 102 97 2 
Soil D 44.5 9.2 51 38 2 
Soil E 47.2 12.1 62 33 6 
Wardrop 130.5 9.2 137 124 2 
Wigwam̂  62.0 1.4 63 61 2 

Humic Gleysols and Regosols 
Crowsnest 95.6 26.9 137 64 5 
Salishan^ 69.8 5.7 75 62 4 
Salishan2 109 1 
Wigwam2 142 1 

Podzol Soils 
Cocato„ 62 1 
Soil B 46.5 12.0 55 38 2 

Regosols 
Wigwam, 79 1 
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The determination of MAI i s based on the concept of the "normal" 

stand, or f u l l y stocked stand. Problems a r i s e when the environmental c o n d i t i o n s 

are such that "normal" does not represent f u l l s t o c k i n g . I t then becomes 

necessary to make a v i s u a l estimate of what c o n s t i t u t e s normal s t o c k i n g f o r 

the p a r t i c u l a r area, and then proceed on t h i s b a s i s . Obviously the accuracy 

of a v i s u a l estimate of "normal" or f u l l s t o c k i n g i s ; questionable. 

The e x t r a p o l a t i o n of MAI to a base of 100 years could r e s u l t i n 

a c e r t a i n degree of e r r o r because: 

a) at ages below 60 years the growth and y i e l d t a b l e s are based 

on r e l a t i v e l y few data, hence subject to e r r o r ; and, 

b) f o r c e r t a i n species the MAI obtained i n the f i e l d was greater 

than twice the maximum MAI l i s t e d i n growth and y i e l d t a b l e s f o r 

that s p ecies. 

Subsequent work i n the c e n t r a l i n t e r i o r of B r i t i s h Columbia revealed 

that there was a strong tendency to s e l e c t stands o c c u r r i n g on n o r t h , n o r t h 

e a s t e r n , and north-western aspects. This tendency may be explained by the 

f a c t that northern aspects have a more favourable water regime, and as such 

have more f u l l y stocked stands, w i t h a greater growth p o t e n t i a l than stands 

o c c u r r i n g on southern aspects. 

As p r e v i o u s l y s t a t e d , p l o t s were not l o c a t e d on s o i l s which d i d not 

c o i n c i d e w i t h the s o i l s e r i e s d e s c r i p t i o n . Obviously, an area mapped as a 

s i n g l e s o i l s e r i e s w i l l i n c l u d e areas which do not c o i n c i d e w i t h the s e r i e s 

d e s c r i p t i o n . For example, a drumlinized t i l l p l a i n w i l l c o n s i s t of two d i s t i n c t 

s o i l s : the f i r s t o c c u r r i n g on the drumlins themselves; the second o c c u r r i n g 
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i n the drainage basins between the drumlins. Since the area covered by the 

drumlins u s u a l l y exceeds that of the drainage b a s i n s , the s o i l w i l l be mapped 

on the b a s i s of the s o i l o c c u r r i n g on the drumlins. Hence, the drainage areas 

w i l l not c o i n c i d e w i t h the s e r i e s d e s c r i p t i o n and thus be e l i m i n a t e d as 

un s u i t a b l e f o r p r o d u c t i v i t y determinations. 

The sources of e r r o r i n the p r o d u c t i v i t y determinations may be 

summarized as f o l l o w s : 

1) i n s u f f i c i e n t p l o t s , 

2) the problem i n d e f i n i n g normal s t o c k i n g , and i g n o r i n g stand d e n s i t y , 

3) e x t r a p o l a t i o n of MAI to a base of 100 years, 

4) the strong tendency to s e l e c t p l o t s on northern aspects, and 

5) the e x c l u s i o n of p l o t s from s o i l s which do not correspond to 

s o i l s e r i e s d e s c r i p t i o n s . 

I t has been shown that the data used to map the p r o d u c t i v i t y of 

i n d i v i d u a l s o i l s e r i e s , (Table 3 ) , have high standard d e v i a t i o n s and thus might 

be expected to give a somewhat inaccurate base from which to ass i g n p r o d u c t i v i t y . 

Although no study has as yet been undertaken to assess the accuracy of mapped 

land u n i t s , i t appears, from a v i s u a l examination, that i n some instances the 

assigned p r o d u c t i v i t y c l a s s i s not i n accordance w i t h the true p r o d u c t i v i t y 

c l a s s . I t should be s t r e s s e d that t h i s apparent i n c o n s i s t e n c y i n mapped and 

true p r o d u c t i v i t y has not been proven. 

ALTERNATIVE METHODS FOR ASSIGNING PRODUCTIVITY CLASSES 

The Forest Land C a p a b i l i t y C l a s s i f i c a t i o n was designed to rate the 

p r o d u c t i v i t y of f o r e s t land using a system whereby the r a t i n g could be compared 

to that of a l t e r n a t i v e land uses. I t was not designed to provide a complete 
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b a s i s f o r land management. 

The system p r e s e n t l y employed i s a compromise between a broad r e g i o n a l 

c l a s s i f i c a t i o n and an i n t e n s i v e management c l a s s i f i c a t i o n . As such i t has 

l o s t a great d e a l of v e r s a t i l i t y and does not f u l l y accomplish e i t h e r o b j e c t i v e . 

I t would appear that two courses of a c t i o n can be taken; namely, to modify the 

system to one that f u l f i l s the o b j e c t i v e s of a broad r e g i o n a l c l a s s i f i c a t i o n , 

or to a management c l a s s i f i c a t i o n , but not a combination of both. 

POINT SAMPLING TECHNIQUES 

I t i s the author's o p i n i o n that a system us i n g p o i n t sampling would 

provide the best foundation f o r a r e g i o n a l c l a s s i f i c a t i o n of f o r e s t land pro

d u c t i v i t y . An o u t l i n e of the system and i t s advantages i s contained below. 

1) Separation of the land surface i n t o homogeneous u n i t s based on 

physiographic u n i t s w i t h i n s o i l s e r i e s p r i o r to the f i e l d season. 

2) Use of a prism to e s t a b l i s h an i n t e n s i v e sample, the b a s a l area 

f a c t o r of the prism being such that 5 to 10 trees are s e l e c t e d per poi n t sample 

(Smith, 1967). 

3) Determine MAI i n terms of t o t a l cubic foot volume per acre. 

4) Check the boundaries of mapped land u n i t s i n the f i e l d at the 

time of p l o t establishment. 

5) Use road cuts and o c c a s i o n a l s o i l p i t s to a i d i n the determination 

of f a c t o r s l i m i t i n g t r e e growth, and check the v a r i a b i l i t y of mapped s o i l s . 

I n the summer of 1967 a p i l o t study was undertaken to determine the 

r e l a t i v e merits of a p o i n t sampling system. A d i s c u s s i o n of the methods and 

r e s u l t s i s in c l u d e d below. 
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P r o d u c t i v i t y measurements were c a r r i e d out as described i n the s e c t i o n 

headed 'Determination of Forest Land P r o d u c t i v i t y ' . In a d d i t i o n , a poi n t 

sample was taken on each p l o t using the p l o t centre as the sampling p o i n t . 

F i f t y p l o t s were measured on some t h i r t e e n s o i l s e r i e s . However, 

meaningful r e s u l t s could be obtained on only f i v e s o i l s e r i e s due to the low 

number of p l o t s l o c a t e d on the remaining eight s o i l s e r i e s . 

The method used to determine MAI from the poi n t samples i s o u t l i n e d 

below: 

1) summary of the sampled trees by diameter c l a s s e s , 

2) computation of the number of trees per acre i n each diameter 

c l a s s , and t o t a l number of trees per acre, 

3) computation of the t r e e of mean diameter, 

4) c o n s t r u c t i o n of a height-diameter curve based on trees sampled 

on that s o i l s e r i e s during the conventional MAI determination, 

5) determination of the height of the mean diameter t r e e from the 

height-diameter curve, 

6) determination of the volume of the mean t r e e from volume t a b l e s , 

7) determination of the t o t a l volume per acre (volume of mean tree 

times the number of trees per a c r e ) , 

8) determination of the mean annual increment per acre ( t o t a l volume 

per acre d i v i d e d by the mean age of the sample t r e e s ) , and 

9) e x t r a p o l a t i o n of MAI to a base of 100 years using growth and 

y i e l d t a b l e s compiled by the B r i t i s h Columbia Forest S e r v i c e . 
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A sample c a l c u l a t i o n i s included below. 

P l o t # 2 - Vanderhoof Series - O r t h i c Gray Wooded on L a c u s t r i n e Clay 

- Lodgepole Pine 

Sample Trees - 2 x 9 " , 1 x 10", 3 x 11", 2 x 12", 1 x 13", 1 x 15" 

Number of Trees per Acre us i n g 20 b a s a l area f a c t o r (BAF) prism 

# of trees = BAF x # of trees sampled i n each diameter c l a s s 
B a s a l Area of each Diameter Class 

eg. 9" diameter c l a s s 

# of trees = 20 x 2 = 90.52 
22 x 4.5 x 4.5 

7 x 144 

Mean Diameter 

Mean Diameter = ^ /Total b a s a l area per acre 
( T o t a l # of trees per acre 

C o n s t r u c t i o n of Height-Diameter Curve 

s t r a i g h t l i n e r e g r e s s i o n a n a l y s i s c a r r i e d out on sample trees 
determine l i n e of best f i t (see Figure 8) 

Determination of Height of Mean Tree 

taken from height-diameter curve 

eg. diameter = 10.8", t h e r e f o r e height = 91 f t . 

Volume of Mean Tree 

taken from volume t a b l e s = 34.0 cu. f t . 

Mean Annual Increment 

volume of mean tree x t o t a l # of trees per acre 
mean age of sample tr e e s 

eg. 34.0 x 307 = 62 cu. f t . per acre/ y r . 
169 

e x t r a p o l a t i o n to base 100 y r s . = 87 cu. f t . per acre/ y r . 
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Table 4 contains a summary of r e s u l t s obtained from both the 

conventional and p o i n t sampling methods f o r determining MAI. The standard 

d e v i a t i o n s f o r MAI derived from the conventional method in c l u d e d a l l p l o t s 

whereas these derived from the poi n t sampling method in c l u d e d only p l o t s c o n t a i n i n g 

between 5 and 11 sample t r e e s . I t was observed that where the number of sample 

trees was l e s s than 5 or greater than 11 the MAI derived bore l i t t l e r e l a t i o n 

to that derived from the conventional method. However, where the number of 

sample trees ranged between 5 and 11 the MAIs derived by the conventional and 

po i n t sampling methods showed a high c o r r e l a t i o n . 

Tables 5 and 6 show a comparison of the conventional and poi n t sampling 

r e s u l t s on an i n d i v i d u a l p l o t b a s i s f o r two s o i l s e r i e s . In Table 5 the number 

of sample trees obtained by the poi n t sampling method, w i t h the exception of 

one p l o t , ranged between 5 and 11, and hence gave a high c o r r e l a t i o n w i t h the 

values obtained by the conventional method. In Table 6 four p l o t s had over 11 

sample trees and i n a l l cases there was a considerable v a r i a t i o n i n the MAI 

values obtained. S i m i l a r l y , i n the case of p l o t 21, having 4 sample t r e e s , 

there was a considerable v a r i a t i o n i n the MAI values obtained by the two methods. 

The u n d e r l y i n g cause of v a r i a t i o n i n the MAI values obtained by the 

two methods, where the number of sample trees taken i n the p o i n t sample was l e s s 

than 5 or greater than 11, i s r e l a t i v e l y simple to e x p l a i n . An examination of 

Tables 5 and 6 w i l l show that the number of trees per acre, obtained by the 

conventional method, ranged from 310 to 555. The tables a l s o show that there 

i s l i t t l e c o r r e l a t i o n between the number of sample trees obtained by the poi n t 

sampling method and the number of trees per acre obtained by the conventional 

sampling method. This apparent i n c o n s i s t e n c y may be explained by the f a c t 



Table 4. Summary of Results Obtained from both Conventional (C) and P o i n t Sampling Methods (P) 
f o r Determining MAI. 

S o i l S e ries Number of Number of Trees Number of Trees Mean Annual Increment 
P l o t s Measured per Acre cu. f t . / acre 

Beaverley 8 85 7 425 396 6 0 + 1 4 . 2 6 0 + 1 5 . 3 

Cinema 4 91 9 505 374 59 + 2.9 58 + 4.4 

Cobb 4 94 9 470 520 70 + 19.9 75 + 35.7 

Deserters 5 96 9 480 431 85 +28.7 8 0 + 2 9 . 5 

Vanderhoof 5 87 8 434 395 6 1 + 1 2 . 8 6 6 + 1 2 . 7 

S t a t i s t i c s presented i n c l u d e only those p l o t s where the number of trees t a l l i e d on the p o i n t 
samples ranged between 5 and 11. 



Table 5. Comparison of Conventional (C) and P o i n t Sampling (P) Results on an I n d i v i d u a l 
P l o t Basis of the Vanderhoof S o i l S e r i e s . 

P l o t // Number of Trees Number of Trees Volume of Mean Mean Annual Increment 
Measured per Acre Tree cu. f t . / acre 

cu. f t . 

C P C P C P C P 

2 80 11 400 307 24.9 34.0 83 87 

3 78 7 390 268 17.9 22.2 60 60 

7 102 8 510 412 12.4 17.2 58 67 

16 107 8 535 553 9.9 11.0 50 56 

33 67 8 335 428 18.2 15.0 55 58 

34 82 1 410 45 7.1 20.7 28 10 

00 



Table 6. Comparison of Conventional (C) and P o i n t Sampling (P) Results on an I n d i v i d u a l 
P l o t Basis f o r the Cinema S o i l S e r i e s . 

P l o t # Number of Trees Number of Trees Volume of Mean Mean Annual Increment 
Measured per Acre Tree cu. f t . / acre 

cu. f t . 

9 98 6 490 287 10.9 18.1 55 54 

21 77 4 385 118 12.3 20.3 49 25 

23 76 13 380 443 20.4 26.5 75 115 

24 96 5 480 227 11.1 19.2 61 56 

32 91 12 455 803 12.9 12.2 56 92 

40 120 9 600 619 12.0 11.6 60 60 

51 90 7 450 373 11.6 15.6 61 64 

54 62 13 310 451 20.5 16.3 64 88 

56 111 12 555 993 13.7 9.1 80 95 
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that although the number of trees per acre i s r e l a t i v e l y uniform over a l l the 

p l o t s , the d i s t r i b u t i o n of stems w i t h i n the p l o t s i s not uniform. 

I t might be j u s t i f i a b l y argued t h a t , where there i s no conventional 

p l o t as a check, a p o i n t sample count of l e s s than 5 or greater than 11 might 

r e f l e c t f u l l s t o c k i n g and thus should not be e l i m i n a t e d . This problem can be 

overcome i n e i t h e r of two ways. A sample count of l e s s than 5 or greater 

than 11 could be assumed to i n d i c a t e that the stand was e i t h e r under or over

stocked and thus should not be used f o r p r o d u c t i v i t y determinations. A second 

and p r e f e r a b l e method would be to e s t a b l i s h two p o i n t samples a f i x e d d i s t ance 

apart using each as a check on the other. 

A standard chi-squared t e s t (Freese, 1960) was a p p l i e d to the r e s u l t s 

contained i n Table 4 i n order to check the accuracy of the p o i n t sampling 

technique against the accepted conventional technique. Assuming a r e q u i r e d 

accuracy of 10 per cent of the mean MAI obtained by the conventional system, 

i t was found that the values obtained by the p o i n t sampling technique were 

w i t h i n the r e q u i r e d accuracy l i m i t s at the 5 per cent p r o b a b i l i t y l e v e l 

provided that the number of sample trees per p l o t was not l e s s than 5 or 

greater than 11. 

The p o i n t sampling system i n a d d i t i o n to being as accurate as the 

conventional system has s e v e r a l d i s t i n c t advantages. The greatest advantage 

i s the time saving element. I t i s estimated that 4 to 5 p o i n t samples w i l l 

take the same amount of time as one conventional p l o t , a l l o w i n g f o r a greater 

number of p l o t s to be l o c a t e d . The increased number of p l o t s w i l l r e s u l t i n 

a greater coverage of the land u n i t s and thus a more accurate e s t i m a t i o n of 

p r o d u c t i v i t y . For example, i n the place of a s i n g l e p l o t being l o c a t e d on a 
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p a r t i c u l a r aspect of a drumlin, 4 or 5 p l o t s could be l o c a t e d on various aspects. 

S p e c i f y i n g 5 to 10 sample trees per p l o t acts as a c o n t r o l on s t o c k i n g density 

by e l i m i n a t i n g over or understocked stands. 

REGRESSION TECHNIQUES 

The determination of f o r e s t land p r o d u c t i v i t y by the use of p r e d i c t i o n 

equations based on environmental i n f l u e n c e s adapts i t s e l f more to an i n t e n s i v e 

management c l a s s i f i c a t i o n . I t i s not s u i t e d to a r e g i o n a l c l a s s i f i c a t i o n on 

account of the length of time required to i n v e s t i g a t e environmental i n f l u e n c e s 

a f f e c t i n g t r e e growth. Nevertheless, i t was f e l t that an i n v e s t i g a t i o n of the 

c o r r e l a t i o n between f o r e s t land p r o d u c t i v i t y and environmental i n f l u e n c e s would 

prove u s e f u l i n determining which of the i n f l u e n c e s were most h i g h l y c o r r e l a t e d 

w i t h p r o d u c t i v i t y of the v a r i o u s species encountered. A l s o , the i n v e s t i g a t i o n 

would show where the methods of data c o l l e c t i o n were u n s a t i s f a c t o r y i n terms 

of t h e i r a p p l i c a t i o n to s t a t i s t i c a l analyses. 

Eleven v a r i a b l e s were used i n the p r o d u c t i v i t y p r e d i c t i o n s , the 

v a r i a b l e s used in c l u d e d MAI, species composition, e l e v a t i o n , s o i l drainage, 

le n g t h of growing season, water surplus ( a f t e r Thornthwaite), per cent slope, 

depth to lime accumulation, great s o i l group, and s o i l parent m a t e r i a l . 

The v a r i a b l e s were measured or estimated as f o l l o w s : 

1) MAI was measured i n cubic f e e t per acre as o u t l i n e d i n the s e c t i o n 

t i t l e d 'Determination of Forest Land P r o d u c t i v i t y ' . 

2) Species Composition - where species composition was used as an 

independent v a r i a b l e the stand was considered to be pure i f the major species 

accounted f o r greater than f i f t y per cent of the t o t a l number of stems per acre; 

however, i n most cases the major species accounted f o r greater than seventy per 

cent of the number of stems per acre. 
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3) E l e v a t i o n was measured w i t h an aneroid barometer i n f e e t above 

sea l e v e l . 

4) S o i l drainage was estimated and placed i n c l a s s e s ranging from 

r a p i d l y drained to i m p e r f e c t l y drained or gleyed. Since i t was impossible to 

measure drainage q u a n t i t a t i v e l y the drainage c l a s s e s were coded. In t h i s , 

and a l l subsequent coding, the author used values ranging from 2 to 15. The 

code value designated was based on the e f f e c t that the p a r t i c u l a r f a c t o r would 

have on f o r e s t p r o d u c t i v i t y , 2 r e f e r r i n g to the lowest r e l a t i v e p r o d u c t i v i t y 

and 15 r e f e r r i n g to the highest r e l a t i v e p r o d u c t i v i t y . I t should be noted that 

i n no cases were p l o t s l o c a t e d on s i t e s where excess water might be d e t r i m e n t a l 

to t r e e growth. The codes assigned to the drainage c l a s s e s were: 

a) r a p i d l y drained - 2 

b) w e l l drained - 5 

c) w e l l to moderately drained - 8 

d) moderately drained - 10 

e) poorly drained - 13 

f) i m p e r f e c t l y drained or gleyed - 15 

5) Length of growing season was obtained from c l i m a t o l o g i c a l maps 

and recorded i n number of days. 

6) P r e c i p i t a t i o n was obtained from c l i m a t o l o g i c a l maps and recorded 

i n inches. 

7) Water surplus ( a f t e r Thornthwaite) was obtained from c l i m a t o l o g i c a l 

maps and recorded i n inches. 

8) Slope was recorded i n per cent. 

9) Depth to lime accumulation was recorded i n inches. 
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10) The code values assigned to great s o i l group were based on the 

observed c o r r e l a t i o n between great s o i l group and f o r e s t p r o d u c t i v i t y . The 

code values assigned were: 

a) Dark Gray - 2 

b) Brown Wooded - 4 

c) Gray Wooded - 8 

d) A c i d Brown Wooded - 12 

e) Humic Gleysols - 15 

11) The code values assigned to s o i l parent m a t e r i a l were on the 

b a s i s of te x t u r e and topographic p o s i t i o n . Coarse-textured s o i l s were assigned 

low code values due to t h e i r poor water r e t e n t i o n p r o p e r t i e s , except i n the case 

of the f l o o d p l a i n s and second bottoms where the poor water r e t e n t i o n p r o p e r t i e s 

were supplemented by a supply of ground water. The codes assigned were: 

a) g r a v e l l y g l a c i a l r i v e r deposits - 2 

b) sandy g l a c i a l deposits - 5 

c) a l l u v i a l fans and c o l l u v i u m - 8 

d) g l a c i a l t i l l - 10 

e) s i l t and c l a y g l a c i a l r i v e r and 
lake deposits - 12 

f) f l o o d p l a i n s and second bottoms - 15 

S t a t i s t i c a l Analyses 

Analyses of vari a n c e and simple and m u l t i p l e r e g r e s s i o n analyses were 

c a r r i e d out on the data. 

Analyses of variance ( S t e e l and T o r r i e , 1960) i s an a r i t h m e t i c method 

of p a r t i t i o n i n g the t o t a l sum of squares i n t o components a s s o c i a t e d w i t h 
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recognized sources of v a r i a t i o n . The t o t a l v a r i a t i o n of a set of data i s the 

sum of the squared d e v i a t i o n s about the general mean of a l l the measures. The 

component of the sum of squares not associated w i t h a recognizable source of 

v a r i a t i o n i s designated as the e r r o r term. The e r r o r term corresponds to the 

measure of v a r i a t i o n expected when no treatment or other e x t e r n a l i n f l u e n c e s 

are present. 

In order to t e s t whether treatments belong to the same or d i f f e r e n t 

p o p u l a t i o n means, the components of the t o t a l sum of squares are d i v i d e d by 

the degrees of freedom as s o c i a t e d w i t h the p a r t i c u l a r components, and the r a t i o 

of the treatment mean square to the e r r o r mean square i s c a l c u l a t e d . This value 

i s designated as the F value or variance r a t i o . A s i g n i f i c a n t variance r a t i o 

i m p l i e s that a l l the treatment means do not belong to the same po p u l a t i o n mean, 

but i t does not i n d i c a t e which d i f f e r e n c e s may be considered s t a t i s t i c a l l y 

s i g n i f i c a n t . 

Kramer's m o d i f i c a t i o n of Duncan's New M u l t i p l e Range Test was used to 

determine s i g n i f i c a n t d i f f e r e n c e s i n a m u l t i p l e comparison of treatment means 

w i t h d i f f e r e n t numbers of r e p l i c a t i o n s . I t should be noted that the v a l i d i t y 

of Kramer's m o d i f i c a t i o n has not as yet been v e r i f i e d . 

Simple and m u l t i p l e l i n e a r regressions c h a r a c t e r i z e the s t r a i g h t 

l i n e r e l a t i o n s h i p between the dependent and independent v a r i a b l e s . In the case 

of a simple r e g r e s s i o n , the r e l a t i o n s h i p between the dependent and one inde

pendent v a r i a b l e i s c h a r a c t e r i z e d . In the case of m u l t i p l e l i n e a r r e g r e s s i o n s , 

the r e l a t i o n s h i p between the dependent and more than one independent v a r i a b l e 

i s c h a r a c t e r i z e d . A procedure i n v o l v i n g e l i m i n a t i o n of independent v a r i a b l e s 

was used to determine the best combination of independent v a r i a b l e s . The 



45 

e l i m i n a t i o n of independent v a r i a b l e s i s discussed by Kozak and Smith (1965). 

I n b r i e f , the e l i m i n a t i o n procedure i n v o l v e s the e l i m i n a t i o n of the v a r i a b l e 

w i t h the sma l l e s t absolute c o n t r i b u t i o n to the variance accounted f o r by the 

re g r e s s i o n equation. 

Other s t a t i s t i c s c a l c u l a t e d i n c l u d e : 

1) Standard e r r o r estimate - a measure of d i s p e r s i o n about the 

re g r e s s i o n l i n e , 

2) M u l t i p l e c o r r e l a t i o n c o e f f i c i e n t - measures the degree of 

a s s o c i a t i o n between the dependent and independent v a r i a b l e s , 

3) Regression c o e f f i c i e n t - rate of change of the dependent v a r i a b l e 

w i t h respect to the independent v a r i a b l e , 

4) C o e f f i c i e n t of determination - defines the p r o p o r t i o n of the 

sum of squares of the dependent v a r i a b l e that can be a t t r i b u t e d to the 

independent v a r i a b l e s . 

5) Standard d e v i a t i o n - a measure of the d i s p e r s i o n of the i n d i v i d u a l 

values about t h e i r mean, 

6) Maximum and minimum values. 

Results and D i s c u s s i o n of Analyses 

The r e s u l t s w i l l be d e a l t w i t h i n two s e c t i o n s ; namely, the d e f i n i t i o n 

of p o p u l a t i o n boundaries, and the p r e d i c t i o n of p r o d u c t i v i t y w i t h i n the d i f f e r e n t 

p o p u l a t i o n boundaries. 

Po p u l a t i o n Boundaries 

The p o p u l a t i o n boundaries used i n the p r e d i c t i o n of p r o d u c t i v i t y were: 

1) the e n t i r e study area, 
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2) a d i v i s i o n of the study area i n t o two populations based on geo

graphic l o c a t i o n , i . e . the Rocky Mountain Trench and the E l k R i v e r V a l l e y , 

3) a d i v i s i o n of the study area i n t o four populations based on the 

major s p e c i e s , i . e . ponderosa p i n e , D o u g l a s - f i r , lodgepole p i n e , and white 

spruce, 

4) a d i v i s i o n of the study area i n t o f i v e populations based on Great 

S o i l Group, i . e . Dark Gray, Brown Wooded, Gray Wooded, A c i d Brown Wooded, and 

Humic G l e y s o l . 

The wide v a r i a t i o n i n c l i m a t e and geology n e c e s s i t a t e d the d i v i s i o n 

of the study i n t o various populations. The author f e l t t hat d i v i s i o n s based on 

geographic l o c a t i o n , s p e c i e s , and Great S o i l Group were the most l o g i c a l i n 

terms of the o b j e c t i v e s of the study and ease of d e f i n i n g the p o p u l a t i o n s . 

Two analyses of variance were c a r r i e d out on the data. The purpose 

of these analyses was to determine whether the choice of populations could be 

j u s t i f i e d i n terms of b i o l o g i c a l phenomena. 

The f i r s t a n a l y s i s , Table 7, shows the r e s u l t s of Kramer's M o d i f i 

c a t i o n of Duncan's New M u l t i p l e Range Test a p p l i e d to the ranked species means 

f o r a l l the measured or estimated environmental i n f l u e n c e s . An examination of 

the t a b l e i n d i c a t e s that Great S o i l Group and water surplus gave the best 

s e p a r a t i o n of species. Obviously Great S o i l Group i s e a s i e r to define i n the 

f i e l d than water s u r p l u s , and hence i s the p r e f e r r e d p o p u l a t i o n d e f i n i t i o n . In 

the second a n a l y s i s , Table 8, Kramer's M o d i f i c a t i o n of Duncan's New M u l t i p l e 

Range Test was a p p l i e d to the ranked p r o d u c t i v i t y c l a s s means f o r a l l the v a r i a b l e s 

measured or estimated. An examination of the t a b l e i n d i c a t e s that drainage and 

Great S o i l Group gave the best s e p a r a t i o n of p r o d u c t i v i t y c l a s s e s . Again, i t 
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Table 7. Kramer's M o d i f i c a t i o n of Duncan's New M u l t i p l e Range 
A p p l i e d to the Ranked Species Means f o r a l l V a r i a b l e s . 

V a r i a b l e Species 

E l e v a t i o n Pp Sw Df Lp 
i n f e e t 2816 3394 3581 4188 

Drainage Pp Df Lp Sw 
coded 3.90 4.94 6.78 13.4 

Length of Lp Sw Df PP 
Growing Season 146 164 171 178 
i n days 

P r e c i p i t a t i o n Pp Df Sw Lp 
i n inches 16.7 19.2 34.3 41.9 

Water Surplus Pp Df Sw Lp 
i n inches 2.78 6.33 14.9 19.0 

Per Cent Slope Sw PP Lp Df 
9.60 12.8 19.8 32.9 

Depth to Lime Pp Sw Df Lp 
i n inches 12.2 24.3 24.9 29.4 

Great S o i l Pp Df Lp Sw 
Group 3.81 6.89 10.1 13.7 
coded 

S o i l Parent Pp Lp Df Sw 
M a t e r i a l 6.77 7.78 8.89 11.1 
coded 

MAI Pp Df Lp Sw 
i n cu. f t . 35.4 43.0 70.6 94.0 

Key: those means which are underlined are not s i g n i f i c a n t l y 
d i f f e r e n t at the 95% p r o b a b i l i t y l e v e l , 

Those means which are not underlined are s i g n i f i c a n t l y 
d i f f e r e n t at the 95% p r o b a b i l i t y l e v e l . 

Pp - ponderosa pine 
Df - D o u g l a s - f i r 

Lp - lodgepole pine 
Sw - white spruce 
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Table 8. Kramer's M o d i f i c a t i o n of Duncan's New M u l t i p l e Range Test A p p l i e d 
to the P r o d u c t i v i t y Class Ranked Means f o r a l l V a r i a b l e s . 

V a r i a b l e P r o d u c t i v i t y Class (P.C.) 

coded 

E l e v a t i o n 
i n f e e t 

P.C. 
2717 

6 P.C. 
3100 

1 P.C. 
3501 

5 P.C. 
3716 

3 P.C. 
3820 

4 P.C. 
4144 

2 

Drainage 
coded 

P.C. 
3.41 

6 P.C. 
4.21 

5 P.C. 
6.10 

4 P.C. 
10.3 

3 P.C. 
11.4 

2 P.C. 
13.3 

1 

Length of 
Growing Season 

P.C. 
178 

6 P.C. 
175 

1 P.C. 
171 

5 P.C. 
158 

4 P.C. 
153 

3 P.C. 
147 

2 

i n days 

P r e c i p i t a t i o n 
i n inches 

P.C. 
16.9 

6 P.C. 
20.9 

5 P.C. 
32.5 

1 P.C. 
32.8 

4 P.C. 
38.4 

3 P.C. 
42.9 

2 

Water Surplus 
i n inches 

P.C. 
3.29 

6 P.C. 
6.29 

5 P.C. 
13.3 

4 P.C. 
16.0 

1 P.C. 
16.0 

3 P.C. 
19.8 

2 

Per Cent Slope P.C. 
6.61 

3 P.C. 
9.75 

1 P.C. 
14.8 

2 P.C. 
17.5 

6 P.C. 
26.0 

5 P.C. 
30.9 

4 

Depth to Lime 
i n inches 

P.C. 
10.7 

6 P.C. 
20.5 

5 P.C. 
24.4 

4 P.C. 
25.9 

3 P.C. 
32.0 

2 P.C. 
39.5 

1 

Great S o i l 
Group 

P.C. 
4.12 

6 P.C. 
6.64 

5 P.C. 
8.70 

4 P.C. 
10.7 

3 P.C. 
11.8 

2 P.C. 
13.3 

1 

coded 

S o i l Parent 
M a t e r i a l 

P.C. 
6.39 

6 P.C. 
7.61 

5 P.C. 
8.22 

1 P.C. 
9.22 

2 P.C. 
9.28 

3 P.C. 
9.30 

4 

Key: those means which are underlined are not s i g n i f i c a n t l y 
d i f f e r e n t at the 95% p r o b a b i l i t y l e v e l , 

those means which are not underlined are s i g n i f i c a n t l y 
d i f f e r e n t at the 95% p r o b a b i l i t y l e v e l . 

P r o d u c t i v i t y c l a s s (P.C.) 1 MAI = 111 cu. f t . + 
2 MAI = 91 to 110 cu. f t . 
3 MAI = 71 to 90 cu. f t . 
4 MAI = 51 to 70 cu. f t . 
5 MAI = 31 to 50 cu. f t . 
6 MAI = 11 to 30 cu. f t . 
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i s obvious that drainage i s more d i f f i c u l t to define i n the f i e l d than Great 

S o i l Group and hence Great S o i l Group i s the p r e f e r r e d d e f i n i t i o n . 

The d e f i n i t i o n of p o p u l a t i o n boundaries based on species i s j u s t i 

f i a b l e i n the l i g h t of the d i f f e r e n t s i l v i c a l requirements of the species. The 

sharp c l i m a t i c break between the Rocky Mountain Trench and E l k R i v e r V a l l e y 

j u s t i f i e s a p o p u l a t i o n d e f i n i t i o n based on geographic l o c a t i o n . 

The r e s u l t s contained i n Table 8, i n a d d i t i o n to j u s t i f y i n g the use 

of Great S o i l Group as a popu l a t i o n d e f i n i t i o n , s u b s t a n t i a t e the method and 

values used i n coding of data. P r i o r to a d e t a i l e d d i s c u s s i o n of the t a b l e , 

i t i s necessary to p o i n t out that the ranked p o s i t i o n of p r o d u c t i v i t y c l a s s 1 

may, i n c e r t a i n i n s t a n c e s , be ignored. An examination of the o r i g i n a l data 

shows, without exception, that those p l o t s g i v i n g a p r o d u c t i v i t y c l a s s of 1 

were l o c a t e d i n spruce stands. The stands were l o c a t e d e i t h e r i n the f l o o d 

p l a i n s of the Kootenay and E l k Rivers or at r e l a t i v e l y high e l e v a t i o n s i n the 

E l k R i v e r V a l l e y , and thus comprised two populations. In the analyses these 

two populations were combined and thus the means f o r the v a r i a b l e s E l e v a t i o n , 

Length of Growing Season, P r e c i p i t a t i o n , Water Surplus, and S o i l Parent M a t e r i a l 

are not meaningful. 

From Table 8 i t i s evident that the coded values f o r : 

1) Drainage are j u s t i f i a b l e , as evidenced by the ranking of 

p r o d u c t i v i t y c l a s s e s i n numerical order from 6 to 1 as s o c i a t e d w i t h an increase 

i n coded values from 3.41 to 13.25, 

2) Great S o i l Group are j u s t i f i e d , as evidenced by the ranking of 

p r o d u c t i v i t y c l a s s e s i n numerical order from 6 to 1 as s o c i a t e d w i t h an increase 

i n coded values from 4.12 to 13.25, 
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3) S o i l Parent M a t e r i a l are not j u s t i f i e d , as evidenced by the la c k 

of any d e f i n i t e ranking order. 

F a i l u r e of the coding system f o r S o i l Parent M a t e r i a l may be explained 

by the f a c t that although s o i l texture determines, to some extent, the water 

r e t e n t i o n p r o p e r t i e s , h y d r a u l i c c o n d u c t i v i t y , and i n f i l t r a t i o n r a t e of the s o i l , 

i t does not r e f l e c t the presence of seepage water or c l i m a t i c c o n d i t i o n s . The 

coding system would work i n a uniform climate provided that the e f f e c t of seepage 

water was taken i n t o c o n s i d e r a t i o n . 

PREDICTION OF PRODUCTIVITY BY USE OF REGRESSION TECHNIQUES 

Regression techniques were used t o : 

1) define how c l o s e l y MAI v a r i e d w i t h the independent v a r i a b l e s 

( c o r r e l a t i o n c o e f f i c i e n t ) , 

2) define the p r o p o r t i o n of the v a r i a t i o n (sum of squares) i n MAI 

a t t r i b u t a b l e to the independent v a r i a b l e s ( c o e f f i c i e n t of determination), 

3) define the r e l a t i o n s h i p between MAI and the independent v a r i a b l e s 

as they act i n conjunction w i t h one another, and by themselves ( r e g r e s s i o n 

c o e f f i c i e n t ) , 

4) derive p r e d i c t i o n equations f o r MAI based on the measured or 

estimated independent v a r i a b l e s , and 

5) d e f i n e the accuracy of the p r e d i c t i o n equations (standard e r r o r 

of estimate). 

PREDICTION OF PRODUCTIVITY BASED ON THE ENTIRE STUDY AREA 

The p r e d i c t i o n equations were based on a l l p l o t s i r r e s p e c t i v e of t h e i r 

geographic l o c a t i o n , Great S o i l Group, and species composition. 
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The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = -72.3+3.09 (Drainage) + 0.316 (Depth to Lime) +1.60 (Water 
Surplus) + 1.20 (Great S o i l Group) - 1.10 ( S o i l Parent 
M a t e r i a l ) + 0.429 (Length of Growing Season). 

Where: the c o e f f i c i e n t of determination =74.3% 

the standard e r r o r of. estimate = ± 15.3 cu. f t . 

the number of observations = 97 

PREDICTION OF PRODUCTIVITY BASED ON GEOGRAPHIC LOCATION 

Two r e g r e s s i o n analyses were c a r r i e d out. The f i r s t was based on 

data from a l l p l o t s l o c a t e d i n the E l k R i v e r V a l l e y ; the second on data from 

a l l p l o t s l o c a t e d i n the Rocky Mountain Trench. The E l k R i v e r V a l l e y and Rocky 

Mountain Trench vary markedly i n e l e v a t i o n , c l i m a t e , s p e c i e s , and s o i l s . 

E l k R i v e r V a l l e y 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = -130.6 +3.68 (Drainage) -2.63 ( S o i l Parent M a t e r i a l ) 
+ 0.975 (Length of Growing Season) + 2.61 (Water Surplus) 
+ 0.171 (Depth to Lime) 

Where: c o e f f i c i e n t of determination = 62.4% 

standard e r r o r of estimate = ± 17 cu. f t . 

number of observations = 40 

Rocky Mountain Trench 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 
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MAI = -78.8 + 5.11 (Drainage) + 0.305 (Depth to Lime) + 0.249 (Per 
Cent Slope) - 1.22 ( S o i l Parent M a t e r i a l ) - 2.67 (Water 
Surplus) + 0.009 (El e v a t i o n ) +1.5 ( P r e c i p i t a t i o n ) 
+ 0.293 (Length of Growing Season) 

Where: c o e f f i c i e n t of determination = 66.8% 

standard e r r o r of estimate = ± 9.72 cu. f t . 

number of observations = 50 

PREDICTION EQUATIONS BASED ON SPECIES 

Four l i n e a r r e g r e s s i o n analyses were conducted. The separate regres

s i o n analyses were based on data from p l o t s having greater than 50 per cent of 

the stems per acre of the p a r t i c u l a r species being analyzed. 

Ponderosa Pine 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = -86.5 + 0.036 (E l e v a t i o n ) +7.04 (Drainage) +0.38 (Per 
Cent Slope) - 1.59 ( S o i l Parent M a t e r i a l ) 

Where: c o e f f i c i e n t of determination = 73.9% 

standard e r r o r of estimate = ± 9.22 cu. f t . 

number of observations = 31 

Douglas-Fir 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = 6.72 + 0.365 (Per Cent Slope) + 1.15 ( P r e c i p i t a t i o n ) 
+ 1.95 (Drainage) - 1.40 ( S o i l Parent M a t e r i a l ) 
+ 0.719 (Great S o i l Group) 
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Where: c o e f f i c i e n t of determination = 60.2% 

standard e r r o r of estimate = ± 7.46 cu. f t . 

number of observations = 18 

Lodgepole Pine 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = 41.36 + 3.54 (Drainage) + 0.832 (Water Surplus) - 1.35 ( S o i l 
Parent M a t e r i a l ) 

Where: c o e f f i c i e n t of determination =56.3% 

standard e r r o r of estimate = ± 14.2 cu. f t . 

number of observations = 32 

White Spruce 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = -484.0 +2.50 (Length of Growing Season) +6.08 (Drainage) 
+ 0.732 (Per Cent Slope) +9.19 ( P r e c i p i t a t i o n ) 
- 4.96 ( S o i l Parent M a t e r i a l ) - 15.10 (Water Surplus) 

Where: c o e f f i c i e n t of determination = 89.0% 

standard e r r o r of estimate = ± 14.90 cu. f t . 

number of observations = 16 

PREDICTION EQUATIONS BASED ON GREAT SOIL GROUPS 

F i v e l i n e a r r e g r e s s i o n analyses were c a r r i e d out, the separate 

r e g r e s s i o n analyses were based on data from the p l o t s o c c u r r i n g on each Great 

S o i l Group. 
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Dark Gray 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = -70.77 +7.32 (Drainage) + 0.031 (E l e v a t i o n ) - 2.68 ( S o i l 
Parent M a t e r i a l ) + 0.336 (Per Cent Slope) 

Where: c o e f f i c i e n t of determination = 92.3% 

standard e r r o r of estimate = ± 5.8 cu. f t . 

number of observations = 11 

Brown Wooded 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = -18.84 + 2.68 ( P r e c i p i t a t i o n ) + 2.98 (Drainage) 

+ 0.430 (Depth to Lime) - 2.87 (Water Surplus) 

Where: c o e f f i c i e n t of determination = 49.6% 

standard e r r o r of estimate = ± 11.99 cu. f t . 

number of observations = 27 

Gray Wooded 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = 9.02 + 2.57 ( P r e c i p i t a t i o n ) +.4.33 (Drainage) - 1.73 ( S o i l 
Parent M a t e r i a l ) - 3.38 (Water Surplus) 

Where: c o e f f i c i e n t of determination = 70.6% 

standard e r r o r of estimate = ± 12.4 cu. f t . 

number of observations = 20 
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A c i d Brown Wooded 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = -59.69 + 3.13 (Drainage) + 0.479 (Depth to Lime) - 3.77 ( S o i l 
Parent M a t e r i a l ) +4.15 (Water Surplus) +0.63 (Length 
of Growing Season) - 1.13 ( P r e c i p i t a t i o n ) 

Where: c o e f f i c i e n t of determination = 70.2% 

standard e r r o r of estimate = + 17.0 cu. f t . 

number of observations = 30 

Humic Gl e y s o l s and Regosols 

The best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e 

r e g r e s s i o n equation was: 

MAI = 130.7 - 7.44 ( S o i l Parent M a t e r i a l ) +1.44 (Per Cent Slope) 
+4.53 (Drainage) 

Where: c o e f f i c i e n t of determination = 82.3% 

standard e r r o r of estimate = + 15.0 cu. f t . 

number of observations = 9 

Before proceeding, i t i s necessary to e x p l a i n what i s meant by 'The 

best equation f o r determining p r o d u c t i v i t y from the m u l t i p l e r e g r e s s i o n equation' 

and the appearance of S o i l Parent M a t e r i a l i n the equations. 

As p r e v i o u s l y mentioned, a procedure developed by Kozak and Smith 

(1965), i n v o l v i n g the e l i m i n a t i o n of s i n g l e independent v a r i a b l e s , was used 

to determine the best combination of independent v a r i a b l e s . The best equation 

f o r determining p r o d u c t i v i t y from the m u l t i p l e r e g r e s s i o n equation i s that 

equation which gives the best compromise between a high c o e f f i c i e n t of 

determination, a low number of i n e x p e n s i v e l y measured independent v a r i a b l e s , 
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and a low standard e r r o r of estimate. Table 9 shows the e l i m i n a t i o n of inde

pendent v a r i a b l e s from the m u l t i p l e r e g r e s s i o n equation f o r MAI of the e n t i r e 

study area. 

An examination of the t a b l e shows that equation 4 gives the best 

compromise between a h i g h c o e f f i c i e n t of determination, a low number of inde

pendent v a r i a b l e s , and a low standard e r r o r of estimate. The decrease i n the 

c o e f f i c i e n t of determination from equation 1 to equation 4 i s 0.004, or 0.4 

per cent, whereas the decrease i n the c o e f f i c i e n t of determination from equation 

1 to equation 5 i s 0.021, or 2.1 per cent. The number of independent v a r i a b l e s 

i n equation 4 has decreased from 9, i n equation 1, to 6, and the standard e r r o r 

of estimate of equation 4 i s lower than that of any other equation. 

I t was s t a t e d e a r l i e r that the f a i l u r e of the coding system f o r S o i l 

Parent M a t e r i a l may be explained by the f a c t that although s o i l t e x t u r e deter

mines, to some extent, the water r e t e n t i o n p r o p e r t i e s , h y d r a u l i c c o n d u c t i v i t y 

and i n f i l t r a t i o n r a t e of the s o i l , i t does not r e f l e c t the presence of seepage 

water or c l i m a t i c c o n d i t i o n s . When S o i l Parent M a t e r i a l i s used i n a r e g r e s s i o n 

equation i n combination w i t h other independent v a r i a b l e s r e f l e c t i n g the presence 

of seepage water and c l i m a t i c c o n d i t i o n s , then the coding system i s j u s t i f i e d . 

COMPARISON OF POINT SAMPLING AND REGRESSION TECHNIQUES 
FOR DETERMINING FOREST LAND PRODUCTIVITY 

I t has been shown that the p o i n t sampling technique f o r determining 

f o r e s t land p r o d u c t i v i t y gave a high c o r r e l a t i o n w i t h the r e s u l t s obtained by 

the conventional method (Tables 4, 5 and 6). 

To determine the accuracy of the r e g r e s s i o n techniques f o r determining 

f o r e s t land p r o d u c t i v i t y , the W y c l i f f e . S e ries found on the Brown Wooded Great 



Table 9. E l i m i n a t i o n of Independent V a r i a b l e s from M u l t i p l e Regression Equations f o r 
MAI of the E n t i r e Study Area 

Equation CD SEe Const 
Drain DTL 

1 .747 15.49 -50.96 3.48** .304** 
2 .746 15.43 -43.86 3.80** .332** 
3 .745 15.37 -45.29 3.72** .340** 
4 .743 15.34 -73.22 3.90** .316** 
5 .721 15.91 15.11 4.17** .317** 
6 .709 16.16 9.81 3.68** .296** 
7 .691 16.57 13.43 4.23** .341** 
8 .664 17.69 14.91 4.90** .486** 
9 .548 19.18 24.51 5.08** 

Regression C o e f f i c i e n t s 
WS GSG SPM LGS Elev %S 

1.21 1.25* -1.11 .404* -.004 .046 
1.67** 1.26* -1.05 .385 -.004 .043 
1.65** 1.28* - .99 .388 -.004 
1.60** 1.20* -1.10* .492* 
.562** 1.32* -1.02 
.664** 1.26* 
.848** 

Key: CD - C o e f f i c i e n t of Determination 
SEe - Standard E r r o r of Estimate 
Const - Constant Term, or Y i n t e r c e p t 
D rain - S o i l Drainage 
DTL - Depth to Lime 
WS - Water Surplus 
GSG - Great S o i l Group 
SPM - S o i l Parent M a t e r i a l 
LGS - Length of Growing Season 
Elev - E l e v a t i o n 
%S - Per Cent Slope 
Ppt - P r e c i p i t a t i o n 

** - S i g n i f i c a n t at the 99% 
p r o b a b i l i t y l e v e l 

* - S i g n i f i c a n t at the 95% 
p r o b a b i l i t y l e v e l 
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S o i l Group was s e l e c t e d because i t had a r e l a t i v e l y wide range i n MAI and a 

l a r g e number of p l o t s . 

The method f o r determining the MAI values from the r e g r e s s i o n equation 

was c a r r i e d out as f o l l o w s : 

1) the data f o r a l l p l o t s l o c a t e d on the W y c l i f f e ^ Series were 

summarized, 

2) the i n d i v i d u a l p l o t data were s u b s t i t u t e d i n t o the equation 

MAI = -18.84 + 2.68 ( P r e c i p i t a t i o n ) + 2.98 (Drainage) + 0.43 (Depth to 
Lime) -2.87 (Water Surplus) 

3) the standard d e v i a t i o n was c a l c u l a t e d . 

Table 10 shows the comparison of the r e s u l t s of conventional and 

r e g r e s s i o n techniques f o r determining MAI. 

Table 10. Comparison of Results of the Conventional and Regression 
Techniques f o r Determining MAI on the W y c l i f f e ^ S e r i e s . 

P l o t Number MAI Determinations 
cu. f t . / a c . 

Conventional Regression 

10 38 32 
61 67 35 
62 30 35 
63 45 48 
64 37 43 
65 39 33 
66 38 40 
82 39 40 
85 40 34 
86 25 37 
93 25 37 
94 53 31 
95 45 46 

Mean MAI = 40 + 11.2 cu. f t . / a c . 38 + 5.3 cu. 
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From Table 10 i t i s evident that w h i l e the r e g r e s s i o n MAI determi

nations on an i n d i v i d u a l p l o t b a s i s showed, i n some cases, a wide v a r i a t i o n 

from the conventional determination, the mean r e g r e s s i o n MAI was almost i d e n t i c a l 

to the mean conventional MAI and had a smaller standard d e v i a t i o n than the 

conventional MAI. 

Table 11 shows the comparison of r e s u l t s of conventional and regres

s i o n techniques f o r determining MAI f o r those s e r i e s on which 5 or more p l o t s 

were l o c a t e d . 

Table 11. Comparison of Results of the Conventional and Regression 
Techniques f o r Determining MAI on Four S o i l S e r i e s . 

S o i l S e r ies 

E l k o 1 

W y c l i f f e ^ 

Kinbasket 

Crowsnest 

Great S o i l Group 

Brown Wooded 

Brown Wooded 

Gray Wooded 

Humic G l e y s o l 

MAI and Standard D e v i a t i o n 
i n cu. f t . / a c . 

Conventional 
Method 

28 + 6:2 

41 + 10.7 

42 + 17.4 

96 + 26.9 

Regression 
Method 

26 + 8.9 

3 8 + 5.3 

49 + 21.9 

93 + 27.0 

From Table 11 i t i s evident that w h i l e there i s some degree of 

v a r i a t i o n between the conventional method and the r e g r e s s i o n method f o r 

determining MAI, the r e s u l t s are s u f f i c i e n t l y c l o s e to j u s t i f y the use of 

re g r e s s i o n techniques f o r determining MAI. 

The use of r e g r e s s i o n techniques f o r determining MAI has two d i s t i n c t 

advantages over the p o i n t sampling method. These are: 

1) the method allows f o r p r o d u c t i v i t y determinations on areas where 

stand c o n d i t i o n s preclude the d i r e c t measurement of MAI, 
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2) the c o l l e c t i o n of s o i l and c l i m a t i c data allows f o r a more 

accurate assignment of p r o d u c t i v i t y subclasses. 

The disadvantages of u s i n g r e g r e s s i o n techniques f o r determining 

p r o d u c t i v i t y are: 

1) the method i s time consuming, t a k i n g approximately two hours 

per p l o t , and 

2) i t i s more c o s t l y , r e q u i r i n g the use of a computer. 

RECOMMENDED TECHNIQUE FOR DETERMINING FOREST LAND 
PRODUCTIVITY FOR THE ARDA LAND CLASSIFICATION 

Three a l t e r n a t i v e techniques f o r determining f o r e s t land produc

t i v i t y have been discussed and compared. From the r e s u l t s of comparisons 

of accuracy, a l l give approximately the same accuracy and t h e r e f o r e t h i s i s 

not a c o n s i d e r a t i o n i n the choice of method. 

The major c o n s i d e r a t i o n i n the choice of techniques appears to be 

the amount of time r e q u i r e d f o r the measurement of MAI from the stands estab

l i s h e d on the p a r t i c u l a r s o i l s e r i e s being i n v e s t i g a t e d . For the d i r e c t 

measurement of MAI from p r e s e n t l y e x i s t i n g stands, the p o i n t sampling technique 

appears to be s u p e r i o r to the conventional technique. However, subsequent 

work by the author on Vancouver I s l a n d tends to i n d i c a t e that the p o i n t 

sampling technique gives c o n s i s t e n t l y h i g h MAI values when compared to the 

MAIs derived from one-twentieth acre p l o t s . Table 12 shows a comparison of 

derived from p o i n t samples and one-twentieth acre p l o t s i n the Lake Cowichan 

D i s t r i c t of Vancouver I s l a n d . I t should be noted that the v a l i d i t y of the 

use of one-twentieth acre p l o t s f o r determining MAI has not yet been v e r i f i e d 

and hence the r e s u l t s obtained from t h i s system may be suspect. 
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Table 12. Comparison of MAIs Derived from One-twentieth Acre P l o t s and 
P o i n t Samples i n the Lake Cowichan D i s t r i c t of Vancouver I s l a n d . 

' l o t Stand Mean Annual Increment 
No. Landform and S o i l Parent M a t e r i a l Age cu. f t . / ac. 

years One-twent i e t h P o i n t 
Acre P l o t Sample 

1 A l l u v i a l Cone - A l l u v i u m 38 187 133 
2 A l l u v i a l Cone - A l l u v i u m 36 205 251 

3 A l l u v i a l Fan - A l l u v i u m 38 213 228 
11 A l l u v i a l Fan - A l l u v i u m 45 181 215 

6 D e l t a - A l l u v i u m 49 231 250 
8 D e l t a - A l l u v i u m 47 308 253 

4 Mountain Side - A b l a t i o n T i l l 48 169 199 
5 Mountain Side - A b l a t i o n T i l l 43 197 268 

7 Mountain Side - A b l a t i o n T i l l 50 302 360 
9 Mountain Side - A b l a t i o n T i l l 48 265 304 

10 Mountain Side - A b l a t i o n T i l l 47 199 262 

From the preceeding d i s c u s s i o n i t i s obvious that the optimum 

sampling system, i n terms of accuracy and time, f o r determining the poten

t i a l MAI has yet to be developed. I t may w e l l be that a combination of 

sampling systems w i l l give the best r e s u l t s ; the sampling system used 

depending upon the l o c a l c o n d i t i o n s . 

P r e d i c t i o n equations can be derived from the d i r e c t measurement of 

MAI u s i n g p o i n t sampling techniques and measurement of environmental c o n d i t i o n s . 

I t i s the author's o p i n i o n that the a d d i t i o n a l time required to measure or 

estimate environmental i n f l u e n c e s , and to conduct an i n t e n s i v e examination of 

the s o i l , does not warrant the advantages r e s u l t i n g from the use of p r e d i c t i o n 

equations i n a broad r e g i o n a l c l a s s i f i c a t i o n such as the Canada Land Inventory. 

D o u g l a s - f i r 
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ASSIGNMENT OF PRODUCTIVITY SUBCLASSES 

The p r o d u c t i v i t y subclass i n d i c a t e s the nature of the environmental 

l i m i t a t i o n s to tree growth. The p r o d u c t i v i t y subclasses are grouped i n t o 

l i m i t a t i o n s due to c l i m a t e , s o i l water, p e r m e a b i l i t y and r o o t i n g depth, f e r t i l i t y 

or high l e v e l s of t o x i c elements, s t o n i n e s s , inundation and a c t i v e e r o s i o n . 

The assignment of a p r o d u c t i v i t y c l a s s i s on the b a s i s of a l l known 

or i n f e r r e d i n f o r m a t i o n about the s u b s o i l , s o i l p r o f i l e , depth, water a v a i l 

a b i l i t y , f e r t i l i t y , landform, c l i m a t e , and ve g e t a t i o n . 

The assignment of a p r o d u c t i v i t y subclass based on l i m i t a t i o n s due to 

excess s o i l water, shallow r o o t i n g depth, s t o n i n e s s , and a c t i v e e r o s i o n i s 

r e l a t i v e l y simple and r e l i a b l e owing to the ease of re c o g n i z i n g these c o n d i t i o n s . 

However, the assignment of p r o d u c t i v i t y subclasses based on l i m i t a t i o n s due to 

c l i m a t e , a v a i l a b l e s o i l water, p e r m e a b i l i t y , and f e r t i l i t y or high l e v e l s of 

t o x i c elements i s more complex. This complexity i s due to the d i f f i c u l t y i n 

determining the degree to which these f a c t o r s l i m i t t r e e growth. In the past, 

the assignment of subclasses has been based on a value judgement made by the 

research workers engaged on the p r o j e c t , and thus are open to question. 

I t was hypothesized that the c a l c u l a t i o n of a simple r e g r e s s i o n a n a l y s i s 

between MAI and the i n d i v i d u a l environmental i n f l u e n c e s would i n d i c a t e the 

environmental i n f l u e n c e most h i g h l y c o r r e l a t e d w i t h p r o d u c t i v i t y , and thus be 

more l i k e l y to l i m i t t r e e growth when d e f i c i e n t or excessive. This approach 

works i n p a r t , but i s not e n t i r e l y s a t i s f a c t o r y . 

The drawbacks i n c l u d e : 

1) there i s no s i g n i f i c a n t c o r r e l a t i o n between MAI and the measured, 

or estimated, environmental i n f l u e n c e s on Humic Gleysols and Regosols, 
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2) where there i s no s i g n i f i c a n t c o r r e l a t i o n between MAI and any 

p a r t i c u l a r environmental i n f l u e n c e , i t i s not an i n d i c a t i o n that t h i s f a c t o r 

does not l i m i t t r e e growth; the l a c k of a s i g n i f i c a n t c o r r e l a t i o n may be due 

to the f a c t that the p a r t i c u l a r f a c t o r i s uniform w i t h i n the p a r t i c u l a r popu

l a t i o n , 

3) where there i s no s i g n i f i c a n t c o r r e l a t i o n between MAI and a 

p a r t i c u l a r environmental i n f l u e n c e , i t i s necessary to determine the optimum 

value of that f a c t o r and then, assuming a p o s i t i v e c o r r e l a t i o n , that f a c t o r 

must be considered l i m i t i n g at any value below the optimum value; however, the 

maximum value observed i n the f i e l d may not be the true optimum, 

4) the method provides no i n d i c a t i o n as to which of two or more 

f a c t o r s has the greatest i n f l u e n c e i n l i m i t i n g t r e e growth. 

I t would appear that to determine the r e l a t i v e e f f e c t of various 

environmental i n f l u e n c e s on l i m i t i n g t r e e growth, i t i s necessary to i s o l a t e 

each f a c t o r and determine i t s i n d i v i d u a l e f f e c t . 

In a study conducted by Quenet (1967) the e f f e c t of various concen

t r a t i o n s of CaCOg on the growth of Pseudotsuga m e n z i e s i i , Pinus contorta var. 

l a t i f o l i a , and P i c e a glauca seedlings was i n v e s t i g a t e d . F i e l d observations 

by the author tended to support the theory that there was a s i g n i f i c a n t r e l a t i o n 

ship between the d i s t r i b u t i o n of the major coniferous species and the CaCO^ 

concentration of the s o i l s o c c u r r i n g i n the E l k and Kootenay R i v e r V a l l e y s . 

A greenhouse experiment, us i n g n a t u r a l l y o c c u r r i n g s o i l s c o l l e c t e d 

from the area, was set up to determine the e f f e c t of v a r y i n g concentrations of 

CaCOg on the growth of D o u g l a s - f i r , lodgepole p i n e , and white spruce. 

Based on the r e s u l t s of the study and an examination of the l i t e r a t u r e , 

i t was concluded t h a t : 
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1) the pH of the s o i l does not d i r e c t l y i n f l u e n c e the growth response, 

2) under a l k a l i c o n d i t i o n s the c a t i o n , or c a t i o n s , r e s p o n s i b l e f o r 

the h i g h pH i n f l u e n c e the growth response through t h e i r e f f e c t on the a v a i l 

a b i l i t y of both c a t i o n s and anions by s a t u r a t i o n of the exchange s i t e s and/or 

by rendering the ions u n a v a i l a b l e , 

3) the response of D o u g l a s - f i r , lodgepole p i n e , and white spruce 

v a r i e d considerably on the same s o i l s , 

4) h i g h CaCO^ conc e n t r a t i o n depressed the growth of lodgepole pine 

to a greater extent than i t d i d e i t h e r D o u g l a s - f i r or white spruce, 

5) the response of the species to the s o i l s depended, to some extent, 

upon the growth parameter being measured, 

6) s e e d l i n g m o r t a l i t y was confined to the lodgepole pine seedlings 

on those s o i l s having a pH of greater than 7.0, 

7) f o r a l l species there was a s i g n i f i c a n t decrease i n root c o l l a r 

diameter, shoot weight, root weight, and height growth from pH 5.7 to 6.0. 

The r e s u l t s bf t h i s study are u s e f u l to a c e r t a i n degree i n a s s i g n i n g 

p r o d u c t i v i t y subclasses. A s t a t i s t i c a l a n a l y s i s of the r e s u l t s i n d i c a t e d that 

the CaCO^ co n c e n t r a t i o n i n the s o i l plays a r o l e i n determining t r e e growth, 

and that i t s e f f e c t i s most se r i o u s on lodgepole pine. I t al s o showed that an 

inc r e a s e i n pH from 6.0 to 7.4 d i d not s i g n i f i c a n t l y decrease the growth response 

of any measurement. I n a d d i t i o n , i t showed that there was a r e l a t i o n s h i p between 

the e f f e c t of CaCO^ and s o i l t e x t u r e ; the coarser the s o i l t e x t u r e the more 

adverse the e f f e c t of a s p e c i f i c c o n c e n t r a t i o n of CaCO^. 

There i s no method a v a i l a b l e f o r a c c u r a t e l y a s s i g n i n g p r o d u c t i v i t y 

subclasses. Therefore, i t appears that f o r the present, p r o d u c t i v i t y subclasses 
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w i l l be based on value judgements made by research workers. 

RECOMMENDATIONS 

The r e s u l t s of t h i s study d i s c l o s e three areas where f u r t h e r research 

w i l l r e s u l t i n a more accurate Forest Land C l a s s i f i c a t i o n . These areas i n c l u d e 

(1) the measurement of environmental f a c t o r s which determine p r o d u c t i v i t y , (2) 

the use of f i e l d and greenhouse experiments to e s t a b l i s h methods f o r determining 

the r e l a t i v e e f f e c t of environmental i n f l u e n c e s i n l i m i t i n g t r e e growth, and 

(3) a more extensive study of the use of various sampling techniques to get a 

d i r e c t measure of p r o d u c t i v i t y i n terms of MAI. 

The Measurement of Environmental Factors f o r Determining Forest 

P r o d u c t i v i t y 

The r e s u l t s of the r e g r e s s i o n techniques f o r determining p r o d u c t i v i t y 

showed that t h i s method was as accurate as the conventional method, i n s p i t e of 

the f a c t that the environmental i n f l u e n c e s were measured or estimated i n a 

rath e r crude manner. Refinement of the methods used to measure, or estimate, 

the environmental i n f l u e n c e s w i l l lead to a more accurate c l a s s i f i c a t i o n . A l s o , 

the measurement of a d d i t i o n a l f a c t o r s w i l l undoubtably r e s u l t i n a more accurate 

c l a s s i f i c a t i o n . 

I f use of r e g r e s s i o n techniques f o r determining f o r e s t land produc

t i v i t y i s contemplated, the f o l l o w i n g environmental i n f l u e n c e s should be 

measured: 

1) t o t a l s o i l depth, 

2) e f f e c t i v e s o i l depth, 

3) depth of i n d i v i d u a l s o i l h o r i z o n s , 
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4) s o i l organic matter content, 

5) s o i l t e x t u r e , p e r m e a b i l i t y and drainage, 

6) depth to water t a b l e , 

7) s o i l n u t r i e n t s , 

8) pH of s o i l h o r i z o n s , 

9 ) s o i l water r e t e n t i o n p r o p e r t i e s , 

10) r o o t i n g depth, 

11) c l i m a t e , i n c l u d i n g p r e c i p i t a t i o n , length of growing season, 

temperature regimes, e v a p o t r a n s p i r a t i o n , and s o l a r r a d i a t i o n , 

12) topographic f a c t o r s such as s l o p e , p o s i t i o n on s l o p e , exposure, 

aspect, and microtopography. 

The Determination of the R e l a t i v e E f f e c t of Environmental Influences 

i n L i m i t i n g Tree Growth 

The establishment of methods f o r determining the r e l a t i v e e f f e c t of 

environmental i n f l u e n c e s on l i m i t i n g t r e e growth i s the most important problem 

encountered. Not only i s i t necessary f o r land c l a s s i f i c a t i o n , but i t i s of 

extreme importance i n f o r e s t f e r t i l i z a t i o n . Obviously there i s l i t t l e p o i n t i n 

expending l a r g e amounts of c a p i t a l to f e r t i l i z e i f some f a c t o r other than s o i l 

f e r t i l i t y i s l i m i t i n g t r e e growth. 

In order to determine the r e l a t i v e e f f e c t of various environmental 

i n f l u e n c e s on l i m i t i n g t r e e growth, i t i s necessary to i s o l a t e each f a c t o r and 

determine i t s i n d i v i d u a l e f f e c t and from there proceed to co n d i t i o n s where two 

or more f a c t o r s are l i m i t i n g . This can be done to a l i m i t e d extent by the use 

of f a c t o r i a l experiments. 



67 

Sampling Techniques f o r a D i r e c t Measure of P r o d u c t i v i t y i n Terms of MAI 

I t would be adv i s a b l e to conduct an extensive study i n t o the 

r e l a t i v e merits of various sampling techniques i n order to develop the 

optimum technique i n terms of accuracy and time or cost. 

CONCLUSIONS 

The Forest Land C a p a b i l i t y C l a s s i f i c a t i o n f o r F o r e s t r y was designed 

to r a t e the p r o d u c t i v i t y of f o r e s t land on a b a s i s comparable w i t h a l t e r n a t e 

uses. 

The method of r a t i n g f o r e s t land p r o d u c t i v i t y comprised the deter

mination of MAI of 'normally' stocked stands on a l l the s o i l s e r i e s represented, 

a d e s c r i p t i o n of the environmental f a c t o r s i n f l u e n c i n g t r e e growth, and the 

e x t r a p o l a t i o n of these data based on physiographic and s o i l boundaries. 

The accuracy of the assigned p r o d u c t i v i t y c l a s s e s was examined. I t 

was found that the sources of e r r o r i n c l u d e d : (1) i n s u f f i c i e n t p l o t s , (2) 

problems i n d e f i n i n g 'normal' s t o c k i n g , (3) e x t r a p o l a t i o n of MAI to a base of 

100 years, (4) a strong tendency to s e l e c t p l o t s on northern aspects, and 

(5) the e x c l u s i o n of p l o t s on s o i l s which d i d not correspond to s o i l s e r i e s 

d e s c r i p t i o n s . 

The use of poi n t sampling was i n v e s t i g a t e d . I t was found that the 

accuracy of the p o i n t sampling and conventional method, i . e . MAI determinations 

based on l / 5 t h acre p l o t s , was almost i d e n t i c a l , w i t h i n the c o n s t r a i n t s 

p r e s c r i b e d , and only i n the I n t e r i o r of B r i t i s h Columbia. The r e s u l t s obtained 

from p o i n t samples on Vancouver I s l a n d were s i g n i f i c a n t l y d i f f e r e n t from those 

obtained on one-twentieth acre p l o t s . 
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S o i l , physiographic and c l i m a t i c data from 97 plots located on f i v e 

Great S o i l Groups were analyzed to determine t h e i r influence on forest produc

t i v i t y and to derive p r e d i c t i o n equations for p r o d u c t i v i t y . P r o d u c t i v i t y equa

tions gave r e s u l t s comparable to the conventional method, i n s p i t e of rather 

crude measuring techniques. 

Based on the r e s u l t s of the conventional, one-twentieth acre p l o t , 

point sampling and regression techniques, and the need f o r determining the 

optimum method f o r determining MAI, i t was recommended that an extensive 

study be i n i t i a t e d to determine the optimum sampling technique. 

I t was found that the only f e a s i b l e method f o r assigning p r o d u c t i v i t y 

subclasses was on the basis of a value judgement made by research workers. 

Further research was recommended in t o (1) the measurement of the 

environmental factors determining f o r e s t p r o d u c t i v i t y , (2 ) the use of f i e l d 

and greenhouse experiments to e s t a b l i s h methods f o r determining the r e l a t i v e 

e f f e c t of environmental factors i n l i m i t i n g tree growth, and (3) a more 

extensive study of the use of various sampling techniques to obtain a d i r e c t 

measure of p r o d u c t i v i t y i n terms of MAI. 



69 

BIBLIOGRAPHY 

Auten, J . T. 1945. P r e d i c t i o n of s i t e index f o r y e l l o w poplar from s o i l and 
topography. Jour. For., 43: 662-668. 

A. R.D.A. 1967. Maps compiled f o r the B r i t i s h Columbia Agro-Climatology 
Committee, A.R.D.A. Dept. Geog., Univ. B r i t . C o l . 

B. C. Dept. A g r i c . 1965. Climate of B r i t i s h Columbia M e t e o r o l o g i c a l Br., 
A i r Serv. Div., Dept. of Transp. 93 pp. 

Bajzak, D. 1960. An e v a l u a t i o n of s i t e q u a l i t y from a e r i a l photographs of 
the U n i v e r s i t y of B. C. Research F o r e s t , Haney. Univ. B r i t . C o l . , 
F a c u l t y of F o r e s t r y , MF Thesis. 

Brown, W. G. E. 1953. S i t e c l a s s i f i c a t i o n . Pulp and Paper Mag. Canada. 
June 1953. 

Carmean, W. H. 1954. S i t e q u a l i t y of D o u g l a s - f i r i n Southwestern Washington 
and i t s r e l a t i o n s h i p to p r e c i p i t a t i o n , e l e v a t i o n , and p h y s i c a l s o i l 
p r o p e r t i e s . Proc. S o i l S c i . Soc. Amer., 18 ( 3 ) : 330-334. 

C l i n e , M. G. The changing model of s o i l . Proc. S o i l S c i . Soc. Amer., 
25 ( 3 ) : 442-446. 

C o i l e , T. S. 1952. S o i l and growth of f o r e s t s . Advances i n Agronomy 
4:330-398. 

C o i l e , T. S. and F. X. Schumacher. 1953. R e l a t i o n of s o i l p r o p e r t i e s to s i t e 
index of l o b l o l l y and s h o r t l e a f pines i n the Piedmont regions of C a r o l i n a s , 
Georgia, and Alabama. Jour. For., 51: 739-774. 

Copeland, 0. L. 1958. S o i l s i t e s t u d i e s of western white pine i n northern 
Rocky Mountain Region. Proc. S o i l S c i . Soc. Amer., 22: 268-296. 

Cox, G. S., McConnel, R. C., and L. M. Mathew. 1960. Ponderosa pine 
p r o d u c t i v i t y i n r e l a t i o n to s o i l and landform i n western Montana. Proc. 
S o i l S c i . Soc. Amer., 24: 139-142. 

Daubenmire, R. 1943. Vegetation zonation i n the Rocky Mountains. Botan. 
Rev., 9: 325-393. 

D e l l a - B i a n c a , L. and D. F. Olson. 1961. S o i l s i t e s t u d i e s i n Piedmont 
hardwood and pine hardwood upland f o r e s t s . For. S c i . , 7: 320-329. 

D o o l i t t l e , W. T. 1957. S i t e index of s c a r l e t and b l a c k oak i n r e l a t i o n to 
southern Appalachian s o i l and topography. For. S c i . , 3: 114-124. 

Duffy, P. J . B. 1965. A f o r e s t land c l a s s i f i c a t i o n f o r the mixed wood s e c t i o n 
of A l b e r t a . Can. Dept. For., Publ. 1128: 23 pp. 



70 

Einspahr, D., and A. L. McComb. 1951. S i t e index of oaks i n r e l a t i o n to 
s o i l and topography i n northeastern Iowa. Jour. For., 49: 719-723. 

E i s , S. 1961. Tree growth and environmental f a c t o r s of p l a n t communities. 
Ph.D. Thesis. Univ. B r i t . C o l . , 232 pp. 

E i s , S. 1962. S t a t i s t i c a l analyses of s e v e r a l methods f o r e s t i m a t i o n of 
f o r e s t h a b i t a t s and t r e e growth near Vancouver, B. C. Univ. B r i t . C o l . , 
F a c u l t y of F o r e s t r y , F o r e s t r y B u l l . No. 4: 76 pp. 

F a r r a r , J . L. 1960. The use of f a c t o r - g r a d i e n t s i n e v a l u a t i n g s i t e . Proc. 
5th World For. Cong., Univ. of Wash. S e a t t l e , Washington: 524-528. 

F l i g g , D. M. 1960. E m p i r i c a l y i e l d t a b l e s . B. C. Forest S e r v i c e , Forest 
Survey Notes No. 6: 142 pp. 

Freese, F. 1960. T e s t i n g accuracy. For. S c i . , 6: 139-145. 

Heimberger, C. C. 1941. Forest s i t e c l a s s i f i c a t i o n and s o i l i n v e s t i g a t i o n s 
on Lake Edward Forest Experimental area. Can. Dom. For. Serv., S i l v i c a l 
Res. Note No. 66: 60 pp. 

H i l l s , G. A. 1950. The use of a e r i a l photography i n mapping s o i l s i t e s . 
For. Chron., 26 ( 1 ) : 4-37. 

.- 1952. The c l a s s i f i c a t i o n and e v a l u a t i o n of s i t e f o r f o r e s t r y . 
Ont. Dept. of Lands and For., Res. Publ. No. 24: 41 pp. 

. 1960. The c l a s s i f i c a t i o n of f o r e s t p r o d u c t i v i t y systems ( s i t e , 
ecosystems, biogeocoenoces). Proc. 5th World For. Cong., 527-576. 

. 1966. The c l a s s i f i c a t i o n of land f o r m u l t i p l e land use. Proc. 
Nat. Comm. on Forest Land., I n f o , and Tech. D i v s . , Can. Dept. For., 
71-80. 

H i l l s , G. A. and G. P i e r p o i n t . 1960. Forest s i t e e v a l u a t i o n i n Ontario. Ont. 
Dept. of Lands and For. Res., Repr. No. 42: 64 pp. 

Holmes, J . R. B. 1961. A p r e l i m i n a r y examination of s o i l depth and topography 
i n r e l a t i o n to b a s a l area i n lodgepole pine. Can. Dept. For., For. Res. 
Br., Mimeo 61-17: 7 pp. 

V 
K e l l y , C. C , and P. N. Sprout. , 1955. S o i l survey of the upper Kootenay and 

E l k r i v e r v a l l e y s i n the East Kootenay D i s t r i c t of B r i t i s h Columbia. 
B. C. Dept. Ag., Rept. No. 5: 99 pp. 

Kozak, A., and J . H. G. Smith. 1965. A comprehensive and f l e x i b l e m u l t i p l e 
r e g r e s s i o n program f o r e l e c t r o n i c computing. For. Chron. V o l . 41 (4): 
438-443. 

K r a j i n a , V. J . 1965. B i o g e o c l i m a t i c zones and c l a s s i f i c a t i o n of B r i t i s h 
Columbia. Ecology of North America. Ed. V. J . K r a j i n a . 1: 1-17. 



71 

Lacate, D. S. 1965. Forest land c l a s s i f i c a t i o n f o r the U n i v e r s i t y of B r i t i s h 
Columbia Research Forest. Can. Dept. For., For. Res. Br., Pu b l . No. 1107: 
24 pp. 

Lacate, D. S. 1966. Wildland inventory and mapping. For. Chron., 42 (2): 
184-94. 

Lacate, D. S., Sprout, P. N., A r l i d g e , J . W. C., and A. Moss. 1965. Forest 
land c l a s s i f i c a t i o n and i n t e r p r e t a t i o n s f o r management i n the spruce 
working c i r c l e , T. F. L. No. 9, Okanagan V a l l e y , B. C , B. C. Dept. A g r i c . 
S o i l Survey Div., Kelowna, B. C. I n t e r i m Rept., 39 pp. 

LaFond, A. 1958. Some s o i l , v e g e t a t i o n and s i t e r e l a t i o n s h i p s of the c l i m a t i c 
and s u b - c l i m a t i c b l a c k spruce f o r e s t s i n northeastern America. F i r s t N. 
Amer. For. S o i l s Conf. East Lansing, Mich. 67-74. 

Lemieux, G. J . 1963. S o i l - v e g e t a t i o n r e l a t i o n s h i p s i n the northern hardwoods 
of Quebec. Can. Dept. For., For. Res. Br. Contr. No. 563: 163-176. 

L i n n a r t z , N. E. 1963. R e l a t i o n of s o i l and topographic c h a r a c t e r i s t i c s to 
s i t e q u a l i t y f o r southern pines i n F l o r i d a parishes of Louisana. Jour. 
For. 61: 434-438. 

L i n t e a u , A. 1953. S i t e c l a s s i f i c a t i o n . Pulp and Paper Mag. of Can., Woodlands 
Sect. 2-5. 

Long, H. D. 1953. S i t e c l a s s i f i c a t i o n - the s i t e climax as an i n d i c a t o r of 
s i t e c o n d i t i o n s . Pulp and Paper Mag. of Can., Woodlands Sect. 6-7. 

L u t z , H. J . 1958. Geology and s o i l i n r e l a t i o n to f o r e s t v e g e t a t i o n . F i r s t 
N. Amer. For. S o i l s Conf. Mich. State Univ. Mich. 75-85. 

McCormack, R. J . 1965. O u t l i n e of the Canadian Land C a p a b i l i t y C l a s s i f i c a t i o n 
f o r F o r e s t r y . Prep, f o r Canada Land Inventory, ARDA. 10 pp. 

McLean, A. and W. D. Holland. 1958. Vegetation zones and t h e i r r e l a t i o n s h i p 
to the s o i l s and c l i m a t e of the Upper Columbia V a l l e y . Can. Jour. P l a n t . 
S c i . , 38: 328-345. 

Meyers, C. A. and J . L. Van Deusen. 1960. S i t e index of ponderosa pine i n 
the Black H i l l s from s o i l s and topography. Jour. For. 58: 548-555. 

Quenet, R. V. 1967. Species d i s t r i b u t i o n and p r o d u c t i v i t y as r e l a t e d to s o i l s 
i n the Rocky Mountain Trench and E l k R i v e r V a l l e y i n B r i t i s h Columbia. 
Unpublished. Univ. B r i t . C o l . , 41 pp. 

Ra l s t o n , C. W. 1951. Some f a c t o r s r e l a t e d to the growth of l o n g l e a f pine i n 
the A t l a n t i c c o a s t a l p l a i n . Jour. For. 49: 408-412. 

Rennie, P. J . 1962. Methods of assessing f o r e s t s i t e c a p a c i t y . I n t . S o i l s 
Conf. N. Z. I n t . Soc. S o i l S c i . , 770-785. 



"1 

72 

R i c e , H. M. A. 1937. G l a c i a l phenomena near Cranbrook, B r i t i s h Columbia. 
Jour. Geology, V o l . 44 (1): 68-73. 

Rowe, J . S. 1959. Forest regions of Canada. Canada Dept. Northern A f f a i r s 
and Nat. Resources, F o r e s t r y Branch. B u l l . 123, 71 pp. 

Rowe, J . S. 1953. Forest s i t e s - A d i s c u s s i o n . For. Chron. V o l 29 ( 3 ) : 
278-289. 

Smith, J . H. G. 1967. A procedure f o r simple d e f i n i t i o n of land c a p a b i l i t y 
f o r wood growth and e s t i m a t i o n of y i e l d . Proc. N a t i o n a l Comm. on Forest 
lands, Can. Dept. For. and Ru r a l Dev. 106-120. 

Smith, J . H. G. and J . W. Ker. 1956. Some problems and approaches i n 
c l a s s i f i c a t i o n of s i t e i n j u v e n i l e stands of D o u g l a s - f i r . For. Chron., 
32 ( 4 ) : 417-428. 

S p i l s b u r y , R. H. and D. S. Smith. 1947. Forest s i t e types of the P a c i f i c 
Northwest. B. C. For. Serv., Tech. Publ. No. 30: 46 pp. 

Stanek, W. 1966. Occurrence, growth, and r e l a t i v e value of Lodgepole Pine 
and Engelmann Spruce i n the I n t e r i o r of B r i t i s h Columbia. Univ. B r i t . 
C o l . , F a c u l t y of F o r e s t r y , Ph. D. Thesis, 252 pp. 

Steinbrenner, E. C. 1965. The i n f l u e n c e of i n d i v i d u a l s o i l and physiographic 
f a c t o r s on the s i t e index of D o u g l a s - f i r i n western Washington. Repr. 
from Forest S o i l s R e l . i n N. A. 261-277. 

T i s d a l e , S. L. and W. L. Nelson. 1966. S o i l f e r t i l i t y and f e r t i l i z e r s . 2nd. 
Ed., The MacMillan Co. N. Y. 694 pp. 

Trewartha, G. T. 1954. An i n t r o d u c t i o n to cli m a t e . 3rd. Ed., McGraw-Hill 
Book Co'., Inc. N. Y. 402 pp. 

U.S.D.A. For. Serv. 1962. Elementary Forest Sampling. U.S.D.A. For. Serv. 
A g r i c . Handb. No. 232: 91 pp. 

Warrack, G. S. and A. R. Fraser. 1955. E s t i m a t i o n of s i t e q u a l i t y i n j u v e n i l e 
D o u g l a s - f i r stands. B. C. For. Serv., Res. Note No. 28: 5 pp. 



73 

APPENDIX I 

MAIs Derived on Conventional P l o t s by S o i l Series 

EAST KOOTENAYS 

S o i l S e r i e s MA I 

Dark Gray S o i l s 

24; 16; 16 
109; 31; 16 
50; 33 
19 
58; 51; 25 

Brown Wooded S o i l s 

38; 26; 26; 24; 23; 22 
27; 24; 
38 
82; 48; 43; 26; 16 
69 
80 
51 
67; 46; 45; 43; 40; 39; 38; 37; 31; 30; 25 
53; 45 
29 

Gray Wooded S o i l s 

A b r u z z i ^ 56; 
Abrizzi„ 57 
Crahan 2 92; 83 
Flatbow 49; 42; 35 
H o r n i c k l e 1 101; 100 
Hornickle2 83 
Hosmer 78; 74 
Kinbasket 73; 52; 45; 34; 28; 20 
Mayook^ 72 
Sparwood 59 
Wigwam, 65 

E l k o 2 

Flagstone 
Hyak^ 
Mayook, 
Wycliffe„ 

ElkOj^ 
Flagstone 
Hyak 2 

Mayook^ 
M i c h e l ^ 
Wigwam^ 
Wigwam, 
W y c l i f f e ^ 
W y c l i f f e ^ 
Wycliffe„ 
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EAST KOOTENAYS Contd. 

S o i l S e r i e s MAI 

Ac i d Brown Wooded S o i l s 

CocatOj^ 114; 110; 97; 86; 68; 57 
Cocato 2 66; 46; 45 
Crahan^ 78; 74 
E l k o 3 27 
Mayook- 3 7 
Michel;: 106; 83; 43 
01dtown„ 73 
S o i l A 105; 84; 64 
S o i l C 102; 97 
S o i l D 51; 38 
S o i l E 62; 61; 48; 40; 39; 33 
Wardrop 137; 124 
Wigwam., 63; 61 

Humic Gl e y s o l s and Regosols 

Crowsnest 137; 102; 90; 85; 64 
S a l i s h a n ] 75; 73; 69; 62 
S a l i s h a n * 109 
Wigwan^ 142 

Podzols 

Cocato„ 62 
S o i l B 55; 38 

Regosols 

Wigwam,. 79 

VANDERHOOF 

S o i l S e ries 

A c i d Brown Wooded S o i l s 

Cobb 91; 82; 59; 48 
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VANDERHOOF Contd. 

S o i l S e r i e s MAI 

Gray Wooded S o i l s 

Deserters 
Vanderhoof 

Beaverley 
Cinema 

82; 76; 68;. 59; 56; 47; 46; 45 
61; 61; 60; 55 
110; 110; 96; 60; 49 
83; 60; 58; 55; 50 

APPENDIX I I 

MAIs Derived on P o i n t Samples 

VANDERHOOF 

S o i l S e ries 

A c i d Brown Wooded S o i l s 

Cobb 122; 82; 55; 41 

Gray Wooded S o i l s 

Deserters 
Vanderhoof 

Beaverley 
Cinema 

92; 70; 60; 59; 58; 53; 50; 41 
64; 60; 56; 54 
109; 104; 89; 49; 48 
87; 67; 60; 58; 56 


